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Abstract

This paper proposes a definition process of the project structure which should be constructed in order to reach the objectives and to

deliver the final results.

The first part of the paper specifically describes this process, with its inputs, tools and methods and outputs. The inputs of this process,
initial situation, objectives and environment, are described in part 2, with research proposals on environment management. Other
research proposals about tools and methods are presented in part 3, focused on the topics of scope and activity definition and resource
assignment. Concrete propositions stemming from research works and from their application at VALLOUREC and PSA PEUGEOT

CITROEN will be presented all along the paper.
© 2005 Elsevier Ltd and IPMA. All rights reserved.
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1. Introduction

A project is a temporary endeavor undertaken to reach
some objectives and to deliver some results. The project is
then a change vector in companies, markets and society. It
consists of a start, an initial situation, and of a finish, with
results that change the company’s situation, in terms of
internal performance, product offer, communication tools,
and so on.

Project management consists of the whole concepts,
methods and tools, in order to bring the project from start
to finish, which means in order to reach the objectives and
to deliver the results of the project.

The project lifecycle can be described in several ways,
for instance with the PMI® processes: initiating, planning,
executing and controlling, closing. The planning process
consists of identifying, estimating and preparing the whole
activities that have to be executed in order to reach the
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objectives and to deliver the results. Its output is the project
plan, which means the project structure, deliverables, activ-
ities and resources, estimated on time, cost and quality
dimensions.

According to a survey executed by the Standish Group
International in 2000 [26], 80% of project successes or fail-
ures may be linked to planning, like bad scope definition,
bad stakeholder analysis, bad activity decomposition and
bad resource assignment.

The planning process is then very important and not
under control. Very important, because the decisions made
upstream in planning phase have much bigger conse-
quences in the downstream execution phase: failing to plan
is planning to fail. Not under control because it is impossi-
ble to predict the future, we can just make forecasts and
estimations. But as the available information is not sure,
and as the context is very complex, uncertain and changing,
the plan is always not reliable.

The scope of the paper is about the process from the
idea, the objectives to the project structure (planning),
and not from the structure to the results (the execution).
We call it the project structure definition process.
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2. Project structure definition

A project is a transformation process, from an initial to
an expected final situation, evolving in an often complex
and changing environment.

The initial situation is composed of:

e The company’s corporate strategy.

e Historic and standards: global or specific to the
company.

e Initial resources available in the company: human
resources, skills, knowledge, material resources, and
money.

e Constraints and assumptions.

The description of the final situation gives the project
objectives. Project objectives may result from or be consis-
tent with the corporate strategy, and may be a response to
a constraint (legal, social, ecological) or an opportunity/
risk (technological or financial for instance). They can be
expressed with customer requirements analysis like func-
tional analysis for product development. Therefore, to
develop a new product, for instance, the beginning of the
project consists in defining the expected functions, the
expected delivery time and the budget. In Fig. 1, the pro-
cess is displayed with a loop, in order to show the existence
of the project objectives at the beginning, and their com-
parison with project results after execution.

The project environment is composed with the whole
stakeholders involved in the project lifecycle.
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Fig. 1. The location of project structure definition in the global project
lifecycle.

The transformation from initial to final situation can be
made by planning and executing some project activities,
using project resources and organizing in a logical way. It
may include product-oriented activities, human manage-
ment activities, and quality or procurement activities. This
transformation is what is called project structure in this
paper. It is possible to use tools and methods to make this
structure definition. Examples of tools and methods are
Work Breakdown Structure, Gantt charts, resource assign-
ment matrix and project baselines (performance, cost).

The focus of the paper is about project structure defini-
tion. Fig. 1 gives illustration of the project structure defini-
tion process, and its location in the global project lifecycle.
The focus of the paper is only to study the local structure
definition process. It may be implemented in any of the
existing standards about project management and project
lifecycle, like PMI®, IPMA, six-sigma for example.

The initial situation, objectives and environment are
described as the inputs of the project structure definition
process, in part 2 “Inputs of the process”, with a research
focus on environment management. The research propos-
als about tools and methods are in part 3 “Tools and meth-
ods”, focused on the topics of scope and activity definition,
and resource assignment.

Everything is uncertain and may change during the pro-
ject lifecycle: objectives, environment, resources, con-
straints and assumptions, and so should the structure
change. It is not in the scope of this paper to see when
and on which conditions the structure must change.

3. Inputs of the process

We consider here any project that takes place in an
industrial environment. The definition of the project struc-
ture has to take into account parameters presented in the
three following parts: the initial situation, the objectives
and the environment. In each part, we are going to describe
each of these parameters, and analyze their dysfunctions
and their consequences. For the last one, the project envi-
ronment, a proposal is made from a research work to help
to manage environment during the project.

3.1. Initial situation: to know where we are today

3.1.1. Description

Information, here, depends on the situation of the com-
pany, and depends on the initial need of the project. The pro-
ject should be aligned with the corporate strategy, so the
project manager must be able to show how his project con-
tributes to the global strategy achievement of the performing
organization. The project manager should take into account
additional information, like historic and standards, initial
available resources, constraints and assumptions.

3.1.2. Dysfunctions and consequences
The initial need is seldom clearly formulated. It is the
responsibility of the project manager, or the management
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or sponsor, if the project manager is not yet assigned, to
clarify and refine this need in order to describe the project
stakes, the justification of the project, and elaborate the
first detailed specifications.

As the project manager is part of the description of the
initial situation, an assignment dysfunction may involve
dysfunctions for the project. For example, a project man-
ager assigned too late or unofficially, or assigned to a pro-
ject he does not have the skills for, may involves delays,
under-quality and non satisfaction of the project objectives
and of the customer.

Moreover, if the company does not have any high
level indicator to know (in terms of performance, compe-
tencies, procedures, and quality) where it is, it will be
difficult then to know if means are well-planned with
regard to the objectives, to the initial situation and to
the environment.

3.1.3. Proposals

There is no proposal to better control the definition of
any initial situation in this paper. The assumption is that
the company has made the decision to launch a project,
taking into account its own situation and the need. The
company is then ready to give resources and expects results
of the project.

3.2. Objectives. to know where we want to go

3.2.1. Description

Objectives are defined here as the expected end of the
project, the goals that need to be reached. To define objec-
tives involves delimiting the scope of the project, including
its frontiers. What is not in the scope is not in the project,
and reciprocally.

Objectives may be clearly defined with a project
requirements definition, or a project specification. It is
a formal document where may be detailed: the context
and stakes of the project, the goals, the major delivera-
bles, the customer(s), the frontiers, the global cost and
deadline and the organization type (project manager,
matrix or functional or project team, sponsor, etc.). It
may be more or less detailed, and it may include func-
tional or technical specifications. The most important
thing is that it should correspond to the customer needs
and expectations.

3.2.2. Dysfunctions and consequences

Dysfunctions and consequences are relative to the defi-
nition of perimeter, the existence of specifications of the
project and the determination of available resources.
Approaching the limits of the project, knowing what we
do and what we do not do in the project is often an impor-
tant moment of negotiation. It allows to enrich or to
decrease the expected objectives.

The earlier on a project we approach this clarification of
the objectives, the less danger we have of skidding and not
achieving them [9].

A dysfunction can be characterized by a difference
between the expected action and the realized action and
thus a non-achievement of the objectives [25]. The objec-
tives can be not SMART (Specific, Measurable, Achiev-
able, Realistic, Time-related), as proposed by Drucker
[7], which reveals a dysfunction.

According to the Standish Group survey [26], the influ-
ence of objectives definition is important on project success
or failure. People have declared this as a cause for 21% of
the successes and 32% of the failures, decomposed into
complete (or not), realistic (or not) and stable (or not)
specifications.

The main dysfunction here is a difference between the
project specifications and the customer needs and expecta-
tions, for instance if one forgets one need, or puts a speci-
fication not needed by the customer.

3.2.3. Proposals

The list of dysfunctions and their consequences is in
itself one proposal, but no other solution is introduced.
Proposals about objectives definition and control are not
in the scope of the paper.

3.3. Environment: to know what is around us

According to a Standish Group survey [26], the influ-
ence of environment is important on project success or fail-
ure. People have declared environment as a cause for 30%
of the success and 28% of the failures. This part details
some facts about complexity of interactions inside a project
and outside the project, with its environment. Some pro-
posals are made about interactions description, using a
project interactions model [14].

3.3.1. Description

In a project, there are a lot of exchange flows, of
information, decisions and material or financial items,
which make the project complex, as described by Bacca-
rini [4] or Williams [31]. For example, with N persons,
there are N(N — 1)/2 possibilities of communication
flows. These persons, or organizational structures, have
different interests and different influence capacities, posi-
tive or negative, and these interests and influences may
change during the project. The influence between two
persons may be in only one way, or reciprocal. The
action of identifying the environment of a project, in
order to anticipate what influences, positive or negative,
may affect the project or may be affected by the project,
is called stakeholder management.

3.3.2. Dysfunctions and consequences

If only one stakeholder is not taken into account, for-
gotten or neglected, the risks of the project are increased.
A project can be initiated, modified or stopped by influence
of only one stakeholder.

For some stakeholders, below is an example of possible
dysfunction and its potential consequence:
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e The customer/user: if not taken into account, the cus-
tomer may not validate the project, or may not pay,
or may not want to work with us any more.

e Executive management, project sponsors, program
director, steering committee and executive committee:
they have the power to modify or to stop the project,
and they may do it if they do not have proper and peri-
odic reporting about the project and its stakes.

e Other projects: a project shares priorities and resources
with other projects. Not to be aware of the other pro-
jects, and not anticipating our own resource needs in
regard to other projects needs may conduct to a global
constraint impossible to solve.

e Other items, like departments, suppliers, sub contrac-
tors, partners, etc.

3.3.3. Proposals

3.3.3.1. The project interactions model. The most known tool
is the stakeholder analysis. We have elaborated, in collabo-
ration with PSA Peugeot Citroén, a model describing the
interactions existing inside a project, and between the pro-
ject and its environment. This model is detailed in [14],
and is standard wherever we are in the project hierarchy.
It has been built in order to complete stakeholder analysis,
and to be applicable at each level, sub-project or work pack-
age, and not only at the project level. It is composed of seven
types of interactions, and of some objects, like project,
objective, deliverable, activity, process and actor:

e The hierarchical link: exists in WBS and PBS for
example.

e The sequential link: exists in every project schedule, and
shows time dependency.

e The contribution link: a result of object O1 (a project)
may contribute to the result of object O2 (an objective,
or another project).

e The influence link: Ol (sponsor) may modify O2 (pro-
ject), or the result of O1 (project) may impact O2 (users).

e The resource link: two objects share the same critical
resource.

e The proximity link: O1 looks like O2, which may give an
opportunity to reuse experience and best practices.

e The exchange link: is only an exchange of information
and data.

3.3.3.2. The integration of external constraints. In concur-
rent engineering, the goal is to integrate downstream con-
straints in the upstream activities, in order to avoid
rework and waste. The goal is exactly the same in identify-
ing the six other types of interactions: we shall integrate the
whole constraints of the environment before to endure
them, because the consequence of a mistake in planning
is multiplied by 10 or 100 in execution.

A last key point of this part is that environment influ-
ences the project structure. If one stakeholder is forgot-

ten, the structure will be different. If the importance
given to one stakeholder is different, the structure will
be different. The proposal is then to integrate environ-
ment during the project structure definition process, in
order to perform right stakeholder management during
the rest of the project. Our model helps to identify, char-
acterize and visualize interactions, as detailed in [14], and
a software prototype was performed and tested in PSA
Peugeot Citroén, on some projects of their progress plan.
It was a 250-projects plan consisting of the whole actions
of internal improvement, transformation, what we can
call support. The test showed the complexity of this pro-
ject network, and demonstrated the difficulty to manage
this properly. It had an impact on project structure def-
inition, but also on multi-project management. Now,
there are much fewer and much bigger internal projects
in this company to limit complexity in the management
of such a project network.

4. Tools and methods

We have first defined the project structure concept, then
the inputs of the process that leads to this structure. We are
now going to propose tools and methods to help building
the structure of a project. The definition process of any
project structure is a decision process made of two main
sub-processes: the decomposition of the project and the
resource assignment. In this chapter, each sub-process is
described, then examples of dysfunctions are analyzed
and our propositions of improvement are presented and
justified. A last point not developed in this paper is about
risk management, which consists of identifying, assessing
and responding to the whole potential events, positive or
negative, that may affect the project, because the project
structure will be modified, enriched and refined.

4.1. Decomposition process

4.1.1. Description

Decomposition is a cognitive and complex problem-
solving process. A non-human tool can not make decom-
position, except by repeating previous projects or by using
standard templates. It is the operation of expressing an
object into several smaller ones. Some examples of decom-
position are the Work Breakdown Structure or Product
Breakdown Structure. The major deliverables of the pro-
ject or the main components of the product are decom-
posed into smaller, more manageable items. It allows
better managing and controlling of each lowest-level ele-
ment, called work package for WBS. It allows assigning
each work package to one organizational and financial
unit.

The input is often called “father” and the outputs
“sons”. The outputs are not unique; it may be several
decomposition possibilities. So, decomposition is also a
decision-making process, a choice between decomposition
alternatives.
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4.1.2. Dysfunctions and consequences

e Frontiers definition problems between two sub-objects:
authority balance, responsibility sharing, time waste
due to bad scope limits, rework or work made two
times, etc.

e Project decomposition may be not consistent with the
existing organization decomposition: waste of time due
to organizational and personal conflicts.

e The execution of the whole sub-objects may not give the
object: under-quality, delays, scope variance, non-satis-
faction of objectives and customer.

e The reticence to use formalized and rigorous methods
for a day-to-day action: but decomposing a project is
far more complex than decomposing the tasks for plan-
ning a holiday trip.

Consequences of a bad decomposition on project perfor-
mance are big, because the rest of the planning process is
based on it, like cost, resource and time estimating, quality,
communications and procurement activities. So, it involves
cautiousness and use of risk mitigation actions, like the
methods proposed below.

4.1.3. Proposals

Proposals are on potential decomposition generation
and evaluation. The project manager’s role is then to apply
the decomposition decision, by communicating to con-
cerned people, and finally to keep experience and lessons
learned for next projects and next decompositions.

4.1.3.1. Generation step. Based on other approaches, like
[20,27,32], we have defined a four-step solution generation
process for project decomposition, consisting of:

e The identification of specific parameters of the object
that describe its context. It allows to know what can
be reused from past for this project, and what will be
reusable from this project to future projects.

e The information research into historic and standards.

e The decomposition itself of the object, whether by using
one or more decomposition criterion, described below,
or by using creativity methods.

e The identification of additional interactions with other
objects, which are directly involved by the decomposi-
tion process, like described below.

4.1.3.2. Decomposition criteria. The proposal for decompo-
sition criterions is expressed into a list of eight elements:

e by phase,

e by profession,

e by department,

e by technical domain,

e by objective or function,

e by mechanical or structural sub-system,

e by geographical location, and
e by addressee, in terms of population or process.

Other criteria lists are available [10].

There are two types of decomposition: mono- and multi-
criteria. Every project decomposition is mono or multi-cri-
teria, with the criteria of the list described above.

For example, a new bicycle development project may
be decomposed like this: project management, handlebar,
fork, transmission, wheels, safety equipment, mechanics,
prototyping, manufacturing, distribution, marketing/
sales.

This decomposition is a mix of organic (handlebar,
fork, transmission, and wheels), technical (project man-
agement, safety, and mechanics) and sequential decom-
position (prototyping, manufacturing, distribution, and
marketing/sales). It involves more risk, on the frontiers
definition. The other possibility would be to decompose
first by organs, then by technical domain, and finally
by phase, but the project structure would have three lev-
els instead of only one, which is heavier. The best
decomposition is the best compromise between scope,
time, and organizational parameters, which means the
less risky.

4.1.3.3. Additional interactions. Decomposition involves
other interactions than the only hierarchical link between
father and sons. These other links are between the sons
or between one son and another object elsewhere in the
project. But there is no reciprocity: if there is a link between
two objects, it does not imply that it is an additional link
created by decomposition.

Mono-criteria and homogenous decomposition creates
between the sons a link corresponding to these criteria:
for instance, decomposing a project among its phases
involves a sequential link between some of these phases.
Criteria “by phase” = > additional “‘sequential” link.

A multi-criteria decomposition creates multiples links
corresponding to each criterion. A multi-criteria heteroge-
neous decomposition creates automatically between the
sons several types of links, corresponding to each criterion.
The decomposition of a project into electronics, mechanics,
data processing, and project management creates contribu-
tion links (from project management to the other technical
areas), sequential links (from electronics to data process-
ing) and exchange links (between mechanics and
electronics).

These links should not be forgotten, as they are created
in an invisible and indirect way.

4.1.3.4. Evaluation step. Every decomposition choice
should be done only from an “‘a priori” evaluation, before
the project is executed:

e Relative evaluation by comparing several alternatives.
e Absolute evaluation if only one decomposition is
proposed.



J. Stal-Le Cardinal, F. Marle | International Journal of Project Management 24 (2006) 226-233 231

The aim of this evaluation is to assess if the decomposed
structure has a chance or not to reach the project objec-
tives. In order to realize this assessment, a list of questions
has been developed, split in seven main questions. The
complete list is detailed in [14]:

e Is the decomposition complete?

e Is the decomposition homogeneous?

e Does the number of sons lie between three and seven?

e Is the decomposition innovating or was it already tested
in preceding projects?

e Is the decomposition consistent among the complete
project?

e What are the additional links generated with the hierar-
chical link?

e What is the flexibility of the decomposition? Its
robustness?

The problem with standard decomposition is that it does
not take into account additional interactions, it is not eval-
uvated, and it does not allow the team members to be crea-
tive in the construction of their own decomposition. It
should be used only as a basis for inspiring decomposition,
not as a rigid tool [18]. Standardization should not be at
the scale of the company but more at a project scale. Payne
[21] proposes, for instance, the planning and control of
programs of projects of different type.

4.1.3.5. Synthesis: tips for a right decomposition. This is
developed in [13] and [14], and was implemented in a sim-
plified manner in PSA Peugeot Citroén as a procedure
included in project planning:

e Try to do homogeneous decompositions.

e Always evaluate the chance of the decomposed structure
to succeed. By comparison if there are several alterna-
tives, but it is not necessary.

e Identify the additional
decomposition.

e Take into account the parameters, which may influence
the decomposition result of the decomposition process,
like the context of the project, the pressure on the pro-
ject manager, the liberty and autonomy, the innovation
degree, and the existing standards.

links generated by the

4.2. Assignment process

Our work and proposals about the assignment process is
based upon a study we have made within the Vallourec
Group. During this collaboration, we have worked with
two units and more than 20 projects during 2 years. The
purpose was to help in project management and more spe-
cifically to help in the choice of people as project manager or
member of a project team. This is a key stake [11,12], and
Turner [28] describes a “project as a temporary organiza-

tion, (...) as an agency for assigning resources to the man-
agement of change within the functional organization”.

4.2.1. Description

In a company, projects are the translation of the strate-
gic axes into actions. At the strategic level of a company,
decision-makers have to choose people/actor to be project
managers and then, a project manager has to build up his
project team, he can choose actors from the company or
external people. An example is the choice of contractors
during the procurement phase [22]. We define an actor as
a human being among company means. Material
resources, software, hardware, people are part of the means
in a company. What distinguishes an actor from the other
means is that an actor has competencies quantified by a
level, can make decisions and is able to characterize the
impact of his action in advance [2].

So as to take part in a project, people/actors have to be
chosen as responsible for some actions. The success of the
project depends among others on the choice of the actors in
the project [5]. The “choice of actor” is a decision made by
a decision-maker that consists in selecting, evaluating and
choosing a person to accomplish an action [1,15,24,30].
Mezher [16] considers the decision as ““a process which gen-
erates and evaluates alternatives and which makes choices
among them.”

4.2.2. Dysfunctions & consequences

The Standish Group survey already introduced before
gives some statistics about the importance of human
resources in projects: sufficient and competent resources
represent more than 10% of successes and failures of the
studied projects [26]. We propose here an analogy with
the maintenance area [3] where ““a failure is the stochastic
cessation of an entity aptitude to accomplish a required
function.” According to Villemeur [29], “after a failure
identification, the entity is considered out of order. A
breakdown is always due to a failure.” By analogy, we con-
sider an actor in a company as an entity whose function is
to decide. Reginato and Ibbs [23] consider a project actor
as someone who can make decisions including the whole
parameters of the project, managerial and technical. If
the decision-maker is not able to make his decision, then
there is a dysfunction, because he is not able to realize
his function.

We, therefore, propose the following definition of a dys-
function in a decision process: a dysfunction is a stochastic
cessation of an actor’s aptitude to make a decision. If the
action expected to be accomplished has not been realized,
then there is a dysfunction. The gap between the effective
result and the negotiated objective to be reached is called
the dysfunction value.

Dysfunctions are decomposed in elementary dysfunc-
tions and represented along the DTL (Decision Time Line,
[25]). Each elementary dysfunction is related to a DTL
step, independent from each others and cannot be studied
as a combination of dysfunctions. The gap due to a dys-
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function is then evaluated. Using our model, it is possible
to give a temporal characterization of dysfunctions as well
as a functional characterization that allows classification of
various dysfunction types. Concerning actors’ choice, we
make the hypothesis that the reasons of the dysfunctions
result from problems of competence. Competences concern
the decision-maker or the chosen actor. We suggest classi-
fying these types of dysfunctions on a model of compe-
tence. Other models exist, like [6,8,19], or selection
criteria definition, like [17]:

e Knowledge: know-who, know-why, know-what.
e Know-how: technology, techniques, knacks.
e Attitude: behavior, will, identity.

4.2.3. Proposals

4.2.3.1. The target process. The target process is a process
to follow for a specific type of decision, choice of actor,
and which helps to avoid dysfunctions, as illustrated in
Fig. 2. But even if the different steps are properly followed,
risks of dysfunctions still exist, nothing can completely
erase them.

4.2.3.2. How to avoid dysfunctions? The decision card. The
previous target process becomes a reality in an index card
performed by the project managers which serves for discov-
ering the risks a priori (context and quantification of tasks
to perform), for estimating the decisions a posteriori (steps
2-6 of the target process) and for preserving the informa-
tion with the aim of statistics, for example (result analysis,
recommendations, and capitalization).

Once such a card is completed, project managers, in the
Vallourec Group, are able to analyze the reasons of the
dysfunctions. With a consequent number of cards, it is pos-
sible then to study the general trend for a given company to
cope with dysfunctions.

The capitalization database provides a means for dys-
function prediction, by capturing the firm’s experience
from prior decision-making tasks. Software accessing the
capitalization database and the decision-making model

Tasks to perform
quantification

L Necessary competencies
identification

can give an early warning to a decision-maker when an
action or decision-making strategy is likely to lead to a
known dysfunction and consequently a problem in quality,
cost, or delay.

The capitalization database can also be used to conduct
a statistical study of dysfunctions within the firm: what are
the risky steps in the decision-making process, what are the
main sources of dysfunctions, what are the main effects,
etc.

As far as Vallourec is concerned, statistics have been
made to detect the risky steps in the decision-making pro-
cess concerning a particular type of project. The risky steps
are indeed different from a product development project to
a human resources project, for instance.

5. Conclusion

The aim of this paper is to help in the definition of a pro-
ject structure that will correspond to the expected delivera-
bles for a given project.

The main message is that building a correct project
structure is achievable and gives more guarantee for suc-
cess. On contrary, a bad structure is a guarantee for failure:
failing to plan is planning to fail. We, then, show the feasi-
bility of formalizing and managing the project structure
definition process, by using innovating concepts and tools,
in the area of interactions management, decomposition
process and resource assignment process.

This work is relevant for two reasons:

e Some recent statistics show the importance of projects
and project management in companies and societies,
and the importance of the planning phase on the rest
of the project.

e The implication of two big companies as VALLOUREC
and PSA PEUGEOT CITROEN in this research work,
with their concern about the efficiency of their actions,
shows that this topic is in their current preoccupations.

Practically, the concepts presented here have been trans-
formed into industrial tools, like procedures and software

v v

Choose an actor [— P

1 1

L Potential competencies
valuation

Choice of the best

; o]
compromise
L Valuation of risks

for this choice

L Construction of a risk
control process

Fig. 2. The target process as a core process for a decision-maker.
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modules. The reader could then gain advantage by using
concrete templates, communication modules, and deci-
sion-making tools.

The ideas of future developments are about:

e Evaluation of the impact of the structure on the project
success (evaluation ““a priori’).

e Periodic re-estimation of the probability of success with
the current structure (continuous evaluation).

e A procedure for correcting a structure with a low suc-
cess probability and implementation of the corrections
in an ongoing project (corrective actions).
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