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ABSTRACT
In order to understand the strategic implications of indirect stakeholder relationships on large
engineering projects, this research develops a qualitative/quantitative network approach, namely
the Stakeholder Value Network analysis, to model the multiple relationships between
stakeholders as value exchanges. With theoretical support from the Social Exchange Theory, this
approach unifies both social and economic relationships into a common framework and also
defines network statistics to effectively measure indirect stakeholder influence in a “Network”
model as against a more traditional “Hub-and-Spoke” model. The usefulness of this approach and
the strategic implications of these network statistics are then demonstrated by a retrospective case
study for a large real-world engineering project, with improved understanding of relationships
management for various stakeholders. The retrospective case is conducted on a multi-billion
dollar, 5-year upgrade and turnaround of a major chemical processing plant for a Global 500 firm.
In addition, we discuss the synergy between the Stakeholder Value Network approach and
Strategic Issue Management, and outline a feasible plan to integrate these two approaches as an
important extension of the original framework of the Stakeholder Value Network analysis.

1. INTRODUCTION
During the past three decades, the concept of “stakeholders” has been deeply embedded in the
thinking and practice of management scholars [Donaldson and Preston, 1995; Freeman, 1984;
Freeman, Harrison, Wicks, 2007; Freeman, Harrison, Wicks, et al. 2010; Mitchell, Agle, and
Wood, 1997] as well as the architects for large-scale engineering systems [de Weck, Roos, and
Magee, 2011; Moses, 2004; Mostashari and Sussman, 2005], in order to ensure an organization’s
“long-term success” [Freeman and McVea, 2001].
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However, most current stakeholder models only examine the direct relationships between the
focal organization and its stakeholders like a “Hub-and-Spoke”, ignoring their indirect
relationships and the interactions between stakeholders on the network level [Lucea, 2007;
Mahon, Heugens, et al., 2003; Rowley, 1997]. To overcome this limitation, this research develops
a novel qualitative/quantitative network approach, viz., Stakeholder Value Network analysis
(SVN hereafter), in order to understand the impacts of both direct and indirect relationships
between stakeholders (including the focal organization) in the context of large engineering
projects. The results derived from this approach can be applied to inform decisions on stakeholder
management strategies in a positive way and with reduced complexity. Moreover, the concept of
the SVN provides a common platform for engineering, external affairs, commercial, and
management within a project to communicate important information about stakeholders.
With the above motivations, this paper is organized as follows: First, the important definitions
and specific objectives of the SVN analysis are clearly articulated; Second, the relevant literature
is reviewed and three key assumptions are outlined to lay out the theoretical foundation of the
SVN analysis; Next, a four-step methodological framework of the SVN analysis is established
upon the theoretical foundation, and then this framework is applied step by step to a retrospective
case study of large engineering project; After demonstrating the strength of the SVN analysis in
understanding the impacts of indirect stakeholder relationships with the results from the case
study, the synergy between the SVN and Strategic Issue Management is discussed, with a feasible
plan to integrate these two approaches for more insights and better decisions; Finally, the
limitations of the SVN analysis are summarized to provide directions for future work.
Note that following the main body of this paper, there are also four appendixes to present more
results from the case study as well as to provide more supporting materials for the SVN analysis.

2. DEFINITIONS AND OBJECTIVES
There are five important concepts defined in the SVN analysis:
•

•
•
•
•

Stakeholder Value Network (SVN): A multi-relational network consisting of a focal
organization, the focal organization’s stakeholders, and the tangible and intangible value
exchanges between the focal organization and its stakeholders, as well as between the
stakeholders themselves [Feng, 2012];
Value Exchange: The processes during which the specific needs of the focal
organization and/or stakeholders are satisfied at a desirable cost [Crawley, 2009];
Value Flow: Derived from the specific needs of each stakeholder, a value flow is the
output of one stakeholder, and at the same time, the input of another;
Value Path: A string of value flows connecting a group of stakeholders;
Value Cycle: The value path beginning from and ending with the same stakeholder,
namely, the focal organization.

And specifically, the SVN analysis aims to achieve the following objectives one by one:

	
  

•

Data Collection (Stakeholders)
o To develop a comprehensive understanding of the stakeholders;
o By articulating the roles, objectives, and needs of each stakeholder;
o Using information collected from documents and interviews.

•

Qualitative Model (Relationships)
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o
o
o
•

To capture both direct and indirect relationships among all the stakeholders;
By mapping their specific needs as value flows within a network;
Using information garnered from the articulation of stakeholder needs.

Quantitative Model (Cycles/Outputs/Stakeholders/Flows)
o To identify the critical value cycles, the high-leverage outputs of the focal
organization, the important stakeholders and value flows;
o By conducting a rigorous quantitative stakeholder analysis;
o Using the SVN approach.

3. THEORETICAL DEVELOPMENT
3.1 Relevant Literature
Based on the above definitions and objectives, multiple types of relationships are the key to
systematically analyze the strategic implications of the SVN. Arguably, in the domain of social
sciences, social and economic relationships are two basic types of interactions between
individuals or organizations. Although they are different in many ways and often studied
separately by sociologists and economists, two ambitious efforts among others have been made in
recent years to unify both social and economic relationships into a common framework for
analysis: One is the New Economic Sociology, which begins with social relationships and uses
the concept of “social embeddedness” to study various economic phenomena (see the work of
Harrison C. White, Mark S. Granovetter, Ronald S. Burt, Paul J. DiMaggio, and Joel M. Podolny
among others); The other is the Social Exchange Theory, which begins with economic
relationships and uses the models of economic exchange to study various social situations (see the
work of George C. Homans, Peter M. Blau, Richard M. Emerson, Karen S. Cook, and Peter P.
Ekeh among others). These two efforts, namely, New Economic Sociology and Social Exchange
Theory, can be viewed as dual theories, echoing the distinction of “Structure vs. Process” by Van
de Ven [1976], or “Structural vs. Relational” by Granovetter [1992], or “Structuralist vs.
Connectionist” by Borgatti and Foster [2003], for the relationships between either individual
humans or organizations [Cook and Whitmeyer, 1992].
Following the “New Economic Sociology” approach, Rowley [1997], Mahon, Heugens, et al.
[2003], and Lucea [2007] have proposed the application of Social Network Analysis for
stakeholder research. Social Network Analysis views the stakeholder relationships as empty
social ties without content and studies the impacts of network structures on stakeholders’
behavior. The strength of this approach lies in providing a way to measure the structural
properties of the whole network (density, etc.) and the structural position of individual
stakeholders (degree-, closeness-, and betweenness- centralities, etc.), with a rigorous basis in
graph theory. The weakness of this approach lies in the separation for different types of
relationships: Only the same type of relationships, e.g. economic or social, are put into one
network and all these structural measurements are defined for such kind of single-relation
networks.
In order to overcome the weakness of Social Network Analysis, following the “Social Exchange
Theory” approach, this research has developed a new network approach, viz., Stakeholder Value
Network, which views multiple stakeholder relationships as value exchanges and studies the
strategic implications of the exchanged value flowing through the stakeholder network.
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Under this approach, social relationships are the extension of economic relationships [Coleman,
1990; Emerson, 1976; Homans, 1961], and therefore “concepts and principles borrowed from
microeconomics” [Cook, 2000, p. 687] can be applied to conduct “the economic analysis of
noneconomic social situations” [Emerson, 1976, p. 336]. Specifically, the classic concept of
“utility” in economics is applied by this research to create a mathematical model to compare the
relative importance of value flows (viz., the output of one stakeholder, and at the same time, the
input of another) in the stakeholder network: Each value flow, no matter what type it is, is
assigned a numeric score according to the satisfaction level perceived by the stakeholder who
receives the benefits from that value flow. These value flow scores are comparable and actually
reflect the degrees of desire for stakeholders to be involved in the relevant direct value exchanges.
Further, these scores, or the importance levels of value flows, provide a basis to rank the relative
importance of value paths (viz., a string of value flows connecting a group of stakeholders) and
value cycles (viz., the value path beginning from and ending with the same stakeholder, namely,
the focal organization), which are then taken as the basic units to measure the aggregate impacts
of both direct and indirect stakeholder relationships for the focal organization. Based on the
Social Exchange Theory, this research posits that all the stakeholder relationships are formed by
the use of subjective utility analysis and the comparison of alternatives.
From the above discussion, “value flow” and “value path” are obviously two essential concepts in
the SVN analysis, and it would be helpful to link these concepts with similar ones in the Social
Exchange Theory. From the perspective of the Social Exchange Theory, a pair of value flows
between two stakeholders actually represents the “restricted exchange” [Lévi-Strauss, 1949],
which is defined as the two-party reciprocal relationships that may be shown as “AB”; While a
closed value path, or a value path beginning from and ending with the same stakeholder, actually
represents the “generalized exchange” [Bearman, 1997; Ekeh, 1974; Lévi-Strauss, 1963;
Malinowski, 1922; Sahlins, 1965], which is defined as the univocal reciprocal relationships
among at least three parties in the exchange situation that may be shown as “ABCA” (Note
that in some literature this is a special case of generalized exchange, called “network-generalized
exchange” [Takahashi, 2000; Yamagishi and Cook, 1993] or “chain-generalized exchange”
[Levine and Shah, 2003]).

3.2 Key Assumptions
After reviewing the relevant literature, the SVN analysis formulates three key assumptions, and
these assumptions have a solid foundation in the Social Exchange Theory [Emerson, 1976;
Homans, 1958; Lévi-Strauss, 1949; Malinowski, 1922]:
•

•

•

	
  

Relationship Types: Social exchanges are the extension of economic exchanges
[Coleman, 1990; Emerson, 1976; Homans, 1961], and therefore monetary and
nonmonetary relationships between stakeholders can be analyzed in a common
framework, with the use of subjective utility judgments as well as comparison of
alternatives;
Exchange Patterns: Multilateral and indirect value exchanges exist widely in the
strategic behavior of modern organizations [Levine and Shah, 2003; Olson, 1965;
Westphal and Zajac, 1997], and therefore the value paths for the focal organization can
be taken as the basis to understand the impacts of indirect relationships between
stakeholders;
Strategic Implications: Stakeholder power is the outcome of both exchange relations
and network positions [Blau, 1994; Emerson, 1972; Molm, 1990], and therefore network
statistics can be constructed from the sample space of value paths to measure the
importance of stakeholders as well as other metrics of interest.
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4. METHODOLOGICAL FRAMEWORK
With the above theoretical support, this research further develops a methodological framework to
model the multiple types of stakeholder relationships in four steps:
•

•

•

•

Mapping: At the beginning, the focal organization should be defined and its stakeholders
should be identified. Meanwhile, their roles, objectives, and specific needs will also be
extracted from documents and interviews. Based on this information, a qualitative model
of the SVN can be built, in the format of stakeholder maps, through mapping the specific
needs of each stakeholder as value flows.
Quantifying: Once the stakeholder maps are obtained, the next step is to quantify value
flows with the perceived utility of the recipient stakeholder and define the propagation
rule of value flows in the SVN to calculate the score of a value path.
Searching: Based on the quantified value flows and the value propagation rule, a
quantitative model of the SVN can be built, to search for all the value paths between any
two stakeholders and also calculate the utility score of each path.
Analyzing: Once the quantitative model finds all the value paths between any two
stakeholders, the last step is to define network measurements and construct network
statistics. Specifically, the value paths beginning from and ending with the focal
organization (viz., value cycles for the focal organization) will be taken as the sample
space to study the strategic implications of the SVN for that organization.

It is important to point out that the previous three assumptions are closely related with the above
steps: respectively, the first assumption of “Relationship Types” provides the theoretical basis for
scoring value flows and value paths in the step of “Quantifying”; the second assumption of
“Exchange Patterns” provides the theoretical basis for searching for all the value paths between
any two stakeholders in the step of “Searching”; and the third assumption of “Strategic
Implications” provides the theoretical basis for constructing network statistics from the sample
space of value cycles for the focal organization in the step of “Analyzing”. In other words, three
main steps of the SVN analysis heavily rely on three key assumptions discussed before and take
the quantitative modeling as their main theme, in order to gain a deeper appreciation for the
implications of indirect stakeholder relationships.
For a better understanding, the above framework for the SVN analysis can be visualized in Figure
1, using the Object-Process Diagram (OPD) [Dori, 2002], where the rectangle represents an
object (viz., a noun), the oval represents a process (viz., a verb), and the line ending with a hollow
cycle represents an “instrument” link (viz., process requires object). In this figure, the inputs and
outputs as well as the corresponding techniques of each step in the SVN analysis are clearly
shown. Note that these four steps can be implemented in an iterative manner (see the dotted oval
and arrows, representing a possible “fifth” step), when more information for the SVN becomes
available, or the situation of previous analysis changes.
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Figure 1: Four-Step Modeling Framework for the SVN Analysis

Next, a step-by-step SVN analysis is conducted for a large real-world engineering project—
Project Phoenix, a pseudonym for a significant upgrade and turnaround of a major chemical
processing plant owned by a Global 500 firm—under the guidance of the framework shown in
Figure 1. On one hand, the general process and techniques of each step are elaborated to serve as
a stand-alone manual for the SVN analysis; On the other hand, the specific results obtained from
this retrospective case study demonstrate the strength of the SVN analysis, especially in
understanding the impacts of indirect stakeholder relationships.

5. CASE STUDY: PROJECT PHOENIX
Project Phoenix is a major “brownfield project” being implemented by a Global
500 firm in one of its older operating facilities in the United States. It is
integrated into a complex processing facility that is undergoing a change in the
mix of feedstocks and chemical products. Many of these new feedstocks come
from an adjacent country. In the early 2000s, the focal firm announced Project
Phoenix, to expand the unit’s production capacity and equip it to deal with a new
mix of feedstocks and chemical products. At the time of the announcement, the
project was expected to require a multi-billion dollar investment and five years to
complete.
In the first year of the project, the firm successfully obtained new environmental
permits from the host state’s Environmental Protection Agency (EPA). The new
permits allow the facility to increase the emission levels of certain chemicals.
Even though the increased levels still comply with EPA environmental standards,
this situation ignited a firestorm of protest in the public media and from local
public from surrounding communities that had not been anticipated by Project
Phoenix’s managers. After a several-month negotiation, the owner finally

	
  

6 / 61	
  

promised to keep the original emission levels and admitted that they might be
forced to cancel Project Phoenix as a result.
Project Phoenix’s owner subsequently determined that it could complete the project within the
original permit limits and has proceeded with the project, though with delay and escalation of
cost. Our analysis focuses on the initial period ending with the strong public pushback.
From the above introduction as well as interviews with Project Phoenix’s managers, it can be
inferred that before experiencing the protest, the most important stakeholders in the managers’
mental models were the Host State Government and the U.S. Federal Government since they
were responsible for issuing the required environmental permits. As a result, managers hadn’t
paid enough attention to the Public Media and the Local Public, as well as to adjacent states,
which led to the damage to the firm’s image. Later on, this observation on Project Phoenix’s
managers’ mental models will be compared to the results derived from the SVN analysis.

5.1 Mapping
Mapping is the first step of the SVN analysis, and as mentioned before, its specific goal is to
develop a qualitative model of the SVN, through articulating the roles, objectives, and specific
needs of each stakeholder and then mapping their specific needs as value flows. The resulting
qualitative model, in the format of a stakeholder maps provides a vivid and comprehensive
description for the stakeholders of a focal organization as well as the direct and indirect
relationships between them.
The first step of the mapping process is to define unambiguously the focal organization, which is
both the starting point and the final destination of the SVN analysis. In Project Phoenix, the focal
organization can be either Project Phoenix itself or the owner as a firm in whole, depending on
which one is of the primary research interest as well as where the organizational boundaries are
set. For simplicity, we treat the owner and Project Phoenix as a single focal organization, ignoring
the internal company and project structure at the current level of network analysis. Hereafter we
refer to it either as Project Phoenix, PP, or the project.
After choosing the focal organization, stakeholder identification and value flow definition are the
other two key challenges in the first step of the SVN analysis.
5.1.1 Stakeholder Identification
Identifying the stakeholders of the focal organization is one of the most important components in
the SVN analysis, not only because missing a key stakeholder could jeopardize the chance for the
focal organization to successfully achieve its objectives in the long run, but also because all the
value flows in the SVN are derived from the stakeholders and the inaccuracy in stakeholder
identification will ripple through the definition of value flows as well as the remaining process of
the SVN analysis.
However, stakeholder identification is not an easy task at all, in consideration of the fact that the
community lacks a specific and unambiguous definition for “stakeholder” [Mitchell, Agle, and
Wood, 1997]. Freeman’s now-classic definition seems a bit too broad: “A stakeholder in an
organization is (by definition) any group or individual who can affect or is affected by the
achievement of the organization’s objectives” [1984, p. 46]. In this research, three approaches are
suggested together as a practical guidance for stakeholder identification.
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Crawley [2009] defines stakeholders more specifically as those who: (1) have a direct or indirect
affect on the focal organization’s activities, or (2) receive direct or indirect benefits from the focal
organization’s activities, or (3) possess a significant, legitimate interest in the focal organization’s
activities. According to this definition, the types of stakeholders for a project (viz., the focal
organization) generally include:
•
•
•
•
•
•
•

“Stake” Holders: Those who have a direct stake in the project;
Beneficiaries: Those who derive benefits from the project;
Users: The ultimate consumers or users of the project’s outputs;
Agents: Those who act on behalf of other stakeholders in the model;
Institutions: Official bodies or organizations that directly impact the project;
Interests: Those with a significant, legitimate interest in the project’s outputs, who may
not be considered a direct stakeholder in the traditional sense;
Project: Relatively, the focal organization itself is also a stakeholder in the eyes of other
stakeholders.

Second, from the perspective of project management, Calvert [1995], Cleland [1998], and Winch
[2004] propose a classification for the stakeholders of a project, which is also helpful for
stakeholder identification:
•

•

Internal Stakeholders: Those who have a contractual relationship with the project or a
subcontract from another internal stakeholder. Internal stakeholders can be further broken
down to those on the Demand side and those on the Supply side for the project.
External Stakeholders: Those who may have little choice about whether the project
goes ahead and may be positive, negative, or indifferent about the project. External
stakeholders can be further divided into the Private and Public actors.

Following Baron [1995], we redefine the internal stakeholders as “market” stakeholders and the
external ones as “non-market” stakeholders: the internal stakeholders usually exist in the market
environment, which includes those interactions between the focal organization and other parties
that are intermediated by markets; While the external stakeholders usually exist in the nonmarket
environment, which consists of the social, political, and legal arrangements that structure the
focal organization’s interactions outside of, and in conjunction with, markets. This also eliminates
confusion with another common usage of internal stakeholders, viz., units or interests within the
focal firm itself.
Third, Mitchell, Agle, and Wood [1997] develop a normative theory of stakeholder identification
and then validate it with an empirical study [Agle, Mitchell, and Sonnenfeld, 1999]. In their
theory, power, legitimacy, and urgency are extracted as three relationship attributes for
stakeholders, resulting in a typology of seven categories of stakeholders can be generated through
combining these attributes. These three relationship attributes are defined as below:
•
•
•

Power: A can get B to do something that B would not have otherwise done;
Legitimacy: The actions of an entity are desirable, proper, or appropriate within some
socially constructed system of norms, values, beliefs, and definitions;
Urgency: The degree to which stakeholder claims call for immediate attention.

After combining the advantages of the above three approaches, a manageable list of stakeholders
(including the focal organization hereafter) in Project Phoenix is summarized in Table 1. Note
that this list also integrates useful information collected from stakeholder policy & strategy
documents, reports, websites, news, and the multi-round interviews with managers engaged with
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Project Phoenix1. Moreover, aggregation and hierarchy have been adopted as two criteria to
cluster stakeholders by their role/function and jurisdiction/control respectively—Examples for
such a technique can also be found in Sutherland [2009].
Table 1: Stakeholder Identification for Project Phoenix
Stakeholder (Abbreviation)

Identification Approach
Crawley [2009]

Calvert
[1995],
Cleland
[1998], Winch [2004]

Mitchell, Agle, and Wood
[1997]

Local Governments (LOG)

Institutions

External/Public; Nonmarket

Expectant Stakeholder

Host State Government (HSG)

Institutions

External/Public; Nonmarket

Definitive Stakeholder

Adjacent State Representatives (ASR)

Interests

External/Public; Nonmarket

Latent Stakeholder

U.S. Federal Government (UFG)

Institutions

External/Public; Nonmarket

Definitive Stakeholder

Feedstock Country Government (FCG)

Beneficiaries

External/Public; Nonmarket

Latent Stakeholder

Feedstock Country Transportation (FCT)

“Stake” Holders

Internal/Supply; Market

Definitive Stakeholder

Feedstock Country Producers (FCP)

“Stake” Holders

Internal/Supply; Market

Definitive Stakeholder

New Tech Generators (NTG)

“Stake” Holders

Internal/Supply; Market

Expectant Stakeholder

Contractors/Suppliers/3rd Parties (CSP)

“Stake” Holders

Internal/Supply; Market

Expectant Stakeholder

Local Public (LOP)

Users

Internal/Demand; Market

Expectant Stakeholder

Public Media (PUM)

Interests

External/Private; Nonmarket

Expectant Stakeholder

NGO (NGO)

Interests

External/Private; Nonmarket

Expectant Stakeholder

International Finance (INF)

“Stake” Holders

Internal/Demand; Market

Definitive Stakeholder

Owner/Project Phoenix (PP)

The Focal Organization

5.1.2 Value Flow Definition
Once an appropriate list of stakeholders has been generated, the next challenge in the first step is
to identify the tangible and intangible value exchanges between any two stakeholders to construct
a multi-relational network, that is, a SVN. As discussed before, those bilateral and direct value
exchanges are represented by value flows, which can be derived from the specific needs of each
stakeholder.
This research develops a template to articulate the roles, objectives, and specific needs of each
stakeholder step by step, and then those specific needs of each stakeholder are mapped as value
flows coming from other stakeholders. Figure 2 takes the Local Governments (LOG) in Project
Phoenix as an example to illustrate the format of such a stakeholder characterization template.
The template begins with the top box defining the roles of each stakeholder, which should be
relevant to the focal organization’s activities. Below the roles, the stakeholder’s objectives are
extracted from its published goal statements, mission statements, policy & strategy documents, or
other official documents. Below the objectives, the stakeholder’s specific needs are refined in the
same manner and finally can be translated into the specific inputs flowing from other
stakeholders, that is, the value flows defined above. Shown in Figure 2, the Local Governments
(LOG) receives seven value flows from other stakeholders to fulfill its own specific needs:
“Taxes”, “Economic Stimulation”, and “Environmental Compliance” from the Owner/Project
Phoenix (PP), “Political Support” from the Host State Government (HSG), “Political Support”
from the Adjacent State Representatives (ASR), “Support” from the Local Public (LOP), as well
as “News” from the Public Media (PUM).
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  These include both the relevant business, functional, and regional managers of the owner as well as the project team.
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Figure 2: Stakeholder Characterization Template for the Local Governments (LOG)

In the above template, it is straightforward to understand the logic relationship between all the
four parts: From the roles to objectives to specific needs and to value flows, the stakeholder
characterization template develops a traceable, consistent, and deepened understanding for how
the stakeholders contribute their own resources to and acquire desirable value from each other.
More importantly, these bilateral and direct value exchanges, or value flows, derived from such
an understanding provide the “building blocks” for the multilateral and indirect value exchanges,
or value paths, which can be taken as the basis for further interpreting the impacts of indirect
relationships between stakeholders in the SVN. In addition, theoretically, the sum of all the value
flows identified in the stakeholder characterization templates forms a complete set of the value
transactions within the stakeholder network, and therefore it is unnecessary to conduct a similar
but separate exercise to decide each stakeholder’s outputs to other stakeholders. Also based on
the cognitive characteristics of human beings, in general it is easier to identify the inputs required
by one stakeholder than to identify that stakeholder’s outputs delivering value to others.
Applying this template for other stakeholders in Project Phoenix, 74 value flows among 14
stakeholders are finally identified. By connecting all the stakeholders with the value flows
between them, the qualitative model of the SVN can now be built up, in the format of a
“stakeholder map” (see Figure A-1 in Appendix A).
As shown in Figure A-1, one attractive feature of the stakeholder maps is the color-coding system
for different types of stakeholders and value flows: For stakeholders, the focal organization is
colored with light green, the market stakeholders are colored with light blue, and the nonmarket
stakeholders are colored with light salmon; For value flows, red color represents the political
flows, purple color represents the information flows, blue color represents the goods/service
flows, and green color represents the financial flows. Note that classifying the stakeholders by the
market and nonmarket environment is based on the argument of Baron [1995] among other
scholars in the field of nonmarket strategy, while classifying the value flows by the political,
information, goods/service, and financial resources is based on Foa and Foa’s [1971, 1974, 1980]
resource theory for social and economic exchanges. This research designs such a color-coding
system in the stakeholder maps in order to discover the connections between the types of value
flows and the environment where they are exchanged, as well as other possible principles or
patterns for the value exchanges in the SVN. In addition, for better visibility, stakeholder maps
can also be decomposed into multiple views, according to the types of value flows (see Figure A2 ~ Figure A-5 in Appendix A) or the temporal stages of the project.
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After obtaining the stakeholder maps for Project Phoenix, it is also convenient to build the
traditional “Hub-and-Spoke” model (see Figure A-6 in Appendix A), by only including the direct
and bilateral value exchanges between the Owner/Project Phoenix (PP) and other stakeholders. In
the last step of the SVN analysis, the results derived from such a “Hub-and-Spoke” model will be
compared to Project Phoenix’s managers’ mental models discussed before as well as the SVN
model (see Figure A-1 in Appendix A), to demonstrate the strength of the SVN analysis in
understating the impacts of indirect stakeholder relationships from the perspective of a focal
organization.

5.2 Quantifying
Quantifying is the second step in the SVN analysis, and as mentioned before, its specific goal is
to develop the stakeholder maps into a quantitative model of the SVN, through scoring value
flows by the perceived utility of the recipient stakeholders and defining the propagation rule of
value flows in the stakeholder network to calculate the score of a value path. Such a quantitative
model, built upon the additional information collected from a questionnaire for each stakeholder,
provides a feasible way to compare the relative importance of value flows and rank the emerging
value paths, which can be taken as the basic units to further measure the aggregate impacts of
both direct and indirect relationships between stakeholders for the focal organization.
5.2.1 Value Flow Scoring and Stakeholder Questionnaire
Based on the first assumption of “Relationship Types”, Social Exchange Theory provides a
common framework to analyze different types of stakeholder relationships. Under this
framework, as discussed in Section 3.1, social relationships are the extension of economic
relationships, and therefore “concepts and principles borrowed from microeconomics” [Cook,
2000, p. 687] can be applied to conduct “the economic analysis of noneconomic social situations”
[Emerson, 1976, p. 336]. For example, those economic concepts and principles often include
diminishing marginal utility [Blau, 1994, pp. 158-159], utility maximization [Coleman, 1994, p.
159], equilibrium and optimum [Coleman, 1990, p. 39], supply and demand, market price,
imperfect competition, costs, profits, and so on [Coleman, 1990, pp. 719-769; Homans, 1990, pp.
77-81].
Specifically, this research applies the classic economic concept of “utility” to model the relative
importance of value flows in the stakeholder network: Each value flow, no matter what type it is,
is assigned a numeric score according to the satisfaction level perceived by the stakeholder who
receives the benefits from that value flow. These value flow scores are comparable and actually
reflect the degrees of desire for stakeholders to be involved in the relevant direct value exchanges
including the importance of the flows to the focal project. Further, these scores, or the importance
levels of value flows, provide a basis to rank the relative importance of value paths, which are the
basic units to measure the aggregate impacts of both direct and indirect stakeholder relationships
for the focal organization.
However, it’s a notoriously difficult task to measure the magnitude of utility differences, and
economists argue that utility could not be measured directly but only indirectly, as highlighted by
Marshall [1920, p. 78]: “Utility is taken to be correlative to Desire or Want. It has been already
argued that desires cannot be measured directly, but only indirectly, by the outward phenomena to
which they give rise: and that in those cases with which economics is chiefly concerned the
measure is found in the price which a person is willing to pay for the fulfillment or satisfaction of
his desire.”
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This research also takes an indirect approach to measure the perceived utility for value flows:
First, in light of the analysis for stakeholders’ specific needs as well as for the specific contexts of
the stakeholder value network, several key attributes are defined to characterize the value flows;
Second, numerical scales are developed to measure these key attributes and correspondingly a
questionnaire is designed to guide the recipient stakeholders to assign a score for each attribute of
the value flows coming to them; Third, a combination rule is chosen to integrate the individual
attribute scores of each value flow into a single score, that is, the utility of that value flow
comprehensively perceived by the recipient stakeholder. One may notice that such an indirect
approach for utility measurement is actually a simplified application of the Multi-Attribute Utility
Theory (MAUT) [Edwards, 1977; Keeney and Raiffa, 1976], which has been established as a
useful tool for decision makers to create a mathematical model and then quantify the desirability
of certain alternatives in a logic and consistent way.
As summarized by Sutherland [2009], the following is a short list of common characteristics
when analyzing the specific needs of each stakeholder:
•
•
•
•
•

Intensity of a need
Source importance in fulfilling a need
Urgency in fulfilling a need
Competition in fulfilling a need
Awareness of a need

Since all the value flows in the network are derived from stakeholders’ specific needs, the above
need characteristics can also be taken as the key attributes of value flows. Specifically, “Intensity
of a need” characterizes a value flow from the demand side of the recipient stakeholder; “Source
importance in fulfilling a need” characterizes a value flow from the supply side of the recipient
stakeholder; “Urgency in fulfilling a need” characterizes the temporal property of a value flow;
“Competition in fulfilling a need” characterizes the interactive property of a value flow; and
“Awareness of a need” characterizes the cognitive property of a value flow.
In practice it is not necessary to include all the above five or even more attributes when scoring
the perceived utility of value flows, and there always exists a trade-off between better decisions
and the burden to collect more information. Based on the experience of previous research
[Cameron, 2007; Sutherland, 2009], generally two attributes are good enough for conducting the
SVN analysis, and “Intensity of a need” and “Source importance in fulfilling a need” are the most
frequently used ones, which describe the value flows completely from both the demand side and
the supply side of the recipient stakeholders. For Project Phoenix, however, timing or temporal
stage of value exchanges is a sensitive topic for many stakeholders, and therefore “Urgency in
fulfilling a need” is taken as an attribute to replace the “Intensity of a need” in characterizing the
value flows from the demand side.
After choosing the “Urgency in fulfilling a need” and “Source importance in fulfilling a need” as
two attributes of value flows in Project Phoenix, a stakeholder questionnaire (see Appendix B for
more details) is further designed to assign attribute scores, and then a combination rule (see
Figure 3) is defined to convert two attribute scores into a single utility score for each value flow.
For simplicity, this research assumes that the scores of “Urgency of fulfilling a need” are
exponentially discounted with time, while the scores of “Source importance in fulfilling a need”
can be linearly differentiated, and therefore a nonlinear and linear scale is chosen for each
attribute respectively in Figure 3. In addition, similar to the concept of production function in
economics, the utility score of a value flow equals the product of its “need urgency” score and
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“source importance” score. For example, if a value flow is ranked as “D” in terms of need
urgency and as “3” in terms of source importance, the utility score for that value flow will be
0.36. In other words, the value flows are actually quantified by a two-attribute multiplicative
utility function, and the main reason why a multiplicative function is chosen here is to simplify
the computation while ensuring the positive correlations between utility and those two attribute
scales. Moreover, together with the range of [0.11, 0.96] for each attribute scale, the
multiplicative function normalizes all the value flow scores within the range of [0, 1], which is
consistent with the traditional settings of the utility theory.

Figure 3: Combination Rule for Integrating Two Attribute Scores into Value Flow Score

In the real world, a stakeholder’s utility function can be calibrated by the Conjoint Analysis
[Green and Srinivasan, 1978; Orme, 2005] or the Analytical Hierarchy Process (AHP) [Saaty,
1999, 2001], among other mathematical psychology tools. Meanwhile, it is more realistic to
assume that different stakeholders have different utility functions, and even for the same
stakeholder, the utility function may also change with time. However, all of these improvements
would require the additional computational/analytical resources. More importantly, the relative
significance of value flows matters more than their absolute scores, in light of the purpose of the
SVN analysis. As von Mises [1944, p. 26] once mentioned: “There are no such things as absolute
values, independent of the subjective preferences of erring men.”
Before entering the introduction to the value propagation rule for value path scoring, there are
two more questions to discuss: Firstly, how should the stakeholder questionnaire be answered?
And secondly, how should the value flow scores from the questionnaire be validated?
Regarding the first question, the stakeholder questionnaire should be answered by several
individuals knowledgeable about the project, and ideally there will be at least one person
representing each stakeholder, in which way the fairness merit of the SVN analysis can be
guaranteed and there will be no inputs from “an overarching modeler”. When assigning the
attributes scores to each value flow, it is important that all the participants put themselves in the
shoes of the recipient stakeholder for that flow, and it should be better to assign all the “need
urgency” scores before assigning the “source importance” scores to those value flows, in order to
keep the participant’s mind “focused on one scoring rubric rather than alternating back and forth”
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between two attribute scales, as well as to avoid the coupled responses for different attributes
which will remove “some of the useful texture in the final results of the value network analysis”
[Sutherland, 2009, pp. 70-71]. Once the attribute scores of each value flow are obtained, one can
apply an appropriate method, such as the Delphi method developed by the RAND Corporation
[Brown, 1968; Dalkey and Helmer, 1963; Linstone and Turoff, 1975; Sackman, 1974], to
reconcile differences of the scores among all the participants. An independent researcher familiar
with the methods can act as a facilitator for the reconciling process, and such an interactive
process will be stopped after a pre-defined criterion (e.g., number of rounds, achievement of
consensus, stability of results) is met. Finally, the mean or median scores of the last round of
questionnaire survey determine the attribute scores of each value flow and then the value flow
scores in the SVN.
There is one more caution about answering the stakeholder questionnaire. Because the SVN	
  
model is a static “snapshot” for the value exchanges between stakeholders at a specific temporal
stage, it is important to remind the stakeholder representatives to not bring their later experience
into this retrospective case study. For example, when Project Phoenix’s managers answered the
questionnaire, they were asked to recollect their mental models before seeing the firestorm of
protest from the Public Media and Local Public, and avoid putting too high scores to the value
flows coming from these two stakeholders as a result of the salience of these events.
Regarding the second question, it is important to validate the value flow scores, or at least the
relative ranking of value flows, after a final set of scores are determined. There are three ways to
do this: First, one can conduct a cross validation by interviewing different individuals or teams
within one stakeholder. Second, the relative ranking of some value flows can be validated by
proxy data sources. For example, in the SVN analysis for the Space-based Earth Observations,
Sutherland [2009] used the number of House Committee hearings in NASA’s six science
categories to validate the preference of the U.S. government for those categories. Last but not
least, sensitivity analysis is also a possible way—flag those questionable scores first, and then
change their range to see how sensitive the final results of the SVN analysis would be to those
scores—this technique can save time and efforts in the first step of analysis. Basically, the
objective of validation is not to rigorously prove the validity of all the value flow scores, which
are “the outcome of human arbitrariness” and reflect “all the shortcomings and weaknesses of
their authors” [von Mises, 1944, p. 26]. Instead, the objective here is to “perform enough
verification to establish general confidence in the model” [Sutherland, 2009, p. 74], as well as to
transparently record the subjective preferences of stakeholders and surface some implicit
assumptions—they are beneficial for further improving the SVN model with more information or
better knowledge.
5.2.2 Value Path Scoring and Value Propagation Rule
Value paths show the possible ways for a group of stakeholders to exchange value in an indirect
manner and further can be taken as the basis to study the impacts of indirect relationships in the
SVN. Therefore, after a detailed discussion on value flow scoring and stakeholder questionnaire,
the next task before the completion of the quantitative SVN model is to define a propagation rule
for value flows, in order to score the value paths in the network.
For simplification, Cameron [2007] first defined a multiplicative rule to calculate the score of a
value path. According to this rule, the path score equals the product of the scores of all the value
flows along that path. It is important to point out that there is no value flow scored with negative
utility in the SVN, or in the terminology of graph theory, the SVN is a “Signed Graph”
[Cartwright and Harary, 1956] with positive signs only, and this fact is decided by the context of
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this research—all the value flows are derived from the specific needs of each stakeholder—
however, it does not mean “detriment” cannot be modeled in the SVN. As argued by Freeman
[1984, p. 122], the stakeholder relationships include three basic types, that is, “positive”,
“negative”, and “neutral”. This research agrees with Freeman but uses a different strategy to
simplify the situation: A “positive” relationship from Stakeholder A to Stakeholder B can be
represented by a value flow running from A to B; a “negative” relationship from Stakeholder A to
Stakeholder B can be represented by a value flow running from B to A; and a “neutral”
relationship between Stakeholder A and Stakeholder B can be represented by two or more value
flows running in both directions between A and B. In other words, the directions of value flows in
the SVN are always the same as the directions toward which the actual benefits are delivered, and
by doing this, “detriment” is also able to be reflected in the SVN analysis.
There are a few reasons2 to define a multiplicative rule for the calculation of value path scores,
and the multiplicative rule for path score calculation requires that the lowest value flow score
should be larger than 0—otherwise the value path score will always equal to 0 no matter what
else value flows are included in that path; and the largest value flow score should be smaller than
1—otherwise the value path score will keep unchanged no matter how many value flows with a
score of 1 are added to that path. This is also the reason why previously defining a range
constraint for those two attribute scales (see Figure 3). Although the choice of 0.11 and 0.96 is at
the discretion of this research, such a choice does guarantee some important characteristics for the
indirect value exchanges within the SVN.
In this case study, however, we use an improved value propagation rule that is a modification of
the multiplicative rule. Appendix C details the mathematical model behind the improved rule,
which is shown in Equation C-12. This new rule (see Equation C-12 in Appendix C) is almost the
same as the previous multiplicative rule, except that the utility score of the last value flow, or the
input flow to the focal organization, is multiplied twice instead of once. Based on the fact that the
input value flows are the graphical representation for the specific needs of the focal organization,
this research argues there can be an important implication for the minor difference between
Equation C-12 and the multiplicative rule—by multiplying the utility score of the last value flow
one more time, it reflects the discrimination of the focal organization against other value flows
than the last one which satisfies the focal organization’s own needs.
Once the value flows are scored and a value propagation rule is defined, the quantitative
construction of the SVN model has been completed.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2	
  First, similar to the value flow scores, the score of a value path reflects the relative importance of an indirect value
exchange for all the stakeholders along that path. A multiplicative rule ensures that all the value path scores—the
products of the scores of all the value flows on those paths—remain bounded within the range of [0, 1], which is
consistent with the traditional settings of the utility theory.
Second, heuristically, under the multiplicative rule, longer paths tend to have lower scores, indicating the fact that with
the increase of path length, it becomes more and more difficult to engage stakeholders along the value path, constrained
by the cognitive capability of each stakeholder. Meanwhile, it also becomes more and more difficult to manage those
stakeholders because of more considerations as well as more uncertainties associated with a longer path. In another
word, the multiplicative rule reflects both the benefits (through the subjective utilities of each stakeholder, or the value
flow scores) and the costs of a value path at the same time, and is supported by the argument from Harary, Norman,
and Cartwright [1965, p. 159] among others: “There may be a distance (length of path) beyond which it is not feasible
for u to communicate with v because of costs or distortions entailed in each act of transmission.”
Third, the multiplicative rule simplifies the calculation for the value path scores, as it does for the calculation of value
flow scores. When more computational/analytical resources are available, the quantification for the benefits and costs
of a value path can be completed by different operation rules, for instance, showing “more value accumulated along the
longer paths” and “more difficulties to manage the longer paths” respectively.

	
  

15 / 61	
  

5.3 Searching
Searching is the third step in the SVN analysis, and as mentioned before, its specific goal is to
search for all the value paths beginning from and ending with the focal organization as the sample
space for a statistical network analysis. These closed value paths, or value cycles, are then taken
as the basic units to further measure the aggregate impacts of stakeholder relationships—both
direct and indirect ones—on the strategic behavior of the focal organization.
Using the Dependency Structure Matrix (DSM, a.k.a. Design Structure Matrix or the Adjacency
Matrix) and appropriate algorithms from graph theory, this research develops a Java-based
software platform to execute the quantitative SVN model and perform the task of Searching (see
Appendix D for more details). In addition, the following four types of constraints can be
integrated into the DSM modelling platform:
•

•
•
•

Internal Assets: This constraint defines the mechanism for stakeholders to convert their
inputs to outputs, in the form of “internal assets”, which are the categorized resource
pools to connect each stakeholder’s inputs with the same category of outputs;
Simple Cycle: This constraint requires that no stakeholder is revisited along the value
cycle excluding the start/end one (viz., the focal organization);
Cycle Score ≥ a: This constraint sets the lower bound for the score of a value cycle,
where “a” is between 0 and 1 (for the previous quantitative model);
Cycle Length ≤ k: This constraint sets the upper bound for the length of a value cycle,
where “k” is between 2 and n (n is the total number of stakeholders).

It is straightforward to understand that the above constraints shrink the sample space of value
cycles for the focal organization and therefore reduce the dimensionality of the SVN model. More
importantly, the proposition of these four constraints can also be justified by their strategic
implications.
First of all, in the existing SVN model, each stakeholder’s inputs are matched to its outputs freely
along a value cycle. However, such a treatment is not realistic for various reasons—a good one is
that when the value flows are highly concrete, such as most goods/service value flows, their
connectivity is often restricted and the connection between them should be carefully examined.
For example, if a stakeholder needs an input value flow labelled “raw materials from
manufacturer”, and meanwhile provides an output value flow labelled “equipment specifications
to contractor”, these two value flows should not be connected as one part of a value cycle because
they have clear, specific, but different contents. Stated in a more fundamental way, the existing
SVN model does not factor in the causal relationships between flows when linking them into a
cycle. As such, the concept of “internal assets” is developed to ensure that the value cycles from
the SVN model have realistic causation by specifying the conversion or production process
between each stakeholder’s input and output value flows—rather than getting connected directly,
now the input and output value flows will be connected through different resource pools named
“internal assets”, and within the same “internal assets”, the input value flows can be freely
matched to the output value flows. For instance, domestic political capital, project support, and
treasury are common “internal assets” for nonmarket stakeholders (viz., government, NGO, and
so on), while human resource, CAPEX, OPEX, revenue, legal eligibility, and corporate strategy
are common “internal assets” for market stakeholders (viz., enterprise, project, and so on). Figure
4 gives a concrete example about the application of “internal assets” in Project Phoenix:
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Figure 4: Internal Assets for the Local Governments (LOG)

Second, the requirement that no stakeholder except the focal organization is visited more than
once along the value cycle, is identical to the premise of “simple cycle” often implied in modern
graph theory [Bollobás, 1998; Diestel, 2005; Gross and Yellen, 2003; Hochbuam, 2008;
Weinblatt, 1972], or the “elementary cycle/circuit” finding numerous applications in electrical
engineering and communication theory [Danielson, 1968; Johnson, 1975; Szwarcfiter and Lauer,
1976; Tarjan, 1972]. In this research, the requirement for “simple cycle” has more practical
meaning: First, as highlighted before, the system model in the SVN analysis is static and more
like a “snapshot” for value exchanges among stakeholders at a specific temporal stage, and
therefore the dynamic process of value accumulation, which can be the format of visiting a
stakeholder multiple times, will not be considered; Second, based on the previous assumption of
“Exchange Patterns”, a simple cycle represents the standard form of “generalized exchange” and
has been taken as the basic units to measure the impacts of stakeholder relationships in the
network—any value cycle with a stakeholder visited more than once can actually be interpreted
as the combination of several simple cycles—if it is allowed to visit a stakeholder multiple times,
some simple cycles will be counted more than others, and obviously there is no point to do so.
Third, as discussed before, all the value flow scores have been normalized between 0 and 1, and
under the improved rule for value propagation (see Equation C-12 in Appendix C), the cycle
scores also remain bounded within the range of [0, 1]. Moreover, according to the utility theory,
the value cycles with higher scores are interpreted more important than those with lower scores,
which make it possible to set up a lower bound of cycle scores to filter out the relatively less
important value cycles to save more computational resources. Obviously such a lower bound
should be chosen between 0 and 1, however the choice of the lower bound is open to the critique
of being arbitrary, because for simplicity, in this research the perceived utility of each value flow
for the recipient stakeholder has not been benchmarked with the Conjoint Analysis or other
mathematical psychology tools.
Last but not least, from the perspective of graph theory, the length of a value cycle is another key
attribute associated with the value cycle, in addition to the cycle score. Generally the cycle length
is defined as the number of value flows included in that value cycle, and further, based on the
requirement of “simple cycle” in the SVN, the shortest length of a value cycle equals two, which

	
  

17 / 61	
  

is corresponding to the direct or restricted exchange between two stakeholders, while the longest
length of a value cycle equals the total number of stakeholders in the network, which is
corresponding to the indirect or generalized exchange involving all the stakeholders. As discussed
in the multiplication rule for value propagation, with the increase of the cycle length, it becomes
more and more difficult to engage stakeholders along that value cycle facing the constrained
cognitive capacity of each stakeholder, and meanwhile, it also becomes more and more difficult
to manage those stakeholders because of more considerations as well as more uncertainties
associated with a longer path. Therefore, similar to those value cycles with too low scores, it is
not necessary to include the value cycles with too long lengths in the SVN analysis, especially
when the computational resources is limited.
For Project Phoenix (see Figure A-1 in Appendix A), the DSM modeling platform (see Appendix
D) is very efficient in finding all the value paths between any two stakeholders (see Table 2),
without the need to choose the lower bound for cycle score and/or the upper bound for cycle
length:
Table 2: Number of Possible Value Paths between Any Two Stakeholders

5.4 Analyzing
This is the last step of the SVN analysis, and its specific goal is to define network measurements
and construct network statistics in order to study the strategic implications of the SVN for that
focal organization, such as critical value cycles, important stakeholders, important value flows,
important outputs from and important inputs for the focal organization, and so on. As stated in the
previous assumption of “Strategic Implications”, from the perspective of the Social Exchange
Theory, these implications are the outcome of both exchange relations and network positions
[Blau, 1994; Emerson, 1972; Molm, 1990], and this research argues that value cycles can be
taken as the basic unit to measure such an outcome: On one hand, the value cycles discovered
from the quantitative SVN model, along with their scores, provide a feasible way for the focal
organization to compare the relative importance of all the exchange relations, including both
direct and indirect ones, with other stakeholders; On the other hand, the value cycles also
simultaneously capture the information about each stakeholder’s position in the SVN—for
example, the occurrence of a specific stakeholder in all the value cycles for the focal
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organization, will obviously vary with its network position. Therefore, in the last step of the SVN
analysis, all the value cycles will be chosen as the sample space for constructing network
statistics and then studying the strategic implications of the SVN for the focal organization.
Specifically, for Project Phoenix (PP), there are totally 5039 value cycles (see Figure 5) in the
SVN model (see Figure A-1 in Appendix A). By contrast, there are only 21 value cycles for
Project Phoenix (PP) in the traditional “Hub-and-Spoke” model (see Figure A-6 in Appendix A).

Figure 5: Score Distribution of All the Value Cycles for Project Phoenix (PP)

5.4.1 Critical Value Cycles
Once all the unique and valid value cycles are identified, one of the most straightforward
implications is to determine the relative importance of these value cycles for the focal
organization, measured by the cycle scores calculated in the last step.
The top 11 value cycles for Project Phoenix (PP) are visualized in both Figure 6 and Figure A-7
(the value flows in the same color and line type constitute one value cycle). Based on these two
figures, the following three observations can be made:
•

•

•

	
  

The top value cycles provide guidance for Project Phoenix (PP) to formulate indirect
strategies to engage other stakeholders, especially when it is difficult to engage them
directly.
The occurring frequency of each value flow in these top value cycles roughly shows its
relative importance from the perspective of the focal organization. For example, within
the top 11 value cycles, the most important outputs from Project Phoenix (PP) are
“Strategy Supply Security” to the U.S. Federal Government (UFG), as well as “Economic
Stimulation” and “Chemical Products” to the Local Public (LOP); and the most important
inputs for Project Phoenix (PP) are “Local Permits” from the Host State Government
(HSG) and “News” from the Public Media (PUM).
There are seven stakeholders not showing up in the top 11 value cycles for Project
Phoenix (PP). This can be taken as the theoretical basis to collapse out less important
stakeholders and therefore reduce the complexity for computation and analysis.
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Figure 6: Top 11 Value Cycles for Project Phoenix (PP)

5.4.2 Important Stakeholders
The second implication from the SVN analysis is the relative importance of each stakeholder, or
the Weighted Stakeholder Occurrence (WSO) [Cameron, 2007; Sutherland, 2009], in terms of the
occurrence of that stakeholder in all the value cycles for the focal organization, weighted by the
corresponding cycle scores (see Equation 1). Note that the word “Importance” here should be
interpreted from a descriptive or instrumental perspective, instead of a normative one [Donaldson
and Preston, 1995], which is often a focus in the field of business ethics—more specifically,
Corporate Social Responsibility (CSR) and Corporate Social Performance (CSP) [Carroll, 1999;
Clarkson, 1995; Hillman and Keim, 2001; Phillips, 1997; Wheeler, Colbert, and Freeman, 2003;
Wood, 1991].
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(Equation 1)

Before examining the modeling results about important stakeholders in Project Phoenix, it would
be beneficial to track down the economic and sociological roots for the word “Importance”—this
research finds that “Power”3 (see the work of Karl Marx, Max Weber, Georg Simmel, Pierre
Bourdieu, Jürgen Habermas, and Michel Foucault among others) and “Centrality”4 (see the work
of Harrison C. White, Mark S. Granovetter, Ronald S. Burt, Paul J. DiMaggio, and Joel M.
Podolny among others) are two close concepts5 in the vocabulary of economists and sociologists.
Built upon the Social Exchange Theory, the WSO defined in the SVN analysis also emphasizes
the exchange aspects of stakeholder relationships, with the inclusion of structural consideration—
the subjective utilities of each stakeholder in all specific value exchanges with other stakeholders
have been factored into the scores of value flows and then into the scores of value cycles, while
the frequency of stakeholders’ appearance in all the value cycles for the focal organization is
clearly a measurement for the structural characteristics of the stakeholder network.
It is worthwhile to highlight two major developments from the exchange networks in the Social
Exchange Theory to the stakeholder networks in the SVN analysis: First, exchange networks
generally are single-relation networks (viz., simple graphs), while stakeholder networks are multirelation networks (viz., multiple graphs), and the WSO aims to measure the interaction of
multiple exchange relationships, or the exchange of multiple types of resources, at the same time;
Second, exchange networks mainly study the restricted exchanges between actors in the network,
as argued by Emerson [1976, p. 358]: “such networks tend to be composed of linked two-way
exchange relations”, while stakeholder networks also examine those generalized exchanges,
which are similar to the concept of “weak ties in diffusion processes” [Granovetter, 1973, p.
1363].
Based on Equation 1, Figure 7 shows the WSO calculated from the SVN model in Project
Phoenix (see Figure A-1 in Appendix A). It is observed that the most important stakeholders for
the Project are the Public Media (PUM), the Local Public (LOP), the Host State Government
(HSG), and so on. Compared to Project Phoenix’s managers’ mental models inferred previously,
which ignored the importance of the Public Media (PUM) and the Local Public (LOP), the results

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3	
  In traditional economics, “Power” is a secondary and derivative phenomenon determined by market exchange, and
more specifically, rational choice theory points out that “power concept is a generalization of the wealth concept in
economic theory” [Fararo, 2001, p. 266]. As “the economic analysis of noneconomic social situations” [Emerson,
1976, p. 336], Social Exchange Theory, which provides the theoretical foundation for the SVN analysis, also treats
exchange as a more fundamental phenomenon than power [Cook, 1990, pp. 115-116], by assuming that power emerges
and evolves in a complex structure of exchanges of resources—“since these exchanges are governed by the objective
structure of alternatives, the latter determines power (and dependence) and gives it the character of a structural variable
residing within exchange networks” [Zafirovski, 2005, p. 7].	
  
4	
  By contrast, in the structural style network analysis (viz., New Economic Sociology, or more specifically, Social
Network Analysis), “Centrality” generally means the “network position-conferred advantage” [Cook and Whitmeyer,
1992, p. 120], and “Degree-”, “Closeness-”, as well as “Betweenness-” are three common types of centrality in the
Social Network Analysis [Wasserman and Faust, 1994].
5	
  In some variants of Social Exchange Theory, “Power” exhibits a direct correlation to “Centrality” [Bonacich, 1987],
with exceptions where central positions do not necessarily imply superior power [Cook, Emerson, Gillmore, and
Yamagishi, 1983]. Meanwhile, since the work of Emerson [1972, 1976], Social Exchange Theory has increasingly
considered network structure explicitly, but the difference between Social Exchange Theory and Social Network
Analysis lies in their treatment of the ties between network actors: The former stresses the exchange aspects of all ties,
while the latter tends to be more catholic about the nature of the ties [Cook and Whitmeyer, 1992].	
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from the SVN analysis identify these two stakeholders as the most important ones at the first
place.

Figure 7: WSO in the Stakeholder Value Network (5039 Cycles)

Figure 8 shows the WSO calculated from the traditional “Hub-and-Spoke” model (see Figure A-6
in Appendix A). Three major differences between Figure 7 and 8 are observed: First, from the
“Hub-and-Spoke” model to the SVN model, the Public Media (PUM) jumps from the fourth
important stakeholder to the first important one; Second, the Local Governments (LOG) jump
from the least important one to one of the most important stakeholders; Third, on the contrary, the
Contractors/Suppliers/Third Parties (CSP) become less important in the SVN model. Recalling
the later facts on important stakeholders introduced at the beginning of this case study, it is
concluded that the SVN model better reflects the reality, through considering the indirect
relationships between stakeholders6.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6 	
  Astute readers now may be interested

in the question whether it is appropriate to extend the economic and
sociological theories developed on the individual level, including the Social Exchange Theory, to the organizational
level. This research does assume that the same network model of actors can be used for both individual humans and
organizations, but meanwhile, this research would also like to assert that “this assumption is widespread among
network analysts whose actors are organizations (e.g. Laumann et al 1985, Mizruchi 1989, 1990ab), and widespread
among exchange theorists (e.g. Emerson 1972b, Markovsky et al 1988) and indeed some other theorists in sociology
(e.g. Berger et al 1989)” [Cook and Whitmeyer, 1992, p. 117].	
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Figure 8: WSO in the “Hub-and-Spoke” Model (21 Cycles)

5.4.3 Important Outputs/Inputs
Similar to the WSO, two more network statistics [Cameron, 2007; Sutherland, 2009] are defined
to measure: The relative importance of the outputs from the focal organization, viz., Weighted
Output Occurrence (WOO), and the relative ability of the focal organization to influence the
inputs for itself, viz., Weighted Input Occurrence (WIO).

(Equation 2)

(Equation 3)

Figure 9 and 10 summarize the modeling results of the WOO and WIO for Project Phoenix:
•

•

	
  

WOO helps identify that the top six high-leverage outputs from the Project are
“Economic Stimulation”, “Chemical Products”, “Environmental Mitigation”, and
“Employment” to the Local Public (LOP), “Economic Stimulation” to the Local
Governments (LOG), as well as “Strategy Supply Security” to the U.S. Federal
Government (UFG). An output with a higher WOO, will have a greater effect on
improving the inputs to the Project (viz., the focal organization) at the end of value
cycles—if the Project has additional resources to increase the levels of its outputs, WOO
suggests a reasonable order for those resources to be allocated.
WIO helps identify that the top three inputs that can be influenced by the Project itself are
“Local Permits” from the Host State Government (HSG), “News” from the Public Media
(PUM), and “National Permits” from the U.S. Federal Government (UFG), because if the
Project increases all its outputs by one unit, WIO indicates how much each input for the
Project would increase accordingly.
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Figure 9: WOO in the Stakeholder Value Network

Figure 10: WIO in the Stakeholder Value Network

5.4.4 Important Value Flows
A natural extension of the concepts of WOO and WIO is the Weighted Value Flow Occurrence
(WVFO), which aims to measure the relative importance of each value flow, through counting the
weighted occurrence of that value flow in all the value cycles for the focal organization (see
Equation 4). Note that in this research, WOO, WIO, and WVFO have all been normalized for the
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convenience of comparison, while WSO has not been normalized, mainly for the purpose of
benchmarking the WSO of the focal organization always as 1.

(Equation 4)

Specifically, Figure A-8 in Appendix A visualizes the top 13 value flows in the SVN, and Figure
11 further shows that the weight of less than one fifth value flows (13 out of 74) already exceeds
half of the total weight. This is an important observation as those top value flows, together with
the important stakeholders indicated by the high WSO, can be used to construct a smaller
stakeholder network. Within such a smaller network model, which will only focus on the most
important stakeholders and value flows, more computational and/or analytical resources will be
available to include more details for the internal structure of stakeholders as well as the value
exchanges between them, and can be the basis for more fine-grained decisions.

Figure 11: Top 13 Value Flows in the Stakeholder Value Network

After going through the above four steps of “Mapping”, “Quantifying”, “Searching”, and
“Analyzing”, the SVN analysis for Project Phoenix (see Figure A-1 in Appendix A) is now
completed. Note that these steps can be iterated when more information becomes available for the
SVN and/or the situation of previous analysis changes. In addition, the general process and
techniques of the SVN analysis (see Figure 1) elaborated in this case study should be taken as a
stand-alone manual with broad applications, rather than the narrow discussion on a specific
example.

6. INTEGRATION OF STAKEHOLDERS AND ISSUES
The main goal of this extended section is to explore the possible synergy between the SVN
analysis and other relevant approaches in the field of strategic management. As the first step, this
section investigates the basic units of network analysis and identifies the interconnections
between stakeholders and issues. Next, a brief introduction to the Strategic Issue Management is
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provided and a conceptual plan is proposed to integrate the SVN analysis with the Strategic Issue
Management for more insights and better decisions. And finally, the feasibility of this plan is
tested through a quick revisiting of Project Phoenix.

6.1 Basic Units in Network Analysis
Based on their deep appreciation for the network analysis in social sciences during the past
century, Laumann, Marsden, and Prensky [1983] once pointed out that “nodal attributes”,
“relations”, and “participation in specified events or activities” are three foci to define the
boundary of a network, and this research further infers that “Actors”, “Relations”, and “Events”
are three types of basic units in network analysis. It is straightforward to understand the inclusion
of “Actors” and “Relations”, because they can easily find the corresponding concepts in graph
theory (“vertices / nodes” and “edges / links”, respectively), in social sciences (“individuals /
organizations” and “individual / organizational relations”, respectively), as well as in the SVN
analysis to be more specifically (“stakeholders” and “stakeholder relationships”, respectively).
However, it is not that intuitive to identify a concept similar to the “Events” in the SVN analysis.
Based on an intensive investigation, we argue that “Issues” are the right answer, which seems
missing in the previous framework of the SVN analysis (see Figure 1).

6.2 Stakeholders and Issues
In the field of strategic management, “Issues” are a mature and important concept, which often
means “events, trends, or developments that could have a negative impact on the organization’s
ability to reach its objectives if left unattended” [Mahon, Heugens, and Lamertz, 2004, p. 171], or
more accurately, “focal and concrete events such as a project, a product, or a firm policy that
generate gaps between the expectations of a number of stakeholders and the firm’s behavior”
[Lucea, 2007, p. 26]. Accordingly, the related “Issue Management” or “Strategic Issue
Management” [Ansoff, 1980; Bigelow, Fahey, and Mahon, 1991, 1993; Chase, 1982, 1984] can
be treated as a rival approach to the Stakeholder Theory [Donaldson and Preston, 1995; Freeman,
1984; Freeman, Harrison, Wicks, 2007; Freeman, Harrison, Wicks, et al. 2010; Mitchell, Agle,
and Wood, 1997] in the “second wave of research that focused on the reciprocal influences
between firms and their non-market context” [Lucea, 2007, p. 17] since the 1980s, which is well
known as the research on Nonmarket Strategy [Baron, 1995, 2001; Boddewyn, 2003; Mahon,
Heugens, and Lamertz, 2004].

6.3 Proposal for Integration
After understanding the basis of and the interconnections between stakeholders and issues, this
research now proposes to integrate the Strategic Issue Management into the SVN analysis. The
motivations of this proposal are mainly two-fold:
•

•

	
  

It is necessary to have this integration because stakeholder relationships and issue
evolutions are delicately intertwined with each other: On one hand, stakeholders may be
involved in multiple issues [Mahon, Heugens, and Lamertz, 2004], and on the other hand,
the interaction of multiple issues may deviate from their normal life cycles because of the
awareness of and the influence from stakeholders [Bigelow, Fahey, and Mahon, 1991,
1993]. Bigelow, Fahey, and Mahon [1993] also summarized: “Stakeholders are only
mobilized around issues, and issues only emerge when stakeholders advocate them.”
It is important to have this integration because each method has its own strength and
weakness: As discussed previously, the concept of “Issues” is currently missing in the
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framework of the SVN analysis. This leads to two major shortcomings—from the
analytical perspective, without the consideration of “Issues”, it is difficult to see through
the causal mechanisms behind the different balance of stakeholder relationships and
formulate the corresponding strategies. As pointed out by Granovetter [1973, p. 1378]:
“Treating only the strength of ties ignores, for instance, all the important issues involving
their content”; And from the computational perspective, compared to the “Issues”,
stakeholder relationships and the types of stakeholder relationships (viz., Political,
Information, Goods/Service, and Financial) are neither a justifiable choice nor a practical
principle to restructure the large-size networks so that the modeling complexity can be
effectively managed.
Before laying out the conceptual plan to integrate the Strategic Issue Management into the SVN
analysis, it is helpful to examine a few similar proposals, which are listed in the publication order,
on integrating issues with stakeholders via a network approach:
•

•

•

•

Mahon, Heugens, and Lamertz [2004] employ the Social Network Analysis to make “a
number of theoretically grounded conjectures about the delicate relationships between
stakeholder behavior and issue evolution” [Mahon, Heugens, and Lamertz, 2004, p. 170];
Lucea [2007] develops the concept of “global issue space” as an integrative framework
that “helps make sense of the multiple relations established between a focal firm and its
stakeholders across issues and geographies” [Lucea, 2007, p. 16];
Roloff [2008] identifies two types of stakeholder management in companies’ practice,
that is, “organization-focused” and “issue-focused”, and then demonstrates that “issuefocused stakeholder management dominates in multi-stakeholder networks” [Roloff,
2008, p. 233];
Frooman [2010] introduces the idea of an “issue network”, and argues that “members of
an issue network can be identified as those with grievances, resources, or opportunities”
[Frooman, 2010, p. 161], by drawing on concepts from the fields of social movements
(sociology) and interest groups (political science).

It is observed that these proposals are still in the early stage of modeling the ties between
stakeholders and issues—most of them only focus on justifying the need of integration,
developing theoretical hypotheses, and/or building descriptive models. More importantly, except
the proposal from Lucea [2007], none of the other three provide an analytical and instrumental
framework, nor do they address the importance of a multi-relational approach.
Based on the above motivations and the limitations of similar proposals, this research now
conceptualizes the following process to integrate the Strategic Issue Management into the fourstep framework of the SVN analysis (see Figure 1):
•

•

•

	
  

Issue Identification: After mapping stakeholders’ specific needs as value flows, the
primary issues concerned by stakeholders are identified with a specific and appropriate
definition of strategic issues in the SVN environment.
Stakeholder Re-Identification: If the number of value flows is much larger than that of
strategic issues in the network, and the computational capability of the SVN modeling
tool is also challenged, those stakeholders in similar positions (support or opposition)
around issues can be grouped together, in addition to the clustering rules of aggregation
(role/function) and hierarchy (control/jurisdiction) introduced before.
Issue Networks: Once all the value flows are quantified through the stakeholder
questionnaire, the SVN model can be decomposed into several smaller network models
organized by the issues identified before, and these smaller network models are named as
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•

“Issue Networks” [Frooman, 2010; Lucea, 2007] in this research. Within each issue
network, the modeling complexity is reduced because of the smaller number of
stakeholders and value flows. More importantly, across these issue networks, the causal
mechanism behind different balance of stakeholder relationships can be better understood
than analyzing the SVN model in whole, or decomposing the SVN model by the type of
value flows.
Iterative Application: The above three techniques can be applied in an iterative manner
to reduce the dimensionality of large SVN models, until the appropriate level of
abstraction is reached with the criteria of both analytical significance and computational
feasibility.

6.4 Revisiting Project Phoenix
Following the above conceptual plan to integrate stakeholders and issues, this research briefly
revisits the case study of Project Phoenix.
6.4.1 Issue Identification and Issue Networks
First, after comparing several definitions of strategic issues, this research decides to follow the
most comprehensive one given by Lucea [2007, p. 26]: “Issues are focal and concrete events such
as a project, a product, or a firm policy that generate gaps between the expectations of a number
of stakeholders and the firm’s behavior. These events and the gaps generated by them can evolve
with time and therefore need managerial attention in a timely manner.”
Based on the above definition and recalling the previous introduction to Project Phoenix, it is
obvious that the focal and concrete event in this case is Project Phoenix, which generates the gap
between the expectations from Public Media and Local Public for clean environment, and the
project’s potential to emit more pollutants to a nearby body of water. In addition, Project Phoenix
is not an isolated event, but is inseparably connected to other activities/policies of the facility,
which could conceivably offset the negative outputs of Project Phoenix. Through examining the
main activities of Project Phoenix and the general expectations from its stakeholders, it is not
difficult to find these relevant activities/policies: e.g. providing cheap chemical products, creating
more jobs, building local infrastructures, and paying more taxes.
In summary, there are four primary issues in Project Phoenix:
•
•
•
•

Issue 1:
Issue 2:
Issue 3:
Issue 4:

Local Economic Stimulation (chemical products, jobs, and infrastructures)
General Economic Performance (taxes)
Local Environmental Protection (environmental permits)
National Strategy Supply Security (chemical products)

Using the above issues as the “focal and concrete events” to identify the participation of
stakeholders and the relevant relationships between them, the previous stakeholder map for
Project Phoenix (see Figure A-1 in Appendix A) can be converted into four smaller “issue
networks” (see Figures A-9 ~ A-12 in Appendix A).
6.4.2 Major Findings
Through applying the original framework of the SVN analysis (see Figure 1) to Issue Network 1
of “Local Economic Stimulation”, three interesting findings can be obtained as below (see Figure
12 ~ Figure 14):
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Stakeholder Balance
•

•

	
  

Definition:
o In Figure 12, blue bars represent the total transaction value from PP to its
stakeholders, while red bars represent the total transaction value from these
stakeholders to PP;
o In Figure 12, the right graph shows the value of direct transactions between PP
and its stakeholders in the “Hub-and-Spoke” model, while the left graph shows
the value of both direct and indirect transactions between PP and its stakeholders
in the SVN model;
Implication:
o For a specific balance where blue bar is longer than red bar, PP is more powerful
than that stakeholder because PP provides more value to the stakeholder than the
stakeholder provides to PP, vice versa;
o From the “Hub-and-Spoke” model to the SVN model, the scale of transaction
value generally becomes much larger because of the inclusion of indirect
transactions;
o All the stakeholder balance comparisons are under a specific Issue (Local
Economic Stimulation, General Economic Performance, Local Environmental
Protection, or National Strategy Supply Security) and based on a specific model
(“Hub-and-Spoke” or SVN).

Figure 12: Stakeholder Balance in the Issue Network 1

Net Transaction Value
•
•

	
  

Definition: In Figure 13, “Net Transaction Value = Value from PP to Stakeholder –
Value from Stakeholder to PP”;
Implication:
o Based on the implication of stakeholder balance, PP is more powerful than the
stakeholder if the corresponding net transaction value is positive, vice versa;
o PP’s power over the stakeholder will increase with the net transaction value, vice
versa;
o From the “Hub-and-Spoke” model to the SVN model, if the net transaction value
between PP and a stakeholder increases (especially from negative to positive), it
would be beneficial for PP to take the indirect strategies to engage that
stakeholder, vice versa;
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o

	
  

All the above implications are under a specific issue and the cross-issue
comparisons should also be taken into consideration.

Figure 13: Net Transaction Value in the Issue Network 1

Impact of Indirect Transactions
•

•

Definition: In Figure 14, blue bars represent the inputs for PP from a specific stakeholder
in the SVN model, red bars represent PP’s outputs to a specific stakeholder in the “Huband-Spoke” model, and green bars represent PP outputs to a specific stakeholder in the
SVN model.
Implication: Assuming in the real world stakeholders always know how to apply the
indirect transactions to leverage the inputs for PP, the increase from red bar to green bar
actually reflects the additional strength which PP can gain from indirect transactions with
stakeholders. In another word, this figure quantifies the benefits of indirect stakeholder
influencing strategies taken by PP.

	
  

Figure 14: Impact of Indirect Transactions for PP in the Issue Network 1
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The same analysis can be conducted for other three issue networks (see Figures A-13 ~ A-21 in
Appendix A). More importantly, by putting the results from each issue network together, a
meaningful cross-issue comparison of relationship balance between two stakeholders can also be
obtained (see Figure 15 an Figures A-22 ~ A-24 in Appendix A).

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Figure 15: Net Transaction Value between PP and PUM across Four Different Issues

7. CONCLUSIONS AND FUTURE WORK
In order to fully understand the impacts of both direct and indirect relationships between
stakeholders on the success of large engineering projects, this research develops an innovative
network approach, namely the SVN analysis, as well as its extension to include issue
mapping/decomposition. Through applying this approach to a retrospective case study of large
engineering project, it is concluded that the SVN analysis has the following merits:
•
•

•
•

•

Rigorous Framework: To understand the qualitative/quantitative impacts of indirect
relationships between stakeholders on the success of large energy projects;
Reduced Complexity: Highlighting the important stakeholders (WSO) and the important
value flows (WVFO), which can be used to construct a smaller model for more finegrained analysis;
Strategic Insights: Identifying the critical value cycles to engage stakeholders and
prioritizing the high-leverage project outputs (WOO) to allocate resources;
Transparent, Collaborative, and Alive Platform: For different teams in a project (and
for different stakeholders) to share important knowledge that is otherwise difficult to
express or communicate (through filling in the questionnaire and updating the analysis);
Organizational Application: Exploring the duality between the SVN analysis and
Strategic Issue Management as two alternative ways of mapping an organization’s
“institutional field”.

However, from many applications conducted by this research, the following limitations of the
SVN analysis are also found:
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•

•

•

•

•

•

Normative Justification: The method of the SVN analysis is mainly developed for the
goals of descriptive accuracy and instrumental strength, and therefore lacks the
consideration of normative justification;
Meso-Level Networks: The model of the SVN analysis often deals with the interorganizational networks on the “meso-level” of human society, and the linkage between
the SVN and other networks on the individual, micro-, or macro- levels has not been fully
understood;
Static Characteristics: The model of the SVN analysis is often static and more like a
“snapshot” for the value exchanges among stakeholders at a specific temporal stage, and
therefore is unable to illustrate the longitudinal evolutions of the network;
Homogeneous Utility: The SVN analysis utilizes the Multi-Attribute Utility Theory
(MAUT) as a powerful tool to quantify the value flows by the subjective utilities of the
recipient stakeholders, but for simplification, the same utility function is used for each
stakeholder, and further, the function has not been calibrated with experimental data;
Egocentric Distortion: Value cycles, the representation of generalized exchanges, are
the basic units to measure the impacts of indirect stakeholder relationships in the SVN
model, but the sample space of important network statistics is centered on the focal
organization and therefore omits those cycles bypassing the focal organization, which
may cause distortions of the network structure from a descriptive perspective, as well as
of the resulting stakeholder strategies from an instrumental perspective;
Strategy Implementation: Last but not least, the SVN analysis does not provide
practical guidelines to effectively implement the derived strategies for stakeholder
engagement (for example, how to avoid the problems of moral hazard and free-riding in
the generalized exchanges), and these guidelines are much desired in the real world.

Although the above is by no means a complete list, one should not be intimidated by these
limitations—as wisely commented by Box and Draper [1987, p. 424], “Essentially, all models are
wrong, but some are useful.” and “Remember that all models are wrong; the practical question is
how wrong do they have to be to not be useful.” [Box and Draper, 1987, p. 74]—articulating
these limitations will actually help with the appropriate usage of the SVN analysis and also the
identification of the directions for future development and improvement.
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