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a b s t r a c t

Projects are increasingly perceived as complex systems, yet little work has been done in developing
methodologies that are theoretically grounded on complex systems theory. In response, this article ar-
gues the practical utility of a recently introduced model that draws on notions from Network Science
(NS) – a prominent domain in the study of complexity. Its utility is exemplified in the context of Project
Management (PM), tackling two specific challenges: risk and conflict management. In the case of the
former (risk), shifts in the susceptibility of a project to systemic risk (in the form of inter-linked failures)
are identified. In the case of the latter (conflict), the effect of (sub) contractor activity – in terms of
variance and activity pattern – to project systemic risk is assessed. To do so, numerical methods are
developed and applied on an empirical dataset of widely-captured data (Gantt charts). In the context of
the two challenges proposed, it is shown that: (a) the exposure of a project to systemic risk varies in a
non-trivial manner as it evolves, at both micro and macro level; (b) (sub) contractor activity substantially
impacts the emergence of locally important tasks (i.e. tasks able to disrupt the operation of a (sub)
contractor). From a theoretical perspective, this work initiates a dialogue between the two domains (PM
and NS), potentially opening new ways of tackling long-lasting challenges of PM.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Coordination of human endeavour lies at the core of manage-
ment science; project being invoked as the medium for the de-
livery of such endeavours. Managing their successful delivery is a
daunting task, partly due to the multiplicity of risks that can
manifest and subsequently affect project performance (PMI, 2008).
Driven by the practical nature of the challenge, Project Manage-
ment (PM) is a field dominated by professional associations (e.g.
PMI, APM) striving to improve project performance (Geraldi et al.,
2011). Through these associations, statements of best practice – in
the form of endorsed Bodies of Knowledge (BoK) – are devised,
promoted and subsequently practiced across the globe. As a result,
the use of billions of USD worth of resources, and to an extent
human prosperity, is highly dependent on the validity of the tools,
methods and assumptions that underlie these BoK. Yet, modern
projects appear to challenge this validity (Cooke-Davies et al.,

2008; Geraldi et al., 2011; Marle et al., 2013; Vidal and Marle,
2008; Williams, 1999), with improvements in project performance
remaining illusive at best (at worst, resulting to a major failure –

for examples see Bar-Yam (2003) and Williams (2002)).
Geraldi et al. (2011) have proposed that this evident mismatch

between best practice and project success lies at an increasingly
relevant aspect of modern projects – project complexity. Despite
the young age of this notion (first suggested by Baccarini (1996))
its relevance has been increasingly recognized by both academia
and industry – see (Bar-Yam, 2003; Cooke-Davies et al., 2008; Mele
et al., 2010; Remington and Pollack, 2007; Vidal and Marle, 2008;
Williams, 1999, 2002) and (ICCPM, 2011; PMI, 2013) respectively.
As a result, recent work has focused on exposing the nature of
project complexity by identifying and subsequently mapping its
components (Geraldi et al., 2011; Vidal and Marle, 2008; Williams,
1999, 2005). Such work opens new paths in tackling more prac-
tically-oriented challenges such as project complexity evaluation,
along with assessing (and ultimately, controlling) the influence of
complexity over project performance.

Similarly, recent work within the field of Network Science (NS)
has concentrated on similar challenges (Liu et al., 2011), with a
focus on understanding the impact of complexity (in the form of
non-trivial features of the system (Barabási, 2007)) on the
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performance of various systems1 (abstracted as networks) (Albert
and Barabási, 2002; Newman, 2003). Work around the dynamical
processes that can undermine (or enhance) the operation of such
systems has become increasingly relevant (Vespignani, 2012), with
the case of failure cascades being at the forefront due to its evident
practical implications (the economic crisis of 2007–2008 being a
recent hallmark of its importance (Helbing, 2012)).

Such failure cascades (also known as “chain reaction”, “ava-
lanches” or “dominos effects”) are the result of a cascading process
and can substantially2 impact the performance of the entire sys-
tem – the manifestation of such interlinked failures is the core
definition of systemic risk (Helbing, 2013). In the context of risk
management, such failures deviate from the traditional definition
of risk, which is typically composed of two components: (a) the
independent probability of a risk to materialise, and (b) its ex-
pected impact. However, quantifying (b) in a generic sense (and
hence in step with the generic nature of these failure cascades) is
fairly ambiguous due to its highly context-dependent nature.
Hence studies on systemic risk typically focus on (a) i.e. the
probability of systemic risk to materialise (Helbing, 2012; Nama-
tame and Komatsu, 2011; Tessone et al., 2013). This is an in-
creasingly challenging task due to its interdependent and the
consequent need to account for non-trivial topological features
that characterise these complex systems (Barabási, 2007).

Despite the clear relevance of the approach with concepts from
PM (projects being referred to as complex systems e.g. (Cooke-
Davies et al., 2008; Vidal and Marle, 2008)); the use graph-theo-
retic concepts to reduce project risk e.g. (Vanhoucke, 2013) little
work3 has been done to explore the capacity of projects to sustain
systemic risk. In an attempt to trigger a dialogue between the two
communities (PM and NS), recent work has proposed a model for
simulating such failure cascades across projects, abstracted
through their underlying activity network (Ellinas et al., 2015b) –
herein we will refer to this model as the cascade mode. In this
context, systemic risk can be interpreted as the consecutive failure
of interlinked tasks that can result to a large portion of the entire
project being affected.

However, Ellinas et al. (2015b) have emphasized the theoretical
underpinning of the proposed model, leaving little space for an
elaboration on its practical relevance. This may be interpreted as a
serious obstacle for the PM community to actively engage, and
consequently adopt, such approaches. In response, this work aims
to fill this gap by: (a) briefly introduce the theoretical under-
pinning of the cascade model to a practically oriented community
and (b) illustrate its practical utility through two application ex-
amples. By doing so, and in the spirit of (Anderson, 1999; Ander-
son et al., 1999; Borgatti and Foster, 2003), we hope to foster a
dialogue between two seemingly unrelated fields – NS and PM.
The academic contribution of this work is two-fold. Firstly, we il-
lustrate the capacity of up-to-date project schedules in success-
fully capturing shifts in a project's susceptibility to systemic risk.
Secondly, we develop a modelling framework that utilizes the

cascade model to assess the emergence of locally important tasks
(i.e. tasks capable of disrupting the operation of a given (sub)
contractor). In particular, we examine the impact of variance in the
number of involved (sub) contractors and their activity pattern in
the context of conflict management.

The remaining article is structured as follows. An overview of
the theoretical background and some practical challenges of PM
will be presented in Section 2. Section 3 will briefly introduce the
empirical dataset and the core of the approach; results of the
analysis will follow in Section 4. Section 5 will discuss the im-
plications of this work, along with restrictions and potential ave-
nues for further work. Section 6 will conclude with a summarizing
overview of the work. An Appendix is also included.

2. Theoretical background

2.1. Theoretical underpinnings of model

Several distinct methods have been proposed to better under-
stand the emergence of systemic failures across complex systems,
ranging from ordinary differential equations (Pastor-Satorras and
Vespignani, 2001) and cellular automata (Bak et al., 1987) to agent-
based (Rahmandad and Sterman, 2008) and threshold models
(Goel et al., 2015). The proposed cascade model is part of the latter
category (threshold models) and hence, a brief review of relevant
literature follows. For the sake of completeness, the interested
reader is referred to (Newman, 2011) for an overview of the re-
maining categories. Note that in the context of this work, a com-
plex system is defined as a “system composed of many interacting
parts, such that the collective behaviour of those parts together is
more than the sum of their individual behaviours” (Newman,
2011). Of particular relevance to this work is the non-trivial nature
of these interactions, as they tend to balance between order and
randomness – a feature which in turn significantly affects the
overall behaviour of these systems (Watts and Strogatz, 1998).

Threshold models have been used to understand a numerous
phenomena that appear to emerge via a cascading processes,
ranging from social unrest (Granovetter, 1978) and online virality
(Goel et al., 2015) to disease epidemics (Watts, 2002) and financial
contagion effects (Ellinas et al., 2015a). At the core of these ap-
proaches lies a threshold value, at which the behaviour of a node
changes if a given threshold is exceeded. Clearly, this threshold
value must reflect some contextual aspect by which the operation
of each node (and collectively, the entire network) operates.
However, increased contextualisation during the model formula-
tion sacrifices the generalizability of the insight produced (a ne-
cessary ingredient for theory building) for the sake of increased
contextual relevance (which benefits operationalization) (Will-
inger et al., 2002). The majority of approaches that use the
threshold model adopt the former approach (generalizability) by
defining the threshold value in an absolute way, either using ar-
bitrary values (e.g. (Watts, 2002)) or empirical estimates (e.g.
(Battiston et al., 2012)). Seminal work by Lorenz et al. (2009)
epitomizes this vision, suggesting that threshold models can serve
as a unifying framework for understanding a wide spectrum of
phenomena, regardless of the context of the system. Such views
are dominant within the natural sciences and has yielded several
powerful insights on global properties of the systems that can
sustain these collective phenomena (Lorenz et al., 2009; Ves-
pignani, 2012). However, contextual abstraction and a focus on the
global level of the system have raised concerns in terms of the
practical utility of such models, in terms of supporting the decision
making process (Borgatti et al., 2009; Willinger et al., 2002). In
other words, absence of contextual information in the core me-
chanics of the model (such as the use of absolute, and often

1 A system is a general class of objects, which exists “in a given environment,
aims at reaching some objectives (teleological aspect) by doing an activity (func-
tional aspect) while its internal structure (ontological aspect) evolves through time
(genetic aspect) without losing its own identity. Projects can thus be considered as
systems.” Vidal and Marle, 2008. Understanding project complexity: implications
on project management. Kybernetes, 37, 1094–1110.

2 Theoretically, this impact can be infinite; practically it is bound by the size of
the system.

3 This is not to say that other subsets of management science have not bene-
fitted from techniques borrowed from networks science – for a recent example see
Hearnshaw and Wilson (2013). A complex network approach to supply chain
network theory. International Journal of Operations & Production Management, 33,
442–469; for an accumulation of work see Jackson (2008). Social and economic
networks. Princeton University Press Princeton, and references within.
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