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Abstract
Systems perspective is nowadays expanded to complexity perspective, by including aspects of disorder, instability,
nonlinearity, unpredictability, and it is widely applied to different disciplines. The purpose of this paper is to contribute
to engineering systems theory by observing projects as complex adaptive systems (CAS). Complexity theory could give
some insights in the way organizations interact, relate, and evolve within their environment. Authors of this paper used
literature review as a methodological approach, and focused on structural and dynamic complexity of systems. There is a
need for understanding complex systems with numerous techniques and algorithms necessary for an engineer to operate
in complex and dynamic environments (e.g. production and manufacturing). Implications of this paper could be used as
a basis for further research that copes with complexity of CAS, as well as in bridging complexity concepts and managerial
reality.
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1. Introduction
In today’s dynamic business environment characterized by uncertainty and continuous change, there is a need
for new approaches that can tackle the complexity of systems [1]. Traditional approaches that observed systems as
relatively predictable, controlled, goal oriented and centralised, are no longer appropriate. The world has moved radically
towards greater complexity in the last two centuries [2].
The purpose of this paper is to theoretically analyse complexity of engineering systems and its relationship with
complex projects, and to propose potential ideas for the future research. There is a need for further research in this field,
for academics, who are studying this topic, as well as practitioners, that have to deal with project complexities on a regular
basis. Complexity theory evolved from different disciplines: mathematics, physics, biology, life science, economics,
organizational science, and computational intelligence in the middle of twentieth century, and later offered its insights to
other disciplines [3][4][5]. Implications of this paradigm led to new approaches, which now have to handle complexity
in dynamic systems, abandon traditional cause and effect models, and apply nonlinear approaches.
This paper is organised as follows: the second chapter covers the most important concepts of complexity theory
– Complex Adaptive Systems, butterfly effect, implications of complexity theory to organisational theory and engineering
systems perspective to complexity management of projects. Following this, authors covered possible strategies for
managing project complexity, gave suggestions for further research and finished with final conclusions.
2. Literature review
2.1. Complexity theory
Complexity theory is very much concerned with the study of the structure and dynamics of complex adaptive
systems (CAS), characterised with nonlinearity, self-organization, and emergent properties [6]. Organisations and projects
with their characteristics can be observed as complex systems.
Nonlinearity is the term closely related to chaos theory. In this context, a small error at the beginning of the
project can lead to huge error later in the process [7]. Edward Lorenz [8] was the meteorologist who was best known for
introducing the term “butterfly effect”. Attractors are behaviors of nonlinear complex systems, and the most famous
attractor is the Lorenz’s strange attractor, shown in the Figure 1. The shape of the strange attractor represents specific
path of behavior in chaos, a hidden boundary that implies that the system does not wander off into infinity, but that the
boundary lives within the system. Although systems’ behavior is unpredictable, it does have a hidden pattern, a qualitative
shape (Figure 1) [1]. Lorenz claimed that linear changes are no longer possible, since a small change in a system’s initial
state, can lead to significant change when observed in long terms. Systems are constituted of the small parts that have
surprising effects on the whole, and changes that occur at the system level might be the result of the interactions that have
happened at the lower levels [9] [10].

Fig. 1. Lorenz’s strange attractor [8]
Complexity theory is widely applied to different disciplines, and its purpose is to help in understanding dynamics
of complex human and social and natural systems, observed over time [11]. Complexity theorists holistically observe the
system, without making conclusions about systems based on linearity and predictability. Most important concepts of
complexity science, and their evolution can be summarised in the Table 1 [1].
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Period
1960s and
1970s

1980s
1990s and
onwards

Concepts
Butterfly effect
Strange attractors
Self-organizations,
Dissipative structures
Self-organizations,
Evolution and complexity
Edge of chaos
CAS
Emergence
Complex responsive process of
relating

Key researcher
Edward Lorenz
Edward Lorenz
David Ruelle
Ilya Prigogine
Stuart Kauffman

Discipline
Life Science
Mathematics

Chris Langton
John Holland
Murray Gell-Mann
Chris Langton
Ralph Stacey

Life Science
Mathematics
Physical Science
Life Science
Life Science

Physical Science,
Life Science

Table 1. Complexity science evolution [1]
There are different types of complexity, but in this paper authors were focused on structural and dynamic
complexity. Analysing only structural complexity (breaking down systems to the smaller constitute parts) can lead to
wrong conclusions about system, especially about its change over time.
Minai claims that “complex systems engineering is not primarily focused on producing predictable, stable
behaviour within carefully constrained situations, but rather to systems capable of adaptation, change and novelty” [12].
Braha states that Complex Engineered Systems (CES) have emerged as a result of new technologies, such as the Internet,
GPS, wireless networking, micro-robotics and nanotechnology [2]. These engineered systems now have to manage
different issues: adaptability, self-organization, resilience, robustness, durability, reliability, self-monitoring, and selfrepair, that appeared as a result of evolution. They produce the need for more effective ways of their management.
Complexity scientists especially focus on Complex Adaptive Systems (CAS), due to their specifics such as nonlinear behaviour, emergent properties, and possibility to self-organise. Stacey [13] defined CAS as systems consisted of
“a number of components, or agents, that interact with each other according to sets of rules that require them to examine
and respond to each other’s behaviour, in order to improve their own behaviour”. Following this, projects could be
observed as Complex Adaptive Systems, with numerous activities, complex web of stakeholders and limitations in time
and scope.
CAS’s models offered a holistic way for complex systems analysis, without abstracting their interdependencies
and nonlinear interactions. They typically show how complex outcomes depend on interconnection between agents [14].
This is particularly important for organizational scholars because interdependency is important for analysis of modern
organizations [15].
2.2. Importance of complexity theory for organisational theory
Langton [16] defined “the edge of chaos” as a condition where stability and instability occur simultaneously. If
an organization wants to survive on a dynamic market, it has to innovate. Complex systems must operate in far from
equilibrium condition since nothing novel can emerge in systems with high degrees of stability.
This paper will include Turner and Müller’s interpretation of projects as temporary organisations, created to
generate changes [17]. Projects are considered to be one of the basic means for achieving competitive advantage and
success in business operations [18] [19]. [20]. In order to adapt to continuous changes in the environment, organisations
have to be flexible and able to offer quality, variety, novelty and functionality of its products, and they are able to perform
this through projects [21]. Projects, with their specific characteristics, are observed as CAS in this paper.
Cause and effect models and traditional linear thinking, characteristic for traditional analysis of systems, are no
longer appropriate methods. CAS require new nonlinear framework that acknowledges that linear approaches are
inherently over simplistic.
One of the most important concepts of complex systems is self-organisation, which can be described as the
spontaneous appearance of organization through limited interactions among simple components. Examples of selforganizing systems are visible in the nature (e.g. galaxies, tornadoes, cells), and almost none of the systems engineered
by humans is able for self-organisation. Complexity theorists aim to make complex systems similar to systems in the
nature, by stimulating their self-organisation [2].
Pascale et al. [22] proposed a management model derived from complexity theory, based on four core principles:
1.
2.
3.

Equilibrium is a precursor to death. When a system is in a state of stability, it is not highly responsive to changes
and is risking its survival.
When faced with either an opportunity or a threat, systems move toward the edge of chaos in which solutions to
the challenges are more likely to be discovered.
When doing this, they go through self-organizing process and new forms and behaviours emerge from the
upheaval.
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4.

Unpredictable consequences are inevitable. The challenge for organisations is to move these systems in a way
that is similar to the desired outcomes.

Classical engineering systems are characterized with predictability, reliability, stability, precision and controllability,
and aim to produce efficient systems that are reliable and meet pre-specified constraints and pre-specified standards of
performance in pre-specified situations. Traditional engineering usually gives single solution for the specified problem,
and tries to explain system by applying only structural approach to understanding complexity.
When applied to complex context, traditional approaches show numerous drawbacks. In addition, natural complex
systems prove to be much more efficient in problems solving. Yum [23] highlights that complex systems engineering
does not aim to produce predictable, stable behaviour within carefully constrained situations, but to obtain systems
capable to adapt, change and produce novelty and even surprise.
Projects could be observed as complex, self-organising systems, with their specifications (requirements and
constraints) that undergo design process that is highly social, consisting of hundreds of designers, customers, and other
participants. These actors reshape the requirements and potential solutions through continual negotiations, evaluations,
and revision, and increase their complexity [2].
3. Complexity management of projects in engineering systems
Modern world is governed by different engineering systems that fulfil central societal functions with sociotechnological systems. They are development with help of projects, programmes and portfolios [24]. Projects are heart of
organisations in different industries, from construction, software development, systems engineering, and product
development [25]. This paper covers two aspects of complexity that tackles projects [26]:
1) Structural complexity – number and types of elements and their relationships in the system (static snapshot of a
system in particular point of the time);
2) Dynamic complexity – behaviour of a complex system (elements and their relationships and the structure of the
system). This tackles duration of the project, changes in staffing, organisational resistance to changes etc.
Complexity in engineering projects is determined by the technical complexity of the system that is being
developed, and organisational complexity of the system that is developing the product or a service [24].
PMIs White Paper [19] proposed possible strategies for dealing with complexities in projects. When it comes to
structural complexity, authors suggested Network analysis, Black-Boxing and Modularity.
Network analysis shows the elements of the system, and binary indicate existence or absence of relationships
between these elements [24]. Network analysis approaches differ mostly in their graphical representation of the elements;
the most well known types are matrix-based and graph-based network analyses. Some of the examples are organisational
charts, social network analysis, IDEF0 diagrams, workflow diagrams, and PERT diagrams [27].
Network analysis could also be based on modelling data, such as modelling flow of the information between
processes or the dependence between system’s technical components.
Another type of complexity is dynamic complexity. Dynamic Complexity can be analysed trough System
dynamics, aimed at overcoming key social challenges of complex systems, such as bounded rationality and thinking and
decision-making biases [24].
Wicked problems are the type of complex project environment that occur when true requirements of the customer
are unknown before project starts, and they develop in parallel with the solution [24]. Treating wicked problems as simple
could lead to chaos in projects.
Roberts [28] suggested three strategies for managing wicked problems faced by complex projects: authoritative,
competitive and collaborative. Table 2 offers description of each of the strategies (Table 2).
Main idea

Description

Authoritative

Reducing stakeholder
complexity

Competitive

Developing alternative
system models

Collaborative

Extensive system modelling

Problems are simplified;
Number of stakeholders is decreased to few people;
Disadvantage: authorities and experts charged for this may
not encounter all the perspectives of the problem;
Pitting opposing points of view against each other;
Advantage: assessment of potential solutions;
Disadvantage: confrontational environment where
knowledge sharing is discouraged; significant resources are
required;
Engaging all of the stakeholders in order to find the best
possible solution for all of them;

Table 2. Strategies for managing wicked problems [28]
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Through this complex view, projects, as important parts of engineering systems, could be seen as complex
adaptive systems. Authors of this paper presume that complexity of projects has important influence on their management
style and overall success.
Oehmen claims that there are three types of complex projects [24]:
1.
2.
3.

Simple - requirements are known, waterfall implementation;
Complex – requirements are changing throughout project life cycle; feedback loops and unforeseen emergent
behavior, but are fundamentally still manageable by structured analysis – e.g. agile projects;
“Chaotic” - change faster than we can observe and learn, analytic techniques are not applicable, and management
is relied on robust decision-making heuristics.

In this chapter, authors gave the summery of possible strategies for analyzing complexity and treating possible
problems that occur during complex project implementation. Further research could benefit from testing these
implications in real systems.
4. Implications of the study
Implications of complexity theory are significant for the organisational theory due to their insights about
interaction, relation, and evolution of organisations within their environments, as well as analysis of their structure,
relationships between elements and behaviour over time. Complex systems engineering aim at producing systems capable
of adaptation, change and novelty, and projects can be seen as a possible tool for delivering these changes. In this sense,
correlation between dynamic complexity and possible agile approaches for managing projects seems to be of interest in
the future research.
Dynamic complexity follows the behaviour of a system over time. One of the possible problems that increase
dynamic complexity are so-called “wicked problems” that occur when initial requirements of the customer are unknown
or changed during the project life cycle. If complexities of projects are ignored, and managing styles are not adjusted,
they can lead to chaotic behaviour of the system. Authors of this paper aim to show in wider research whether overall
project success is correlated with managing complexities of projects, flexibility of managing style and project
environment.
Limitation of the study could be a small number of evidences or justifications that projects are complex systems,
so this is an important topic for further research. Applying different methodologies for analyzing project complexity, and
suggesting possible models for treating complexity in project environments would also be interesting for future
researchers.
5. Conclusion
Complexity theory provides novel perspective to understanding how organisations operate in complex and
uncertain environments. Authors of this paper attempted to provide comprehensive picture of the complexity of projects,
by relating it to wider concept of systems’ complexity. This paper has systematically reviewed the literature on the
complexity of engineering systems, investigated the relevance of complexity theory to project analysis and gave possible
strategies for dealing with complexity on projects. PMIs White Paper [19] deals with engineering systems perspective to
complexity management to projects. Research in our paper adds perspective of Complex Adaptive Systems, and proposes
possible practical testing of this dimension in future research. Results of first authors’ future doctoral research would
show how overall project success is correlated with complexity of projects, flexibility, planning process, methodology of
implementation, inclusion of beneficiaries in all PLC phases, and project environment.
The further research could benefit from implementing strategies for dealing with complexity to managing real
systems, and linking them with principles of flexibility and adaptability. Assessment of the complexities could result in
the indicators that can be monitored and managed.
Relationship and impact between structural and dynamic complexity is also one of the interesting research fields
in the future. More studies that provide necessary evidences or justifications that projects are complex systems are
desirable in the future academic papers.
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