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Abstract

Project management has spread around the world to become what it is today, that is to say a set of theories,
principles, methodologies and practices. Past research works argue for a paradigm shift so that one could focus
more on project complexity to manage projects more efficiently. However, there is a lack of consensus on what
project complexity is, which makes it difficult to understand it good. As a consequence, this article reviews the
literature in order to build a standardized project complexity framework. Then, it describes how a Delphi study
was conducted over a panel of academic and industrial experts to refine it. Further on, it draws some conclusions
regarding project complexity factors perception, functions of experts type (academic/industrial experts, gender
study). Finally, after a correlation study based on the Spearman Rank, some perspectives are given to illustrate
the applications of the project complexity framework which is built.

Keywords: project management, complexity, systems analysis, Delphi methodology, position, gender, expert
systems, Spearman Rank, measure, Analytic Hierarchy Process.

Introduction

A project is “is a temporary endeavor undertaken to create a unique product or service” (PMI 2004). Project
management has grown up to become what it is today, that is to say a set of theories, principles, methodologies
and practices, sometimes included in standard body of knowledge as PMI (PMI 2004) and IPMA (IPMA 2006).
The traditional vision tends to rely upon the notions of planning and control to propose models and prescriptions
as ways to increase the ability of humans to control complex worlds (STACEY 2001; WOOD 2002). For all
practical purposes, many studies have been done, based on statistical calculations or surveys. Their conclusion is
that current methods have shown their limits, since they cannot face anymore the stakes of ever growing project
complexity. Limits and lacks have been detected in research as well as in industry about the project
predictability, since usual parameters (time, cost and quality) are clearly not sufficient to describe the complete
situation at a given time (MEIJER 2002).Jaafari thus argued that “a paradigm shift in project management is
essential for it to be relevant and effective in the complex society of this century” (JAAFARI 2003). On his side,
Williams underlined that “it is clear that classical project management techniques are unsuitable for dealing with
[complex] projects” (WILLIAMS 1999): he gave the example of structural complexity since decomposition
models (such as Work Breakdown Structure) cannot account for the compounding effects when individual
phenomena, evolutions and perturbations accumulate within the project. He concluded that “what are needed,
then, are new ways of looking at modern, complex projects, new models and techniques for analyzing them, new
methods for managing them —in fact, new paradigms to underline our approach to them.”.This article thus aims
at building up a standardized project complexity framework in order to understandbetter the concept of project
complexity, by understanding better its complex structure. This work thus addresses the issue of project
structural complexity. This research issue is addressed regarding a project manager oriented view and mainly
addresses engineering design and product or service development projects.



Dealing with project complexity

Preliminary discussion on project complexity

Complexity is everywhere and is continuously growing. Research works on the concept of complexity have been
conducted for years and have produced some interesting results and notions. There are historically two main
scientific approaches of complexity (SCHLINDWEIN AND ISON, 2005). The first one, usually known as the
field of descriptive complexity, considers complexity as an intrinsic property of a system, a vision which incited
researchers to try to quantify or measure complexity.

An example of this vision is the work of Baccarini (BACCARINI, 1996). He considers project complexity
through the concepts of technological complexity and organisational complexity. He regards them as the core
components of project complexity which he tries to describe exhaustively. The other one, usually known as the
field of perceived complexity, considers complexity as subjective, since the complexity of a system is
improperly understood through the perception of an observer. Both approaches can apply to project complexity
and project management complexity. Knowing that one tries to cope with perceived complexity, this research
work aims at bridging the gap between perceived complexity and real complexity by defining, describing and
modelling better real project complexity. The definition and identification of a list of project complexity factors
which could be used as a check-list for instance may then permit to complement one’s perception and intuition
when analysing the complexity of a given project. This new frame of reference would then enable anyone who
shares this representation to talk about project complexity with less ambiguity (due to their own perception).

The difficulty is that there is actually a lack of consensus on what project complexity really is. As Sinha et al.
(SINHA ET AL., 2001) underline it, “there is no single concept of complexity that can adequately capture our
intuitive notion of what the word ought to mean”. Complexity can be understood in different ways, not only in
different fields but has also different connotations within the same field (MOREL AND RAMANUJAM, 1999).
However, Edmonds (EDMONDS, 1999) proposes an overview of the concept of complexity within different
fields and finally tries to give a generic definition of what complexity is: “Complexity is that property of a model
which makes it difficult to formulate its overall behaviour in a given language, even when given reasonably
complete information about its atomic components and their inter-relations”. This definition, which is quite
appropriate to encompass all the aspects of project complexity, emphasises that complexity is generally related
to the way the project system is modelled. To some extent, the model is the first layer of project perception, the
second layer being the perception when understanding the project model.

Problem setting and methodology

Whatever the vision, understanding project complexity to improve project management (and therefore project
success rate) has thus become an even more strategic issue for organisations. Still, some work has to be done to
clarify the notion of project complexity in order to cope with it more efficiently (VIDAL ET AL., 2007). This
paper thus aims at addressing the notion of project complexity in terms of its characteristics and factors in order
to build a standardized project complexity framework that could be a reference for any project. Our research
methodology is based upon six successive steps.

e Reviewing the literature to build up a first version of the project complexity.
Writing the Delphi survey using the first version of the project complexity framework.
Selecting the experts panel for the Delphi survey.
Conducting the Delphi survey according to the Delphi methodology.
Analyzing and discussing the results of the Delphi survey.
Refining the project complexity framework using the results of the Delphi survey.

Elaborating the first version of a project complexity framework

Understanding projects as systems

Referring to the field of systems analysis (LE MOIGNE 1990; PENALVA 1997), a system is an object, which,
in a given environment, aims at reaching some objectives (teleological aspect) by doing an activity (functional
aspect) while its internal structure (ontological aspect) evolves through time (genetic aspect) without losing its
own identity. According to this definition, a project can be considered as a system (VIDAL AND MARLE,
2008). Indeed, it possesses the four aspects listed above. A project exists within a specific environment and aims
at reaching objectives given this context (teleological aspect). A project has to accomplish a set of activities
using some methods and methodologies (functional aspect). A project has an internal structure composed of
resources, deliverables, tools, workers, etc... (ontological aspect). Finally, a project evolves through time, via
resource consumption, product delivery, members’ changes and gain of experience, without losing its own
identity (genetic aspect).



Identifying project complexity factors : methodology

First, a literature review on project management and project complexity factors was carried out. The ambition of
this literature review is to be relevant, and illustrative of what project structural complexity is in fieldwork (as
the final framework is to encompass all the aspects of project complexity). However, it must be underlined that
some factors may be absent from this version of the framework, and that this one is likely to be evolving. This
literature review was performed, keeping in mind the definition of Edmonds which underlines complexity as the
property which makes it difficult to formulate the behaviour of the project system (both in terms of diagnostic
and prediction). We chose this initial definition and approach in order to draw the literature review by the
consequences of project complexity, so that implications on project management processes are more direct.

As a consequence, an important point we need to underline is that project ambiguities and uncertainties are to be
considered as manifestations of the difficulty to formulate the project behaviour, given its complex structure.
This means they are considered here as a consequence (and as crucial stakes) of project complexity. Therefore,
uncertainty or ambiguity-related factors are not present in the framework, although sometimes cited as project
complexity sources in the literature. In fact, in the literature, there are traditionally two kinds of ways to look at
complexity, one including uncertainty factors into complexity factors (BACCARINI,1996) , and the other kind
of approaches excluding them to consider them only as consequences or coexisting factors which lead to the
existence of risks (AVEN, 2007), (HELLSTROM, 2007). Our works belong to the second kind of approaches.

This issue being stated, the methodology which was followed to identify these factors was the following:
e Step 1 — Constitution of a first list of factors usinga literature review based on:
o  Some project management academic standards (PMI, 2004), (IPMA, 2006)
o  Some project management industrial standards (1SO, 2003), (AFNOR, 2004), (AFNOR, 2007)
o Some publications focusing on complexity and project complexity aspects (BACCARINI,
1996), (CALINESCU ET AL., 19998), (EDMONDS, 1999), (WILLIAMS, 1999),
(LAURIKKALA ET AL,2001), (SINHA ET AL., 2001), (BELLUT, 2002), (CORBETT ET
AL.., 2002), (JAAFARI, 2003), (KOIVU ET AL.., 2004), (SHERWOOD JONES AND
ANDERSON, 2005)
e Step 2 — Gathering of some complexity factors under a same common denomination and obtaining as a
consequence a refined list of factors.
e Step 3 — Gathering of factors into several groups through the analysis of the factors list and the
identification done during Step 1.
e  Step 4 — Final construction of the first version framework

Steps 1 to 3 — Constituting a first list of factors using a systems thinking-based approach and
common denominations

In order to identify factors, a literature review was conducted using the four aspects of systems thinking, which
need to be encompassed in a project complexity framework.Some insights about the identification of factors and
discussions about them are given at the end of the article in Appendix A.

Step 4 — Building up a first version of the framework using common denominations

The point is that speaking in terms of teleological, genetic, functional and ontological aspects of project complex
is not the easiest manner to communicate about complexity in real projects and see what are the concrete
phenomena behind these notions. We thus claim for a gathering of these factors into four more intuitive groups
(see Figure 1), which were cited in several of the references which permitted to list factors. The first group
gathers the factors that are relative to the size of the project system. The second one gathers those that are
relative to the variety of the project system. These two first groups globally correspond to the ontological aspect
of the project system. The third one gathers those that are relative to the interdependencies and interrelations
within the project system, which corresponds to some extent to the functional pole of the project system. Finally,
the fourth one deals with the context-dependence of project complexity, which mainly corresponds to the
teleological and genetic poles of the project system.

Please insert Figure 1

The gathering of the identified project complexity factors into these four distinct groups makes more meaning
both for direct industrial use (as these denominations make more sense for fieldwork) and for academic

establishment (since these denominations have widely been used in research articles for instance). Indeed:
e Project size is to be defined as a whole as the sizes of elementary objects which exist within the project
system. These sizes are likely to be assessed using appropriate quantitative measure (for instance time



scale, cardinal scale, etc...).This aspect of project size (which is somewhat close to the ontological
aspect of project complexity in terms of number of identified elements) then seems to be a necessary
condition for project complexity which makes sense. Indeed, recent papers notably state that any
organisational system should be over a minimum critical size to be considered as a complex system
(CORBETT ET AL..,2002).

e Project variety is to be defined as a whole as the diversity of elementary objects which exist within the
project system.This aspect of project variety (which is somewhat close to the ontological aspect of
project complexity in terms of diversity of identified elements) is indeed a group which makes sense.
Indeed, as mentioned by Sherwood and Anderson (SHERWOOD JONES AND ANDERSON, 2005),
“diversity relates closely to the number of emergent properties”.Moreover, as underlined by Corbett and
al. (CORBETT ET AL..,2002), “the one thing that comes through loud and clear is that complexity is
tied up with variety, be it in the world of biology, physics or manufacturing”.

e Project interdependence is to be defined as the existence of relationships between elementary objects
within the project system.This aspect of project interdependence (which is somewhat close to the
functional aspect of project complexity in terms of interactions between elements to execute the project)
is indeed another category which makes sense. As underlined by several authors, interdependencies
(and all the notions related with them such as interactions, interrelationships or interfaces) are even
likely to be the greatest drivers of project complexity. Besides, Rodrigues and Bowers (RODRIGUES
AND BOWERS, 1996) explain that “experience suggests that the interrelationships between the
project’s components are more complex than is suggested by the traditional work breakdown structure
of project network™, suggesting that traditional project management tools cannot be sufficient to catch
the reality of interdependence. This seems all the more problematic since “there is a complete
interdependence between the components of the complexity: each element will depend and influence on
the others” (CALINESCU ET AL., 1998).

e Project context is defined here as what refers to the environment within which a project is
undertaken.This aspect of project context-dependence (which is somewhat close to the teleological and
genetic aspects of project complexity is indeed another relevant category. First, Chu and al. (CHU ET
AL., 2003) underline that contextuality is an essential feature of complexity, considering it as a
common denominator of any complex system. The context-dependence of project complexity is also
stressed by Koivu and al. (KOIVU ET AL., 2004) who notably insist on the fact that “the context and
practices that apply to one project are not directly transferable to other projects with different
institutional and cultural configurations, which have to be taken into account in the processes of project
management and leadership”.

As a whole, this literature review and proposed classification permits to build a project complexity framework
which aims at being a reference for any project manager to identify and characterize some aspects of its project
complexity, so that he can understand more efficiently the stakes of its project complexity management. Once
again, even though we had the ambition to be quite exhaustive, some others project complexity factors are likely
to be added to this framework. Particular attention should be paid to the specificity of each project (and its
context) when using this framework.

Please insert Table 1

Hereinbefore, inTable 1, the completed project complexity framework we have built using this research is
exposed. It has to be noticed that approximately 70% of the identified complexity factors are related to
organizational aspect, not technical. Principal sources of project complexity are thus likely to be organisational
factors, as underlined by some former works on this issue (SHENHAR, 2007). Moreover, even though the
factors belonging to the family of interdependencies within the project system are hardly more numerous that the
others, this group appears in the literature as the most important for project complexity and day-to-day project
management (MARLE, 2002). Interactions management is likely to be both one of the causes of greatest value
creation during the project and one of the riskiest parts of the project.

First applications of this framework

Defining project complexity
This literature review being made, this framework being elaborated and the concepts being discussed, we now
propose a refined definition of project complexity. We state that:



Definition :Project complexity is the property of a project which makes it difficult to understand, foresee and
keep under control its overall behaviour, even when given reasonably complete information about the project
system. Its drivers are factors related to project size, project variety, project interdependence and project context.

This definition is an adaptation of Edmonds which was presented formerly (EDMONDS, 1999). The differences
we introduce is first that there is no reference to any project model or language of modelling, and second, that its
drivers are directly included in the definition to make the concept of “complexity” more easily comprehensible.
Contrary to other definitions which were presented in our state of the art, this definition, through the inclusion of
drivers, also permits to encompass every aspect of project systems, since those categories (and drivers) were
identified using a systems thinking approach (the objective of which is to have an holistic approach to better
understand project systems).Every aspect of systems thinking is thus part of the overall behaviour of the project
system, which means that, according to this definition, project complexity is the property which makes it
difficult to understand, foresee and keep under control any of these aspects. This definition we propose is finally
different from other definitions of project complexity since it is:
e Oriented regarding the practical consequences of project complexity, which is to assist more easily
complex project management,
e Based on four aspects which permit to describe with simple words crucial aspects of project structural
complexity, which is to improve communication about it.
As a whole, as noticed by Ivan and Sandu (IVAN AND SANDU, 2008), there are three types of project
complexity (as in the case of the majority of project characteristics): estimated, planned and actual. According to
them, “Estimated complexity is based mostly on expertise gathered from of similar past projects. Planned
complexity is a refinement of the estimated complexity, as some corrections are applied in order to adapt to the
distinct project context. Actual complexity is finally measured after the project has been implemented.” This
classification permits us to insist on three direct possible uses of the project complexity framework which is
proposed here:
e Predictive project complexity analysis.
This application consists in the a priori project complexity evaluation. This finds direct implications in
the management of the pre-project period and the project start processes. As underlined in (GAREIS,
2000) “the project start is the most important project management subprocess, because in it the bases for
the other project management subprocesses, such as the project plans, the project communication
structures, the relationships to relevant environments, are established”. As for them, (DVIR ET AL,,
1998) also note that “pre-contract activities [...] are highly influential in all types of projects”.
Predictive project complexity analysis is thus a crucial issue to achieve properly the pre-contract and
project start phases. Using the project complexity framework as a checklist is to ensure a better
identification of possible complexity sources within the project. It may also influence decisions which
are directly made during these phases. For instance, project team constitution should be addressed in
terms of possible complexity sources by focusing on the factors “staff quantity”, “diversity of staff
(experience, social span,...)”, etc... By paying attention to such phenomena when making decisions
during the pre-contract and start phases, one is to avoid some unnecessary or undesired complexity
sources.
o Diagnostic project complexity analysis.
Diagnostic project complexity analysis is to be performed during the execution phase of the project.
This analysis permits to assist project management processes during the execution phase, such as
planning and re-planning, monitoring and control, decision-making, etc... The identification of existing
project complexity sources during the project permits to stand back on some issues of the execution
phase. We claim for the conjoint use of traditional project management tools as a basis and a more
holistic approach which can permit to analyse more properly project complex situations. This approach
is facilitated by the project complexity framework which is proposed here. Generally, people have a
tendency to focus on some detail which appear to them as existing crucial problems in a project. But
focusing on detail does not permit them to solve the problem, which causes some project failures
(SHENHAR AND DVIR, 20007). Looking at these problems through the glass of complexity permits
to have a holistic vision of the tackled issue and thus to make more influent decisions. Having a better
vision of interdependencies for instance permits to understand better propagation phenomena and
change implications on a whole project. In the case of design engineering for example, such
understanding of change propagation is to avoid unnecessary and costly rework during the project
(AUSTIN ET AL. 2002), (CLARKSON ET AL. 2004), (STEFFENS ET AL.., 2007). Adaptive
management practices should thus be employed when facing complex situations (SHENHAR, 2007),
(LINDKVIST, 2008).

e Retrospective project complexity analysis.



Retrospective project complexity analysis using the project complexity framework is to assist project
closure and return on experience processes. Indeed, the a posteriori identification of complexity sources
which existed during the project permits to assess what happened and thus draw some lessons for the
future. The overall processes of lessons identification and lessons learned future use is to give some
precious experience to the firm. As underlined by Williams (WILLIAMS, 2003), “management’s role in
facilitating and encouraging learning from projects is vital”, and particularly in the context of complex
projects. Learning finally improves project maturity and future project complexity management within
the firm. Indeed, building up databases on possible complexity sources of a firm’s projects for instance
is to facilitate future predictive and diagnostic project complexity analysis.

Case study: Renault Multi-Purpose Vehicle (MPV) development projects

In order to illustrate this framework and show how it can be useful to identify possible complexity sources
within a project, the case of several Renault Multi-Purpose Vehicle (MPV) development projects are explored.
This case study corresponds to the third utilisation of the framework which was stated before, that is to say
retrospective project complexity analysis. As an introduction, general description of MPVs is the following. The
engine is mounted close to the front edge of the car, and its elements are generally grouped higher than in other
cars, which minimizes front overhang length. Generally, seats are located higher than in lower cars, leaving more
space for the legs. Larger minivans usually feature three seat rows, with two or three seats each. Smaller
minivans tend to have two seat rows, with a traditional 2-3 configuration. Most current minivans are front-wheel
drive. The main advantage is better traction than rear-wheel drive cars under slippery driving conditions. This
configuration also permits to have more inner area along the floor, due to the absence of the driveshaft hump.
Most modern MPVs feature unibody architecture (this is notably the case of the two projects which are to be
studied), which offers better crashworthiness and a much more comfortable ride than a body-on-frame
chassis.Two MPV development projects are the main basis of this study: the Renault Espace development
project and the Renault Twingo development project. Some forewords about these two projects are given
hereunder in order to appreciate the scope and context of these two projects. The framework was used in this
case to perform a retrospective complexity analysis and learn lessons about these two projects regarding project
complexity. Some factors were listed using the framework. For instance, we give three examples in this article:

o Example of SIZE-ORG factors : Number of stakeholders can affect project complexity. For
instance, in the case of the Renault Espace development project, the coordination between the
employees, cultures, processes, etc... of Renault and Matra due to the cooperation of these two
firms implied greater managerial and organisational complexity.

e Examples of INT-TECH factors Interdependence of the components of the product appeared to
be a critical complexity factor in the Renault Espace development project. The technological
innovation due to the MPV format implied changes in the windscreen inclination. Even though
they had not been predicted, because of the component interdependence, this implied changes in
the front windscreen wipers and also in the engine position. As for the Renault Twingo
development project, resource and raw material interdependence made the project more complex
regarding the same components. Indeed, a new kind of glass was used to elaborate the windscreen.
But it had not been seen that this new material which was used was not compatible with the glue
which was formerly used to fix the windscreen wipers. This implied some changes and rework in
the end.

o Example of CONT-ORG factors Local laws and regulations appeared to make these two projects
more complex when trying to extend the commercialisation and production of these vehicles into
different European countries. For instance, new local laws and norms appeared in the mid 1980s in
Germany. These ones were not all compatible with the Renault Espace technical specifications and
production processes, which implied major changes in order to keep the possibility for the Renault
Espace to exist in Germany.

These were examples of project complexity factors which can be identified through the use of the project
complexity framework. As a whole, a synthesis of identified project complexity factors in these two projects
using this retrospective analysis is proposed in Table 2, where expert judgments attributed some importance
(from negligible to 3) to possible project complexity factors. Still, if this list of factors permit to have a closer
look on projects in terms of complexity, the factors are still very numerous and no a priori classification of these
factors (in terms of the importance of their average contribution to project complexity) is proposed. That is why
we carried out an international Delphi study to refine this framework.

Please insert Table 2
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Conducting a Delphi study to refine the framework

The Delphi methodology

Refining our results by performing an international Delphi study is indeed to permit to have a more reliable
definition and understanding of the project complexity framework we have built. The Delphi methodology
(LINSTONE ET TUROFF., 2002), which was originally developed in the 1950’s, is a systematic and interactive
method which relies on a panel of independent experts. It is a very flexible tool which permits to reach a
consensus, through the collection of experts’ opinions on a given issue during successive stages of questionnaire
and feedback. Direct confrontation of the experts, whose anonymity is kept at every stage of the study, is
avoided (OKOLI AND PAWLOWSKI, 2004). As mentioned in (SKULMOSKI ET AL., 2007), “ the Delphi
method is well suited as a research instrument when there is incomplete knowledge about a problem or
phenomenon”. It has proven over the years to be a very popular tool for framework building, forecasting, issues
prioritizing, decision-making, etc... It has been used for several studies in the field of industrial engineering and
project management, which encouraged us in our research work. For instance, Schmidt and al. used the Delphi
method in order to build up a list of common risk factors in software projects (SCHMIDT ET AL., 2001). Our
research methodology is based on a two-round Delphi process (see Figure 2):

Please insert Figure 2

The Delphi survey was conducted using blind copy electronic mail sending to international academic and
industrial experts in project management in order to save time and expenses for both the surveyor and the
experts. The questionnaire was introduced by a page explaining, such as in (BRYANT AND ABKOWITZ,
2007), the overall purpose and structure of the survey as well as the experts anonymity conditions at each stage
of the study. The questionnaire was divided into eight sections, following the structure of the first version of the
project complexity framework: SIZE-ORG, SIZE-TECH, VAR-ORG, VAR-TECH, INT-ORG, INT-TECH,
CONT-ORG, CONT-TECH. An excerpt of the questionnaire is given in Appendix B in a Table format (the
excerpt consists of the answers and commentaries of a respondent for the INT-ORG tab of the questionnaire).
The questions were formulated using a 5-level Likert scale, in order to express the importance of the contribution
of a given factor to project complexity (from no contribution -1- to essential contribution -5-, leaving the
possibility to answer “do not know” and “do not want to answer”). Furthermore, participants could leave
commentaries and questions at any moment on any point of the Delphi questionnaire in order to generate some
discussions about it or to suggest other potential project complexity factors. At each round, a little more than
three weeks were left to the panelists to answer the survey.

Panel selection and survey scales definition
The Delphi survey group size can be very different in the literature. However, it is often recommended to have a
group between 9 and 18 participants in order to draw some relevant conclusions and avoid at the same time
difficulty to reach consensus among experts. We argue, such as in (Okoli and Pawlowski, 2004), that an experts
categorization should be made properly before undertaking the Delphi survey in order to build up the most
representative panel. As for them, Skulmoski and al. require different aspects for the participants to be selected
in the Delphi survey panel (SKULMOSKI ET AL., 2007):

o Sufficient knowledge and experience about the survey issues,

e  Capacity, willingness and time to participate,

e  Good communication skills.
Our prospective panel was constituted of 38 experts, 19 of them being industrial practitioners and 19 being
academics, and at the same time 19 being men, 19 being women. Of those 38 solicited experts, 18 actually
participated to the study from the beginning to the end, 10 of them being academics and 8 being industrials, and
at the same time 10 of them being women, and 8 being men. Academics were notably identified with their
publications regarding project complexity in the Web of Science and specialized conferences or revues
(International Journal of Project Management, PMI Research Conference, etc...). Industrial practitioners were
identified through the browsing of some professional social networks (Linkedln), the identification of some
project managers of large firms websites, and the identification of project managers whose education was
followed in some high standard schools, universities and institutions. We thus consider that the overall results
are going to be relevant since the interrogation of 18 experts permits to trust them. In order to do comparisons
and generate discussions during the next section, we also study separately men, women, academics and
industrials. Even though the suggested minimum quota of 9 experts is not reached for men and industrials (8 for
each category instead of 9), we will consider the results as relevant. We do insist here that the study was thus
conducted with a project manager-oriented view.

Results and discussions



Global results and discussion

Our discussion starts with the overall analysis of the panelists’ answers to our survey. The convergence of the
experts was fast, even though they were of different origins and backgrounds. It must be noted that the factors
which appear earlier in the Delphi questionnaire do not receive significantly higher or lower scores than the
factors which appear at the end of it. This implies that there is no direct correlation between the order of the
questions and the scores of the factors. This was notably observed when alternating the orders of the tabs in the
Delphi questionnaire without observing a change in the average scores of each group of factors.A synthesis of
their reached consensus can be seen after in Tables 3 and 4.

Please insert Table 3

Average scores and mean deviations were calculated to perform the analysis of this questionnaire. Mean
standard deviation of the answers, as shown in Table 3, is 0.682, which makes it a satisfying consensus for (also
notice that all standard deviations are less than 1). Table 4 shows the statistical results of the survey. Average
values lie between 2.278 and 4.889.

Please insert Table 4

When having a closer look at the answer of the panel, some points are to be noticed about project complexity:

e First, of the first 18 identified project complexity drivers after the panelists’ evaluation
(the mean value of which is over 4.500), only 2 of them are of a technological type
(11.1%), as shown in Table 3. Organizational complexity thus seems to be the greatest
source of complexity for projects and project management today. Project managers
should thus focus on organizational issues when tackling and dealing with complexity.
This is also legitimate when discussing with industrials facing their project day-to-day
life.

e Second, of these first 18 project complexity drivers, 11 of them belong to the family of
project interdependencies (61.1%), making it the most contributive family of project
complexity drivers, before context-dependence and variety (both 16,7%) and size
(5.6%). Some bias might have been introduced because of the project manager view
orientation of the study. Indeed, project managers traditionally have a transverse vision
of projects, due to their responsibilities: this implies that they have a natural tendency to
deal with organizational sources of complexity, notably at interfaces within and outside
the project. Moreover, even technical issues, when addressed at a “project governance
level”, have organizational implications since they are often situated at interfaces
between heterogeneous parameters (processes, technologies,...). In the end, this
explains why our project complexity framework, which is to be used mostly by project
managers or governance team members, has a majority of organizational factors
(notably regarding interfaces and interdependencies). These results are consistent with
former works of the academic literature (GENELOT, 2001) and with the industrials’
feelings about complexity when discussing with us. This is also enlightened by the
number of tools and works that have been developed to try to better catch project
interactions and interdependencies, such as interactions model (MARLE, 2002), or
Design Structure Matrices (STEWARD, 1981).”

Position comparison
Results of the comparisons between academic and industrial experts can be seen hereinafter inTable 5. Two
aspects are to be enlightened to compare those two populations:

Please insert Table 5

e First, mean standard deviations appear to be different between populations since
academics mean standard deviation on the survey is 0.615 and industrials’ one is 0.738.
This difference can express the fact that, even though there are very conscious of and
interested in the concept of project complexity, they might not all understand it the same
proper way. This observation is also enlightened by some commentaries during the
Delphi survey, since some industrials wanted to have some details on some criteria, not
understanding them, or not seeing them first as complexity sources.

e Slight differences can be observed in the judgments of the two populations. First, SIZE-
TECH complexity factors appear to be judged more important by academics than



industrials (4.350 VS 3.938). To some extent, this lower maturity around the
conceptual vision of project complexity is to explicit the lower assessments of these
factors by industrials. However, some work should be carried out to clarify those
relative divergence zones, which remain quite isolated, the whole survey showing a
relative common vision of project complexity between academics and industrials.

Gender study

One of the ambitions of this research work was also to compare two other populations, men and women, in order
to see if their perception of project complexity, whether they are industrial practitioners or academics, was the
same or not. Others works had indeed shown that no difference was observed between men and women when
dealing with managerial tasks. The results synthesized in Table 6 give us a part of answer, since the results
obtained for those two populations are impressively similar. Mean standard deviation is 0.699 for men and 0.734
for women. Mean evaluations of organizational and technological complexity appear to be the same (3.963 VS
3.990 and 4.045 VS 4.028). Gender does not thus seem to be a source of different project complexity perception.

Please insert Table 6

Deeper analysis of the results using a correlation study

In order to understand better the relationships between the identified project complexity factors, a correlation
analysis has been performed with the realization of Spearman Rank correlation analysis (see Figure 3). This
analysis is well-established in statistics and permits to identify some correlations. Our aim here is to underline
the possible existing correlations between factors in the set of answers of the panelists.

Please insert Figure 3

We highlighted the correlations which were superior to the critical values of the Spearman Rank for the value of
19 pairs (for p <0.05 in orange and p <0.01 in red). The conclusion is that the project complexity factors tend to
be positively correlated. It must be noticed that less than 7% of the values in the correlation matrix are negative.
Moreover, this positive correlation is somewhat limited since the average value of r¢’ is equal to 0.16. Finally,
less than 5% of the values are above the critical value for p < 0.05 and less than 2% of them are above the critical
value for p < 0.01, which means that strong correlations are very rare in this case. However, organizational
factors seem to be more correlated than technical factors, with a mean square Spearman Rank reaching the value
of 0.22 and a level of values over the critical value for p < 0.01 reaching 5%.

Furthermore, some strong correlations are to be highlighted and discussed. For instance, the highest value in the
matrix (rs=0.92) indicates that ‘“numbers of team/structures/groups to be coordinated” and ‘“number of
departments involved” are strongly positively correlated factors regarding project complexity. So are “variety of
organizational interdependencies” and “processes interdependence” (rs=0.91) as well as “variety of
organizational skills needed” and “variety of the interests of stakeholders” (rs=0.90). Less intuitive correlations
but very strong ones are for instance “combined transportation” and “organizational environment complexity” (rs
= 0.88) or “stakeholders interrelations” and “dependencies with the environment” (rs=0.83).

Finally, in all these cases, Kruskall-Wallis tests were conducted (both over the gender and position of panelists).
No distinction (with a sensitivity of p < 0.05) according to the panelists’ profile was observed for all of these
correlations, underlining that the strong positive correlations are not due to similar responses within
males/females or academics/industrials. This highlights that these strong correlations tend to be commonly
shared by the panelists.

Refinement of the project complexity framework

In the end, after this deeper study of factors’ correlation, using the Delphi survey, we propose a refined project
complexity framework with the 18 most important complexity drivers according to the panellists. Our choice
was to keep only the factors which would appear as essential (a score of 5 in our questionnaire). To do so, the
mean scores of each factor were rounded up/down to the nearest integer, and that is why factors with a mean
score which was at least 4.5 were considered as essential (since their scores were rounded up to 5). This was all
the more interesting that they represented 26% of the initial factors, which was fairly consistent with the
traditional 20% cut of Pareto.The users should in the end consider this refined framework and feel free to
incorporate factors which are not in the refined version but which were present in the first framework, or even
other factors, depending on the context of their projects. Table 7 draws as a synthesis the refined project
complexity framework.

Please insert Table 7




As seen before, the majority of complexity factors are organisational and interdependence-related.

Final applications

This Delphi study is one part of a global research work about project complexity, its stakes, influences, and its
measure. Indeed, one of the general objectives of our research works is to assess project complexity, notably in
multi-project environments. The main potential use of this refined project complexity framework is to assess
project complexity according to the selected criteria through the use of a multi-criteria evaluation method. We
are using the Analytic Hierarchic Process (DYER 1990; SAATY 1991; SAATY 1999) to assess project
complexity on different project alternatives, given our project complexity framework. With the refined project
complexity framework, an AHP hierarchical structure is to be built according to Figure 9.

Please insert Figure 4

We hope that this structure is going to be the basis for an effective industrial tool to assess and visualise project
complexity. Moreover, given the ranking obtained with the AHP calculations on the set of alternatives, we do
propose a relative measure of project complexity. Alternatives can be projects in a multi-project environment, or
possible future scenarios in a mono-project environment, etc... Let o; be the priority value of alternative A;
obtained with the AHP calculations (0 < a; < 1). We propose that the relative complexity of alternative A;, given
the specific context of the set of alternatives, can be expressed as:

max( ;)

A relative project complexity scale between 0 and 1 can thus be built using this method. It permits to give a
relative indicator of project complexity given the multi or mono-project environment context. Indeed, this
complexity measure can be used as an indicator to assist project selection in a portfolio, as an indicator to
analyze the complexity of existing projects in a given portfolio, or an indicator to compare future possible
project scenarios in the mono-project case. Another advantage of a multi-criteria methodology like the AHP is to
permit an application in different industries, since it permits to change the weights of the criteria (complexity
factors here), depending on the context of the industries.

The generic computing of it is notably still to be done, with the ambition to give to the user default values and
this default hierarchical structure (the structure being the one of the framework, the values being initially
calculated through the use of a Saaty scale and the results of the Delphi study). However, we will leave the user
the opportunity to add the complexity criteria which were eliminated between the original and the refined
version of the framework. We will also leave the possibility to add new criteria or new values which could better
cling to the project context the user is working in. This tool is finally to be tested on case studies, notably one in
the stage musicals production industry. More details about this global research project are given in (VIDAL ET
AL.., 2010).

In the future, we also aim at refining this approach with the use of the Analytic Network Process which would
consider the criteria (complexity factors) as non-independent. This would permit to introduce correlation
coefficients which could be obtained using the Spearman Rank correlation analysis. All of these points make the
point of ongoing works and/or publications.

Conclusion

This paper reports on the use of the Delphi methodology to address some issues about project complexity and its
drivers. One of the ambitions of the study was to build up a project complexity framework. A large literature
review permitted us to build a first theoretical version of the framework. The Delphi study which was conducted
enabled us to refine this framework, falling from 68 drivers to 18. The main conclusions of the study are the
following. First, organizational complexity, compared to technological complexity, is the major source of project
complexity (88.9% of the selected criteria). Second, project interdependencies, compared to variety, size and
context-dependence, seem to generate the most project complexity drivers (61.1%). Comparisons between
experts permitted us to highlight that industrials seem to show less consensus on their perception of project
complexity than academic experts. They also give lower estimates than academics. It also appeared that gender
had fairly no influence on complexity perception. At this stage, no comparison between oriental and occidental
population was possible, but this is to be another perspective of work around this notion. Finally, a first



correlation analysis of the project complexity factors is proposed. As well as the results of this study, it should be
extended through the interview of other experts. As a whole, the refined project complexity framework is to be
the basis of an AHP hierarchical structure or an ANP complex structure, which enables us to define a relative
project complexity measure. This measure is notably to assist project selection in the case of multi-project
management or project scenario assessment in the case of mono-project management. Some work and case
studies are still to be achieved to carry out this specific work.
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AppendixA

Project complexity teleological and genetic aspects
The genetic aspect of a project system describes its evolution (i.e. the phases it evolves in). As for it, the
teleological aspect of a project system addresses the issue of project values creation by identifying the expected
target values (objectives) of a project (by identifying the project stakeholders and environment). Project
complexity teleological and genetic aspects are to be mainly related to these aspects of the project system. As
explained, several project complexity factors regarding project teleological and genetic aspects were identified
and gathered under a common denomination. These factors are notably:
e Competition
A competitive context is a more demanding and complex one since the targeted business is to choose
the best products, processes, etc... in terms of expected values. Competition can be either technological
or organisational.
e Environment complexity (networked environment)
Environment complexity in terms of network (networked environment) is to increase project complexity
and make its management harder. Indeed, the management of the relationships with the project
environment is one of the core activities of project management. Performing this activity in a networked
environment is more complex since the impact of any relationship or decision is to propagate through
this network.
¢ New laws and regulations
New laws and regulations (in both organisational and technological aspects) can increase project
complexity since they may result in the need for changes in the processes/outcomes, given the
requirements of new laws and regulations (such as security norms for instance).

Project complexity functional aspects
The functional aspect of a project system focuses on what the project system executes in terms of tasks and
processes. This functional aspect is the principal cause of interactions and interrelationships within the project
system since resources, actors, information systems, etc... interact when project tasks are executed. Project
complexity functional aspects are thus to be mainly related to these aspects of the project system. After gathering
factors under a common denomination, we obtain a list of functional factors. Here are some examples :
e Availability of people, material and of any resources due to sharing
Projects may share their people, material and all their resources within the firm. Moreover, within a
given project some resources may be shared between people, tasks, etc... Such a non-availability of
resources during a project make it in essence more complex.
e Dependencies between schedules
Dependencies between schedules make it all the more complex to manage people within a project.
Indeed, for instance, if a change happens in a project team member schedule, then other project team
members schedules may change. But, these schedules are constrained (notably by permanent
organizations). As a consequence, the needed changes may not be possible, which make project
management processes even more complex.
¢ Relations with permanent organizations
In most cases, within a firm, several projects have to coexist with several permanent organisations. Any
project team member is to be involved in one or several projects and in one or several permanent
organisations. Relations with permanent organizations make it more complex to manage a given project
since these permanent structures may exert constraints on the project. For instance, the dependencies
between the corresponding schedules generate complexity when trying to accommodate them and meet
the requirements of each of them.

Project complexity ontological aspects
Finally, the ontological aspect of a project system focuses on what the project system is in terms of its
constituting elements which permit the execution of tasks and processes (resources, actors, information systems,
etc...). Project complexity ontological aspects are thus to be mainly related to these aspects of the project
system. These factors, gathered using common denominations, are for instance:
¢ Diversity of staff (experience, social span ...).
When the staff is varied, notably in terms of work experience, social span or culture, then the project
coordination and control appear to be more complex.



e  Geographic location of the stakeholders (and their mutual disaffection)
When stakeholders of the project are far from one another in terms of geographic location, then the
project analysis, coordination and prediction are harder because of numerous effects (loss of
information during information exchange, lack of information sharing due to their mutual disaffection,
variety of local contexts of the stakeholders, etc...).

e Variety of the stakeholders’ status
When the stakeholders’ statuses are diverse, then it is more complex to coordinate the project since the
control of the relationships with the stakeholders may imply varied procedures or behaviours for
instance.

AppendixB
Here can be found a short excerpt of the questionnaire in a simple Table Format. This excerpt includes the

answers and commentaries of one of the respondent. It corresponds to the “Organizational — Interdepencies” tab
of the questionnaire file, which is composed of 8 different tabs (the 8 categories of our framework).
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Figure 3. Correlation matrix of the project complexity factors

Figure 4. AHP-based assessment of project complexity



TABLES TO BE INSERTED

drgan nal complexity (Org) | _Technolk mplexity (Tech)
humber of stakeholders Larg of scope {number of comp etc..)

Number of inff systems Number and quantity of resources
Number of structures / groups / teams to be coordinated

Number of comp / projects sharning their resources

Number of depatments involved

Number of delverables

humber of objectives

Larg of scope (number of ¢ ts_etc.)

Number and quantity of resources

Number of hierarchical levels

Number of investors

Number of actnities

Larg of capital t

Staff quantity

Number of decisions to be made

Duration of the project

Variety of information systems to be combined

Variety of the technologies used during the project

Geographic location of the stakeholders {and their mutual disaffection)

Varnety of the product components

Variety of the interests of the stakehold:

Vanety of resources to be manipulated

Drversity of staff {experience_social span )

Variety of technological dependencies

Varniety of the stakeholders' status

Vanety of technological skills needed

Variety of hierarchical levels within the organisation

Vanety of financial resources

Vanety of interdepend:

Variety of organi skills needed

Vanety of project management methods and tools applied

Dependencies with the

Specifications interdependence

Availability of people. matenal and of any resources due to sharing Interdependence b the components of the product
Interdependence bet sites_dep ts and P Technological p depend
interconnectmity and feedback loops in the task and project L R e and raw | interdependencies

Team coop and

b hadul

Interdependence of information systems

Interdependence of objectives

Level of interrelations between phases

Processes interdepend,

Stakeholders interrelations

Combined transportation
Interdependence b actors

Number of interfaces in the project organization
Dynamic and evolving team structure

Relations with permanent organizations

Cultural configuration and vanety

3

3 e,

A )

Emaronment complexity (networked emironment]

plexity (
Technological degree of innovat

Organisational degree of innovation

Cultural configuration and variety

HNew laws and regulati New laws and reguiati
Institutional configuration Demand of creatmity
Local Iaws and regul. Local laws and requl
Competition Scope for development

Institutional config

Significance on public d

Competition =

Table 1. Project complexity framework : classification of project complexity factors




Project complexity Factors

Renault Espace Development Project

Renaul Twingo Development Project

SIZE-ORG FACTORS

Number of stakeholders

Negligible

Number of information systems

Negligible

Number of structures / groups / teams to be coordinated

Number of companies / projects sharing their resources

Negligible
1

Number of departments involved

Number of deliverables

Number of objectives

Largeness of scope (number of components, efc...)

Number of hierarchical levels

Negligible

Number of investors

Number of activities

Largeness of capital investment

Staff quantity

Number of decisions to be made

Negligible

Duration of the project

SIZE-TECH FACTORS

Largeness of scope (number of components, etc...) 1 1
Number and quantity of resources i 1
VAR-ORG FACTORS

Variety of information systems to be combined Negligible
Geographic location of the stakeholders (and their mutual disaffection) 1

Variety of the interests of the stakeholders

Diversity of staff (experience, social span,...)

Variety of the stakeholders' status

Negligible

Negligible

Variety of hierarchical levels within the organisation Negligible Negligible
Variety of financial resources Negligible Negligible
Varierty of organisational interdependencies Negligible Negligible
Variety of organisational skills needed 1 Negligible
Variety of project management methods and tools applied 1

VAR-TECH FACTORS

Variety of the technologies used during the project

1

Variety of the product components Negligible
Variety of resources to be manipulated 1
Variety of technological dependencies 1
Variety of technological skills needed 1 Negligible
INT-ORG FACTORS

Dependencies with the environment 1
Availability of people, material and of any resources due to sharing 1
Interdependence between sites, departments and companies 1
Interconnectivity and feedback loops in the task and project networks 1
Team cooperation and communication 1
Dependencies between schedules 1

Interdependence of information systems

Interdependence of objectives

Negligible
1

Level of interrelations between phases

Processes interdependence

Stakeholders interrelations

Combined transportation

Interdependence between actors

Negligible

Negligible Negligible
Negligible Negligible

Number of interfaces in the project organization Negligible Negligible
Dynamic and evolving team structure 1 Negligible
Relations with permanent organizations 1 1

INT-TECH FACTORS

Specifications interdependence

Interdependence between the components of the product

Technological processes dependencies

Resource and raw material interdependencies

CONT-ORG FACTORS

Cultural configuration and variety

Environment complexity (networked environment)

Organisational degree of innovation

1

New laws and regulations

1

1

Institutional configuration

Negligible

Negligible

Local laws and regulations

Competition

CONT-TECH FACTORS

Environment complexity (networked environment)

Technological degree of innovation

Cultural configuration and variety

New laws and regulations

Demand of creativity

Local laws and regulations

Table 2. Synthesis of the retrospective project complexity analysis




Family|Compl. Type|Average| Std Dev
T it [ Og | 4889 [0

e

Number and quantity of resources Size

Variety of hierarchical levels within the organisation Var Org 3.944 0.639
Resource and raw material interdependencies Int Tech 3.944 0.725
Variety of financial resources Var QOrg 3.889 0.758
Variety of technological dependencies Var Tech 3889 | 0583
New laws and regulations Cont Tech 3.889 0471
Number of hierarchical levels Size Org 3.833 | 0707
Number of investors Size Org 3833 0618
New laws and requlations Cont Org 3.833 0618
Demand of creativity Cont Tech 3.778 0.308
Number of activities Size Org 3722 0.752
Variety of organisational interdependencies Var Org 3556 | 0922
Variety of organisational skills needed Var Org 3556 | 0.856
Largeness of capital investment Size Org 3.500 0.786
Variety of technological skills needed Var Tech 3500 | 0707
Institutional configuration Cont Org 3444 0616
Local laws and regulations Cont Tech 3444 0511
Scope for development Cont Tech 3444 0.511
Local laws and regulations Cont Org 3.389 0.502
Institutional configuration Cont Tech 3.389 0.698
Staff quantity Size Org 3.167 0.707
Dynamic and evolving team structure Int Org 3.000 0.594
Significance on public agenda Cont Tech 2833 | 03857
Number of decisions to be made Size Org 2722 0.752
Relations with permanent organizations Int Org 2667 | 0.767
Competition Cont Tech 2611 0.850
Variety of project management methods and tools applied Var Org 2556 0.616
Duration of the project Size Org 2500 | 0.786
Competition Cont Org 2278 0.826

Table3. Synthesis of Delphi results for each criterion, sorted by decreasing average

(Please note that the table above is table 4 and not table 3, we placed it here because of the size of the different tables)



Org Tech Glohal
Standard Standard Standard
Average deviation  |Average deviation Average deviation
Size 3.854 0,717 4 167 0,726 4.010 0,722
Wariety 3,978 0,708 3,989 0,773 3,983 0,741
Interdependence 4,319 0.605 4 375 0.610 4 347 0.608
Context 3.817 0.642 3.667 0.670 3,742 0.656
Glohal 3.992 0.668 4.049 0.695 4.021 0.682
Table4. Global Delphi results for each category
Org Tech
Academics Industrials Academics Industrials
Standard Standard Standard Standard
Average deviation  |Average deviation Average deviation Average deviation
Size 3.825 077 3.80 0.723 4.350 0.542 3.938 0.373
Wariety 4.030 0.674 3.3 0.742 4.040 0.723 3.925 0.817
Interdependence 4,362 0,556 4 266 0.631 4425 0,524 4.313 0,726
Context 3914 0.551 3.696 0.692 3.790 0.631 3.513 0598
Glohal 4.033 0.624 3.9 0.697 4.151 0.605 3.922 0.779
Table5. Professional comparison of the Delphi study
Org Tech
Male Female Male Female
Standard Standard Standard Standard
Average deviation  |Average deviation Average deviation Average deviation
Size 3.743 0.796 3.925 0.736 4.154 0.507 4.150 0.383
Wariety 4.065 0.795 3.930 0.738 4.000 0.795 3.960 0.300
Interdependence 4.306 0,663 4.332 0,619 447 0.510 4.300 0,678
Context 3.739 0.730 377 0.709 3.556 0.791 3.700 0.709
Glohal 3.963 0.747 3.990 0,701 4,045 0.651 4.023 0.767
Table6. Gender comparison of the Delphi study
| Organisational complexity (Org) Technological complexity (Tech)

Number of stakeholders

Variety of information systems to be combined

Geographic location of the stakeholders (and their mutual disaffecti

on)

Variety of the interests of the stakeholders

Dependencies with the environment

Specifications interdependence

Availability of people. matenial and of any resources due to sharnng

Interdependence between sites. depatments and companies

Interconnectivity and feedback loops in the task and project networks

Team cooperation and communication

Dependencies between schedules

Interdependence of information systems

Interdependence of objectives

Level of interrelations between phases

Cultural confiquration and variety

Environment complexity (networked environment)

Environment complexity (networked environment)

Table 7. Refined project complexity framework after the Delphi study




