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Abstract: Projects are considered crucial building blocks whereby organizations execute and im-
plement their short-, mid-, and long-term strategic visions. Projects are thought, developed, and
implemented to solve problems, drive change, satisfy unique needs, add value, and exploit opportu-
nities, just to name a few objectives. Although existing project management tools and techniques
aim to deliver projects with success, according to the latest reviewed literature, projects still keep
failing at an impressive pace. Among the extensive list of factors that may threaten project success,
several articles from the research literature place particular importance on a still underexplored factor
that may strongly lead to unsuccessful project delivery. This factor—usually known as corporate
behavioral risks—usually emerges and evolves as organizations work together to deliver projects
across a bounded period of time, and is characterized by the mix of formal and informal dynamic in-

lcll:aeégtfg teractions between the different stakeholders that constitute the different organizations. Furthermore,
Citation: Nunes, M.; Abreu, A.; several articles from the research literature also point out the lack of proper models to efficiently
Saraiva, C. Identifying Project manage corporate behavioral risks as one of the major factors that may lead to projects failing. To
Corporate Behavioral Risks to efficiently identify and measure how such corporate behaviors may contribute to a project’s outcomes
Support Long-Term Sustainable (success or failure), a heuristic model is proposed in this work, developed based on four funda-
Cooperative Partnerships. mental fields ((1) project management, (2) risk management, (3) corporate behavior, and (4) social
Sustainability 2021, 13, 6347. network analysis), to quantitatively analyze four critical project social networks ((1) communication,

https://doi.org/10.3390/su13116347 9y problem-solving, (3) advice, and (4) trust), by applying the theory of social network analysis (SNA).

The proposed model in this work is supported with a case study to illustrate its implementation and
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application across a project lifecycle, and how organizations can benefit from its application.
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iations. Projects have been around since humans have inhabited the planet earth [1]; conse-
quently, project management has as well [1]. Although there is very little documentation

©) regarding how projects such as the Great Wall of China, the Great Pyramid of Giza, the Col-
iseum, or the Hanging Gardens of Babylon—just to name a few—have been managed, after
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Some authors argue that from the 1900s initiated the so-called modern project man-
agement era, which is essentially characterized by the introduction of innovative tools and
techniques such as Gant Charts, the Critical Path Method, the PERT technique, the PRINCE
model, the CCPM model, the PMBOK book of knowledge, and the Agile methodologies—
just to name a few—to efficiently plan and execute projects [1-4]. For example, the Gant
Charts—developed by Henry Gant (1861-1919)—are used to break large projects into
smaller manageable activities and tasks and explicitly illustrate the dependency of some
tasks on each other across a project lifecycle [2,4]. The Critical Path Method (also known
as CPM)—developed by the E.I du Pont de Nemours Company in the 1950s— is used
to accurately estimate the cost and time of a project. The Program Evaluation Review
Technique (also known as PERT)—developed by the US Navy in the 1950s—is used to
visualize the different scheduling scenarios of a project. The Projects in Controlled Envi-
ronments method (also known as PRINCE)—developed by the UK Government in the
late 1980s—is used to manage information systems projects. The Critical Chain Project
Management method (also known as the CCPM method)—developed by Israelis Eliyahu
M. Goldrat in the 1990s—is used as an alternative to the PRINCE method. The Project
Management Body of Knowledge (also known as PMBOK)—developed by the Project
Management Institute (PMI) in the late 1990s—is used to manage physical projects of all
sizes and complexities. The Agile manifesto—developed by software developers in USA
in the late 1990s—is used as an alternative to one of the most used methods of managing
physical and software projects, the waterfall method (also known as the stage gate model),
to better meet changing project needs.

Despite the large number of existing methods, methodologies, tools, and techniques
developed to manage projects, according to the latest research [5-9], projects still keep
failing at an impressive rate. According to the latest research, only about 29% of all deliv-
ered projects were delivered successfully [7,8]. Among the multiple factors that potentially
threaten the successful delivery of a project—such as poor communication, inaccurate
project requirements, unskilled project team, lack or inexistence of effective stakeholder
management, just to name a few—one factor has been arousing particular interest among
the project management scientific community’s researchers and practitioners. This factor
concerns the different project stakeholders” dynamic interactions (also known as dynamic
behaviors [10]) that emerge and evolve across the different phases of a project lifecycle, and
the impact that such dynamic interactions—characterized by a mix of formal and informal
relationships—may have on a project’s outcome [6,10-12]. In fact, several studies argue
that more important than individual competencies, training, and skills is the way that the
different project stakeholders collaborate (dynamically interact within the mix of formal
and informal relationships) across a project lifecycle, which dictates how successful or
unsuccessful a project will be [13-15].

Although several studies show that it is not very clear to distinguish formal from
informal organizational networks of relationships [16,17], if they are not identified in a
timely way and efficiently managed (particularly the informal organizational networks),
they may either evolve to two different collaborative extremes: (1) a collaborative overload
status, or (2) a lacking or nonexistent collaborative status [18]. Whichever the extreme
they evolve to (either (1) or (2), as mentioned before), such organizational networks of
relationships may strongly threaten or boost the successful delivery of a project, being thus
characterized as project corporate behavioral risks. According to [12], project corporate
risks can be delayered into four different types. These are: (1) critical enterprise risks
(risks associated with project stakeholders who have exclusive competencies, know-how,
or resources), (2) resource allocation risks (risks associated with the distribution of project
tasks and activities throughout the different project stakeholders), (3) managerial risks
(risks related to the authority, structure, and level of communication within the project
stakeholder collaborative network), and finally (4) behavioral risks (risks that derive from
the mix of myriad formal and informal dynamic interactions between different project
stakeholders, across the different phases of a project lifecycle).
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Understanding the extent to which corporate behavioral risks influence a project’s
outcomes is of high importance for organizations and society in general, and can be
explained in two dimensions. (1) It is a driver of sustainable business because it enables
organizations that deliver projects (among other things) to increase the chances of project
success, by enabling the development and implementation of effective, appropriate, and
timely corrective/supportive measures for a project’s tasks and activities. (2) It generates
unique, valuable, and actionable knowledge regarding the emergence and evolution of
cooperative risks, contributing thus to the scientific community in the organizational field,
to society in general, and to the development of new theories and approaches for how to
efficiently and properly manage behavioral project risks across a project lifecycle [10,14,19].

Research in sociology and project management shows that the only effective way
to understand how such dynamic interactions between the different stakeholders across
a period emerge, evolve, and eventually continue or disappear is by the application of
social network analysis (SNA) tools and techniques [10,14,20-22]. The reason behind this
is that contrary to traditional project management tools and techniques, SNA provides
the adequate theoretical frameworks for modeling dynamic social interactions, where
entities (persons, groups, organizations, and so on) are transformed into nodes or points,
and the different relationships between them are represented by lines, or links, which
can be quantitatively measured by analyzing their direction (preferences) and weights
(intensities) [10,14,20-22].

In a nutshell, the objective of this work is to present a heuristic model that efficiently
identifies and correlates corporate behavioral risks to support long-term sustainable co-
operative partnerships by analyzing and quantitatively measuring the different dynamic
interactions between the different project stakeholders contained in a set of interactional
networks, such as communication, problem-solving, advice, and trust, that usually emerge
and evolve across the different phases of a project lifecycle, by applying SNA centrality
metrics. The proposed model in this work results from the combination of four scientific
fields ((1) project management, (2) risk management, (3) corporate behavior, and (4) social
network analysis), which in a holistic way provides the model with a novelty and unique-
ness to its approach in identifying corporate behavioral risks (also known as critical project
social networks).

Essentially, the combination consists of the harmonization of the individual contribu-
tions of each of the scientific fields in one block (the model), providing three main benefits
for organizations: (1) it efficiently enables an effective implementation and adaptation of
the proposed model in projects environments, causing the least disturbance (contributions
of the project management field); (2) it accurately captures unique dynamic interactive
behaviors that flow in some interactive social channels (contributions of the cooperative
behavior field); and (3) it efficiently, quantitatively measures and pragmatically analyzes
results according to best practices and worldwide accepted standards (contributions of
social network analysis theory and risk management fields), especially when correlating
them with a project’s outcomes (success or failure).

Structure of This Work

The present work is divided into five chapters. In Section 1, we introduce the main
scientific fields and their individual contributions, as well the motivation that led to the
development of the proposal in this work. In Section 2, an extensive literature review
is presented on the main scientific fundamental fields ((1) project management, (2) risk
management, (3) corporate behavior, and (4) social network analysis) that support the
development of the proposed model. In Section 3, the development of the proposed model
is explained, as well as the implementation steps in an organizational context. In Section 4,
a case study is presented regarding the implementation and application of the proposed
model, covering the complete analysis process that goes from data collection and analysis,
to the interpretation of results. Finally, in Section 5, the implications of the proposed model
regarding managerial and research dimensions are discussed, covering subjects such as
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benefits, limitations, and further research regarding the proposed model in the context of
organizational project management.

2. Literature Review
2.1. Project Management

According to the PMI (Project Management Institute) [4], a project is defined as a
temporary endeavor with a defined start and end, which aims at the creation of a unique
result, product, or service. In order to increase the chances of delivery, successful project
management tools and techniques are applied to projects tasks and activities. The PMI
defines project management as the application of knowledge and techniques to project
activities throughout the different phases of a project lifecycle, aiming at the successful
delivery of a project within a project’s constraints [4]. Project management methods, tools,
and techniques, such as those already mentioned in the introduction (the Gant Charts,
the Critical Path Method, the PERT technique, the PRINCE model, the CCPM model, the
PMBOK book of knowledge, the Agile methodology), are applied throughout the different
phases of a project’s lifecycle to, in a timely manner, identify and manage project risks,
so that projects can be delivered with success [4,5]. However, according to the Standish
Group [8], over the last 20 years, it seems that such project management methods, tools,
and techniques have done little or nothing to improve project success. A survey conducted
by the Standish Group regarding private and public projects shows that only 29% of all
projects delivered were delivered successfully. Such results are supported by the PMI’s
Pulse report of the project management profession [9], where it shows that on average
more than 50% of delivered projects experienced some type of scope creep—which means a
continuous or uncontrolled growth in a project’s scope that it is different from the plan. Still,
according to The Standish Group [8], the four main reasons that lead to project failure are:
(1) low or lack of end-user involvement and input, (2) low or lack of executive management
support, (3) unclear statement of requirements, and (4) uncontrolled change requirements
and specifications.

In addition, other researchers still point out organizational culture, inadequately
trained and/or inexperienced project managers, lack of project governance, inadequate
tools and methods, poor requirements management, poor planning and estimating, inade-
quate communication and reporting, poor risk management, and misalignment between
projects and organizational strategy, as being factors responsible for project failure [22,23].

According to David Hillson [11], a renowned risk and project management author and
researcher, the results published in the Standish Group and PMI’s reports are no surprise.
Hillson [11] suggests three major project areas where further research should be undertaken
to improve project success. These are (1) processes (project risk management approaches
and standards still must be improved), (2) principles (the definition of risk in the project
environments is still very subjective), and (3) people (people’s culture, know-how, skills,
interactions, and roles are different from person to person and have different impacts in
how project tasks and activities are executed).

Similarly to other researchers in the field of project management [10,14,15], Hillson [11]
highlights the importance of the people aspect in project management. The reason behind
this is that there are no two persons alike, and cultural differences seem to directly influence
how risk is perceived and understood, which in turn, creates different behaviors towards
risk management in project environments, among other things.

In this line of thought, the proposed model in this work is in line with the latest
research in the project management field, which place particular importance on under-
standing the extent to which different human behaviors contribute to the failure or success
of projects, by analyzing how the different project stakeholders” dynamic behaviors emerge
and evolve across the different phases of a project lifecycle, and how these may be correlated
with project success or failure.
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2.2. Risk Management

Risk management can be defined as a set of coordinated activities to direct and control
an organization regarding risk [4,24]. It is a combined and continuous process that includes
analysis, decision-making, and proactive management across the different tangible and
intangible parts of an organization, such as design and structure, strategy, operations,
culture, and governance, respectively, where instead of being policed by experts internal or
external to the organization, it should be supported and incentivized [25,26].

One of the most popular processes to support risk management activities is the
ISO 31000:2018—Risk management—Guideline’s standard, published by the ISO (the
International Organization for Standardization) [24]. The reason for its popularity is due to
its ability to be implemented in almost any scenario, regardless of an organization’s type,
objective, or size [24].

The risk management process defined in the 31000:2018 standard [24] is essentially
described in six interrelated steps. They are: (1) establishing scope context and criteria
(consists in defining the scope of the risk management activities, including the internal
and external context, and the amount and type of risk that a particular organization is
willing to take, relative to their objectives), (2) risk identification (comprises the activities
of finding, recognizing, and describing risks that might contribute to or hinder an organi-
zation achieving its objectives), (3) risk analysis (consists in understanding the nature of a
particular risk in different dimensions, such as uncertainties, risk sources, consequences,
likelihood, events, scenarios, and controls and their effectiveness), (4) risk evaluation
(consists in comparing the results of the risk analysis with the previously established orga-
nizational risk criteria to identify where additional action is required), (5) risk treatment
(consists in the specification of how to choose treatment options to be implemented), and
finally (6) record and report previous steps (comprises the continuously monitoring and
reviewing of identified risks evolution across time, and the efficacy of applied control or
corrective measures).

Although the word risk is immediately connotated with some kind threat, risk com-
prises two dimensions [4]. First, risk can be a threat that, if it occurs, will negatively impact
organizational goals and objectives. Second, risk can be an opportunity that, if it occurs,
will positively impact organizational goals and objectives. Research in the field of project
risk management [11,27] simply defines project risks as the uncertainty that matters. This
simple but efficient definition aims to develop a certain mindset that stresses that it is
critical to separate real project risks from unreal project risks. To better understand and
classify the different project risk types, Hillson [27] proposes four generic types of project
risks. They are (1) event risks, (2) variability risks, (3) ambiguity risks, and (4) emergent
risks, and are illustrated and explained in Table 1.

Table 1. Four generic project risk types.

Project Risk Types

What They Mean How to Manage Them

(1) Event Risk

Risks related to something that has not yet happened, and
it may indeed not happen at all, but if it does, it will surely
impact project objectives.

Tools and techniques for identifying, assessing,
treating, and monitoring risks, supported by
well-known risk management standards and

best practices.

Risk characterized by a given number of possible known

Advanced risk analysis models such as the Monte

(2) Variability Risk outcomes; however, no one knows exactly which one will . .
Carlo simulation.
take place.
Risks that arise from lack of knowledge (know-how and
(3) Ambiguity Risk know-what). They may include use of the latest project Lessons learned, prototyping, and

technology, and market and competitor capability or
intentions, among other things.

simulating techniques.

(4) Emergent Risk

Risk that are just unable to be seen or predicted, because
they are outside a person’s mindset, and usually arise from
game-changers and paradigm-shifters, such as
disruptive inventions.

Efficient contingency planning.
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As is illustrated in Table 1, project risks can be divided into four major types where for
each type, a management process is also suggested. The overall functioning principle of
the proposed model in this work is inspired by the risk management process steps defined
in the ISO 31000:2018; the equivalent process steps are illustrated in Table 2.

Table 2. Proposed model functioning process.

Risk Management Steps According
to the ISO 31000:2018 Standard [24]

Proposed Model Process Equivalent Steps

Step 1: establish scope, context,

and criteria

Define scope (project stakeholders’ behaviors across a project lifecycle) and establish
information collection process (mails, surveys, etc.) to map the four critical project social
networks (communication, problem-solving, advice, and trust).

Step 2: risk identification

Apply SNA centrality metrics to collected data, to quantitatively measure different
behavioral patterns from project stakeholders.

Step 3: risk analysis

Analyze the results and correlate them with project evolution and desired or established
collaborative patterns.

Step 4: risk evaluation

Evaluate the impact of identified collaborative behaviors in project outputs and outcomes
in two dimensions—threats and opportunities.

Step 5: risk treatment

Define and implement strategies to support, correct, or adjust identified behavioral patterns.

Step 6: monitoring, & reviewing

Continuously monitor implemented supportive or corrective measures, in order to access
their effectiveness and record lessons learned.

As can be seen in Table 2, the proposed model in this work frames the ISO standard
31000:2018—Risk management—Guidelines standard steps throughout the identification
and analysis process of project corporate behavioral risks. Simultaneously, the proposed
model in this work particularly addresses the ambiguity project risk type illustrated in
Table 1. This happens because the model identifies hidden behaviors in a quantitative
way regarding the dynamic interactions of project stakeholders across a project lifecycle,
contributing to the generation of knowledge (lessons learned) concerning which factors are
more or less important to drive a project to success.

2.3. Corporate Behavior

Corporate behavior can be defined as the set of actions of an organization or group
that defines the organization’s ethical strategies and simultaneously describes the external
and internal image of an organization [28]. Such actions essentially define the way an
organization behaves within the environment where it exists, in both internal (characterized
by internal processes and procedures) and external (characterized by collaboration with
other organizations) environments [28]. Research shows that there is interdependence
between three essential concepts that explain how behavior emerges and is adopted as
normal [5,6,11]. Such interdependence is explained by the ABC model (attitude, behavior,
culture), also known as the ABC of risk culture [11]. In a nutshell, the ABC model states
that, first, attitude shapes behavior; second, repeated behavior forms culture; and third,
culture influences attitude and behaviors. In this line of thought, it can be concluded that
neither attitudes nor behaviors are static. They rather depend on culture’s influence, which
is also not static. This suggests that it is possible to act in one of the three mentioned
dimensions (attitudes, behavior, or culture) to influence the other two.

According to research, in organizations, as a function of their dynamic interactions
as they operate in the internal and external environments, behavioral risks (also known
as collaborative risks) are likely to emerge [6,12]. Research suggests the classification
of organizational collaborative risks into four distinct but interrelated dimensions [12].
The first dimension, called critical enterprise risks, covers risks that are associated with
project social network members who have exclusive resources or competencies or are
assigned to tasks or activities of great complexity. It regards various aspects, such as
what may happen to collaborative performance if a particular partner is removed from
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a project social network of an ongoing project. The second dimension, called resource
allocation risks, covers risks that result from how tasks and project activities are distributed
across the different organizations that work together to deliver projects. It comprises
aspects, such as access to resources (knowledge, technologies, social capital, and so on),
that enable organizations to perform assigned project tasks or activities, or how equally the
workload is distributed across project partners. The third dimension, called managerial
risks, are risks that are associated with authority and structure regarding communication in
a collaborative network. It comprises the identification of how organizations can get help
other partners to accomplish their project tasks and activities, and analysis of how balanced
the communication of a given project social network is. Finally, the fourth dimension, called
behavioral risks, are risks associated to the type of relationships that emerge, evolve, and
eventually continue or disappear across time, between the different project stakeholders
that work together to deliver projects. It consists in the identification of how collaboration
(which involves communication, information exchange, and so on) evolves among the
different project stakeholders, accessing various aspects, such as how project information
is being shared, who turns to whom to get help and advice to perform project tasks or
activities, who has expertise skills regarding a particular project task or activity, and so on.
In addition to the ambiguity risk types, as previously mentioned in the risk management
section, the proposed model in this work will address the above-mentioned behavioral risk
dimension, also called cooperative behavioral risks.

2.4. Social Network Analysis

SNA can be defined as a process of studying and analyzing social structures, by the
application of a variety of metrics developed based on graph theory, that contributes to the
explanation of how social structures emerge, evolve, and eventually continue or disappear
across time, and how they impact the environment where they exist [20]. SNA is contin-
uously increasing in popularity in organizations, namely in the study of how dynamic
interactions between entities across time may impact outputs and outcomes [20,29].

Furthermore, the application of SNA covers diverse scientific fields, such as manage-
ment and leadership [30]; behavioral sciences [31]; law, criminology, and terrorism [32];
communication, learning and media [33]; and political science [34], just to name a few.

SNA is characterized by a set of specific linkages or connections among a defined
set of actors or entities, where such linkages or connections are used to interpret social
behavior of the involved entities or actors [35].

SNA efficiently addresses social capital challenges and has been integrated into tradi-
tional organizational risk management processes and frameworks, essentially to support
decision making [10,36].

In organizations, SNA can be used to study employee retention and turnover, network
collaboration levels, collective and individual performance, culture, innovation, social
cohesion, information diffusion, values, ethics, behavior, wellness, satisfaction, fraud, and
many other things [6,36].

In project management, the application of SNA—although still at a very initial stage
according to some research [37]—is essentially used to identify project critical success
factors by studying how the different project stakeholders’” behaviors emerge and evolve
across a given project lifecycle, and how such behaviors may impact project activities and
outcomes [38,39]. In the last years, several researchers and authors have been showing how
the application of SNA in project management can help organizations to be more efficient.

For example, Krackhardt and Hanson [40] identified three key informal networks
that managers should be aware of to increase performance and project success. Such
networks are still today considered by several research as being some of the most impor-
tant informal networks to be analyzed, because they provide meaningful and actionable
insight regarding how the different project stakeholders interact across a given project
lifecycle [6,10,14,40]. They are: (1) advice network (identifies people to whom others go to
get their job done, (2) trust network (identifies people who share project-related information
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and with whom), and (3) communication network (identifies who talks to whom about
project-related matters).

Mead [41] applied SNA to the analysis of different project teams to assess project
communication evolution across time. Through this assessment, Mead identified a set of
isolated project stakeholders, which enabled the development and implementation of an
efficient corrective plan to better integrate those isolated project stakeholders in the project
communication network.

Cross and Parker [42] applied SNA in diverse organizations, which led to the identifi-
cation and characterization of a set of very popular informal actors’ functions, in terms of
their location within an organization’s informal network, that strongly impact how work
is done in organizations. They are: (1) central connectors (people who others heavily rely
on for support and advice regarding work and personal matters), (2) boundary spanners
(people who connect different organizations and groups), (3) information brokers (people
that connect different functions within an organization), (4) peripheral experts (people
that are subject matter experts), (5) peripheral intentionally (people that aren’t well inte-
grated in a project social network), and (6) energizers (people who energize others with
positive energy).

Prell [43] applied SNA centrality metrics to identify and analyze project stakeholder
networks in a natural resource management project. He used the results of SNA assessment
to first select and then manage important project stakeholders.

Mok [44] applied SNA centrality metrics to identify critical challenges in major engi-
neering projects (MEPs) based on interdependencies among critical stakeholders’ concerns.
The results of his assessment enabled the identification of several critical challenges that
occurred in major engineering projects, which contributed to the development of a set of
best project practices to properly manage future MEPs similar challenges.

Arena [15] applied SNA centrality metrics to develop a theory called adaptive space,
which essentially argues that successful organizations efficiently connect two different
critical areas—the operational and the entrepreneurship pockets—which enables them to
create and explore new ideas in a more agile way.

As seen in the examples above, the use of SNA centrality metrics is quite popular
in organizations and in project environments. In a social network, centrality refers to a
network’s structure, which results from how different entities are connected within that
network’s structure [6,10,45,46]. Research in SNA centrality metrics suggests that centrality
metrics, such as degree (which can be an indicator of a network’s activity potential), close-
ness (which can be an indicator of the independence potential of a network), or betweenness
(which can be an indicator of control and communication between two different groups),
can efficiently measure the importance, influence, prestige, prominence, and control of
individual entities (people, groups, or organization) within a social network [10,45,46].
Furthermore, research argues that network centrality is correlated with informal power
in project collaborative networks, which strongly influences coordination and decision
making, especially in project environments [45,46].

Research shows also that dynamic interactive relationships (also called corporate
behaviors) are complex by nature and cannot be completely explained by traditional
social theory methods [47,48]. Such dynamic interactive relationships must rather be
described and analyzed by the application of methods that are based in sociology, where the
individual’s social context in the process of making choices is taken into consideration [48].
In the fields of sociology and project management, several studies show that the most
effective way of understanding the way dynamic interactions between entities across a
period emerge, evolve, and eventually keep or disappear is through the application of
SNA centrality metrics [10,14,20-22]. This is explained, due the ability of quantitatively
measured behaviors (dynamic interactions) between members of a given social network,
by transforming entities into nodes or points of a graph, and the relationships between
them into preferential, measurable links.
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In this line of thought, the proposed model in this work is aligned with the latest
research conducted in the fields of sociology and project management in two dimensions.
First, by applying SNA centrality metrics to quantitatively identify behavioral patterns in
a project social network across a finite period of time, the proposed model in this work
is in line with recent research that argues that the application of SNA centrality metrics
is the only effective way to uncover hidden behavioral patterns in the mix of formal and
informal networks of relationship [6,10,14,20-22]. Second, the proposed model in this work
is fully aligned with recent sociology and project management research, as it analyzes some
of the most important social networks in project management, such as communication,
problem-solving, advice, and trust, as mentioned above.

3. Model Development and Implementation
3.1. Development to the Proposed Model

As already mentioned in the introduction, in this work is proposed a heuristic model to
identify in a holistic way corporate behavioral risks in project environments. The proposed
model was developed based on four fundamental fields, which are illustrated in Figure 1.

Proposed model to identify
Corporate Behavioral Risks

i i Corporate Sl
Project Risk P Network

Management Management Behavior Analysis

Figure 1. The four fundamental scientific fields that support the development of the proposed model
in this work.

As illustrated in Figure 1, the first field that supports the development of the proposed
model in this work is the project management scientific field. This field contributes to the
proposed model in this work with the standard definitions and structure of a project, and
the tools and techniques applied in project management.

The second field is the risk management scientific field. This field provides the
proposed model with the standard definitions, approaches, and risk-management process
frameworks that will be used across the development and implementation of the proposed
model in this work. It provides the process of identifying, analyzing, measuring, treating,
monitoring, and updating project cooperative behavioral risks (dynamic interactions) that
emerge and evolve as the different stakeholders work together to deliver projects.

The third field is the corporate behavior scientific field. This field provides the pro-
posed model with the definitions of the different corporate risk types and their characteris-
tics in the project management environment.

The fourth and final field is the social network analysis scientific field. This field
provides the proposed model with the tools and techniques to map, identify, and quantita-
tively measure different corporate behavioral patterns that emerge, evolve, and eventually
continue or disappear as the different project stakeholders work together to deliver projects.
More concretely, the SNA field (the SNA tools and techniques) will be used to identify and
quantify the evolution of those different corporate behavioral patterns by analyzing four
critical social project networks, through the application of social network analysis centrality
metrics. The four critical social project networks are: (1) communication (which identifies,
within the project stakeholders network, who communicates with who and how balanced
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or unbalanced the project stakeholder’s communication network is), (2) problem-solving
(which identifies, within the project stakeholders network, who turns to who in search of
expertise, know-how, or know-what regarding project-related matters), (3) advice (which
identifies, within the project stakeholders network, who turns to whom in search of advice
and support regarding project-related matters), and finally (4) trust (which identifies, within
the project stakeholders network, who trusts whom regarding project-related matters). In
Table 3 are described the four critical project social networks.

Table 3. Description of the four critical project social networks.

(1) Communication

The mapping of the communication network in a project social network enables one to analyze aspects
related to how effective, efficient, and centralized (or de-centralized) the communication that occurs
between the different project stakeholders that work together to deliver projects is. Aspects such as
frequency, intensity, reach, and broadness are entitled to be analyzed. For this matter, data from project
email exchange, surveys or questionnaires, or observations can be used to map the communication of a
project social network.

(2) Problem-solving

The mapping of the problem-solving network in a project social network enables one to identify critical
partners or sub-networks, whereby expertise flows regarding project-related matters. Aspects such as
frequency, intensity, reach, and diversity are entitled to be analyzed in the problem-solving network. For
this matter, data from project email exchange, surveys or questionnaires, or observations can be used to
map the project problem-solving of a project social network.

(3) Advice

The mapping of the advice network in a project social network enables one to identify key project partners
or subnetworks, whereby support and some project matter expertise flows. Aspects such as intensity
(translated into dependency), broadness, and diversity are entitled to be analyzed in the advice network.
For this matter, data from project surveys or questionnaires, or observations can be used to map the project
advice network of a project social network.

(4) Trust

The mapping of the trust network in a project social network enables one to identify critical project
partners or sub-networks, whereby trust and support (translated into professional and personal) is
established. Aspects such as intensity, frequency, confidence, empowerment, and reliability are entitled to
be analyzed in the trust network. For this matter, data from project surveys or questionnaires, or
observations can be used to map the project trust of a project social network.

As illustrated in Table 3, each one of the four critical project networks have their
own specificity regarding the identification of project behavioral patterns. However, even
though each individual specificity is comprised in each of the four critical networks, they
complement each other. This fact enables one to create a holistic approach regarding the
identification and understanding of how collaboration emerges, evolves, and eventually
disappears, as different project stakeholders work together across a project lifecycle.

In the proposed model in this work, for the communication network dimension,
project email exchange data between project stakeholders will be used to map the com-
munication network of the project social network. The problem-solving network will be
mapped and analyzed with data collected in a project survey launched to all the project
stakeholders. The advice network will be mapped and analyzed with data collected in
on-site observations of all project stakeholders. The trust network will be mapped and
analyzed with data collected in a project survey launched to all the project stakeholders.
The construction of the assessment is to be agreed upon by the network analytics team or
individual and the entity to be analyzed. This comprises, for example, the types of data
collection methods (survey, observations, emails), as well as what and how many questions
are to be launched in the survey. As previously mentioned, for each one of the four critical
project networks, a respective network (also known as graph) will be created by applying
SNA centrality metrics. An example of what each one of the four critical project networks
look like is illustrated in Figure 2.
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Figure 2. The four critical networks of the proposed model in this work: (a) communication, (b) problem-solving, (c) advice,

and (d) trust.

In Figure 2 are illustrated the four different critical project networks that the proposed
model in this work will analyze in detail. As previously mentioned, the project commu-
nication network will be mapped with data collected in project emails exchange. The
resulting network is illustrated in Figure 2a (communication network). In Figure 2a are
illustrated five different organizations that collaborate to deliver a given project. Each
organization is represented by a different color. As the legend of Figure 2a illustrates,
the employees of organizations 1, 2, 3, 4, and # are connected through lines between
them. These represent the email communication network channels. In the communication
network, the lines between the different organizations” employees may be weighted and
classified into different customizable classes or levels, such as those indicated in the legend
of Figure 2a (Weighted L1, L2, or Lm). Such weighted linkages represent the number of
emails that have been exchanged between any two given employees within a finite period.
The communication network is characterized by a non-directional connection type. One
link or line represents that there is a communication channel between two given entities
wherein several emails have been exchanged across a bounded period of time. If no link
exists between any two given entities, it means that no single email has been directly or
indirectly exchanged between them. The links within the communication social network
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are divided into interorganizational links (black lines) and intraorganizational links (grey
lines). These represent the communication between different organizations and within an
organization, respectively.

In Figure 2b is illustrated the problem-solving network. In this network are illustrated
the same organizations as in the previous network (communication network), containing
also their respective employees and a set of links between them. This network maps
the connections (dynamic relationships) between the different employees of the different
organizations with directed links. These type of links (directed) represent preferences,
choices, or nominations, and can be classified into one-way-directed or reciprocal, as
illustrated in the legend of Figure 2b. The problem-solving network is mapped with the
answers collected by a survey addressed to all organization’s employees that participated
in project tasks or activities, where questions such as “who do you turn to in order to get
help regarding a given project problem or challenge?” may be formulated.

The two networks of advice (Figure 2c) and trust (Figure 2d) follow the same principle
as the problem-solving network regarding the mapping and analysis process. However,
the data collection method may be different. To map the advice network, data collected in
observations was used. This method implies an active monitoring process of organization’s
employees, regarding who they go to in order to get advice concerning project task or
activities. However, the proposed model in this work is not by any means constrained to a
given type of data collection method. This means that other data collecting methods may be
applied if they collect valuable and reliable data to map the four different critical networks.
The last network to be mapped is the trust network, as illustrated in Figure 2d. To map
this network, data from surveys conducted of an organization’s employees is collected,
where questions such as “who do you trust to confide in about project-related problems or
challenges without fearing retaliation?” may be formulated.

As can be seen in the problem-solving, advice, and trust networks, not all employees
are connected either by a directed or reciprocal link. This means that those employees
that were not nominated—for example, as being people whom others can trust—have no
directed link attached to them. For example, in the problem-solving network illustrated in
Figure 2¢, there is one reciprocal connection between organizations n and 4 through one
element of each organization. This means that one element of organization # trusts one
element of organization 4, and vice-versa. In the same network, there are two non-reciprocal
connections between organizations 4 and 1. In this case, and according to the network of
Figure 2c, one element of organization 4 trusts two elements of organization 1. Another
way to represent such relationships (when analyzing dynamic interactions between the
different organizations) is by drawing one link from organization 4 to organization 1 with
a numeric value of 2. This value represents the two nominations from the element of
organization 4 to one element of organization 1. This representation is also known as the
weight of a directional link.

3.2. Implementation of the Proposed Model

In Figure 3 is illustrated the implementation process of the proposed model in this
work. The generic project lifecycle used by the proposed model in this work, which is
illustrated in Figure 3, is adopted from the PMI (Project Management Institute) book of
knowledge [4], and is constituted of four project phases.

Due to illustrative purposes, the detailed explanation regarding the implementation
process of the proposed model in this work illustrated in Figure 3 only covers the first two
project lifecycle phases (starting the project, and organizing and preparing). This does not
mean that the implementation process of the proposed model in this work illustrated in
Figure 3 is different in the remaining phases (carrying out the work and ending the project).
In fact, the process is completely replicable across the other remaining project lifecycle
phases. This also implies that the interpretation of results is done in a similar way across
all the different phases of a project lifecycle. Moreover, regardless of the number of phases
a project has, the implementation process of the proposed model always follows the same
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principle that is explained in detail in Figure 3 in starting the project and the organizing
and preparing phases, as we will see in the following.
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Figure 3. Implementation process of the proposed model in this work, adapted from [4].

In Figure 3 are illustrated the four typical different phases of a project lifecycle pro-
posed by the PMI [4], and the respective expected level of effort for each one of the different
project phases. The four project phases are: (1) starting the project (where the project scope,
definition, and project charter are defined), (2) organizing and preparing (where the devel-
opment of the project begins in all the its different dimensions, ranging from budgeting, to
risk analysis, to resource planning, just to name a few), (3) carrying out the work (which
is the execution of what has been planned, but also complementing support activities
such as change management, quality control, and stakeholder management, just to name a
few), and finally (4) ending the project (which comprises the final project activities, such
as financial handover, release of resources, and collection of lessons learned, just to name
a few).

In Figure 3 are illustrated the finite periods of time ptl, pt2, pt3, ..., pti. These
represent the bounded period of time where the proposed model in this work will be
applied. In Figure 3 are also illustrated the monitoring points (also called collecting points)
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mtl, mt2, mt3, ..., mte. These represent simultaneously the length of a given pti finite
period of time, and when data will be collected and analyzed.

For a given period pti—which comprises the time between any two given mte (moni-
toring time) and mte + 1—data regarding the interaction of the different stakeholders that
work together to deliver a project is generated. This time-period is entirely customizable
and can either be defined by the network analyst or the organization that conducts the
assessment. For the purpose of analysis, the overlap between different project phases
has no negative implication. This happens because the objective of the proposed model
is not to clearly define the different phases of a project lifecycle, but rather to analyze
how dynamic collaboration between different project stakeholders emerges and evolves
within a finite or bounded period of time. In each monitoring time mte, which includes
the processes of collecting and analyzing data, the proposed model in this work will apply
SNA centrality metrics to quantitatively measure the already mentioned four critical project
social networks ((1) communication, (2) problem-solving, (3) advice, and (4) trust).

In Table 4 are illustrated the SNA centrality metrics that will be applied to quanti-
tatively measure the four critical project social networks, as well as the respective data
collection method, and the objective of each centrality metric.

Table 4. Proposed model SNA centrality metrics.

Critical Project Social Networks Data Collecting Method

Project Social Network Analysis
Metrics and Objectives

(1) Communication

Objective: Identify who is central and
who is peripherical within the project
email exchange network.

SNA Metric: Weighted in-degree
Cwip(n;) = ¥ xji (a), Where:

Cwip = total weighted degree of an entity
within a graph

n = total number of entities within a
graphfori=1...,n

xji = number of links and their weight
from entity j to entity i, where i # j, and
vice versa, function of directed or
undirected graph

Emails: All exchanged email data (sent
and received) between all participating
project stakeholders related to project
information regarding a given project
phase. To be collected at the end of each
project time mtn.

(2) Problem-Solving

Objective: Identify how the
problem-solving network is established
across the project social network.

SNA Metric: In-degree

Cip(n;) = ¥ xji (b), Where:

Cip = total degree of an entity within a
graph

n = total number of entities within a
graphfori=1...,n

xj; = number of links from entity j to
entity i, where i # j, and vice-versa,
function of directed or undirected graph

Survey: Addressed to all project
stakeholders” members that have
participated in a given project phase.
Data is collected at the end of each project
time mtn.

Observation: All project stakeholders’

dynamic interactions regarding the Objective: Identify how the advice

network is established across the project

(3) Advice search for advice concerning project social network
related matters observed on-site. Data is Lo .
. . SNA Metric: In-degree (see Equation (b))
collected across a period of time ptn.
Survey: Addressed to all of an
organization’s members that have Objective: Identify who trusts who,
(4) Trust participated in a given project phase. regarding project related information.

Data is collected at the end of each project SNA Metric: In-degree (see Equation (b))
time mtn.
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As illustrated in Table 4, to analyze the communication network, the weighted in-
degree SNA centrality metric will be applied to identify who is central and who is periph-
erical within the project email exchange network. To analyze the problem-solving network,
the in-degree centrality metric will be applied to identify how the problem-solving network
is structured across the project social network. To analyze the advice network, the in-degree
centrality metric will be applied to identify how the advice network is structured across
the project social network. Finally, to analyze the trust network, the in-degree centrality
metric will be applied to identify how the trust network is structured across the project
social network.

4. Case Study
4.1. Introduction to the Case Study

The case study introduced in this section was conducted by an international market
leader food and beverage organization at the end of 2018 in Europe. The case study
was aimed at the analysis and continuous monitoring of project stakeholders’ behaviors’
importance in project evolution, and how changes in behavioral patterns could impact
project deliverables and ultimately project outcomes. For this matter, the proposed model
in this work was applied. The organization that conducted the following case study—
named in this work, due to privacy reasons, organization A—won a contract to develop
and implement a food-related project—named project 1 in this work—in mid-Europe. The
project, which consisted in the implementation of a new production line of an end-user
good for one of its customers in Europe, was budgeted at about 5 million euros and meant
to be completed within a 3-year period of time. Organization A sub-contracted another
organization—named organization 1 in this work—to accomplish project 1. Organization
1 was also responsible for the outsourcing of some project-1-related tasks and activities
to other specialized organizations in four different areas: (1) mechanical installations,
(2) automation engineering, (3) electrical engineering, and (4) processing engineering.
Organization 1 was responsible for the mechanical installation works in project 1 and
contracted the following organizations: organization 2, which was responsible for the
automation engineering works in project 1; organization 3, which was responsible for the
electrical engineering works in project 1; and organization 4, which was responsible for
the processing engineering works in project 1. All organizations agreed to participation
in the case study conducted by organization A. The number of employees in each of the
selected organizations involved in accomplishing project 1 varies as follows: organization 1,
23 employees; organization 2, 5 employees; organization 3, 9 employees; and organization
4, 6 employees. The case study conducted by organization A involves the application of the
proposed model in this work to identify, quantitatively measure, and monitor the impact
of the different stakeholders’ (organizations 1, 2, 3, and 4) dynamic behaviors across the
different phases of project 1 on project 1 outcomes, by analyzing the already mentioned
four critical project social networks ((1) communication, (2) problem-solving, (3) advice,
and (4) trust).

Organization A believes that understanding how collaboration is occurring between
the different project’s stakeholders—which is mirrored across the different dynamic behav-
iors between project 1’s stakeholders—could enable organization A to, in a timely manner,
take corrective measures to minimize the potential negative impacts and optimize the
potential positive impacts on project 1’s deliverables. The assessment was conducted by
a dedicated team belonging to Organization A (which is referred to in the present case
study as an external team regarding project implementation) that received training in
network analysis, namely in the development and implementation of the proposed model
in this work.

Finally, Organization A believes that by applying the proposed model in this work,
organization A did not only proactively act to increase the chances of project success, but
also promoted the sustainable long-term cooperative partnership between the project’s
participating stakeholders in further project partnerships.
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4.2. Application of the Proposed Model and Interpretation of Results

In this section will be presented an extract of the complete application of the proposed
model, focused on the organizing and preparing phase according to the steps defined in
Table 2. It includes the implementation of the proposed model according to Figure 3 and
the application of SNA centrality metrics according to Table 3.

The results of the assessment conducted across organizations 1, 2, 3, and 4 illustrated
in Figure 4 took place around the first quarter of the project, in the phase of organizing and
preparing. It comprises the analysis of four project social networks decided by Organization
A (communication, problem-solving, advice, and trust network), as is also suggested by
the proposed model in this work.

a) communication network for pt7 b) problem-solving network for pt7
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Figure 4. Results of the application of SNA centrality metrics to the four critical project social networks of project 1, where
sub-figures (a—d) are the communication network for pt7, the problem-solving network for pt7, the advice network for pt7,
and the trust network for pt7 respectively.

In Figure 4 are illustrated the results the assessment conducted across organizations 1,
2,3, and 4 regarding the four already mentioned critical project social networks.

In the left side of Figure 4 is illustrated project 1’s first lifecycle phase of organizing
and preparing (represented with the blue line), which is the phase that corresponds to
the case study illustrated in this work regarding the application of the proposed model.
Within the four boxes (a—d) in Figure 4 are illustrated the results of the application of SNA
centrality metrics for this time period of project 1, according to Table 3, regarding the four
critical project social networks of (a) communication, (b) problem solving, (c) advice, and
(d) trust, respectively.
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Although all phases of project 1 have been analyzed by the proposed model in this
work to identify corporate behavioral risks, in the present work (and in this section, namely
the case study), only the application of the proposed model within the project’s pt7 period
will be illustrated and described, which corresponds to the period between mt6 and mt7,
as illustrated in the left side of Figure 4. This is so due to paper length constraints and
redundancy analysis.

Email-communication-related data was collected in the mt7 monitoring time, and con-
tained all the project email communication between project 1’s stakeholders (organizations
1,2, 3, and 4) within the pt7 time period. The respective network is illustrated in Figure 4a.
Project-related email data was collected and filtered by the external network analyst team,
according to Table 4.

Problem-solving-related data was collected through a survey conducted on all of
project 1’s stakeholders in the mt7 monitoring time. The respective network is illustrated
in Figure 4b. The question used to create and later map this network was the following: to
whom do you usually turn to get an effective solution for a problem or a project challenge?
The question used to create and later map this network was designed by the external analyst
team and agreed upon by Organization A’s top managers. The chosen question, although
not being very specific, aims to capture and map a project social network that explicitly
shows the dependencies among project stakeholders related to project technical solutions.

Advice-related data was collected through a set of daily observations, conducted by
elements of the network analytic team of Organization A, of all of project 1’s stakeholders
across pt7. The respective network is illustrated in Figure 4c. To create and later map this
network, on-site observations targeting personal communication (face-to-face (F2F) small
talk and project-related meetings) were recorded, aiming to capture interactions regarding
the search for advice and guidance related to project tasks and activities. For example,
these observations comprise the search for help from a project stakeholder regarding a
project activity or task within the period pt7.

Trust-related data was collected through a survey conducted on all of project 1’s
stakeholders in the mt7 monitoring time. The respective network is illustrated in Figure 4d.
The question used to create and later map this network was the following: to whom do
you usually turn or who do you trust to discuss or present new ideas regarding the project
evolution without fearing retaliation?

This question was proposed by the analytics team and agreed to by Organization A’s
top management. It aims to uncover the collective innovative capacity of the project social
network while simultaneously reflecting the social behavioral safety level.

In the right side of Figure 4, the organizations are represented by the different bold
colored circles, which represent all the employees from each organization, as previously
illustrated in Figure 2.

Turning back to Figure 4a, it illustrates the communication network for the pt7 time
period of project 1’s organizing and preparing phase. This network is characterized by an
indirect connection type between all of project 1’s stakeholders, as illustrated in the legend
of Figure 4a. In this network, the lines between any two given two organizations represent
project 1’s exchanged email network for the pt7 period. For example, between organizations
1 and 3, according to the line thickness illustrated in the legend of Figure 4, more than
101 emails have been exchanged within the pt7 period of project 1’s organizing and
preparing phase. On the other hand, within the same pt7 period, very few project-related
emails have been exchanged between organizations 1 and 2 (less than 51 emails). Still,
between organizations 2 (automation engineering, 5 workers) and 4 (process engineering,
6 workers) within the pt7 period of project 1’s organizing and preparing phase, zero
emails have been exchanged. Such an event (behavior) should represent an alert for
organization A. Although there may have been many different reasons for this behavior
between organizations 2 and 4, it means that some of the email-information that flew
between the other organizations did not flow through organization 4. Such behavior may
say a lot regarding the communication degree between organizations 2 and 4. In such
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cases, a further investigation is recommendable (also known as a follow-up assessment),
either by analyzing other networks, or by conducting follow-up interviews with involved
project stakeholders (which in this case are organizations 2 and 4) in order to uncover the
real reasons behind such behavior.

Another interesting conclusion that arises from observing the communication network
is that for the pt7 period, not all project-related information that was exchanged within the
email network reached all of project 1’s stakeholders in a balanced way. This can be seen
by the different number of exchanged emails between project 1’s stakeholders. Moreover,
in this case, organization A should undertake further research (and take actions as needed)
to assure that all necessary information reaches the respective receptor, and that in the next
phases, that it not only reaches the respective receptor, but that it also does so in a timely
manner. Finally, we can conclude that organizations 1 and 3 have a central position within
the communication network of project 1. On the other hand, we can also conclude that
organizations 2 and 4 are to a certain extent peripherical organizations (or less central than
the previous mentioned organizations) within project 1’s email communication network.

In Figure 4b is illustrated the problem-solving network for the pt7 period of project 1’s
organizing and preparing phase. This network is characterized by a directed network type
where the links or connections between project 1’s participating organizations (stakehold-
ers) indicate a preference or a choice, which may still be reciprocal or not. For example, it
can be clearly seen that most organizations heavily rely on organization 1 when it comes
to solving project-related issues or problems. Organization 1 has a total of 5 nominations
(3 nominations from organization 2, 1 nomination from organization 4, and 1 nomination
from organization 5). At this stage, it can be concluded that there is a high dependency
from organizations 2, 3, and 4 on organization 1, regarding who to turn to get project
1’s problems and challenges solved. This behavior may represent a risk (threat) to the
accomplishment of project 1’s deliverables. Such a risk may be explained as follows: by
overloading organization 1 members with constant problem-solving requests, it may lead
to answering delays within organization 1 members, which in turn may result in informa-
tion exchange bottlenecks. This, in turn, may originate critical project delays in project
activities or tasks. Furthermore, it seems that are no valuable competencies in organiza-
tions 2 and 4 that organizations 1 and 3 can rely on (need) to get project 1’s problems or
challenges solved.

Still, in this network some reciprocity level can be observed between organizations 1
and 3. However, while organization 1 has 1 problem-solving request from organization
3, organization 3 has 5 nominations from organization 1. This behavior clearly represents
a non-balanced reciprocity status within project 1’s social network regarding problem-
solving initiatives.

Finally, the network results illustrated in Figure 4b clearly provide organization A
with a unique picture of how collaboration regarding problem-solving is evolving within
the pt7 period of project 1. This way, organization A should be aware of the negative
or positive consequences (behavioral risks) that may arise from such observed dynamic
behaviors, and conduct follow-up interviews in order to uncover the underlying reasons
that led to such dynamic interactions.

In Figure 4c is illustrated the advice network for pt7 of project 1’s organizing and
preparing phase. This network is also characterized by a directed network, where the links
from one organization directed to another organization represent a choice or preference.
As can be seen in the advice network, for pt7, organization 4 has more advice requests
than all the remaining organizations. Organization 4 received a total of 9 nominations
(2 nominations from organization 1, and 7 nominations from organization 3). Organization
4 has by far the highest number of nominations (more than double the other nominated
organizations) in the advice network for pt7 illustrated in Figure 4c. In the advice net-
work, organizations 3 and 2 each have 2 nominations. These nominations are totally
reciprocal. This means that there is a full balanced relationship between organizations 2
and 3 regarding the search for advice on project-related matters. Interesting to compare
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is the behavior of organization 1 in the advice network and in the problem-solving net-
work. Although organization 1 had the highest number of nominations in the previous
network (the problem-solving network), when it comes to the advice network, organization
1 abruptly drops to zero nominations. This extreme behavior change may represent a
corporate behavioral risk. This could mean that organization 1 is heavily requested to
solve project-related problems; however, it seems that organization 1 has no meaningful
advice regarding project-1-related activities for the other organizations. At first sight, such
dynamic behaviors seem to be contradictory. However, when deeply analyzed, it is not so
unusual to find people in an organization that are known as the top problem-solvers (also
called subject matter experts); however, they do not really fit within the social network
they are embedded in. Such people were characterized by Cross and Parker as peripheral
people [42]. According to [42], peripheral people can be divided into peripheral experts and
peripheral intentionally. In this case, regarding the extreme behavior change of organization
1 in reference to the problem-solving and advice networks, organization A should conduct
follow-up interviews to uncover which peripheral type is emerging within project 1’s social
network regarding organization 1. Still, such an abrupt shift regarding the influence of
certain organizations in a given social network—as is observed in organizations 1 and 4
when analyzing the problem-solving and advice networks—may represent that collabora-
tion is occurring in two different extremes, as mentioned in the literature review section.
The first extreme is characterized by a lack of collaboration regarding the contributions
of other organizations—organizations 2 and 4—to the problem-solving network, and the
advice network—organization 1—as can be observed in Figure 4b,c. The second extreme
may be characterized as a collaborative overload status (as can be observed in Figure 4b,c,
where organization 1 plays by far an extremely central role regarding the contributions to
the problem-solving network, and organization 4 plays by far an extremely central role
regarding the contributions to the advice network, respectively). Both lack of collaboration
and collaborative overload status are, according to research [13,18], highly prejudicial to
the organizational collaborative performance, threatening project 1’s deliverables.
Finally, the last network to be analyzed in this work is the trust network for p7,
as illustrated in Figure 4d. This network is particularly interesting and important be-
cause it may shed light on the observed behaviors in the two already-analyzed networks
(problem-solving and advice networks). Trust, according to several studies [6,10,14,22], is
a fundamental pillar of efficient collaboration between organizations that work together to
achieve a common goal. Trust is, in fact, fundamental to diversity and inclusion, because
it opens the communication paths between and within an organizations member’s and
fuels them with energy and psychological safety [13-15]. This, in turn, boosts collaboration
performance and innovation [13,15]. In Figure 4c is illustrated the trust network for the
pt7 period of project 1’s organizing and preparing phase. In this network, organizations
3 and 4 play a central role in project 1’s organizing and preparing phase regarding the
trust dimension. Organizations 1 and 2 are, to a certain extent, isolated within the trust
network when compared with the other organizations. This can be seen in the number of
nominations they have. Once again, organization 4 plays a central role, now in project 1's
trust network, with a total of 7 nominations, immediately followed by organization 3, with
a total of 4 nominations. The behaviors observed in organizations 4 and 3 regarding the
trust network are to a certain extent in line with the behaviors observed in the previous
network (the advice network). This happens because both networks (trust and advice) are
related regarding their intrinsic meaning. In other words, the likelihood of getting advice
from someone who one trusts is higher than from someone who one does not trust. The
same may not be observed when analyzing trust and problem-solving networks because
both networks are not so closely related regarding their intrinsic meaning. This fact may
explain why there is a shift in the choice of the most influential organization in the project’s
social network as it moves forward. For example, between organizations 1 and 4, there has
been a relatively good collaboration level, which can be observed in the communication,
problem-solving, advice, and trust networks. In fact, both organizations have always been
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connected across the four networks—a fact that is not observed between any other two
given organizations in project 1’s pt7 time period. On the other side, the collaboration level
in all four networks between organizations 2 and 4 seems to be poor or very poor, because
there is no single connection between them in all four analyzed critical social project net-
works. A particular finding in the trust network has to do with the reciprocity aspect. In all
existing connections in the trust network, there is reciprocity to be observed, but not always
with the same intensity. For example, between organizations 2 and 3, there is a line between
them with a value of 2 from organization 2 to 3, and a value of 1 in the inverse direction.
This means that the trust network is unbalanced. This may represent a trust issue (or risk)
within the project 1 social network. Ultimately, this issue may lead to project behavioral
risks which can be translated into mistrust among project 1’s stakeholders, which in turn
may lead to a poor accomplishment of project tasks and activities, and to the emergence
of organizational silos. Still, in the trust network, organization A should conduct further
investigations to understand the underlying reasons that lead to the observed behaviors
illustrated in Figure 4d.

Until now, the analysis process conducted on the four critical networks were done
in a unique timeslot comprised of the time between mt6 and mt7. To better understand
how the four critical project social networks evolved across a longer period (within a
particular phase or across multiple phases of a given project’s lifecycle), one needs to plot
the results from the previous analysis (if they have been previously done) regarding the
following time periods: from mtl to mt2, from mt2 to mt3, from mt3 to mt4, from mt4 to
mt5, and from mt5 to mt6. Doing this results in a longitudinal evolution analysis, which
would stretch across a larger period regarding the four critical project social networks.
The benefits of such longitudinal analysis are that it enables one to better understand
the variations that did occur (if they did occur) across a given bounded time period,
allowing the identification of key events that were responsible for smooth or abrupt shifts
regarding the different corporate behaviors that emerge and evolve as the project’s different
stakeholders deliver projects. Performing such longitudinal analysis is like taking a set of
real time pictures of how the different project stakeholders have been working together
(dynamically interacting) to achieve a common goal across a finite period. For this matter,
the data analysis process of two of the four networks (advice and trust) between mtl and
mt7—-which represents the period between the beginning of the phase of organizing and
preparing (mtl), until the actual point (mt7) of the phase of organizing and preparing—will
be presented in this section. In Figure 5 is illustrated the evolution degree of the advice
network between project 1 over the mtl-to-mt7 period.
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Figure 5. Advice degree evolution throughout the organization and preparation phase of project 1.
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In Figure 5 are illustrated the four organizations (O1, 02, O3, and O4) that participated
in the organizing and planning phase of project 1 from mt1 until mt7. Each organization
evolution illustrated in Figure 5 is characterized by a respective color, as illustrated in
Figure 4. As can be seen in Figure 5, organization 4 seems to have continuous growth
between mtl and mt7 regarding the advice network within project 1’s social network. On
the other side, it seems that all the remaining organizations (O1, O2, and O3) have been
considerably decreasing their contribution to the advice network in the same period. The
dynamic behavior identified in pt7—which corresponds to the period between mt6 and
mt7—seems to be the result of an “older identical evolution” that can now be seen in the
previous periods of time (from ptl-mtl up until pt7-mt7), as illustrated in Figure 5. This
means that from mt3 onwards, there has been a certain acceptance within the project 1
social network that only organization 4 is able provide valuable advice regarding project-
1-related matters. It is now quite clear to see (observing the evolution in Figure 5), from
when it began, the shift regarding the advice network of the project 1’s social network.
Moreover, in the beginning of the project 1 organizing and preparing phase, organization 1
was the organization with the highest nomination number regarding the advice network.
However, as project 1 moves along the time axis, organization 1 has abruptly dropped its
leading position in the advice network, namely from mt3 onwards until mt7. On the other
side, the evolution of the advice network regarding organizations 2 and 3 seems to be quite
parallel across time. This quite balanced advice network level observed in organizations
2 and 3 seems like it could be translated into a reciprocal dynamic interaction type, as is
observed in Figure 4 in the advice network for pt7.

In Figure 6 is illustrated the evolution degree of the trust network, in the period
between mtl and mt7, within the project 1 social network.
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Figure 6. Trust degree evolution throughout the organization and preparation phase of project 1.

As can be seen in Figure 6, the trust network has a lower variability across time
when compared with the previous longitudinal analysis on the advice network. This only
reflects the reality regarding trust: it takes time to gain, but it can be lost very fast. As we
move along project 1’s preparing and organizing phase towards its end, it can be observed
that organization 4 has increased its trust level in a very sustainable way. Once again,
organization 4 has been gaining a very central position within the project social network
regarding trust, namely from mt2 onwards. Simultaneously, but in the inverse direction,
organizations 1 and 3 have become more peripheral within the project 1 trust network.
As previously said, trust is a fundamental pillar to effective collaboration, and as can be
observed in Figure 6, it seems that there is a low level of trust between all the organizations
that participated in the accomplishment of project 1 in the organizing and preparing phase.
Such a behavioral shift regarding the trust network may represent a threat to the stability of
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the project’s social network, as mentioned before. In this case, organization A should take
into consideration a further analysis (follow-up assessment) to uncover the real reason(s)
that led to the observed dynamic behaviors illustrated in Figure 6, and if necessary, consider
the implementation of corrective or supportive measures aimed at the creation of trust
among project 1’s different stakeholders, to increase the chances of project success.

5. Conclusions, Implications, and Further Developments

The research conducted in this work, which led to the development of the proposed
model, addresses different dimensions of different areas beyond the already mentioned
fundamental four fields (1) project management, (2) risk management, (3) corporate behav-
ior, and (4) social network analysis) that were used to develop the proposed model in this
work. This provides the research conducted in this work with an innovative and expan-
sionist character, laying the foundations for further research in this intriguing, interesting,
and underexplored scientific field, which is essentially characterized by the quantitative
identification of the impact that human dynamic relationships (dynamic behaviors) have
on outputs and outcomes.

The main objective of this work is to present a heuristic model that, in a holistic and
effective way, identifies, quantitatively measures, and analyzes how the different corporate
behavioral patterns may turn into project behavioral risks, and thus influence project’s
outcomes across the different phases of a given project lifecycle. This is done by analyzing
four critical project social networks ((1) communication, (2) problem-solving, (3) advice,
and (4) trust) that usually emerge and evolve as a cooperative project is being delivered,
and are the result of the mix of formal and informal networks of collaboration.

The research conducted in this work contributes to answer one of the fundamental
research questions in project management, which can be stated as follows: to what extent
do the different dynamic behavioral interactions between the different project stakeholders
across all the different phases of a given project lifecycle positively or negatively impact a
project’s outcome?

As seen in the case study section, the application of the proposed model in this work
benefits organizations with unique and actionable insights by answering the mentioned
research question, which, in turn, enables organizations to better support (plan, guide, and
monitor) cooperative projects’ tasks and activities. This, in turn, is a critical asset to drive
long-term sustainable cooperative partnerships. Furthermore, this fact is supported by
several studies in the project management field, which argue that organizations that exert
more control over inter- and intraorganizational project environments clearly increase the
chances of project outcome, compared to those that leave inter- and intraorganizational
collaboration to chance [13,15,49].

The model proposed in this work also enables organizations to accurately quantify
the extent to which informal and formal project organizational networks of relationships
may be correlated to project outcome. This particular aspect can be considered as a
unique and effective approach to, in a quantitatively way, support or contest research
that argues for the importance of informal organizational networks (sometimes more
than formal organizational networks) in successful project outcomes [6,10,13,15,19], and
research that argues that other factors, such as education, business referral, and expertise,
are of much greater importance than informal organizational networks in successful project
outcomes [50].

Still, the proposed model in this work is aligned with the latest organizational trends
regarding the improvement of organizational performance and innovation, simultaneously
being sustainability-oriented and customer-centric, through the application of digital
transformation and industry 4.0 strategies. It is common to hear and read that data is the
new oil [51-53]. This quote—coined by British mathematician Clive Humby in 2006 [51]—
seems to be alive and kicking. In fact, as organizations generate countless gigabytes of
data on a daily basis, they also increase their data analysis activities in order to extract
unique and meaningful insights that may help them do more accurate (also known as
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data-informed) decisions. This, in turn, enables organizations to craft more data-driven
strategies, increasing their performance and innovation levels, as well as their chances
of success. Furthermore, the incorporation of the proposed model into an organizational
business intelligent architecture is able to transform the proposed model in this work
into a potential supervised machine learning model, which organizations can use for the
development of integrated intelligent strategic risk management solutions. This, in turn,
will enable a faster and more accurate descriptive, predictive, and prescriptive analysis,
and still enable a correlational analysis by adding other organizational departments, such
as HR, sales, marketing, and so on.

Finally, the implementation and application of the proposed model in organizations
positively contributes to actual social, economic, and environmental sustainability chal-
lenges. In organizations, sustainability can be interpreted as a holistic, consistent, and
incremental growth process that concentrates on the long term, instead of on short-term
approaches only [10,14]. The ability provided by the proposed model of accurately know-
ing where, when, and what must be done to improve collaboration between the different
project stakeholders to deliver projects with higher success chances is a key pillar that
goes across the three major pillars of sustainability (social, economic, and environmental).
The sequence goes as follows: identifying, quantifying, and predicting corporate project
behavioral risks enables organizations to, in a timely manner, develop more data-informed
decisions for the optimal management of necessary resources (people, time, money;, just
to name a few) for the successful accomplishment of projects. This, in turn, enables or-
ganizations to become leaner, and thus, increases the chances of achieving sustainable
competitive advantages.

5.1. Proposed Model in This Work and Literature Research Implications

The proposed model in this work addresses two major organizational cooperative
risks. These are (1) ambiguity risks and (2) behavioral risks, as proposed by [12,27],
respectively. The proposed model provides a valuable and unique contribution to the
corporate behavioral risk scientific field, which, according to several studies [6,10,12,13,27],
is still underdeveloped.

The application of SNA centrality metrics enables one to quantify how much the mix
of formal and informal networks of relationships impacts project outcomes.

The proposed model in this work offers an effective approach to obtain quantitative
results that can support or contest—in a more data-informed way—research that argues
over the fundamental role of the mix of formal and informal organizational networks in
innovation and performance [13,18,40,54], and research that argues that other factors, such
as education, business referral, and expertise, are of greater importance than the mix of
formal and informal networks of relationships [50].

The proposed model also contributes to the organizational transformation trend, in
the sense that it provides organizations with a new approach for managing corporate
behavioral risks across the different phases of a project lifecycle by the application of
quantitative information, technology, tools, and approaches, as is achieved with the in-
corporation of the proposed model into a typical business intelligence architecture. Such
a transformation involves not only the implementation of a new technologies across an
organization’s structure, but also the adoption of a new way of working, as suggested by
several studies in the field of organizational management and sociology [10,12,13,15]. This,
ultimately, could lead to the development of new organizational theories and approaches.

5.2. Proposed Model in This Work and Managerial Implications

From a managerial perspective, the proposed model in this work addresses several
different critical organizational dimensions. The main objective of the proposed model is to
provide organizations a practical heuristic risk model to holistically and efficiently manage
corporate behavioral risks, which, according to research [55], is still a major obstacle to
organizations more often engaging in collaborative projects.
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Because the proposed model quantitatively uncovers corporate behavioral patterns
across a bounded period of time, organizations can better understand and better correlate
different behaviors with different project outcomes, and thus make the decision-making
process more data-informed, rather than uniquely relying on gut feelings and organiza-
tional key influencers’ opinions.

The proposed model in this work provides organizations with a unique and valuable
tool to, in a quantitative way, identify hidden corporate dynamic behaviors, which, accord-
ing to latest research [6,10,12,48], cannot be understood and managed by the application of
traditional project management tools and techniques.

Furthermore, the proposed model maps (uncovers) and analyzes four critical project
social networks ((1) communication, (2) problem-solving, (3) advice, and (4) trust), which,
according to several studies [6,12,13,15,29,45,46,56]—as they center the analysis in the
centrality of a social network—, are the networks that are most unique and valuable in
providing insight regarding the understanding of how corporate behavioral patterns may
evolve to behavioral risks and thus impact project’s outputs and outcomes.

The application of the proposed model in organizations provides a valuable and
measurable historic evolution regarding collaboration between the different project stake-
holders that participate in collaborative projects across the different phases of a project
lifecycle. In other words, the proposed model enables one to generate lessons learned in a
quantitative way that can be better understood and can be correlated to project outputs and
outcomes. This aspect strongly contributes to the achievement of sustainable competitive
advantages in the short-, medium-, and long-term, regarding cooperative partnerships.
Still, the proposed model provides organizations a unique push towards the adoption
of a new way of thinking about organizational work, and the implementation of new
technologies that ultimately contribute to a more effective and efficient working culture.

The model presented in this work can be fully automated once efficiently integrated
into an organizational business intelligence architecture. By doing so, the proposed model
in this work can access data and perform analysis in a more bias-free way, while simulta-
neously eliminating or minimizing data collection down-time, contrary to the traditional
process of, for example, answering surveys in an online project-dedicated platform (also
called pulse surveys).

Still, the proposed model in this work contributes to the transformation process
from a reactive reporting organization (recording past business events) towards a more
responsive and intelligent organization, which is characterized by the transformation of
data into valuable and unique business insights that improve performance and innovation
by helping take the right decisions at the right time in a more data-informed way. This
represents a whole new paradigm in organizations across their traditional organizational
value-chains.

Finally, it can be concluded that the proposed model in this work provides organi-
zations with a heuristic model to better plan and manage their corporate partnerships,
which in turn will help them to optimize resource usage, while simultaneously leading
them to a leaner organization, positively contributing to the three fundamental pillars of
sustainability ((1) economic, (2) social, and (3) environmental) in a more effective way.

5.3. Proposed Model in This Work and Ethical and Legal Considerations

The proposed model in this work accesses and analyzes data that can be classified as
sensitive and confidential by many organizations that deliver projects. Many organizations
may not want such project-related information that flows across the different project
stakeholders across a project lifecycle to be accessed and/or exposed. Therefore, the
implementation and application of the proposed model in this work is totally dependent on
the acceptance of the competent authorities, at both the organizational and national levels,
that administer the respective legal and ethical issues, as is the case of the GDPR (General
Data Protection Regulation) regulations applied in European countries. Furthermore, for
a healthy application of the proposed model in this work, all the project stakeholders
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that participate in the delivery of a project should be informed in advance that project
behavioral information will be accessed and analyzed for the purpose of controlling and
monitoring project evolution, thus minimizing the chances of project failure.

5.4. Suggestions for Future Research

The implementation and application of the model proposed in this work may represent
a certain challenge for organizations. This may happen as organizations do not yet have
the necessary technologies and/or working culture that enables the proposed model in
this work to efficiently identify corporate behavioral risks. To efficiently implement and
apply the proposed model in this work, it is recommended that organizations first create
an organizational architecture (for example, the integration of the model proposed in this
work into an organizational business intelligence architecture), where data can be collected,
stored, and available to be analyzed. Unfortunately, such a step may not be possible for
many organizations. Becoming a data-literate organization—which is characterized by the
ability to understand, engage, analyze, and reason with data—is still a challenge for many
organizations. Therefore, further research should be also conducted into finding alternative
ways (more accessible to the majority of organizations) that enable organizations to acquire
technology that enables them to democratize (make accessible to everyone, bottleneck-free,
except if it is considered confidential or highly sensitive), normalize (standardized—the
same values, expressions, language, and so on), and create or acquire relational data across
different applications and geographies.

The model proposed in this work collects data from project emails, project surveys,
and project observations. However, as there are several project-information-related flows
across other communication channels, such as phone calls, corridor meetings, and virtual
communication platforms, research in the data collection methods field should be con-
ducted in order to create mechanisms to access data in a way that would not go against
GDPR regulations, namely regarding the access to private data.

Still, in order to support the applicability of the proposed model in the identification
of project cooperative behavioral risks, the implementation and application of the model
proposed in this work in a broader group of organizations that deliver projects is suggested.
By doing so, it would be possible not only to improve the application process of SNA
centrality metrics that are part of the actual version of the proposed model, but also to gain
more insight regarding the impacts of dynamic corporative behaviors in project outcomes,
and thus generalize (correlate) cooperative dynamic behaviors with project outcomes with
a higher degree of likelihood.

Finally, further research should be conducted to explore the capabilities of other
existing SNA centrality—but not only centrality—metrics regarding the quantification of
cooperative behavioral patterns.
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