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Abstract

To remain competitive in a context of multi-partr@njects companies are increasingly
concerned with the coordination of design projebtormation systems such as PLM or
CSCW are implemented to support the coordinatioprotiuct information flows. Project
managers are nevertheless finding it increasingficalt to manage projects effectively.
The impact of collaboration aspects on the desigogss is especially difficult for them to
evaluate. Indeed, failing to integrate collabomatispects into coordination can account for
a great deal of design mistakes and finding a swmlutould lead to improved design
coordination.

The main objective of this research is then to lpetgect managers improve coordination
in design processes through a detailed analysisltz#boration between actors. A model of
coordination and an associated model of collabmmatiave been devised together with a
tool (“CoCa”) to be used by researchers, consudtanproject managers in the analysis of
collaboration. This analysis can lead to the urtdading of collaboration aspects and
identification of the problems caused.

Consequently, guidelines can be defined to preWeatre-emergence of the identified
design problems in new projects. These guidelines racommendations to introduce
collaborative aspects, flexibility in the desigropess and elements for decision making
when defining future design situations. Finally, study of a specific application
implementing PLM tools demonstrates that they ast able to manage firstly design
projects and human resources whilst taking intmatcollaborative aspects or, secondly,
the necessary synchronisation between human desiities and document workflow
tasks. It is thus evident that these two factoesremeded in PLM tools in order to apply the
proposed model of coordination.

An industrial partnership with an SME led to theidst of its information system, an
experiment with the CoCa tool, practical designcpss improvements, and implementation
of a PLM prototype.
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Glossary

Actors: The word “actor” is used to denote any persomwived in the complex network of

collaborative relationships during design projegtghin and across the company’s
boundaries.

CAD: Computer Aided Design.

CND: Customer’s Need Definition (Ederena terminology).

CoCa: Collaboration Capture.

CSCW: Computer Supported Cooperative Work.

ERP: Enterprise Resource Planning.

ESPRIT: ESPRIT, the information technologies (IT) prograg) is an integrated

programme of industrial R&D projects and technolagle-up measures [ESPRIT 2000].

They support the EU's policies for improving conipetness, growth and employment.

GRAI: “Groupe de Recherche en Automatisation Intégrée’ Research Group for
Integrated Automatisation.

GUI: Graphical User Interface.

ICED: International Conference of Engineering Design.

IMDEYV : As CIMMOD, it is conference of Esprit Working Gups.

IDMME : Integrated Design in Manufacturing and Mechanigrajineering.

IDEFQ: IDEFO is a method designed to model the decisiaosons, and activities of an

organisation or system. IDEF@ was derived from B-established graphical language, the
Structured Analysis and Design Technique (SADT).

IPPOP: Integration of Product — Process — Organisation éngineering Performance

improvement. IPPOP is an RNTL labelled project bg French Ministry of Economy,
Finances and Industry.
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IT : Information Technology.
PAT: Project Administration and Tasks (Ederena terthoigy).
PDA: Personal Digital Assistant.

PDM: Product Data Management. These IT systems hefpattage design documents of
the company.

PDS AssessmentPDS assessment is an approach often used inTt@ed®dmpany to
improve the consulting process. This approach seth@n audits.

PLM: Product Lifecycle Management. These IT systengs ar evolution of the PDM
systems where the management of documents is gadpoy life-cycles and workflows
(processes).

PTC: Parametric Technology Corp with PLM (WindchillTMnd CAD (Pro/Engineer)
systems.

RNTL : French National Network on Software Technologies
SME: Small and Medium Enterprises.
UML : Unified Modelling Language. This is becomingiadustry standard for visualising,

specifying, constructing, and documenting the adisf of a software-intensive system.
UML facilitates communication and reduces confusaomong project stakeholders.
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1 Introduction

This Chapter outlines the background of the redeancd explains the focus of the thesis,
detailing the relevance of the research to the entbody of literature. The research aim
and objectives are outlined, along with the resbampproach taken and the overall

research deliverables. Finally the structure of thesis is presented.

1.1 Background

During the last fifteen years, there has been aigigp research interest in the study of the
design activity. This evolution is justified by tls¢rategic place of design in the product
life-cycle. It is now well established that desigrthe step where the reduction of cost and
lead-time can be the most effective. The decisinade in design have an impact on all the
following life cycle steps. Consequently, in thecdaof a more and more aggressive
worldwide competition, industrial and research labories have worked together on the
concept of “concurrent engineering” to improve praddevelopment. Tomorrow it will be
necessary for the company to become a collaboratiee and to know how to mobilise the
collective intelligence and knowledge of its intrmand external parts (employees,
suppliers, customers...). Thus, it is importantiéoelop collaboration between the actors in
order to improve design as the result of work mjadtgly, and to enable knowledge to be
shared within the team.

Nowadays a significant proportion of software triestake into account collaborative
aspects of designing industrial products. In pakdic information systems like PLM or
PDM systems manage information, documents, respititiss, people, and try to deliver
the right information to the right person at thghti time during the process of product
development.

In this context, more and more companies are fatasecontinuous product innovation
and process improvement in order to reduce the tonmarket and development costs.
Ensuring the coordination of the whole developna&né& new product is a challenge for
managers at the different levels of such projextpecially in SMEs (Small and Medium-
sized Enterprises) [Fenves, et al. 2003].

Various words are used in this thesis such as catipe, coordination, collaboration,
processes, and workflows. These words have differeerpretations but have
interpenetrated realities in design. Cooperatiothés process of working together to the
same end; whereas Coordination is the processath®t to plan and schedule different
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tasks, and to distribute resources. The complexbawation between Cooperation and
Coordination is used to define Collaboration. A d&ss in design is a group of design
activities. Lastly, a workflow is a predefined pess implemented into an information
system. A detailed definition of these words isvaad at in Chapter 3. These words are the
key words of the thesis and are used extensivebytiout.

The objective of this research is to find waysmpiove Design Coordination in SMEs by
analysing and fostering collaboration between actdhis work is mainly focused on the
organisational aspects of SMEs involved in netwocksnposed of large companies,
subcontractors and other industrial partners. lis ttontext, the design process of a
manufactured product is complex and depends onmedess which are based on multiple
aspects combining organisation, project managemedtrelationships between suppliers,
customers, and subcontractors which are also diffio define precisely.

In the SME and in this study, the project managersk includes the organisation and the
scheduling of design projects around an appropstateture. [Coates, et al. 2000] suggest
that task management and scheduling together wiburce management are the most
important issues when it comes to operational doatibn. However, this requires that the
design process can be rationalised and organised agrescriptive approach. In an SME
respecting deadlines is the main performance tafdes project manager must ensure that
the outputs from designers converge and do notfamee with any of the others. The
performance of the collaboration between co-depajtners and also with suppliers offers
the possibility of gaining fast access to spedidi®wledge and capabilities, of spreading
and sharing costs and risks, and of better exptpitie expertise of the partners. According
to integrated design methodology [Tichkiewitch 1P8tdels, tools and methods must be
developed to control the exchange and sharing taf diaring the design process in order to
reduce risks of redundant or contradictory data ndacilitate effective collaboration.
Engineering design can be viewed as a system wdeeisions coordinate and control
technological activities which transform productdaorocess knowledge by exchanging
adequate information. The most recent works dematesthat it is necessary to integrate
product, process and organisational points of \iewrder to control the performance of
engineering design [Merlo and Girard 2004].

In terms of tools, PDM (Product Data Managementll &LM (Product Lifecycle
Management) systems are intended to support prathtet structuring and management
throughout the product development process. They dten based on Internet-based
technologies and offer groupware-like functionakbtior collaboration between actors.

As part of this thesis project an industrial caselg was carried out with an SME which, in
the 1990’s, had developed an innovative manufawjuprocess for structures using
honeycomb sub-assemblies. This new technology co®nfightness and significant
vibration absorption on products whilst maintainangimilar rigidity to steel. The company
reached new markets and has grown strongly in tgeams, from three people to forty. So,
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it was involved in a period of organisational chamg order to rationalise its information
flows, which is the primary concern of the company.

In Ederena three types of product are designedriterufactured according to six criteria.
These criteria and types allow the design processetadapted. 80% of designed products
are redesigned from an existing product, 15% aseréar product and 5% are new and
innovative products for the company. The main pbasé all design processes are
feasibility, preliminary and detailed design, ptgfme and production. Initially, the projects
were managed by a “chargé d’affaire” who was inrghaof the whole project with
informal collaboration with external actors.

1.2 Context and research aim

In the present international context, the desigmahufactured products relies on people
from different disciplines as well as on the levels knowledge and expertise from

disparate organisations (services, departmentspaom@s). Many studies on collaboration
have been carried out from the viewpoint of variadisciplines such as sociology,

management or cognitive sciences, but this topacrisw concern in the engineering design
field. In the last few decades, the main concerndefign research has been on
manufacturing, costs, quality, and lead-time. Noayasd design problems have evolved,
and these new problems have become as importame@®us concerns. Thus, a way for a
company to differentiate itself from another onkeseon whether or not it is able to take
into account such design problems. These “new’gtleproblems include, for example,

knowledge management, innovation, creativity ofatmration.

In this context project management must on one leasdre the coordination of resources
and activities, and on the other hand foster caifmer between actors, in agreement with
defined objectives. So, nowadays more and morearelses focused on coordination,
[Duffy, et al. 1997] and on cooperation [Perringkt1995] in design.

In this research, collaboration is described asraptex combination of coordination and
cooperation processes. This prescriptive procesedethe designers’ activities and their
interrelations. An actor is viewed as a resourceéhm project processes but also as an
autonomous actor who can learn, decide, and finalgate those processes. With an
adequate coordination of actors and activitieslabokrative work can be fostered. In this
context favourable situations for the generatiorsafitions emerge faster than in a non-
collaborative working [Garro, et al. 2001].

Cooperation is considered as an effective and etmcarticulation among designers
involved in a collective action (working in praaitowards a consensus goal). In a given
situation it is the cooperation between designengchvwill be effective in a collective
action. During the action of cooperation the desigmmay redefine the coordination rules
and create new interactions [Legardeur, et al. 8D0Zhis cooperation is a logical
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alternative because the coordination rules canresicpibe all the situations that can occur
during product development.

So, the main objective of this research is to fooansthe analysis of the collaboration
between actors in order to improve various desaprdination aspects.

In SMEs actors are often multidisciplinary and miistable to use various different skills:
from economic to technical [Thouvenin 2002]. SME=®i0 have no fixed borders between
departments; one actor can possess various desgmand can be incorporated in several
departments. Most of the time one actor lookingifdormation or technical help knows
who is able to help him and goes to speak to théhowt the need of a formal schedule or
hierarchical validation. In a small structure sashin an SME, actors have understood that
if someone helps a colleague, this colleague miytim in the future. On the other hand,
this form of collaboration requires permanent alallty from employees and makes their
work pattern disjointed. This collaboration in SMEsvery important in a large project
where one person is not sufficient to manage itrédwer, innovative SMEs whose key to
survival is the continuous innovation of their puots are concerned about collaboration
[Filson and Lewis 2000b]. Collaboration fosters #mergence of new ideas, improves
mutual learning, and keeps flexibility in the ogera design processes, and does not stifle
the emergence of innovation.

So, this research is focused on collaboration Bigieactivities and, more precisely, in the
industrial context of SMEs.

The research reported in this thesis aims to haedfe@t managers in SMEs to improve
coordination in the design process through to aildet analysis of the collaboration
occurring between actors. This analysis of collabon concerns the study of various topics
like: organisational structure, coordination/co@pen between actors, design processes,
information flows, tools and software. A brief deption of these topics is given in order to
have a clearer description of the research context.

- The organisational structure of the company is weryortant for actors who wish
to know what their functions in the company angiojects are and to understand
the consequences of their work for the progresprofects. In a small structure,
such as the one encountered in SMEs, the workfaroaften changing and is
dependent on the demand from clients. So, the coympaust manage, within a
short lead-time, the integration of new people whast adapt themselves to the
company.

- In this context of innovative SMEs, several conictaly collaboration
characteristics are generally noticed: flexibiMgrsus low level of prescription of
design process, intensive and informal collaboratieersus lack of skill
management... Consequently this collaboration neetle analysed in order to help
the management of the company to enhance the tygkt of collaboration with
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more efficiency in design projects. Collaboratisnconsidered as an effective and
concrete articulation among designers involved icobective action (working in
practice towards a consensus goal).

- Coordination is the process that aims to plan afetdule different tasks, and to
distribute resources during projects. A prescriptidesign process defines the
designers’ activities and the interrelations betwesctors. Nevertheless, the
coordination of design processes defined by senamagers or project managers is
often based on simple rules like weekly meetingaditime control and provision
of documents. Nevertheless coordination is a gladggbroach that cannot be
restricted to these aspects; this will be studieGhapter 3.

- Coordination also allows management of the inforomaflows in order to ensure
the management of projects where for each actofitjhe design process, the input
and output data are defined.

- Tools and software are a support for the coordimatind the cooperation by
creating a shared framework used daily by actormgulesign activities.

The success of management and coordination of @saresses lies in the identification
of points of flexibility and in the quality of theollaboration between actors. Indeed, the
introduction of flexibility in processes is not @mded to define design processes less
formally but to allow actors and project manageradapt design activities to the specific
context of the design situation. In the SME envinent it is essential to identify what must
be really controlled and so predefined through gregprocesses, and what must be
encouraged and not detailed. The management ofpith@uct development processes
requires greater flexibility in the activities [Weth et al. 2002]. Moreover, flexibility is
very important to foster exchanges between actos the emergence of new ideas.
Concepts of flexibility, collaboration and coordilam are significant preoccupations for
innovative SMEs. So, these concepts make up the bbthe research work of this thesis.

The introduction of flexibility is based on the dyof the design processes and the
interactions between actors. So, this study willatse to help the management of the
collaboration processes integrated with an accursasurement of the collaboration in
order to assess the “quality” or the performancéhefcollaboration used [De_ Vreede and
Briggs 2005]. Then, it is essential to know whatsw@ement concepts are important when
assessing collaboration.
The final objective of this research is to impraaordination in design in SMEs through a
detailed analysis of collaboration. For this readbis thesis attempts:
- To identify methods and tools to follow projectsdamecord collaborative events
occurring during the design process in order tatife generic “good practices” or to
help to identify the origin of design problems.
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- To define a model describing these collaborativenéyin order to understand the
chain of events occurring during projects and tiéaboration between actors and in
order to be able to automate recording this thraugbftware tool.

- To propose recommendations to transform this in&ion recorded on
collaboration into knowledge for project managdise information recorded leads to
the analysis of the collaboration aspects occulinngesign projects. This analysis is
the basis for the definition of “guidelines” foretliuture management of projects.

For that purpose, a tool has been designed ancemgpited to be used by researchers,
consultants or project managers in order to tréidkea collaborative events and the project
context. The tool progressively accumulates qualgaand quantitative data that can be
analysed to gain a detailed description and uraiedstg of complex collaborative
processes. This tool is based on theoretical modilaracterising collaboration,
collaborative events and other data which mustdeerded to allow an analysis of the
collaboration. A posteriori, all this data may bged by project managers to study the
collaboration between actors in order to adaptsgn process to the form of collaboration
used in the company and identify “good practicel anprove managers’ decision making.

Currently, various types of tool support the mamagpet of coordination or cooperation
work in design. As for example, CSCW systems (Caemp8upported Cooperative Work)
or PLM (Product Life-cycle Management) systems |leadnpanies to coordinate their
document flows (office files, CAD models, technidéés...) by processes of validation
[Johansen 1991], [Pol, et al. 2005b]. Such toolspst coordination between actors in
projects by sharing a reference environment contpa$ehe same language, objectives,
methods and tools. These tools are used, to shadeig data, and automate associated
processes via workflow technology. All these tootantribute to the coordination of
elementary activities. However, the collaboratispexts of projects are not sufficiently
taken into account by these tools. They act, fangde, on “what, when, who, for what”,
but they do not define how actors work: are thegynchronous or asynchronous mode,
present or distant, with what degree of formality”act CSCW and PLM tools do not
address the operational functionalities for proje@nagers which would allow them to
coordinate and control collaborative design proegss

All these tools support asynchronous and distantalaration thanks to various
technological functions. However these technicaicfions merely support and do not
manage or foster collaboration in design.

Before trying to manage and foster collaboratiors iessential to analyse it. For that, it is
interesting for project managers to know the real detailed sequence of events occurring
during projects with an accurate understanding lohtvhappened between actors, in terms
of collaboration i.e. inter-relationship.

Indeed, a detailed analysis of such collaboratigghtrhelp project managers to identify the
“good practices”, and thus a favourable “collaberatprescription” to prescribe the



Chapter 1 Introduction

persons, where, when and how for each design isitudthis correlation between problems
in design and collaboration could only be madetifvere based on a finely detailed
analysis. Project managers can then make decisidtfis assurance during the design
process based on “good practices” previously ifiedti Thus decisions in design will be
influenced by collaboration aspects and not onlytéghnical factors. Moreover, this
analysis of collaboration allows a better underditagn of the design problems occurring
during the project since design problems can nbt be due to technical deficiencies but
also to problems in collaboration. The identifioatand the understanding of such mistakes
would allow project managers to avoid making theeanistake again and also allow them
to make forecasts about the management of futwsgymectivities. The forecasts would
also concern the coordination of the design prodedgged, project managers can adapt the
design processes to the company and to the aot@ied in a project.

In this analysis the impact of various factors oflaboration like: organisational structure
of the company, design processes, project manadgemé&rmation flows, coordination,
cooperation, knowledge management, IT system idiesiu Before now, forecasting the
appropriate situation in which to collaborate hapaehded on the know-how, experience,
expertise and skills of project managers to anadygk evaluate the collaboration between
actors during design activities. In this researahmodel of collaboration has been
implemented to help project managers to analysedhaboration. Two sorts of criteria are
defined: quantitative criteria and qualitative enia. These criteria define the form of the
collaboration occurring during the event. For exBmguantitative criteria show if the
collaboration is synchronous or asynchronous, ptesedistant, forced or free, formalised
or un-formalised... And the qualitative criteria allathe evaluation of e.g. efficiency
factor, effectiveness measure, satisfaction meastoasensus, and usability measure
[Hengst, et al. 2006]. All these criteria are assted with the context of the project, in
order to have not only a detailed view of the dadlation but also a global view of the
environment of the collaboration.

Project managers can improve the coordination efdésign process through a detailed
analysis of collaboration. This analysis is asdisig the record of the collaborative events
occurring during the design process, the defininba model of these collaborative events
and by recommendations to transform informationom@ed on collaboration into
knowledge for project managers.

Thus the deliverables of this thesis are both #texal and practical.

In the theoretical area, this research presersyfima method of formalising and structuring
coordination in SMEs. Secondly, conceptual modefs collaboration aspects are
implemented in order to represent collaboration @anslupport its analysis in the company.
This model of collaboration incorporates the maactdrs which influence collaborative
events and the links between them.
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In the practical domain, a tool named “CoCa” is eleped to help the analysis of
collaboration in design. An industrial case stugdyn SME allows the testing of this tool in
the industrial context and thus validates the thi@cal model of collaboration. The research
programme is orientated toward to collaboratioreaetgpand based on previous work done on
coordination in SMEs to lead to the analysis of cb#aboration to improve various project
coordination aspects.

1.3 Thesis plan

This thesis is composed of seven further Chaptarshaare described below:
Chapter 2: Research methodology

This Chapter describes the research methodology imsé¢he study. The first part is a
description of the research method based on a d@healr approach coupled with a
participant observation in an industrial case stude second part exposes the main steps
achieved in the thesis to reach the objectives. ianidst part of Chapter 2, the industrial
case study environment is described. It was cawigdn an engineering SME located in
the South West of France named Ederena.

Chapter 3: Literature review

The literature review Chapter examines the mainesth set out in this thesis. In a design
project, these topics are essential to manage d¢tessfully. This literature review
introduces the necessary detailed state of arhemiain topics tackled in this thesis for a
better understanding. The main key words are: desigllaboration, SMEs, innovation,
organisation structure of the company, knowledgaagament, and IT tool which supports
the collaboration and the coordination.

Chapter 4: Models of coordination and collaboration

The aim of the Chapter 4 is to demonstrate thateatsodan be used to assist project
managers in their work of coordination of desigoj@ects in SMEs. The definition of these
models is supported by an industrial case studgnnSME and illustrated by various
examples in order to make a link between theory esality in SMEs. Firstly, a

coordination model is defined, specifically aimedelping project managers in their work
in SMEs. This model formalises all the concepts aridrmation needed by the project
managers through class diagrams that explain wifatmation has to be stored and
managed. The use of the model in a company ankihiistions are detailed and these
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mainly concern the low inputs of collaboration agpein the model of coordination.
Therefore, secondly, a model describing collaborais introduced specifically for the
analysis of collaboration in design activities nder to fill the lack of collaboration aspects
in the coordination model. This model of collabarat characterises the collaborative
mechanisms in design activities. Indeed, it reprissethe design activities with
collaboration inputs and it leads towards the tafation analysis.

Chapter 5: Tool “CoCa”: development and use in Edegna

This Chapter is focused on the CoCa tool. It wilblain how theoretical models can lead to
a tool and why class diagrams are provided befwenplementation. The aim of CoCa is
to help the analysis of the collaboration occuriim@MEs design projects. CoCa records
the collaborative events in detail that occur isige projects by collecting such data as:
projects, events, and collaborative criteria (tintecation, tools, methods, level of
formalisation ...). These records provide the righiiado the analyst, in order to analyse the
collaboration. This analysis allows the identifioatof deficiencies in collaboration and in
design events in order to improve design coordamati

Chapter 6: Results for collaboration analysis and @ordination improvements

This Chapter describes the results achieved inrdssarch work and makes the link with
the research and industrial objectives. These teswggin with the definition of the
environment to coordinate projects, indeed thenitedn of an organisational structure and
the processes to support the coordination of pt®j€n one hand, the possible tools like
PDM and PLM are studied and tested to manage thieoement defined previously. On
the other hand, the analyses of the collaboratraetizes are explained. These two last
results form the basis for the definition of po&siimprovements for design coordination.

Chapter 7: Discussion

This Chapter sets out to draw comments on the teeslulring this thesis in terms of
synthesis, discussion and possible improvements. dproach is essential to stand back
from these results and to propose new perspeciindsevolutions. This discussion deals
with the CoCa tool, the analysis of the collabanatithe coordination in design projects
and the tools to support the coordination and ttkalooration in design like PLM tools.

Chapter 8: Conclusions, contributions and implicatons for further work

This Chapter presents the main conclusions of thdys It shows how the research
objectives were met and presents areas for fuesearch.



Chapter 1 Introduction

In this thesis plan, we have a closed-loop approatkthe beginning it was shown that the
present PDM tools are not capable enough to mapagects and the coordination models
used are not mature. Moreover, the collaboratiggeets are not completely integrated in
the management of projects. Thus, improved cootidimeand collaboration models are
proposed which lead to the implementation of a t&bCa” in order to support the

analysis of the collaboration. This analysis of tolaboration allows the definition of

guidelines and strives for an improved project nganaent. And finally, the loop is closed
back on the PLM tools where the approach to magagimjects with these tools is

explained and an example is described along wém#tessary functionalities.
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2 Research methodology

This Chapter presents the methodology used indbearch. The first part is a description
of the research method based on a theoretical agpgrccoupled with observation as a
participant in an industrial case study. The secpad presents the main steps achieved to
reach the objectives of research. And the last paroduces the industrial company where
the study was carried out: Ederena. Moreover, acdpson of the Ederena’s problems
and objectives linked with the research objectigegven.

2.1 Method of work

The design process is considered in this thesi&s esllective and social process of new
product creation. Before presenting the industase study, it is important to present the
research methodology since the results presented hmse strongly linked to the
methodological premises of this thesis. This stumhsed on intervention research [Boujut
and Tiger 2002] and participant observation [Hal®@87], has been carried out in an
innovative SME: Ederena. The company wants to imgtbe coordination of projects, and
the research objective is to improve the coordimaf projects by the analysis of the
collaboration between actors.

Ethnographic studies are grounded on anthropology ae widely used in industrial
sociology. This method of observation has contedwignificantly to the description and
understanding of how various groups or societieskvemd in particular it is intended to
apply it in this research to the “designers’ sgcieEthnography mainly relies upon direct
observation and total immersion of the researchex given environment. The researcher
gains a deep insight into the situation since kesliamong the natives. The recorded
information includes data (i.e. subjective datépnmal exchanges, the implicit aspects of
decisions, design choices...) that are drawn froreatliobservations and non-structured
interviews. All this “raw material” is collected idiaries, and analysed during systematic
meetings with the research team and formalisedniarnal reports. The researcher’s
interpretation is the richness of the method wheperly analysed by means of a reflective
analysis [Schon 1983].

In the steps of [Buccarelli 1988] who was one @& tinst researchers to carry out this type
of study, this research is based on an ethnogratylie, spending long periods of time in
companies, involved in design projects as full tipaeticipants. In this particular case, the
thesis work started in a company: Ederena Concéptrevthe author was involved as an

11
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engineer in a development project. “Empirical ségdnot only describe characteristics and
their co-occurrence with successful (or unsuccésgfioject outcome, but attempt to
explain the observed links in order to allow theelepment of effective recommendations
for designers” [Baumgéartner and Blessing 2001].
In fact, this work shares the action research osivith the social sciences; the main
difference between this work and the social scier@s in the outcome of the research.
Although the story of a specific innovative proceseelated, the relevant literature is relied
on to provide a general characterisation of theontgmt factors underpinning innovation.
The general method of this research begins witlethnographical case study in Ederena
Concept, and also uses in parallel a classic mefpuablem definition, literature survey,
characterisation of solutions, solutions modellitgpls implementation, test in use and
improvements). The aim of this type of method isvtok in a company to link the research
work to industrial requirements. This method isrespnted in Figure 1.
In terms of formalism, three formalisms are usethis thesis:
- |IDEF@: For a global description of a process oivéats, IDEFD is useful to
represent concepts by arrows, boxes at various ¢éekescription.
- UML (Unified Modelling Language): the UML formalisfBooch, et al. 1999] is
an oriented object formalism used in order to detlre specifications of software and
to prepare its implementation. In this study, UMlLused for the implementation of
the CoCa tool by modelling class diagrams, use dasgrams, activity diagrams,
state/transition diagrams, and entity/relation chags. Moreover, the class diagram
formalism is also used at a conceptual level taesgnt scientific concepts of
collaboration and coordination which must be maddgeproject managers.
- Ederena formalism: a specific formalism is usedhis thesis when the concept
comes from a work carried out in Ederena. Thisri@kformalism is commonly used
and understood by the actors in the company and the form taken by the
“materials” collected during the observation step.

The use of a case study all through the researck amd the use of the UML formalism

have already been applied in other projects su¢heal?POP project and in other research
contexts [Eynard, et al. 2004].
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2.2 The research approach
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Figure 1: General approach of the research
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Figure 1 shows the general approach of this thésis;a mix of a classical research work

and a case study observation. As can be seen,gdilmnfive last steps (2, 3, 4, 5 and 6)
another parallel step “observation” represents thaustrial case study. This step

“observation” connects the research work to indalstoncerns. This method is a specific
method used for this thesis. Moreover, “CoCa” is ttame given to the tool implemented

in this research work. CoCa is based on theoretialels and is used to help the analysis
of collaboration by analysts in design projects.

2.2.1 Step 0: Problem definition

This step is focused on the research field of “dowtion and collaboration in design”.

More precisely, the study is oriented towards “ramgign coordination can be improved by
analysing collaboration between actors”. At theibeigg a global subject was defined;

dealing with collaboration in design. This subjd@s been refined with restrictions,

problem, context definition, and deliverables adewy to current problems in design.

Thus, the context of the work is now defined a® “tiollaboration in design in innovative

SMEs". After a short study in this field, it was tieed that companies are mainly

concerned about cost, quality, and lead-time. Trarobthese concerns the coordination of
design processes is necessary, but in this desigmlioation, collaborative aspects such as
relations between actors, document transfers, @adon of the structure, design

processes, and project management are importanmtseQaently, the problem of the

research work is defined as:

How the analysis of the collaboration by projectnangers can be supported in order to
improve the design coordination during projectsimovative SMEs?

13
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This problem is the starting point of the study amglies many other questions, such as,
for example, the following:
- What brings collaboration to design?
- Is it possible to define what a “good” collaboratiss? And how it can be
assessed?
- What are the factors which influence the collakiveasituations?
- Can categories of guidelines be identified for @cojmanagers to improve the
coordination of design projects thanks to an adiegicam of collaboration?
All these questions are developed in the Chaphatsfollow. Before answering them; it is
important to make a complete literature surveytmdubject, in order to build a detailed
state of art of what the existing problems areahdre they are.

2.2.2 Step 1: Bibliography

A literature survey is indispensable to positioa Work in the field of research and to know
what has already been done. At the beginning ofékearch this work is an onerous but
profitable task to see what is already done onstiigect and it continues throughout the
project, with less effort, to be aware of the latgerk done in the topic. So, it can be seen
that work on reviewing the published literature lba@gen made during the whole research
progress.

The literature survey is focused on collaborationorder to define what the forms of
collaboration are, what the necessary factorsatetused to analyse collaboration. Then,
the literature survey deals with the context okegsh with questions like what design is,
what the individual characteristics of SMEs arethvéin extra study for innovative SMESs.
And finally a part of the literature survey setst da define the factors influencing
collaboration in design such as the organisatiosialcture of the company, the
coordination of design processes, the informatiosclosed during informal design
activities such as coffee breaks...

Moreover, a part of this literature survey dealshwthe measurement of collaboration
between actors for the purpose of evaluation. Toal ¢ to help project managers to
analyse collaboration in order to improve the comtion of the design processes, and with
that in view, project managers have to measure“dbelity” of the collaboration used
during design. For a long time this assessmentdeas by project managers based on their
experience and know-how, but in the literature nt®dé collaboration can be found which
help to define “forms” of collaboration, criteria tharacterise it and indicators to measure
its quality.
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2.2.3 Step 7: Observation

This step “observation” corresponds to the indaktcase study in an innovative SME
named Ederena. This case study ensures the linkebptthe theoretical work and the
industrial reality. Moreover, this study correspsrekactly to the research context; indeed,
it is an SME of 40 employees where innovation értfain concern.

This step 7 takes place in conjunction with step3,2 and 5 in order to remain in contact
with the industrial field and compare the resuftthe research to the industrial context.
This industrial observation in an innovative SMEais adequate place to correct, test and
validate research results such as the theoretiodehof collaboration, the tool to help the
analysis of the collaboration and gather ideasitcle theoretical reflection.

2.2.4 Step 2: Characterisation

This step of characterisation is based on the $pepblem definition” and expresses
preliminary ideas and direction of solutions. Befdinding an answer to the problem of
how project managers can improve coordination o fthesign process through
consideration of collaboration, it is necessarnkmow exactly what collaboration is. So,
this step attempts to define what the collaboratimgtween actors in design is.
Collaboration is defined in the thesis when actmmbine efforts to reach a consensual
goal and is a complex combination of coordinatind eooperation processes.

In this step, the global factors influencing cobiedtion are defined such as, for example,
the organisational structure of the company, thermation flows, the design processes,
the form of project management, the cooperatiowéen actors and the design tools and
methods. All this work of “characterisation” is tBepport for the next step “modelling”
which aims to define a model of collaboration.

2.2.5 Step 3: Modelling

The step “bibliography” aims to describe the ergtimodels of coordination and
collaboration in design. These existing theoretinadels are based on engineering design
research ideas such as the GRAI method, from r&s@aojects like IPPOP (Integration of
Product — Process — Organisation for engineerindofeance improvement) [LAPS
2005], or concepts taken from sociological fieldsts as the model of collaboration
proposed by [Hoc 2001]. The outcome of this stidpiunderstand previous work done on
coordination/collaboration in design, which insgitéis research work and find limitations
in these previous methods related to the spemintext of this PhD subject.
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Thus, a model of collaboration in design in SMEprsposed. The modelling of the model
can be divided into three main steps:
- First, a conceptual model is defined to represkatrmain concepts involved in
this research work and the link between them.
- Second, criteria of collaboration are defined tarelterise and help the analysis
of the collaboration.
- Third, the two last steps are used to merge theeminal model with the criteria
to obtain a final model representing collaboratrodesign.
All these models are presented and explained irpeha “Models of coordination and
collaboration”. These models are the basis forittdementation of a tool named “CoCa”
(which stands for Collaboration Capture) whose gsalto help the analysis of the
collaboration in design.

2.2.6 Step 4: CoCa implementation

A model of collaboration is not sufficient to hejgroject managers to analyse the
collaboration in a concrete sense, i.e. duringgmtsjin their companies. For this reason, a
tool (CoCa) is implemented on the basis of the iprtessrmodel of collaboration. However,
the theoretical model is defined to understandrntfa@n concepts and their relationships
rather than for the purpose of developing a todier&fore, a new class diagram (in
Appendix A) must be obtained to take into accolirtha concepts of the theoretical model
and to represent the IT classes for the implemientaie. all the necessary classes for the
management of the data related to the databas¢hddduman Machine Interface (HMI)
and for the operational management of data. Soatdo necessary to make corresponding
use case diagrams, activity diagrams, and claggaiies. The chosen approach also leads
to the formalisation of traditional entity-relatiahagrams to describe the structure of the
database and finally GUI forms to characterise kM. Nearly all these diagrams are
represented with the UML formalism and are expldimedetail in Chapter 5.

The tool records, organises and displays informatim the collaboration occurring
throughout project events. This information incldde the model and the tool is chosen to
help project managers to analyse the collaboratssd during their projects. Then, with
this analysis, project managers can make forecasthe form of collaboration to use for
the next event or to understand what collaboratmistakes occurred during design
activities.

All the diagrams and the approach to implementatibthe tool are explained in detail in
Chapter 5 “CoCa Tool".
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2.2.7 Step 5: Test in use

After the definition of a model of collaborationpdathe implementation of a tool, it is
necessary to test this tool in an industrial conie>order to improve and validate the tool
and the models. The tool ought to be tested on ncasg studies but in this thesis work
only one industrial case study is carried out, ottese studies could be carried out to
improve the results achieved. The industrial cagdysis carried out in the SME partner
Ederena. In this step “Test in use”, the modelstantare offered to the project managers
with the aim of using the tool during projects. kithe tool, all collaborative events
occurring throughout projects are recorded witteda describing the collaboration and the
quality of the collaboration. The goal is to dentostg that this tool helps project managers
to analyse collaboration.

First, collaborative projects are selected in th@gets portfolio of the company. These
projects are often large and always include variowstidisciplinary actors. After that,
these projects are “followed” and the tool is used capture information on the
collaboration. During this ‘test in use’ step thefidition of criteria is refined, qualitative
criteria of the collaboration are added and usetassria removed. Consequently, based on
the analysis of the collaboration, the project nggmnacan try to improve the design
coordination of projects. At the end of the steps idemonstrated that the analysis of the
collaboration is effectively possible, improvemenots the model and on the tool are put
forward and the possible improvements in coordamaéire exposed.

2.2.8 Step 6: CoCa improvements and Collaboration study

In this step 6 the results of the previous stept‘ie use” are analysed and improvements
are proposed. The improvements are focused onigah&tvel (step 6.1) and theoretical
level (step 6.2).

On one hand, the improvements at a practical legacern the tool implementation in
terms of GUI forms, charts, or figures to drive tealysis. The practical improvements
will also propose new advice about the use of tleéih an industrial environment in order
to limit the problems encountered during the “itesise”.

On the other hand, the improvements at a theotd&gal concern the coordination and
collaboration models. After the step 5 “Test in"usevill be possible to have feedback on
the models defined in the step 3 “Modelling” in erdo introduce new concepts not
initially developed. The theoretical improvementdl wlso deal with the methodology to
analyse collaboration with CoCa, thus it will bespible to describe the approach for
analysing collaboration with CoCa data. Finallye fpossible improvements are concerned
with the various ways to improve the coordinatidrpmjects according to the analysis of
the collaboration made by CoCa results.
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Nevertheless, all the possible improvements witllmo able to be implemented within this
work, thus from these improvements it will be pbssito propose openings for further
work for post-graduate study or for a new PhD mbje

2.3 Case study presentation: “Ederena Concept”

As already stated an industrial case study in arE3Ms been carried out to test and
validate the research work.

2.3.1 Ederena’s products

Some years ago this company developed a new méanamufacturing structures using
aluminium honeycomb sub-assemblies and bonded semdstructures with glue for
assembly (Figure 2). This innovation confers ligiss and significant vibration absorption
on products whilst maintaining similar rigidity steel.

bonded sandwich structures

aluminium honeycomb composite ‘7
%

Figure 2: Concept of Ederena’s products

The company has captured several markets with ptedmanufactured using this
technology. Thus, Ederena works mainly for largenganies which are leaders in their
field. It manufactures products such as: millingciniae tables, structural panels for urban
furniture or partitions for transport vehicles (&ig 3).
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structural panels

milling machine tables

train or plane partitions

Figure 3: The main products of Ederena

The company designs three types of product:

“Re-design” product for 80%. Most of the products designed in “re-design”
where the main elements are known but need to éekeld, validated or studied with
new parameters as dimensions, type of glue, newrraht. ..

- “Similar” product for 15%. A similar product is cqutetely defined (quotation,
suppliers, tools definition...) with the elementsrifrdhe costumer’s request and by
analogy with a previous well known product.

“Innovative” product for 5%. An innovative produquires making a full design
process in order to define all the new elementstandhlidate the elements already
known.

2.3.2 Design activity and product development process

In the initial state of the study in Ederena thejgrts were managed by one person called
the “chargé d’affaire”. This person was in chari¢he entire design of the tool: from the
first quotation to define the price of the produntil the manufacturing in mass production.

The main phases of the design process are: fagsidiésign, prototype and production.
- Feasibility: the tender invitation from the custome studied by the “chargé
d’affaire” in order to see if the product can beoquced in terms of design,
manufacturing and quality. At the end of this phadeancial quotation is proposed
to the customer.
- Design: a preliminary and detailed design is cdroat by the “chargé d’affaire”
in order to propose a prototype.
- Prototype: the prototype is manufactured, testextlified and validated.
- Production: the product enters in the “mass pradottstate. This phase is
carried out by the workshop and controlled by thalidy department.
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Thus, the “chargé daffaire” has official contacigth the marketing person at the
beginning, and with the workshop at the end ofdésign process for the launching of the
product. Between these two phases he is the omgppeaesponsive of the product design.
Nevertheless, during the design process, he has & Informal collaboration with other
designers to help him on difficult aspects. Allgaenformal relationships are very difficult
to manage in terms of lead-time, workload, resaraad collaboration.

Moreover, the type of product has an influencetendesign process. We have seen earlier
in section 2.3.1 that the products are either &sigh”, “innovative”, or “similar” products.

In Ederena, six criteria are used to differentitite “similar” and “re-design” products.
These criteria are:

=

One dimension affected by safe loading is changed

2. Use of new material or new pairing of glue/materi@boxy, carbon, stainless
steel...)

3. At least one manufacturing process is changed freaess to glue, or to machine
materials)

4. One tool is changed

5. One supplier is changed (to machine carbon for @i&m

6. The quality control is different

If none of these criteria are met then the produetsimilar product and the design process
is the same as a previous well known product. Aclqwialidation of the main steps is
required but the results of each activity of thesige process are easily achieved by
comparison with previous products.

If at least one of these criteria is met then thedpct is a “re-design” product and the
design process needs to be followed completelyderao check, test, modify, and validate
each step of the design process. Of course, the orderia are met the more the design
process will be longer and difficult to carry out.

Example from the industrial case study:

If the material and glue are the same as a sipiladuct then, in the detailed
design the test to the fatigue and to the fire idlthe same as the similar
product. Thus, this activity will be quickly defidend validated.
Nevertheless, if the process to glue the part obsutigen the designer must
verify that this new process of gluing has no intpaic the resistance to
fatigue or that the resistance remains acceptaitihérvthe specifications.

20



Chapter 2 Research methodology

When no comparison is possible with an existinglpob because a new technology is used
or because the company addresses a new kind ofigirod market, then the product is
innovative. As a consequence the process is momplea with additional tasks of
experiments, tests, validation... and more experwkedge is necessary. The design is
then more collective inside of Ederena and may ialsolve external specialists.

2.3.3 Problems of the company

The activity of Ederena is closely linked with amaévative technology. On the one hand,
its expansion is very important, recently: the Worke has grown from twenty to forty
people in three years.

On the other hand, the company is orientated towaadkets which require important
investments and a rapid increase of the workfofbeis it is essential for the company to
manage such evolution and to anticipate its fugmosvth.

In this context, problems of organisation, projeeinagement, lead time and relationships
with suppliers, customers, and subcontractors datoeplay.

Thus, the main objectives of Ederena are to redadead time, the adaptation time for the
new employees and to improve the relationship betwactors. Therefore, the company
wants to rationalise its product development preegsand introduce flexibility in these
processes in order to become reactive faced wehutipredictable nature of the design
situations and to manage projects with a projectagar and a project team.

Various actions were carried out to achieve thégectives:
- Ederena must re-organise its structure and formatlee departments, the
functions, the actors and the relations betweemtAdis re-organisation is linked to
the theoretical model of coordination (in Chapter 4
- Based on this re-organisation, Ederena definess rofe coordination on the
organisation, the design processes and on thecprojanagement. Then, Ederena
tests a PDM tool to support this new way of datal gmoject management.
Nevertheless, the use of a PDM tool leads to prablef inflexibility. Indeed, these
tools formalise and structure the management &. déeévertheless, this formalism is
sometimes defined without enough flexibility to beactive in the face of design
project changes and to foster collaboration betveetors.
- Thus the CoCa tool is tested in use in order tdyarahe collaboration and to
improve the coordination of projects by introducifigxibility in the design
processes.
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2.3.4 Approach of the industrial study

In this case study, the approach is based on asearch and reflective analysis. A
workgroup was created and different steps werenddfifirstly, an analysis step based on
interviews and observations; and secondly modekitgps leading to an implementation
step based on a PLM system. The objective of ttexvantions in the case study was to
participate in this workgroup by introducing an esxtal point of view and by defining
together the new product development environmemgargsation, design process,
collaboration and information structuring. Theseeimentions lead to the analysis of the
collaboration aspects in Design projects in ordentprove Design Coordination.

Fully involved in the projects, the author of tisisidy interviewed every actor during the
project in order to analyse their way of workinge plarticipated in all meetings. The head
of the technical department came from the resefietith so he was very concerned with
this study and helped to test the results of thislys from an industrial point of view.
Moreover, the head of the company is also veryasted in this study; he understood very
well the potential benefits of this sort of stuuring the study in Ederena, the head of the
company and the head of the technical departmedermalot of feedback to give their
point of view on both the theoretical and practaspects.

2.4 Conclusion

In this Chapter 2 the main steps of the researcthodelogy have been explained. The
description of the methodology followed during thesis is important for understanding
the links between the proposed objectives andabelts achieved.

The methodology used in this thesis begins with deénition of the problem and a
literature survey on the context of research. Basedhese two first steps, concepts are
characterised and modelled; a tool is implementedupport the management of these
concepts. Consequently, the characterisation, théeting and the tool are tested in the
industrial context. All through the evolution ofetlstudy, the observation of the case study
supports the work of research by keeping a contébt the industrial context. Finally the
last steps of the methodology are focused on ingrants (on the theoretical work carried
out as well as on the tool implemented) and onatiedysis of the collaboration in design
project to improve the coordination.

In this Chapter the presentation of the industc&de study has been made in order to

explain the context of research work which is lahketh the practical and industrial field.
This case study in Ederena will be referred tdandther following Chapters.
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The next Chapter 3 describes the literature rewdssociated with this research field. In the
sections of the literature review, the main keywvgoade explained namely: collaboration,

coordination, design, SMEs, innovation, design psses, organisation structure and the
information flows.
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This thesis work takes place in the specific cantéxdesign in innovative SMEs. The
objective of this research is to support the analps$ the collaboration in design projects.
This analysis leads to improvements of various dioation aspects of project design
management e.g. more detailed formalisation ofgieprocesses, introduction of flexibility
in the design processes, and improvement of prajaciager skills.

Thus in this Chapter three main aspects are expthin

Firstly, the specific context of the study is prasd with the definition of the main notions:
design, innovation and SMEs.

The second section explains the notion of collatbona in design. The word
“collaboration” has various definitions accordingotthe situation; this section aims to
define precisely what the notion “collaboration” engs in this thesis.

The third section deals with coordination and déses coordination mechanisms with
models and the use of design processes to cooedgmajects with a project manager.

And the last section gives an overview on the mé&tion systems which support
collaboration and coordination in design. This oview will explain the role of the tool
(CoCa) in this thesis.

3.1 Design and innovation in SMEs

One of the main characteristics of design is itgradictability, where any design situation
can change at anytime. Thus, design projects nausbbrdinated to manage them as well
as possible and to adapt the prescribed organisatid process according to these changes.
However, nowadays, design involves more and mora@a in product development, and
these partners have to collaborate together inrotdecomplete the design project
successfully. Therefore, projects cannot be managéd only scheduling aspects:
structuring phases, defining tasks, milestones, deiderables. Project managers have to
take also into account the human aspects in timtegbof collaborative design.
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Thus, before going further it is important to knauat “design” is, and what definition of
“design” is used in this study. Moreover, the not@f “innovation” is introduced with the
relation between flexibility, processes and actéinally, the study is for SMEs, thus we
will see throughout this Chapter the differencetveen SMEs and large companies in
order to identify the main characteristics of tiMES.

3.1.1 Design

This study of collaboration is carried out in tresin field, but what is design?

Firstly a definition of design from the literature provided. Next, “design” could be
classified into various kinds of design like roatinnnovative, and creative design. Many
authors try to divide design into processes, d@@ttviand tasks to formalise it, a variety of
representations emerge from these works like th@l[Bnd Beitz 1996] model. Finally to
reach the design objectives, methods are definetesign; and a mapping of the various
kinds of design methods is presented at the ertdeofection to focus the context of this
thesis work.

3.1.1.1 Definitions

According to [Pahl and Beitz 1996] design is anieeering activity that:

- Affects almost all areas of human life,

- Uses the laws and insights of science,

- Builds upon special experience,

- Provides the prerequisites for the physical reatisaof solution ideas.
During the 80s, these authors [Pahl and Beitz 19&tE pioneers in the formalisation of
the design process as a succession of steps. drinalfsation is not really used nowadays
in industry because it is too sequential an apgrobat it was the first model which has
inspired many other authors to model the designgases.
[Winograd 1996] defines design as a work in creptime individual pieces and
relationships that make up the whole. Systematipragches and methods could be
applicable to the design process, but there arexisting effective equivalents to the
rationalised generative theories applied in mathesiaand in traditional engineering.
Design is a conscious activity still influenced bytuition, tacit knowledge, and gut
reaction.
Human concerns are the centre of design. Desigvitees and engineering tasks deal with
the management of tradeoffs. Most of the time, tifaeleoffs in classical engineering
activities can be quantified like material strengtbst, weight, dimension... Whereas in
design processes the tradeoffs between actors @re dhifficult to identify and to assess.
Designers are considered at the same time as arcesfor the design process, but also as
autonomous actors, who can learn, take decisionkci@ate the design process.
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- Design is creative: Many books have dealt with steayatic approach for design,
in particular for the emergence of new ideas andifig best solutions [Thompson
and Lépez-Mesa 2003].

- Design is communication: When designers construptaaluct for human use,
communication creates a shared framework. This dvaonk is essential to support
the collaboration between actors.

- Design is a social activity: Concentrating on thewvéty of an individual designer,

it can mistakenly be assumed that the overall tueafidesign is primarily a result of
the qualities and activities of the creative indial. As Karsenty points out, the
designer operates in a larger setting, which i Hatilitated and constrained by
interactions with other people [Karsenty 2000].

Donald Norman [Norman 2002] describes how desiglatige organisations is shaped by
factors and forces that transcend the considesadran individual designer. He defines
two levels within an organisation which constrdie space of possible designs: the explicit
level of working with the different goals and neexfseach team in a large organisation,
and the tacit effect of an organisation's uniquituce. According to [Legardeur, et al.
20044a], the notion of tacit knowledge is knowledgell known by actors without any
official description or definition. The notion oirfformal” is used to define the relationship
between actors when they collaborate without agyl iramework or rules which orient
their way of collaboration. These definitions ofiteand informal will be used all through
this thesis work.

Moreover, various techniques such as participattegign enlist actors directly in the
design process and participate to the social aspéctesign [Schuler and Namioka 1993].

Thus, “Design” is not only a formalisation of pr@ses but is also a human activity where
designers collaborate in a formal as well as infdrway. All these definitions of “Design”
argue that the collaboration must be taken int@aectin design and thus justify the need
to develop methods and tools to support and anéhgseollaboration in design.

3.1.1.2 History of design management

Before the 28 century, the main objective of the design managemes to manage
product flow in accordance with the desired re§tiirondeau 1993]. In the early 20
century, companies wanted to manufacture in massdémand exceeded supply, and the
objective was to produce as cheaply as possiblgh iMe work of Frederick Taylor (1911),
then Ford (1913), the way of working became sdientiased on the decomposition of the
manufacturing process into sub-systems, the asabfsihe elementary operations and the
work stations in order to reduce costs and incr@asductivity. In this industrial context,
design had a minor place. Moreover, it was easigvdrk on the physical flow than on the
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information flow. Thus, in this period, the mairfaets to assist actors in their work were
almost completely focused on the manufacturingaevi

From 1960, the balance between supply and demasairzestable, and forced companies
to incorporate market fluctuations in their strgtegompanies had to manufacture what
they could sell (regulate production) on a divigedrket and to increase the quality of the
product with delivered services [Perrin 1999]. Teduct life-cycles were reduced but the
principles of Taylorism were still used. Followinthpat, programmes of process re-
engineering and investment in information systemerge in the industrial environment in
order to improve the performance of the systenrofipction [Kleinhans 1999].

The system implemented in the Toyota company betvi®d5 and 1975 by Taiichi Ohno
[Ohno 1989] changed the previous production priesipvhich were then exported to
western companies. Based on these simple Ohnoiglaac(identifying what must be
managed, the initial need, reversal thinking ta fthe causes and use human capacities),
various techniques were implemented to manage ptiotuas well as possible. The
“Kaizen” principle [Imai 1989] develops a continushprovement process in order to
improve the production system in accordance wighdlanging company environment.
From 1980 the industrial strategy becomes the magsbrtant driver for the company and
models and methods generated in various adjacelusfilike: marketing strategy, the
analysis of processes and organisational struclunmanufacturing, the priorities concern
costs, quality, flexibility and lead-time [Hayes datWheelwright 1984]. This context
evolved progressively towards studies carried ousacial and human sciences which
modifies the relations in the actors’ way of woigiand in design management [Eccles and
Nohria 1992].

Moreover, various models of design systems emdogexample the work of [Doumeingts
1984] with the GRAI method, proposes a model ofdpmtion system modelling and
management. [Hughes, et al. 1990] propose a gemerazl| of activities in manufacturing
management according to the competitive prioritlHse method GIM (GRAI Integrated
Method) builds a system to drive design [Doumeiragtd Ducq 2001] thanks to the GRAI
method. [Williams 1994] puts forward another metblody named PERA (Purdue
Enterprise Reference Architecture) based on therigii®n of life-cycles in the design
system, of activities carried out by actors andimgment of human factors in the design
process. For each state of the life-cycle, varioesvs emerge: the information system,
organisational structure, equipment, and the huresources.

The research project IPPOP [Girard, et al. 200 sat to provide software to support
design management with the integration of the thaspects “product”, “process” and
“organisation”. An objective of the IPPOP projextd define the design process in order to
understand and manage it. This project proposespagspectives in design management
by the integration of these three aspects in thasgh of analysis, evaluation, and
modelling.

Recently, new preoccupations have been generatetksign management namely the
involvement of the human factors in design andrtie of the information system in design
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management [Crowder, et al. 2003]. Thus all theséinidions of what is design
management lead to the necessity to take into atdbe collaboration aspects into the
coordination of projects. Moreover, the integratiwininformation systems must also be
adapted to the forms of collaboration used by aaoring projects.

3.1.1.3 Various kinds of design

A design classification is generally used by manthars and is systematically used in
various design fields bringing out three main aass‘Routine Design”, “Innovative
Design” or “Creative Design” (Figure 4).

Innovative
Design

New product for
new Market

Re-Design
Product

New Product for
the Company

Figure 4: Type of design and nature of products

Routine Design
esign

Complementary Substitute
Product Product

- Routine design:

In this form of design, all the knowledge used igtirely available and identified.
Moreover, the design strategies are mainly knowadwance by the designer. In this case,
the designer’s role lies in the justification ofhshoices, to select one solution and not
another one, and in other cases to improve or mguigvious solutions which verify a set
of predefined constraints. Routine design allowly emodifications on the parameters of
the product. So, in routine design the “re-desigapresents approximately 80% of
mechanical design activities [Vargas 1995], [Selli899]. In Ederena, the products are
mainly “re-design” products and a few “innovativyeroducts when the product is new for
the company and for the market. As we have seehersection 2.3.2, for the company a
product can be either a re-design product, an iati, or a similar one. For each type of
product the design process is more or less compter.a similar product the design
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process is already known in advance. For the “segié products each activity and phase
of the design process needs to be studied in otmleevaluate the impacts of the
modifications. For an innovative product the desigocess need to be studied in detail in
order to define all the new elements.

In this design context, the potential solution gpecknown in advance (the characteristics
and attributes of the solution), but the searchaf@pecific solution can become complex
faced with the large solution space [Van_Overvald &/ashkov 2003]. These solution
spaces can be represented by models. The mostywkidelvn is a model put forward by
[Gero 2001] which represents routine design spacelation to the creative and innovative
design space (Figure 5). Many modelling systemstefar defining design processes:
IDEF@ [NIST 1993], IDEF3 [Mayer, et al. 1995], Hetiets [Belhe and Kusiak 1997].

_ Solution space for
“ creative design

T~ Bolution space for
innovative design

T
“- Solution space for
routine desian

Figure 5. Solution space for routine, innovative and creativelesign

- Innovative design :
The knowledge of innovation on a product is oftelated to a need expressed by clients
and yet to be satisfied. During an innovative prhjthe designer has more autonomy in his
work and a larger space of solution as shown iipus Figure 5. However, to explore this
solution space; designers become involved in aroitapt and risky activity of research
and development. The result of an innovative destgms from an inventive idea
manufactured to a real marketed product.

- Creative design :
Creative design [Cross and Dorst 2001] deals withuaknown product where all the
knowledge relative to the product and to the preegdas to be specified. In this form of
design, designers have to compile the specificatitan define new functions and new
parameters of the product. In creative design ptejenew ideas and new technology
emerge. Thus, the creation of a new product catlsenuintuition and imagination.
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Nevertheless, the space of possible solutions igxa@nsion of the innovative solution
space with fewer constraints [Gero 2001].

Within this design classification, various forms adsign management exist. A specific
vocabulary is used to express the form of manageraeocording to the field. This
paragraph sets out to introduce the three maindarhdesign management used currently
in more advanced industries.
- Co-design: also known as distributed design. Ia thim of design management,
the social and human sciences are used to imphevexchange between actors and
across partners in order to pool the work done. ddwelesign covers not only the
products’ design but also the design of their eslaservices, the design of the
companies’ internal processes and finally the desifjthe network of partners.
Practically, to be efficient, co-design must bemrped by knowledge management
procedures [Zolghadri, et al. 2006].
- Integrated design: this multidisciplinary approatends to integrate the different
tools used by actors all through the product desigeh requires the management of
actors’ skills and know-how in the company. Thuweg knowledge is tracked and
recorded in order to re-use this knowledge in fifanojects.
- Concurrent engineering: The three main conceptsCast, Quality, and Lead-
time with a multicultural organisational structuiepeed a structure based on the
sharing and the exchange of information betweenarde@nts (engineering,
manufacturing, and workshop). In this form of desiganagement, the priority is to
superpose and to launch activities as soon ashpessith generally provisional data
[Rouibah 2003]. The organisational structure idedént from the classic scheme of
sequential activities; the structure is based @endbnvergence and simultaneity of
actions. As to the human aspect, the project isageeh with a leader known as
“project leader” who tries to maintain cohesion d@ndanimate the group with the
management of the actor’s skills. On the technokdghspect, IT systems support the
communication and the management of data througheutompany.

Models of design have often been studied in regeats. Many authors have categorised
the different existing models of design, like [Dixa987], [Evbuomwan, et al. 1996] or
[Perrin 2001].
Dixon and Evbuomwan classify these works into thmzén categories:
- The formal models which prescribe design with agloview and more or less
complex procedures.
- The cognitive models, which deal with actors’ aitids with a detailed view on
the individual and describe the design activity.
- And the “computerised” models, where actors usetwswé (running on
computers and based on theoretical models) to cartrgesign activities.
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This classification opposes two visions: first, thision based on processes as a whole,
centred on the transformations of the data andnfieemation flows with input and output
data. And the second vision based on the humaorfaatvhere the capability of analysis
and creation are studied. The “computerised” mopedside support for these two visions.
Each model (processes model or model based on htanens) can be supported by the
implementation of software which is based on aesponding “computerised” model. A
“computerised” model is a transitory model from thkeoretical model to the
implementation of software supporting the theoettiecnodel. Moreover, in design
management, the “computerised” model is limited isnahost of the time chosen to solve a
specific problem.

[Perrin 2001] proposes a more detailed classificafrom various view points on design,
into five categories, as follows:
- A succession of hierarchical steps [Pahl and B&g6];
- Iteration of an elementary design cycle [Blessif84], [Roozenburg and Eeckels
1995];
- The emerging phenomenon of self-organisation [Brdsand Garro 1998];
- Cognitive processes [Ball, et al. 1994], [Hacke®7]9
- Socio-technical communication and interactive mi@ieccarelli 1988], [Hatchuel
1994].

The three first bullet points above refer to a glodesign method to prescribe work,
whereas the latter two are centred on human fattadescribe the work. This entire model
is based on a widely known model proposed by Patl Beitz. This model describes
design as a “succession of hierarchical steps” aigfobal vision the design activities from
specifications until the final product manufactur@dcording to [Pahl and Beitz 1984], the
model is divided into four steps:

1. Requirement analysis: Collect data on the requirgsnéor the specifications and
clarification of the needs.

2. Conceptual design: Establish the structures of tfons; proposition of suitable
solution principles from a pool of alternative da@das generated during a
functional analysis phase.

3. Embodiment design: Starting from concepts, the ghesi determines the layout
and forms and designs a technical product or systeraccordance with the
technical and economic specifications

4. Detail design: Arrangement, dimensions, form, andase properties for all the
parts with the materials specification, the techhiand economic feasibility re-
checked. In this step, all technical documents drawn up to allow the
manufacture of the product.
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The sequential representation of the design protessot suitable for use in design
management to describe the real work carried outdigrs. Various researchers have
demonstrated that, at a micro level (inside eaep)stactors follow an “elementary and
iterative cycle” to solve a problem. [March 198dgintifies an iterative cycle composed of
three steps: the “abduction” (analysis and propwsiof solutions), the “deduction” (the
evaluation of the solution) and the “induction” t(ospectively, the identification of
improvements).

In the same way [Blessing 1994] identifies thedwaiing phases: proposition of solutions,
evaluation of these solutions, the selection of solation, validation and modification of
this solution, and finally formalisation of the sjfecations for this solution. [Roozenburg
and Eeckels 1995] propose the cycle of: analysisthesis, simulation, evaluation and
decision. This cycle is iterative where each pdssibolution generates technical
specifications used to influence the elaborationnefv solutions until the complete
definition of the product. However, these models aery global; an extra level of detail
could be added by the study of the actors’ roldsernwwarious actors collaborate to design,
each one uses his own thinking corresponding tgdhis experience, or position in the
company. The solution accepted after these phdsasatysis, propositions and evaluation
will be a compromise between these different viemts, it is a negotiation between actors
in their actors’ network. The compromise is builogressively by using common or
temporary objects named by [Jeantet and Tichkiéwi®95] “intermediary objects”.

[Perrin, et al. 1995] explain that during thesegus of collaboration, actors use a learning
process based on organisational, cognitive andatuleical resources to obtain this
compromise. So, it is essential for actors to r@édbeir experiences in order to develop
their skills. This approach involves long term alijees in design management, longer than
the lifetime of one project.

A design project generates various design proceHsese processes could be concurrent,
interlinked, or overlapped; and each process coefler to a particular model. Thus, the
different models presented previously are not opgdsut complementary. Some of them
are useful for routine situations, whereas otherglcc be more efficient for managing
innovative situations. In these works, the mainarbf collaboration enriches the classical
and mechanical vision of design; as do the recemksvon design management presented
during the [ICED 2005], [IDMME 2004] and [Design @ conferences. In this thesis
work, the analysis of the collaboration to improgtesign coordination is focused on
innovative design because in routine design th&alootation between actors is limited.
Moreover, in innovative design the flexibility iresign processes is very important to allow
actors enough freedom to remain creative and twathe company to remain reactive in
the face of design changes.
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3.1.2 Innovation in design

3.1.2.1 General definitions of innovation

According to [Carrier and Garand 1996], innovatisra collective and cognitive process
based on the interaction between actors; it isedfit from creativity which is more a
personal thinking.

Originally, innovation was introduced in the econorfield, as a notion to describe the
emergence of something new. This definition seembet vague and not really specific
compared to the previous one. [Tushman and O'RdiB@7] are focused on the
introduction of change in organisations from a tefy perspective. These authors
generally associate innovation to something newa agew process, new product, new
organisational structure, and new marketing condépt is beyond finding technological
solutions. According to other authors [Cooper 20Q@hannessen, et al. 2001], innovation
could be classified according to the type of “nesgie Indeed, innovations can be
described as being a continuum ranging from a stimcoemental innovations (with low
modification and impact on market) to radical inatens (with high risks and
environmental turbulence). In this research wadhlk, definition of “innovation” is close to
the definition of Tushman and O’Reilly (1997). Thas innovation can be considered here
not only as a new product or an innovative techgiokd solution but also as an innovative
process, an innovative organisational structure,aor innovative marketing concept.
Moreover an innovation is not an invention; an weimn is an idea that encounters
success in the market. According to [Legardeur P@4 innovation process is a logical
succession of adaptations and transformations.elinassformations and adaptations allow
the idea to be launched on the market in ordeetmime an innovation.

3.1.2.2 History of innovation

Historically, economists and in particular Josepbi#\ Schumpeter have worked on the
concept of innovation which is defined as “the patim invention and sanctioned by a first
successful commercial transaction” [Schumpeter 1934

Ten years ago, the shock of globalisation ruineguesied competitive advantages and
segmented markets started to split up. Under timalpyeof exclusion, companies had to
innovate by taking risks. In order to control theolgtion of innovation and risks,

innovation became adaptive. In order to control phecess of technological innovation,
companies have to transform their procedures, tuiee new skills and to overcome
cultural differences. Companies have rationali$eddarganisation of their design activities.
Since 1990 various organisational structures fomagang projects were developed,
namely: transversal organisation by projects [Tdeau and Wright 1995] and co-
development (concurrent engineering); integratedjireering [Tichkiewitch 1996],
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simultaneous engineering [Bocquet 1998]. The modmts of view and strategies of
companies have changed. Companies can innovatefahly actors collaborate and trust
each other. “The innovation process itself is dsond to change; innovation becomes
participative, it needs the creativity and skilfsswerybody” [Legardeur 2001].

Currently, R&D departments strive to become RID at&pents with an “I” (for
“Innovation”) which is as well organised as the “®”’the “D".

3.1.2.3 Types of innovations

For an innovative product it is difficult to asseb®e level of “newness”. [Clark and
Wheelwright 1993], or [Freeman 1982] present twanntgpes of innovation for a new
product:
- Incremental innovation as “kaizen” or continuouprovement could develop in a
linear and stable context. In this form of innowatthe technology and configuration
of the product are essentially the same, and ommpmmmodifications are carried out
on a few products’ attributes like shapes, colowige, materials... Incremental
innovation occurs most of the time in a well-est&i®d market [Ali 1994].
- Radical innovation appears when a new concepbieak-away from an existing
one. Such radical innovation may lead to enteriegy markets (For example the
DVD compared to the VHS video). A radical innovatis harder to discover than an
incremental innovation because the market is neadly known and the customer
needs are most of the time confused.
In this research work, the word “innovation” is dser any type of innovation between
incremental and radical one. These various kindarafvation: incremental innovation and
radical innovation are generated due to the tresivéen actors, to the behaviour of the
participants within the company and to the way ahaging projects.

3.1.2.4 Drivers to innovation

In the literature there is no existing generic falato innovate in any situation; however
some authors put forward recommendations to fo#ter emergence of innovation.
[Legardeur 2001] proposes sharing information amalAkedge, and managing the conflicts
[Robin, et al. 2006] appearing between actors wigoirafavour or against an innovation.
Most of the time actors’ reactions depend on tbain interest which can be close to the
interests of the company, but sometimes not. Tim@uvation of products or processes
requires the creation of an informal network ofoagtin constant evolution to exchange
points of view, information and to validate the gmess of innovation [Boujut and Tiger
2002]. In this situation, cooperation in designvexy important, because the different
actors’ points of view are formalised and exchantjesh integrated in order to converge
towards the development of the product.

Cooperation cannot be managed by the sharing afesegd tasks and responsibilities;
where the links between actors and design phasesiaie by documents in asynchronous
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and distant forms. The main goal to foster the gemre of innovation is to support
cooperation between actors and not to define elq@ence of design tasks. Thus, the result
will not only be the sum of individual results cdah actor; but the comparison and the
negotiation between various actors’ points of vieéabring new skills learning and know-
how sharing [Legardeur, et al. 2001].

A new form of actor could be used to foster thesghanges of actors’ points of views and
to manage the cooperation between actors: it is“diotor of interface”. This actor of
interface is not a project leader. A project leaderesponsible for the definition of the
coordination rules (scheduling, milestone, contrdésign activities) and can use his
authority to take decisions, which is not the cakéhe actor of interface. He attempts to
create a favourable situation to foster and matiageollaboration between actors [Boujut
2003].

In innovative SMEs, the flexibility in the produdevelopment processes is very important
in order not to constrain actors in their designrkvand limit their design choices.
Predefined processes (as is the case in routingnjese too restrictive for the actors, they
prevent the actors from considering all the possi#sign solutions and then stifle the
emergence of innovation (or new ideas) [Legard@1?

The emergence of innovation could be fostered Ibypwua drivers. Drivers are processes or
factors that help, encourage or foster the innomgprocess.

Various drivers can be quoted: reward systemsghship, communications, organisational
structure, empowerment and risk taking.

- Reward systems: reward systems motivate actorgngmave the actor’s capacity
to innovate [Saleh and Wang 1993] [Angle 1989]. &tdwless, an inadequate
reward system leads to high turnover of staff whk loss of all tacit skills and

knowledge. So their effectiveness as a driver nbimtion is questionable.

- Leadership: leadership is an important culturavedrifor innovation. Leadership
aids and mobilises actors with their ideas [Kott8©€0]. For [Quinn, et al. 1997],
leadership is the most critical factor which stiatak innovation. However a rigid
leadership is perceived as a barrier to innovati®ecause this form of leadership
does not allow the use of flexible processes tgoattae operative tasks to each
specific situation occurring during projects andighstifle the emergence of new
ideas [Pol, et al. 2005c].

- Communication: on the one hand it is well estalelisithat innovation requires
fast transmission of information and depends ondiality of the communication
achieved through the informal networks of actorscé@ding to [Lawson and Samson
2001] effective communications within the compamgd dts network of firms is
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necessary to achieve innovation and learning outsonit facilitates knowledge
sharing by combining a wide variety of experiencéslogue between workers,
building on others ideas and exploring issues elevo innovation. On the other
hand, inappropriate communication leads to miswtdeding, loss of information
and errors during design projects. Without effitiemmmunication, managers depend
on their own informal networks and networking skiib obtain relevant information.

- Organisational structure of the company: a fleximganisational structure leads
to an effective communication, greater respongybilireedom in decision-making
and cooperation between departments. This had btroowiltiple benefits that
included a better understanding of the differentkngractices, exchange and sharing
of information and access to expertise which resulh shorter development times
[Maira and Thomas 1998]. Nevertheless bureaucsdtiectures that create various
management layers each with their own agendas, Wwargers that especially
affected radical innovation.

- Empowerment: an informal network is essential i@ dmergence of new ideas;
managers evaluate this approach as an unofficigl tevause their own networks to
drive innovation. The involvement of actors in thenovation process through
empowerment, allows them to fulfil certain esteemd aassessment needs.
Empowerment is not only delegating work to actdrglso ensures that actors have
the adequate autonomy and authority to carry oattéisks in the right way. It is
based on a form of management where collaboratioa priority [West and Friar
1990]. However, a lack of empowerment can lead tdg/é&ess involvement of actors
in the projects, and decrease the level of collaiimm and exchange between actors.

- Risk taking: generally in an innovative compangksi are present, estimated and
managed. It well known that risk taking is the bebar for innovative firms [Saleh
and Wang 1993]. However these firms do not takeeoessary risks, they must
remain manageable. Nevertheless each mistake mnlbules aactors to learn the
lessons to not make the same mistake again [LawsdnSamson 2001]. It is an
opportunity to learn and to improve.

Moreover, the notion of flexibility is important fahe company to remain reactive in the
face of any design change, to not stifle the emmergeof new ideas and the possible
initiatives of each actor, so flexibility is essahfor the emergence of innovation.

More precisely, the aim of this research is focugsedhe analysis of the collaboration to
improve various design coordination aspects. Thasatm is not to focus on the processes
of innovation. Nevertheless a better collaboratietween actors fosters the emergence of
new ideas [Legardeur 2001].
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These drivers influence the emergence of innovatievertheless, these drivers are used
differently if the company is large or small. Thttsg main characteristics of SMEs are will
be explained in the following section.

3.1.3 SMEs

SMEs and large companies are mostly different. SklEployees work in an organisation
of mutual agreement: there are small departmedmsptoject team is often reduced to 2 or
3 people and the constraints of money and lead-#iraenot always known in advance. In
this direction it is important to define the corttexk SMEs is, in order to define the scope of
the study.

Moreover the actors of SMEs are multidisciplinandahey carry out various different
tasks in their job. Thus, it is very difficult tarectly “apply” any models, methods or tools
from large companies to SMEs.

The small structure of SMEs allows them to be veegctive in the face of the
unpredictable nature of the market. However thassdits could become a barrier to
innovation because it is more difficult for SMEsathlarge companies to find resources to
innovate namely: money, organisational structureused on innovation, and adequate
skills. Large companies use their size to manageisiks of innovation.

SMEs use few design methods and formal processesequently they become more
flexible than large companies. However, for SMEstk lost regarding formal structuring
is partially compensated for through a better igeygt

[Filson and Lewis 2000b] present the difficultiesceuntered by SMEs in designing
products. Their article deals with the analysisarious SMEs and shows that:

- Most projects are launched behind schedule,
Many projects are in progress without supervision,
There is a lack of structured communication betwasetors and departments,
Often problems of resources occur during the matiical steps of the project,
Each actor assumes his responsibility for the prbdypecifications but few
people are in charge of the product developmerdgsses.

After the identification of problems concerning thrganisational structure of the company,
or in project management, or data management, soggicompanies may want to make
changes. [Filson and Lewis 2000a] propose that @mnge must be done gradually
because various problems of corporate culture appamely:

- Mistakes are not permitted,

- Strategies focus only on the short term,

- Conflicts of objectives arise between actors,
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- Problems occur in the review of incoming projects.

To conclude, all these elements demonstrate thdyisty design in SMEs is a specific and
complex domain where few analyses and solutiorsntélom large companies are directly
applicable.

The research context for this thesis is the innege@ME. Indeed, Ederena uses innovative
technology applied on products. Thus, an innovaineeluct emerged for each new type of
product (using innovative technology) in a newdiel

The main characteristic of SMEs, in this case]egilbility in the design processes and a
better control of these processes. Thus, this relsestudy is focused on how the design
processes can be better coordinated by includingahuaspects (i.e. collaboration).

Consequently, the literature review now deals sghtions on collaboration, coordination

in design and on information systems for collaboratand coordination. These sections
lead to the detailed presentation of the reseayolegt.

3.2 Collaboration in Design

The collaboration between actors in design fostesemergence of new ideas via a mutual
wealth. These ideas are better formalised, beltares and have more chance to become
integrated in the design project and put on theketigtegardeur, et al. 2005]. However,
most companies lack a clear policy on collaboraplidosophy. Collaboration is a complex
process, and the evaluation of different collabeeastrategies is difficult [Kristensen, et al.
2004].

Sociologists have carried out various social stdfecollaboration between human groups;
some of them have studied the collaboration ingiesDf course these studies have been
used to elaborate the models and the results. tumfately, these social studies are often
global and it is very difficult during this reselno associate real inputs from social studies
to the research. However, these social studieddoailin the future a promising way to
improve the results of this research.

3.2.1 Definitions

Collaboration in design deals with a mix of schedule, produstettgoment representation,

and decision making, while taking into account tledions of: time, tasks, and resources
[Pol, et al. 2005d]. Cooperation and coordinatiom @ot mutually exclusive, but they are
complementary and collaboration can be definechassomplex combination of these two
notions. So it is easier to define cooperation aadrdination in order to characterise
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collaboration. According to De Vreede and Briggse[Dreede and Briggs 2005]
collaboration engineering is “an approach to th&gteof re-usable collaboration processes
and technologies meant to engender predictabletramdferable processes, successfully
conducted by practitioners of recurring missioriicai collaborative tasks.” Collaboration
engineering leads to the re-use of collaborati@mt@sses according to the practitioners and
design situations. Therefore, the analysis of boltation will be able to foster the
identification of these re-usable collaborationgasses in order to orient and train actors to
run these processes.

Cooperation is defined by The Oxford English Dictionary as €étprocess of working
together to the same end”. Cooperation is congider® an effective and concrete
articulation among designers involved in a colleetaction yorking in practice towards a
consensus end)n a given situation it is the cooperation betweesigners which will be
effective in a collective action.

Coordination is defined by Oxford English Dictionary as “thertmanious or effective
working together of different parts”. “Coordinatios the process that aims to plan and
schedule different tasks, and to distribute resssirdAndreasen, et al. 1998]. This
prescriptive process defines the designers’ ams/iand their interrelations. This process
can be considered as a management tool. Howevebthidination processes which can be
formalised in procedures or informal forms (suchwvamk habits) remains a predictive
process where the activities of coordination caafteipated and planned. Coordination is
a guideline for action [Legardeur, et al. 2004a].

Coordination rules are often defined and proposeddilowing them in a design situation
is difficult. The definition of rules for coordinan is not enough in itself to be applied.
Coordination, as specified by organisation and daleeof designer’s activities, is generally
associated with a routine design process. Cooperatnd emerging organisation are key
factors for promoting innovative design, but thal @esign process is not only innovative
or routine; it must be seen as a complex combinatioroutine and innovative operations
[Legardeur, et al. 2001].

During a project, the project manager needs tmactarious cooperative and coordinative
levers in order to build a favourable collaboratiation for design projects [Girard, et al.
2003]. The model introduced by [Karsenty 1996] anterpreted with the previous
definitions represents the relation between thecepts of collaboration, coordination and
cooperation. The model is articulated around tiegels in accordance with the distance
from the action (Figure 6).

- The cooperation in action (interference managemesd)s with the cooperative
activities linked to the management of the desibjeaives and procedures in the
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implementation of the design tasks. This level abtarises the cooperation between
actors in design through their interactions inrtlo@n actor network.

- The medium term coordination concerns the actwitie manage the shared
framework, definition of schedule and allocationrofes and tasks. In design, this
coordination level sets out to formalise the deggocesses, and information flow,
where the design methods and tools are chosenshi&ed framework includes a
common way of communication with a common languagemmon device
(telephone, mail, videoconference...), common tediniecocabulary, to share
knowledge whether formalised or not [Karsenty 2000iis reference helps to make
design decisions in accordance with the knowledgene others [Loiselet and Hoc
2001]. In design, this shared framework is composédknowledge and shared
thinking, and is built and maintained throughowt tlollaboration.

- Meta-collaboration concerns the collaborative dotls at a high level of
abstraction which produces useful information fog bther levels (coordination and
cooperation). This level is composed of: tacit mfation, informal agreements, how
the actors perceive themselves in the group, anddhporate culture.

Collaboration — Coordination - Cooperation

Meta- Development Development of Development of
collaboration of compatible a model of oneself a common way
representation and of the others of communication
s
Development &
Q
. . <
Coordination _ =
by Scheduling Perception Perception 8
of actor A of actor B 8
g
(2]
Perpetuate . a
I I
Cooperation v !

Interference management

in action

Figure 6: Concept of collaboration, coordination, cooperation

Various cognitive processes as the “explanatioré ased by actors to facilitate the
construction of a shared framework [Boujut 2003]p¢ 2001], [Takeuchi and Nonaka
1989]. This shared framework is used as a worksgaceactors and improves the
collaboration in their design work.
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3.2.2 Shared framework in design situations

Many studies show that it is as important to steafeamework of reference as to share the
information itself in order to have successful abtirations between actors. Many works in
linguistic psychology [Wilkes-Gibbs and Clark 1991] ethnology [Heath and Luff 1994]
and cognitive ergonomics [Karsenty and Pavard 1@®rhonstrate that working in the
same location, with the possibility of followingethother actors’ activities, fosters the
creation of a shared framework to support collatimnabetween actors. These works show
that this shared framework leads to a better concation and collaboration.

A shared framework is built between the “speakerd ¢ghe “listener” in order for them to
have a shared hypothesis on a subject. Variousnohesatandings result from incomplete
representation of their shared framework. Sperbdr\&ilson [Sperber and Wilson 1989]
reflect to the notion of “mutual cognitive enviroant”, indeed that the transmitted
information becomes mutual when the informatioruiglerstood by the “speaker”, the
“listeners” and that each actor is aware that tiiermation is well understood by the other
actors. Information is called mutual when we came w@asreasoning equivalent to the
following: “I read the book X, I know that my paemnhas read this book and vice versa, my
partner knows that | read the book X, but | alsowrthat my partner knows that | know
that he has read the book” and so on ad infinitum...

Thus, the provision of information is not sufficieto foster a mutual and shared
framework; it also must provide indicators to beesthat the information is mutual and
received by the other actors.

The implementation of a shared framework in a desituation is based on the analysis
and the understanding of the design situation. Thieria which defines the design
situation are [Eder 2003]:
- The actors, their specific roles, and know-how damilar projects, their
knowledge and socialisation,
- The nature of the product [Suh 1990], the compyexnd the product state in the
design process [Eynard 1999],
- The design process and the way to manage projBetsiri 2001], the type of
design (routine, innovative or creative design) émel form of collaboration used
[Dameron and Fonquernie 2000], [Girard, et al. 2003
- The financial and material resources (building, paters, software, budget...).

On the basis of this description it is possible d&fine the necessary parameters to
implement a shared framework in a design situation:
- The guidelines for design:
Design objectives,
Indispensable skills,
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Performance indicators,
Actors, resources, financial estimate...

- The description of the design situation:
The product model and the design processes,
The organisational structure of the company,
The desired form of collaboration.

A shared framework is characterised by the comiamnaif these parameters which evolve
during the project. Various kinds of informationoab this shared framework are relevant
to characterising the collaborative situation odagyin design. In particular, as we saw in
this section 3.2.2, the design objectives, thelsskdhd roles of the actors, the design
resources and the nature of the product, projeet igformation to describe a collaborative
situation. When actors collaborate they build arsthaframework to support their
interactions. Thus the elements of this shared dvaonk give pertinent information to
characterise the form of collaboration used by @ctluring design projects and to be able
to analyse it.

3.2.3 Skills

[LeBoterf 1998] gives two definitions of “Skill”: e first defines the skill as a sum of
knowledge, know-how and the implementation of tb&oal knowledge. This definition
limits the actors’ skills to a list of possible iacts. The second definition is based on the
combinatory knowledge and on the individual him¢®licaelli 1997]. The individual is a
“builder of his own skills by combining his internal resources (knowledgeow-how,
personal quality, experience...) and the network e$ources in his environment
(professional network, documentary network, Databhas The professional skill is
knowledge — in action — validatedn a specificcontext (constraints, human and technical
resources, funding, logistics, scheduling...) withoafective.

The way the company is managed influences the Wdlg sire managed; the more the
management allows initiative and interaction betwewiltidisciplinary actors in the design
teams, the more the actor uses and trains hiss JEkgin 2003]. Designers learn and
improve skills during the design of products, arahf project to project. The mobilisation
of actors and strategic development of specifickedge must depend on many factors
(time, economic, technological, but also organistl, sociological and cultural), and on
company strategy. Then, skills management leaddhdoformation of multidisciplinary
teams made up of various experts in order to ldeom each other and to improve
particular skills [Batazzi and Alexis 2000]. Theraof management of skills is to improve
the global level of skills in the company. Throutgkill sharing” companies can promote
collaborative situations that will foster the en@nge of innovative ideas. The management
of skills is an essential element in improving therformance of the team in design
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processes. It is important to know and use the keaye of each actor, then, it is also
important to manage the learning process so asmjmowve the skills pool. This
management of the actor’s skills is one aspectesfgih coordination. During the project;
the project manager assigns the right actors fon éasign activity according to the actor’s
skills, personality, knowledge... Thus the projectnager needs to study how actors
collaborate in design activities in order to takelexision on the actors needed for the
design activity.

3.2.4 Communication

Most of the time, actors misunderstand the word lldboration” and assimilate
collaboration to “communication”. It is easy tolfaito the trap of thinking actors could
have better collaboration if only the bandwidth evencreased. Collaboration requires
communication, but it is not only communication. oMlmer confusion is often made
between participation and collaboration. Partiéggrats a means, not an end. It is needed to
collaborate, but to participate is not sufficie@hju 2002].

In the coordination aspects the transmission afrmétion or documents may be made
through various forms of communication between ractdhis communication could take
four forms, as shown in Figure 7:

@ @ @ @
e—© o—0® © ® O <—I-> [
Distribution Collection Circulation Exchange

Figure 7: Four forms of communication

These four forms of communication are used by ttera to collaborate in design projects.
All these forms are complementary; each one is usedccordance with the design
situation, the actors’ way of working and the prggmn of the project management. The
“circulation” form is mainly used for validationhe “collection” is used to group
information and build common information from varpart of work, the “distribution”
form informs the actors, and “exchange” is a graiphe three previous forms in an
informal communication.

The project manager must be aware of these forne®mimunication in order to foster an
adequate form in accordance with the design sgngBonnenwald 1996].
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3.2.5 Individual person

According to [Cross and Dorst 2001]; designersrpret the same assignment quite
differently, in awareness of their own design eowiment, resources and capabilities. The
designer thus decides what to do (and when) orbéses of a personally perceived and
constructed design task, which includes the degigrblem, design situation and the
resources (time) available, as well as the desigmsvn design. Collaboration in design is
thus influenced by all the individual persons imgd in the project team.

The personality is one of the main characterigiiche individuals. The model “Big Five”
[Paunonen and Jackson 2000] defines the persomaility five main criteria: sociability
(dynamism), meticulousness, emotional balance,itsgipening (imagination), and
awareness of the other actors. These identifiegdr@iexplain the main difference between
individuals. The sum of the actors’ personalitylushces the collaborative situation and
must be taken into account in the definition of ¢berdination guidelines.

Motivation is often associated to the personalrdesi actors to do their best. Motivation
comes from various respectable or shameful soulikedear, money, power, or an ideal...
Motivation varies according to the individual, tbentext or the time. Between the actor
who harms his or her company and those who beltiget company “body and soul” there
is a large space. It is precisely in these twoesmés that the project manager has to
evaluate and drive actors. Therefore it is usefuhdave a scale to represent the various
motivation levels and the related consequencesif€ig). The goal is not to classify actors
or to give a mark because motivation often changed depends on the situation.
Nevertheless, this scale can help a project man@ag#rink about the motivation of his
project team: what is the motivation level at thisment? During this year? What is the
behaviour which reflects this level? What did astealy? What did they do?

Motivation scale

Motivation Level Description Comments

His mission is more important than his ow Risks for the actor and for his
life. He works nights and week end.  environment. More or less longer.
Work in an autonomous way, he tries to

1- Enthusiast

2- Involved improve the processes and the relationshi Ideal” attitude
3 Mofivated Work in an autonomous way, by doing “jus Acceptable attitude, but sometime
- Motivate . -
enough” in order to carry out the work it is not enough
Common attitude, it must be a
4- Spurred Act consequently of an external stimulus a transitional attitude. The project
P reward or punishment. manager can be exhausted if the
situation continues for a long time.
5- Survival Do the minimum to dodge problems. Must be corrected
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6- Demotivated Do nothing in every situation Must be corrected

7- Rebellion Try to harm organisation Must be corrected

Figure 8: Motivation scale [Carré 2006]

This scale helps project managers to establismstaative discussion with actors in order
to find solutions; or it can be used by project agars to estimate their own motivation
level.

All these factors involve the study of the interactbetween actors during design projects.
Human behaviour takes a significant role in the rggmece of collaborative situations; in
this thesis, it is considered that the individisahi the same time a resource for the process,
but also an autonomous actor, who can learn, tagsions, create, and model this process.

3.2.6 Characterisation of Collaboration

Various factors are used to define different forofiscollaboration. The combination of
these factors could lead to the definition of ggéanumber of collaboration forms. Thus,
this section introduces the main factors from ttexdture; nevertheless more factors could
emerge during the study in order to facilitate tharacterisation and the analysis of the
collaboration.

3.2.6.1 Time and location

The form of collaboration could be differentiatedcarding the criteria of time and
location. The difference between the forms of dmilation is shown in the 2-by-2 matrix
suggested by Johansen [Johansen 1988]. The maisithie dimensions time and space,
which are distinguished in the categories “sameal &tifferent” respectively. Thus this
matrix represents four possible scenarios of colialion. These are shown in Figure 9
along with examples.
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Support for

. Emauil, etc.
shift work, etc.

Ditferent

Time

, Meeting support, Video conferencing,
Same
cte. ete.

Same Different

Place

Figure 9: Four scenarios of collaboration form.

According to the above Figure 9, four kinds of abbhration situations can be
characterised:

- Same time, same placeCo-located people who have joined together plajlsic
to, e.g., carry out a meeting, which could be f&téd by a so-called meeting support
system, i.e., IT explicitly developed to assist gleoin the process of running
meetings effectively [Nunamaker, et al. 1991].

- Same time, different place Distributed participants cooperating synchronpusl
assisted by, e.g., a media space, i.e., a systatnséeks to decrease the physical
constraints experienced by distributed participdaytenabling close and continuous
audio and video interaction.

- Different time, different place: Distributed participants working at different
times, supported by, e.g., an email applicationjctwtenables them to exchange
messages with each other asynchronously.

- Different time, same place Co-located participants working at different tene
assisted by, e.g., a system supporting shift weelk,(e.g.,[Johansen 1991]).

Johansen’s 2-by-2 matrix suffers from the probléat it only states four potential kinds of
collaborative situations, but nothing about howtipgrants in these situations could be
supported by IT. Thus, other factors are needeblat@® a better characterisation of the
collaboration forms.
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3.2.6.2 Formal and informal collaboration

The actors can work in a formal or informal way. $lof the time, their daily work is a
mix of formal and informal collaboration. On thispic, various works [Crozier and
Friedberg 1977] have defined the concept of “uatety zone”, where all the effort of the
company is oriented toward the control of the desiganges. Thus, the responsibilities, the
procedures, the specifications are defined in m&mway in order to make the future and
the behaviour predictable. Nevertheless, designgd&appens every time in projects and
cooperation processes are quite unstructured andahfrontation of the different actors’
points of view leads to informal and unofficial @nfnation exchange. Consequently, this
situation is favourable for interactions betweemoer where conflict could happen and
“play of power” between actors could appear [Call®d®8]. The identification of these
situations leads the determination of the zonesreviibe actors elaborate alliances,
resistances and negotiations in order to finallytgbute to the progress of the project.

In contrast to that, various processes of coortinare more formal and define the actions
of the project actors in detail. The formal aspeats more present in the coordination
aspects and the informal ones are more used irecatbpn between actors.

These two forms of collaboration (formal or infolinare necessary and must be used in
accordance with the specific situation. Sometimésnecessary to formalise thinking such
as in a schedule, but other times it is usefulawehan informal meeting at the coffee break
to exchange extra information which cannot be dsadl during a formal meeting.

3.2.6.3 Degree of freedom

For decision-making, project managers need to ifyeetfective action levers which will
influence collaboration thus increasing design grenaince [Merlo, et al. 2005]. Those
elements concern designers themselves, not jugiréitict or the activities. So to identify
them, previous works [Girard, et al. 2003] propastaxonomy of collaboration (Figure
10). This taxonomy suggests taking into accourfindion of design activities, freedom of
relationships and collaborative experimentatiomieen design actors.
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Activity Relationship Collaboration
definition freedom experiment
<7 Established
/ Free \  Non-Established
Prescribed <> Encouraged <7 Established
\ N\ Non-Established
/\ Forced <7 Established
N\ Non-Established
Collaborati
oftaboration 7 Established
] Free \  Non-Established
Unexpected_% Encouraged <7 Established
S Non-Established
Forced <7 Established
S Non-Established

Figure 10: Twelve forms of collaboration

The activity definition concerns prescribed colledimn and unexpected collaboration. The
degree of freedom of a relationship correspondkéeqossibilities which are offered to the
actors to collaborate. The degree of freedom cdfrbeced” if managers define or impose
rules to force actors to collaborate. Otherwisaafcollaboration rules are imposed, the
form of collaboration is “Free”. Between these tfwoms of collaboration (“Forced” and
“Free”) the collaboration can be “encouraged” wha@nagers give advice to guide actors
in their way of collaborating. Collaborative expeentation relates to whether workgroup
members had relationships before the beginninchefdctivity. Finally twelve forms of
collaboration are identified by taking into accothgse three criteria.

This taxonomy helps to characterise the form ofataration used by actors during
projects. This characterisation supports the ptojganager’'s decision-making process
during the coordination of a project. Thus, thenitfecation of the parameters influencing
collaboration is facilitated. At the end, it coudé possible to have anticipative control on
the collaboration form and not just reactive in flaee of the unpredictable nature of
design.

3.2.6.4 Conflictive and consensual collaboration

In project design, actors are often confronted witbhblems that they cannot solve alone.
Moreover, it is possible that a conflict appearsirdy the design process, when the
activities of various persons interfere on the saugject. In these situations, the actors
have to collaborate in order to decide togethert\liactions are to solve the conflict and
to reach the objectives of design without interfgrivith the defined design process [Rose
2004]. Thus, the collaboration between actors isbeéween conflictive and consensual.
The conflictive collaboration is when the actorsmeointo conflict and keep to their
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position as opposed to a consensual collaboratioerevthe actors are inclined to make
concessions. These two extremes do not fosterbood#ion; nevertheless the conflicts or
the confrontations are not bad if the dialog remaipen and constructive between actors.
In the same way, a form of collaboration where gvactor makes concessions is not
appropriate because everything could be acceptadrastake.

3.2.6.5 Subjectivity and objectivity

In “The eye of the spirit” [Wilber 2001], knowledgebout the world is explained as an
integrated process. Wilber explained that any phemmn can be looked upon in four
ways. As displayed in the following Figure 11; miaterior and an exterior fashion, and in
a collective and an individual fashion.

Subjective Objective

My work experience Time used in experiment

Individual

We | Its

Intersubjective Interobjective

Collective

How we communicated and How the parts of the
came to an understanding | experiment are connected

Interior Exterior

Figure 11: Four ways of looking upon phenomena

As illustrated in Figure 11, looking upon a phenaore in 1) an internal and individual
fashion is a subjective analysis, 2) as exteriat iadividual is an objective analysis, 3) as
internal and collective is an intersubjective asayand 4) as external and collective is an
interobjective analysis. As dispersed collaboratiovolves people, objects and relations
between these, all four views are necessary tditédei a full, comprehensive analysis of
the different aspects of collaboration. In the @iodiration analysis process, subjectivity is
introduced in two main places: during the recordifiglata and during the analysis itself
(these points are developed further in Chapter. 7.2)

3.2.7 Synthesis on collaboration
In this thesis, collaboration means “work with otletors toward the same goal”, and the

consequences of such a definition are that actost hrave the possibility to communicate
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between them. However to communicate, actors mast B common space of reference in
order to understand and exchange their thinkingisThctors build a shared framework in
order to support the interaction between them. Acompleted shared framework leads to
misunderstanding and design errors. This enviromniencharacterised by the actors
themselves, the specific attributes of the produnct the project, the design processes, the
form of collaboration used, the resources (see @n&2.2).
Moreover, the notion of a goal is essential in awodlration; goals federate actors toward
this goal and help to distribute work, to find cammises in order to reach the common
goal. The personal thinking and the individual veéyvorking play an important part in the
effectiveness of collaboration. The involvementofors is more efficient in the federated
project if they find a personal benefit in collaating. This benefit could be to help them in
their daily work, to learn more in a specific domar to find a solution easily. However if
an actor does not find benefit in collaboration, viadl be hesitant in participating in
federated projects. Benefits motivate actors to enaltforts in order to keep the
collaboration in operation. These efforts must tedenby the right persons, at the right
time in the right place to do the right task; ahig is possible only if each actor is aware of
the other actors’ actions.
In this section 3.2 about collaboration in desiga mave seen the description of various
relevant aspects to support the characterisatiaieofcollaboration. This characterisation
allows the evaluation of the form of collaboratiased by actors in design in order to know
how the actors collaborate:

- In synchronous or asynchronotisie and in the samication or distant. Each

form of collaboration can be classified into foategories (synchronous / in location,

synchronous / distant, asynchronous / in locatimhasynchronous / distant).

- In aformal or informal way. Each form of collaboration can be evaluatgedb

continuous scale between formal and informal coltabon.

- With which degree of freedomi.e. if the form of collaboration is closer to a

“free”, “encouraged” or “forced” collaboration.

- In aconflictive or consensualway. Each form of collaboration can be classified

between these two extremes.

This is a first characterisation which comes frdme tesults of existing research works.

Nevertheless, this first characterisation needsetexpanded and linked with the context of
research. Thus, this characterisation will be ceteol by the case study in order to add
extra factors and to obtain a complete characteisa

Moreover, this characterisation of collaboratiorll we the basis for the analysis of the

form of collaboration used by actors in design @ctg. Thus this analysis of the form of

collaboration will be a support to improve variaspects of the coordination such as skills
management, definition of flexible and detailedigerocesses, a better understanding of
the previous design activities...
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3.3 Coordination

The coordination of design processes is not eagymidestones or mechanisms can be set
up in order to guarantee the progress of the pr@ged to control the convergence of
projects towards initial internal or external oltjees. Project management involves
organising the design project and coordinatingatters’ activities in order to improve the
performance of design processes. Milestone is adwwymmonly used in project
management. In this thesis, a milestone is to lokenstood as a predefined design activity
which is scheduled during the design process. Voareving the milestone the completed
work is checked and the project manager can takesidas to modify the future design
process according to several parameters such & tiosts, completion of task, extra
milestones definition, or project team resourcesesE milestones are control points to
ensure that completed tasks, generated documentdigh or raw material definition are
well matched with initial objectives.

Design coordination is not a tool to control théoeg tasks but attempts to anticipate the
future and to adapt the design process to chamnvgaish( can appear during the design).
Design coordination is ensured by the analysihiefdesign objectives in order to define an
adequate mode of coordination, providing the nesgsmformation to the actors at the
right time and in the right format. The project ragar has also to define performance
indicators in order to control the progress of tiesign and to take corrective actions if
necessary [Girard and Doumeingts 2004a], [Legardsal. 2004b].

Therefore, two methods may be used by the projestager: either attempting to force
cohesion and the gregariousness of the group aniftg on a predefined plan; or on the
contrary working to encourage the emergence ofesheollaboration spaces [Dameron and
Fonqguernie 2000]. On one hand, in the former methioel manager “forces the system”
and the design process follows predefined actgjitie this case the design process leads to
a routine situation and collaboration is stifledthg design formalism. On the other hand,
in the latter method, the manager can use an a@@m based on autonomy, but such an
auto-organisation presents obviously the risk ofeding energies, of not sharing any
common objective and of generating situations oiflg.

The path for the manager is narrow: he must matmgembine the best elements of these
two extreme types of organisation, one to structlgsign process, and another to keep
enough flexibility in order to promote collaborati@and to remain reactive in the face of
changes in the progress of the design.
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3.3.1 Coordination mechanisms

The coordination of the design activities is noyadhe scheduling of activities. During the
project, actors make technical decisions (seleatiomaterials, part dimensions, choice of
processes, etc...) and have to choose a solutionebatwarious alternatives in order to
solve design problems. The decisions deal also thighallocation of human and material
resources. Moreover the design department oftennba®nly to coordinate one design
process for one project, but various design prasefs various concurrent projects. Thus,
the coordination mechanism must be defined to éoatel and run various activities and
processes.

3.3.1.1 Design coordination Theory

“Design Coordination Theory” results from the seslof the work group ESPRIT, IMDEV
and the program ESPRIT liMB (Integration in Manuéamg and Beyond) [Andreasen, et
al. 1994] [Duffy, et al. 1997]. The studies to irape the product design prove that design
coordination is a way of optimising the design msses. This approach is based on various
points of view to structure the design successfullye coordination is assured by four
main activities [Andreasen, et al. 1996] or fowtéas [Girard, et al. 1999] :

- Make decisions on tasks to carry out,

- Control of resources,

- Modelling of the job point of view,

- Scheduling of design activities.

Based on these activities or factors, eleven intextl models [Andreasen, et al. 1998] have
been described (Figure 12):
- Model of theProduct Developmentcycle,
- Decompositionmodel is a multi-point of views model,
- Models of Disciplines and Technologiedinked to the product. It is used to
structure the design activities,
- Model of theProduct Life Cycle in order to define each phase of the lifeley
and the interactions between product and envirobmen
- Model of Synthesis Matrix describes the activities to carry out in order 4suse
the design and the manufacturing of a product ssiesably,
- Model of Life Cycle PhasesSystemcompletes the synthesis matrix in order to
optimise the sequence of the life cycle phases,
- Model of Goal / Results describes the decomposition by objectives and the
results achieved,
- Model of Task defines the tasks needed to develop the product,
- Model of Activity / Plan with the support of the model of Goal / Resultd #me
model of Task defines a complete scheduling oftti®ities,
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- Model of Resourcesdefines all the characteristics, the structurekratations of
the necessary resources,

- Model of Design History is the memory of the product development projsct b
storing a record of the activities carried out.

1. Product Development | 3. Disciplines / Technologies
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Figure 12: Design Coordination Frameworks [Andreasen, et al. 994]

This theoretical model formalises the main concegitaracterising the coordination
framework in industry. Nevertheless, these studiased on the “Design Coordination
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Theory” are not easily applicable in SMEs. For eglanthe model oSynthesis Matrix is

not used in French companies. The models 7, 8 ame %ot easy to manage separately
when the workload is full: théctivity/Plan, Task and Resourcesare in reality closely
interlinked. Moreover, no tool has been implemeritedrder to support the use of this
model by companies. Finally this model requiresrgglterm vision which few SMEs have
the possibility of acquiring. The intent in thigesis is to improve design coordination in the
context of SMEs and to propose a more adequat#exible framework.

Other studies on design system coordination basdtis theoretical work have been done
such as the GRAI R&D model.

3.3.1.2 Design engineering model: from GRAI R&D to IPPOP malel

The GRAI R&D model [Girard 1999], provides a franmmw composed of three main parts
to study the design system (Figure 13) :
- The technological system transforms the input @@quirements) to output data
(product definition),
- The decision system pilots the transformation eftéthnological system,
- The information system links the decision systeme, technological system and
the environment.

This design system model is based on system tH&wnyon 1960], [Le_Moigne 1990],
organisation theory [Mintzberg 1990] and the theaimierarchical systems [Mesarovic, et
al. 1970].

Objectives
External / l l
Information
| —
DECISION —
SYSTEM
Internal
Information
INFORMATION Piloting
SYSTEM Information

j TECHNOLOGICAL

SYSTEM
Requirements Product definition

Figure 13: Design system model [Girard, 99]
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The technological system describes the transfoomadf the requirements to the product
definition and the processes of manufacturing. Té@hnological system uses human,
materials and information resources and is stredtlny “design centres” (Figure 14). A
“design centre” is a group of actors carrying owasign activities to reach specific
objectives during the project.

The “decision system” ensures design coordinatimh ia the location of decision taking.

Decisions are then transmitted to the “technoldgsgatem” in order to synchronise the
activities in the “technological system”. The “dgon system” is composed of “decision
centres” with various levels. A “design centre’nmnaged by a “decision level” which

defines a design frame with design objectives, swany skills, required resources
(financial, human, material, and information), ahé performance objectives in order to
evaluate periodically the activities of the “desigantre”. The “technological centre”

provides feedback to the “decision centre” on thelgion of the product knowledge and
on the progress of the product development actsviti

[Project n | | | |
[Project 2| [ | |

Project 1 n hl' ni .

Internal M:)':;:jgcet > d(;sion . LENEE External Internal Man'agte Syr(l;:r;ozlse Manage External
infi P 9 needs inf info |3 prolec. . 9 resources | .
o | knowledge | methods info info |information| projects info

Decision Strategical
frame l level

D iq | LOperative
f.%srlr?en _ Interngl level
information
PRODUCT and PROCESS
|:> DESIGN KNOWLEDGE
CENTRE

Figure 14: GRAI R&D model [Girard and Doumeingts 2004a]

In the GRAI method, the concepts of “horizon / pdtigroup the “decision centres” into
“decision levels” [Doumeingts 1984]. The “horizors’the time during which the decision
is available and “period” is the date until whitte tdecision may be updated. This concept
classifies the decisions taken with temporal dataccording to three categories:
- Strategic decisions (long term) deal with the peicand the strategies of the
companies. They define the orientations and theabes for the design,
- Tactical decisions (medium term) deal with the argation and the resources to
provide in order to reach the objectives,
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- Operational decisions (short term) deal with thglementation of the design
activities.

This time categorisation is completed by anothéea: the functional objective of the
decision. Three functional objectives are usednprove the classification involving
decisions on:

- Information flow,

- Management of capabilities (skills, resources, nate..),

- Synchronisation between information flow and aieiit

The “decision centre” is defined with a decisiomeleand with a functional objective. For
each decision level, six “decision centres” arenidied in accordance with the functional
objectives of the decisions. These functional dbjes of the decisions are [Girard and
Doumeingts 2004a] (Figure 14):

- Manage product knowledge,

- Synchronise design methods,

- Manage needs, manage project information,

- Synchronise design projects,

- Manage resources.

Decision centre: the various activities of the ‘idam centre” [Doumeingts 1984] are
defined by the associated “decision frame” (vagaldnd limitations of the decision), the
result of each decision making process, and byrftoeemation used to take decisions. The
concept of “decision frame” is used to coordindte tdecision centres”. A “decision
frame” is defined by:

- The decision objectives,

- The decision variables used to define the actiormaltry out,

- The constraints linked with the decision variables,
The criteria used to choose the decision variables.
The operational definition of these elements isingef at each decision level. The
organisation of the technological system is closielked to the decision levels. Each level
coordinates a part of the technologic system, dalédesign centre”. The coordination is
based on the decision making [Duffy, et al. 1997lbing predictive models of the system,
in order to estimate the final “value” expected.idtnecessary to evaluate the design
performance to support the decision making [O’Ddinaad Duffy 2001] [Haffey and
Duffy 2001].
The main goal of the “design centre” is to reaahakpected design objectives according to
the “decision frame”. The “design centre” is a spachere the product knowledge is
transformed from its initial state to the finaltstaThis transformation is defined by a model
of the design processes and a product model bas@doduct knowledge [Eynard 1999].
The final state is reached when the objectives &rgen the “design centre” are achieved.
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The “design frame” which coordinates the “desigmte®” is defined by the following
elements:
- The design objectives defined for the design centre
- The skills including knowledge, methods, processebstechnology needed,
- The performance objectives to check the progresheoproject (like milestones,
expected values),
- The resources needed to reach the objectives: huuesigners), materials,
founding, lead-time etc...
Designers are the human resources assigned tetigndcentre to complete the expected
objectives. The human resources in the “designreenbuld be a project team or a single
person.

This GRAI R&D model is the basis for the definitiohthe theoretical aspects of a project
named IPPOP. Thus, in the IPPOP project the spatitns for a model of coordination
are defined in order to implement a tool for prbjesanagement based on Product,
Processes and Organisation. The IPPOP projectsisdban an integrated model divided
into three sub-models: product model, process madélmodel of coordination decisions
[Nowak, et al. 2004].

As we can see in Figure 15, in this IPPOP Projegbroduct model (the left circle) is
proposed to formalise the technological knowledgeua product (function, structure,
behaviour, expert view,). This model is relate@xesting CAD models, and can be used by
the designers from its semantic definition levet$agyeometrical definition level.

A process model (the middle circle) is proposedefaresent the activities of actors. This
model ensures that the design logic is followed stoded for further use (both re-use and
evolution) by the project managers when evaluadiegjgn processes.

Finally, the modelling of coordination decisionsgtright circle) supports the structuring of
multi-level projects with the external and interoajectives of the enterprise.

The models are implemented in a prototype which lmarused by the designers (see in
section 3.4.3 for IPPOP prototype explanation).

This work has been defined in a general contextesign coordination. It must be adapted
to SMEs but some aspects appear to be useful: ¥amgle considering that project
evaluation is based on integrated aspects fromugtpogrocess and organisation points of
view; or process traceability in order to be aldeevaluate and re-use it which is a key
point for analysing collaboration and understanding coordination can influence it.
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3.3.1.3 Management of design projects

The global approach to managing design projechased on the coordination of the main
design situations which will occur in the projecittwa project plan. For each design
situation, the project manger has to define theuees (human, financial and technical),
constraints, objectives and performance indicatrgeach the expected objectives in order
to be reactive in the face of any design situafdarlo 2003]. This approach is supported
by various models with the main elements influegdime design in order to manage design
projects. In this section 3.3.1, it has been séan the model of “Design Coordination
Theory” (in section 3.3.1.1) is very complex to pag the management of projects in an
SME, and that a more global model as the GRAI R&hel is more complete and easy to
be applied for supporting this management. Indéesl GRAI R&D model with the global
(decision centre) and local (design centre) elemafitthe design system lead to the
definition of different design situations in ordéy manage projects. And finally, the
integrated IPPOP model with the process and prouchactels help the project manager to
have a global but pertinent view of the design ltssiNevertheless, nowadays, design
results alone are not sufficient to evaluate thdopmance of design. Indeed, design
performance can be improved by the study of theraations between product, processes,
organisation and actors which do not have a dimrepact on the design results. The GRAI
R&D model aims to characterise the global framewafrkhe design decision making, but
the division into design centres is a macroscopev\of the design system and does not
offer a detailed description of design activiti@$us, the GRAI R&D model must be
enhanced to obtain one where all the factors influreg the collaborative activities and the
design processes are included. These factors are:

- Factors from the global design context,

- Factors from the organisational structure of theany,

- Factors from the product definition stages

- Factors from design process progressing,

- Factors from the actors themselves.

All these models will be a basis for the descriptaf the coordination mechanisms in
design situations.

3.3.2 Project management by project leaders

In an SME, the main task of project managers ctssitthe coordination by organising
and scheduling the project around an appropriatetstre [Pol, et al. 2005b]. [Coates, et al.
2000] suggests that task management, and schedatiether with resource management
are the most important issues when it comes toatipeal coordination. The project
manager defines objectives and allocates resohtenan and material) to the various
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tasks. He defines milestones to synchronise thgress of each person’s work. However,
this implies that the design process can be rdigethand organised using a prescriptive
approach. In an SME such a prescriptive approadiseat a global level, but, at a detailed
task level, actors have only objectives and milestoand they manage their tasks by
themselves. In this case, respecting deadlindseismain performance target. The project
manager must ensure that the results of everyaodvied in the design phase converge and
do not interfere with each other. According to greged design methodology [Tichkiewitch
1996] models, tools and methods must be develapedritrol the exchange and sharing of
data during the design process in order to redisés of redundant or contradictory data
and to facilitate effective collaboration.
The main ability of a project manager is leadershipmanaging design projects. In order to
support the basic needs of a social system, thr@e types of requirements must be
distinguished for leadership activities [Badke-Sdhand Stempfle 2004]:
- Content-related requirements (25% of time): encaapall activities to
accomplish the task and to solve the given problem.
- Goal elaboration: formalisation of goals and dexisirelated to goal and
task clarification.
Solution development: Discussion and selectiorobft®ns in a supervising
function.
Analysis of failures: Diagnosis of sources of fealsl and development of
alternatives.
- Process-related requirements (50% of time): In rotdesuccessfully solve a
problem the leading function does not only deahwite design task itself, but must
also direct parts of the leading activities to stiing and coordinating people and
processes.
Scheduling processes: Scheduling activities relabethe coordination of
who, what and when.
Monitoring processes: procedures of monitoring aadtrolling processes
and people.
Allocation of different kinds of resources suchnasney, people, material.
- Relation-oriented requirements (25% of time): Legdactivities also concern
aspects of goal attainment, that is to pursue ged#ls or without the support of
others and ensuring the motivation of persons weal
- Interpersonal influence: Strategies influencingeothpursuing own goals
and/ or company’s goals
Processes of detection, analysis and solving opggsisitions.
Motivating and supporting, rewarding performancend a building
identification for the company’s goal.

Leadership is focused on a macro view of the comp@mman relationship, strategy,
schedule), but at a micro level the informatiomfloas to be managed properly.
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3.3.2.1 Organisational structure

The organisational structure of a company is compasg individuals with responsibilities,
where the relationships between actors are stredtby various common actions. From
this first definition it can be possible to expldim more detail what the organisational
structure is. The actors involved in the organdsal structure are supposed to converge
towards the goals of the organisation; howeverctir@ribution of each actor is difficult to
evaluate: sometimes, some of them could go agaifiisial and explicit goals of the
organisation. So, the existence of an organisasiarot based only on the involvement of
each actor but also on the achievement of theikviarthe same official goal. The number
of participants is not a criteria of existence;caganisation could be 2 or several thousand
people. Of course, the behaviour of the organisasalifferent according to the number of
actors. The boundaries of an organisational stracte not clear, it could have lucrative or
non lucrative goals, could be official (as in a @amy) or non official (as with volunteer
workers), and could produce concrete products rerces.

Various forms of organisational structure are désd. in the literature There are the five
forms of organisation introduced by [Mintzberg 198@r the four types quoted by
[Blanchot, et al. 1999].

[Mintzberg 1982] proposes a classification of tihgamisational structure of companies. He
identifies five mechanisms of coordination:
- Mutual agreement when the actors of the organisation coordinatér ttasks
themselves in an informal way via simple commumnores.
- Direct supervision of a superior on the actors. One person is ingeshaf the
actors’ work.
- Standardisation of processesindeed, the detailed definition of formal rulas o
the processes of work.
- Standardisation of results with the definition of objectives. The resultsear
specified but not the method to reach them.
- Standardisation of qualifications it is the use of specialist persons to complete a
task in order not to standardise the processeshan@sults.

Moreover, Mintzberg describes five forms of orgatimnal structure where, for each one, a
mechanism of coordination predominates.
- Simple structure, based ordirect supervision It is mainly for small structures
and supervised by the director.
- Mechanist bureaucracy based on thestandardisation of processeslt is
principally found in old and large companies withigh level of formalisation of
work. For example, large manufacturing units with anskilled workforce are
representative of this form of organisational sinue.
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- Professional bureaucracy based on thetandardisation of qualifications It is
the opposite of the mechanist bureaucracy, whevwepdas given to the workforce
because this workforce is qualified, and has resipdities. Examples might be
doctors in hospitals or professors in universities.

- Divided bureaucracy, it is based on the division of the company into
departments where each department has autonomyg arahaged by objectives.

- The “adhocracy’ based on thenutual agreementmechanism. It is used mainly
in complex and fickle environments, where standatibn is not effective. The
structure of the authority is not well defined wahlow level of formalisation, and
with ad-hoc structure defined only to carry oupadfic task.

However various other classifications have beenpgsed to define the forms of
organisational structure, [Blanchot, et al. 1999ppmses four forms of organisational
structure:
- Quality organisation, where Quality is used noaasol but as the outline of the
company management. This approach fosters therasponsibility and autonomy; it
is opposite to the classical and hierarchical manemt.
- Partner organisation, it is an organisation origni@vards subcontractors in a
context of “extended company” when the company Ive® its contractors,
subcontractors, and partners in its processes.
- Network organisation, to foster the work in netwdsktween actors, teams,
departments or companies in order to become mdieieet and not to stifle
emergence of innovation. It is, for example, préserthe automotive field between
manufacturers and their network of subcontractaesearch laboratory and
contractors.
- Skill organisation, this organisation is based amtipular strategies to manage
actor’ skills in order to learn new knowledge omtnrhow through the network of
actors.

These sorts of transversal organisations are ysusd#ld to manage the development of new
products [Tarondeau and Wright 1995] with teams mosed of multidisciplinary and
autonomous actors [Clark, et al. 1988]. A transalessganisation is a group of actors from
various departments, organisations or companiesus,Thmost of the time, these
organisations are composed of multidisciplinaryetThe transversal organisations used
in projects often overlap with the global organmaal structure of the company. Therefore,
in transversal organisation, the final result witlt depend on the skills of one person or a
group of persons but will mainly depend on the tyalf the interactions between actors.
From this observation [Bourgeon 2000] defined adtlypsis and rules to assess the form of
organisation used during design projects. [BriorD@0demonstrates that access to
information must respect these principles of autoyoand transparency in order to
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establish mutual trust and understanding of the&kwmimprove the individual involvement
in the project.

Nowadays companies are reconsidering the orgamisatith fixed departments; this form
of organisation is too rigid and cannot adapt pobsluor services to the client's
specifications. Now the “distributed company” (camg which integrates client,
contractors, partners, subcontractors in its prodagelopment processes) develops a new
organisation named “transversals” based on the gmmant of processes, and the
management of networks of actors. These “transi&rsarganisations oppose the
traditional notions of boundary between the fornisomyanisation. The company must
become flexible, and adapt its organisational stinecto manage skills and knowledge.
This model of company is an idealised model, behdws the evolution of the organisation
in progress.

Consequently these new forms of organisation ha@@urable impact in design projects
because they foster multidisciplinary exchangesvéen actors, the relocation of the
decisions from the director to the actors [Pras@€7l The main difficulty will be to
organise actors and to use the right form of ogation according to the design situation.

Organisational structure is one of the main coreefrcompanies. According to [Blanchot,
et al. 1999], there have been more and more orgomsl changes during this decade: It
was observed on the one hand “the explosion ofnisgton boundaries ”, with the end of
the supremacy of the hierarchy and an opening tsvte exterior. On the other hand
“transversal management”, with the creation of grwamsal functions, management by
processes, and the coming of collaborative projddiss it was observed that there was a
transition from “the pyramidal structure to a fowh horizontal coalition” [Batazzi and
Alexis 2000].

Two forms of organisational change exist [Derum@28:
- The brutal/prescribed change: with a clear visibthe future actions, a detailed
definition of the element to change in the orgaiosa the key actors as leaders and
heads who make adequate decisions are identifiddirarolved in the project of
organisational change,
- The construct/progressive change: with an uncléaorv of the future situation,
with a framework to manage the changes, a reatedésihave a new organisation,
with freedom of action in order to foster creagvéind autonomous behaviour.

Generally, concerning organisational change, achoept a new form of organisation
when they find a personal interest in it. As we savthe section 3.2.2; an organisational
structure accepted by actors is one of the maianpaters to assure the creation of a shared
framework to support collaborative exchanges. Timeolvement of actors during the
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change process assures the elaboration of persoodéls and methods in order to
collaborate during future projects [FranchistegQ01.

However to define the right organisational struetur a company, negotiation with actors
about the project in progress is not sufficientade of the company must be involved in
this process in order to link the organisationalices to the strategy of the company.

[Franchisteguy 2001] presents a plan with stepsanage the organisational change:
- Construction: To encourage actors to abandon teéexes, forget their habits,
modify their vision of the environment in order become ready to consider new
modality of organisation.
- Reconstruction: Apply the changes, test and adaptchange proposed. An
external aid such as research laboratories couldbéeeficial to assist the
organisational change.
- Stabilisation: To consolidate the modified statel dine organisational strategy.
This step is essential to perpetuate the new asgaon.

To manage the organisational change, the objechiaes to be defined for short, medium
and long term, with accuracy to clarify the adequasources. The reorganisation work
must be organised as a project, with the definindbmissions, multidisciplinary groups,
and responsibilities (inside the group as well esveen groups). The reorganisation could
be followed by an external intervention in orderkeep a new point of view on the
reorganisation progresses, with neutrality in anfevork of action-research. These three
steps must be managed as a project with the sasfeettomanage a project. Heads of the
company must drive changes, and verify that a shiaaenework with a common language
and vocabulary is defined.

An adequate organisation is one that can handleutipeedictable nature of the design
process. This adaptation is based on the autonooomssitution of transversal networks of
actors through the company to collaborate toggtbegardeur, et al. 2004b]. Moreover in
order to organise a structured design processpbssible to use workflow and lifecycle
tools. Nowadays all the classical forms of orgamsaseem to be replaced by transversal
organisations managed by processes and actor mestwathout a fixed definition of the
boundary between departments. Human factors wigh ribtions of knowledge, skills
[LeBoterf 1998], or actor network [Legardeur, et2001] are essential to study and thus to
improve collaboration in design projects [Damerad &onquernie 2000].

The identification of the organisational structwrsed by actors in a given situation is a
factor for improving the management of the desigyqet and collaboration [Girard, et al.
2002].
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3.3.2.2 Design management concepts

Traditionally, the design process is carried outabgontinuous and sequential transfer of
information from the definition of the needs towatide detailed design. From this
sequential process, errors can spread throughrtioegs. These errors are detected only in
the downstream steps of the process, or even dtirenghanufacturing. It is in this context
of misunderstanding between design practices tatnbtion of concurrent engineering
emerges. The main field of application of concurrengineering is in the activity of
product design [Tichkievitch and Brissaud 2000].
The main objective of the concurrent engineeringraach is to reduce significantly the
lead-time and the time to market of products [Welitf, et al. 2005]. This approach takes
into account, from the early phases of design, wiele lifecycle of the product.
Concurrent engineering is based on the simultarsaity parallelism between the different
steps of the product development process [Sohlel@®2] with the desire to converge
towards the same objective. This notion of concurrengineering could be called
“simultaneous engineering” or “integrated enginegti All through this thesis,
“Concurrent Engineering” is used to refer to thabeee notions of simultaneity,
concurrence and integration of activities in thedurct design project.
Nowadays, various authors from industry and re$eéiedds have studied this notion of
concurrent engineering. Many more or less precefaitions have been put forward by
authors [Clermont 1998], [Boudouh 2000]. From dllede proposed definitions, a
complementary one emerges:
Concurrent engineering is a global and systemajxaach of the company, based on the
simultaneous and integrated management of the prdifercycle, where multidisciplinary
actors work together towards the same goals of-quaelity-lead-time. The main
characteristics of concurrent engineering resalnfthis definition:

- Achievement of design activities in parallel,

- Integration of the requirements of the downstreativiies during the upstream

activities,

- Setting up of multidisciplinary team involved inethproduct development

projects,

- Optimisation of the existing processes of develapmmainly in design methods

and management of the manufacturing.

In this field of design, the main interest of thencurrent engineering approach is the cost
saving, improvement of the product quality, and ttezluction of the lead time
[Dowlatshahi 1992], [Dowlatshahi 1994]. Indeed, thmegration of the downstream
activities with the early phase of design allows #arly detection of errors in the product
design. The qualities of products are improved, tplementary costs due to
modifications are removed, and the time to markeeduced. Consequently, the company
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fulfils its commitments taken on in the specificas phases and decreases its global cost of
production.

3.3.3 Synthesis on coordination

In this “Coordination” section, we have seen theg global approach to managing design
projects is based on the coordination of the maisigh situations which occur in the
project with the definition of a project plan anelstgn processes. According to [Tarondeau
1998] processes in design are sequential or phaalieities organised in a network, where
multidisciplinary resources, skills or actors amgdlved in order to manufacture an output
which increases in value. For each design situatiom project manager has to define the
resources (human, financial and technical), comgga objectives and performance
indicators to reach the expected objectives in rotdde reactive in any design situation.
This approach is supported by various models basdthe main elements influencing the
design in order to manage projects. It has been #e# models only based on design
processes are too limited to manage projects, latdat more global vision is necessary to
support this management, such as the vision giyghéGRAI R&D model. The model of
coordination presented in section 3.3 entitled@Al R&D model is based on the global
(decision centre) and local (design centre) elemehthe design system which lead to the
definition of different design situations in ordey manage projects. The process and
product models help the project manager to havdobafview of the design results.
Nevertheless, nowadays, design results are noiciguff to evaluate its performance.
Indeed, design performance can be improved by theysof the interactions between
product, processes, organisation and actors wtoatotl have a direct impact on the design
results. The GRAI R&D model aims to characterise ¢fiobal framework of the design
decision making, but the division into design cestrs a macroscopic view of the design
system and does not offer a detailed descriptiodesign activities. Another model has
been defined in the IPPOP project for implementhmgmain coordination principles from
the global GRAI R&D model of the design systemthis IPPOP model, the main notions
of the GRAI R&D model are used and adapted to migeistrial context and these notions
are integrated with Product, Process and Orgaaisations. The IPPOP model leads to
the implementation of a prototype to manage desagndination and project management.
These models characterise the main notion of coatidin used to manage projects.
Moreover, these models can be adapted to this nasemontext by adding a detail
definition of collaboration aspects and improversaitthe coordination level.

Nowadays all the classical forms of organisatioenseto be replaced by transversal
organisations managed by processes and actor mestwathout a fixed definition of the

boundary between departments. Human factors wehntitions of knowledge and skills
[LeBoterf 1998], or actor networks [Legardeur, ét 2001] are essential to study
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collaboration in order to improve coordination sthn projects [Dameron and Fonquernie
2000]. The main difficulty will be to organise artoand to use the right form of
organisation according to the design situation.

In design coordination, design process modellingsisential to represent the process with
the main activities, milestones, responsibilitiesl achedule in a context of concurrent
engineering. This modelling formalises the desigd allows the forecasting of future
activities and problems in order to manage therheean the design process. However, it
is possible to model the main activities at a “vadevel with the defined design team and
fixed deadlines. Nevertheless it is very diffictdt define in advance this process at a
“micro” level, because the activities, actors aedponsibilities depend on the individual
characteristics of the product (materials, numbarnits, workload), client (specifications,
norms...) and situation (financial, politics, partst@p...). Thus at a “micro” level it is
difficult to define the design processes in defailthis domain, authors like [Van-der-Aalst
2001}, [klingemann 2000] propose the use of locatkflows to represent these “micro”
activities by keeping flexibility in their managente

We have seen in section 3.3 that design procegssbktn be defined in detail, with enough
flexibility to allow actors to collaborate and reimaeactive to design changes occurring
during the project. Thus coordination of projeceeds also to take into account the
collaboration aspects in order to understand haara@pply the prescribed coordination,
to detect the design mistakes which originate fomttaboration and to anticipate the future
collaborative practices used in design activities.

3.4 Information systems for collaboration and coordinaton

“The lack of software usability and the poor desifiprograms are the secret shame of the
industry” says [Winograd 1996]. Software desigs sit the crossroads of all the computer
disciplines: hardware and software engineeringgimamming, human factors research,
ergonomics. It is the study of the intersectiomafan, machine, and the various interfaces
(physical, sensory, psychological) that conneatthe

In this research context, an information systeneitned as every system which assists the
actors of the product design to make decisionghigisection 3.4, an overview is made of
the pertinent information systems used in prodwesigh. Thus, much research aimed at
developing tools to support collaboration is ddsmli such as CSCW (Computer
Supported Cooperative Work), PLM (Product Lifecydanagement) tools [Johansen
1991], [Pol, et al. 2005c] or specific tools likROP or ID2. Such tools support
coordination between actors in projects by shaenfyjamework composed of the same
language, objectives, methods and tools.

Collaboration and coordination systems are usedllithe states of the product life-cycle.
The information flow is managed by PDM, PLM systethe equipment flow is managed
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by ERP (Enterprise Resources Planning) systemsawilund the product, a simplified
product life-cycle (Figure 16) begins with the déion of the customer’'s need and
specifications, then the product design and manwufiag is defined and finishes by the end
product and its shipping. CSCW systems may be bgeelvery department and in every
state of the product life-cycle. At a global vietlve scheduling systems plan every step of
the product development in detail in the globaljgerbplan.

ENGINEERING SYSTEM (for design)

Methods Scheduling

Product Design Product manufacturing

Purchasing

Design

P R O D U CT Manufacturing

Specifications
Assembly

Marketing Finished product

Needs Shipping

Maintenance Sales

MARKET - USE
RECYCLING

MANUFACTURING SYSTEM

Figure 16: Product life-cycle with departments and systems

In the field of research prototypes, various stsiditend to encompass all these system in a
global one in order to limit the number of systaumsed and to improve the communication
(information transfer) between all these systenige prototype IPPOP prototype [Girard,
et al. 2002] [Nowak, et al. 2004] is one of thegeet of system.

3.4.1 CSCW

CSCW means Computer Supported Cooperative Work.\WL®&Gcompasses all software
and hardware for shared interactive frameworks [¥at al. 2004]. These systems build a
multimedia environment to support cooperation witthie engineering team [Gonzalez and
Mark 2005]. The main tools of the CSCW domain areb mail, discussion forum, shared
database, information flow management, collaboeativols (Figure 17)... The main
objective is to support communication, coordinatowl collaboration in projects.
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Web Mail
Forums of Fax
discussion \ / Directory
N
Document /
database | CSCW.
/

Document / Systems helping the
modification Diary / decision making

Forms Conference

Figure 17: Main tools of CSCW systems

The main functionalities supported by the CSCWeyst are [Johansen 1988]:
- Communication between actors: for the distributioallection, circulation and
exchange of documents (see chap 3.2.4, Figure 7);
- Coordination for scheduling: a shared diary enablesy actor to be aware of the
other actors’ diaries; to allocate actors to a ,tagk book resources (room,
computers...), to manage projects;
- Collaboration sets in place a shared frameworkhtares objectives, to consider
actor’s interests, to inform each other on theagpess [Ju, et al. 2004];
- Collective memory are databases used to storenmafioon for a long time, this
information is semi-structured: part of it is sttwed for its categorisation and its
reuse, and another part composed of the data frsedadnd shared by people is not
structured,
- Automation of the administrative processes with dleéinition of the processes,
objects, activities, actions and actors; the catah of objects; and with the
launching of actions or applications. These praeesse the origin of the workflows
concepts used in PLM systems [Rueckel, et al. 2006]

One category of CSCW systems focuses on the mamgernelectronic documents; these
are called EDM (Electronic Document Management).MEBystems are often used in
administrative activities to manage documents. &hemls store a large amount of
electronic documents, foster re-use by sharingetltexuments, secure the access to the
documents, and reduce mistakes in document managele®pying, circulation,
recording...). EDM systems are often integrated th®information system of a company
to manage, store, search, display, and distribotaidents. Thus, EDM systems ensure
documents are up to date, classified, and unighesd CSCW systems are generally used
in design to ensure the collaboration between a@sifor video conference, mail or shared
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diary functionalities... They help actors buildingshared common framework that will
facilitate collaboration during projects.

3.4.2 PLM / PDM systems

Nowadays, companies are focused on continuous grothnovation and process

improvement in order to reduce time to market aaddécrease development costs.
Ensuring the coordination of the whole developn@&néa new product is a challenge for
managers at the different levels of such kindsrofaguts, especially for SMEs [Filson and

Lewis 2000a]. PLM (Product Lifecycle Management}tsyns support the management of
product data and for a company the main issueeisntiplementation of such a system and
the adaptation of such systems to the company.

Managers must take into account the mapping betwedustrial needs in product

development process management and the availaitédoalities of PDM (Product Data

Management) systems. A PDM system manages andssproeluct data and related

documents according to the design, manufacturind) support phases of the product
development process. Many other functionalitiesaaalable in order to take into account
specific needs or viewpoints from the whole compémny. classification, integrated views
of the Bill of Material, etc.) or to manage proggdaaksvuori and Immoen 2004].

The management of the product definition lifecyislenot a new concept. Effectively, this
concept has been around for many years. Howevendunmstries this concept of lifecycle
has been improved with the combination of varioe® echnologies and approaches that
facilitate the collaborative work in extended comies.

Historically, PDM has been the main technology gshis concept of lifecycle. The aim of
PDM systems is to provide an enterprise-wide inftasure to support management of the
product definition in design engineering.

In the 1980s, PDM was mainly used to manage the @kB with a database, and was
restricted to use in engineering departments. fitssuse of PDM systems for CAD file
management led to the requirement of new technedogio manage data and
communication. Thus, extra functions were addechémage data and communication in
order to expand the initial capabilities of exigtiADM systems.

Industrial evolution obliged PDM systems supplisysexpand their range of action from
the engineering department to the whole extendedpeay (including sub-contractors,
customers, and suppliers). In the 1990s, more sbphiied functions are implemented to
address new issues such as change control manageroefiguration management, and
visualisation. During this period the PC becamentiaén platform.

The advent of the Internet and Web-based toolschasged the use of PDM systems by
enabling the implementation of new technologies anocesses to facilitate real-time,
synchronous collaborative working between actorextended companies. With these
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technologies, a full management of the productnitésin lifecycle in extended companies
is possible.

In the 2000’s the PDM systems evolved towards Plystesns. PLM systems are intended
to support product data structuring and manageitmeatighout the product development
process with additional functionalities and intéigna with other systems. According to
[CIMdata 2001] they manage information through doeant management and especially
product data evolution using predefined workflowsi[and Xu 2001]. The previous PDM
systems are the core of the new PLM systems antugamew functionalities are
integrated. Actually PLM systems are often basedhternet-based technologies and offer
groupware-like functionalities [Eynard, et al. 2D@& collaboration between actors.

PLM systems can be characterised in terms of thmaim functionalities (Figure 18),

generally achieved by integrating several tool$\Data 2002]:
- The PDM tools provide the possibility of generatogstomised views of product
information for different users, enabling the d&fom, comparison and management
of different product views (the so called Bill ofatérials - BOM) and their related
information, such as, for example., the BOM As-DasiBOM As-Manufactured,
BOM As-Build and As-Maintained. Moreover, PDM syste include specific
functions as the management of product data vailgirocess, functions similar to
collaborative tools (CSCW) e.g. emailing or confeiag, and internet-based portal
functions (diffusion, internet, extended compang Bfecycle management.
- The Data Vault and Document Management provide #enechanism for a
secure storage and retrieval of all the producind&in information, whilst the
Workflow Management controls the interactions obgle with this information: in
fact, this automatically routes work from one stagethe next. In PLM tools, the
workflow techniques enable the management of th&ECO/ECN (Engineering
Change Request/Order/Notice) processes.
- The Project Management tools coordinate the framiewba project that deliver
a product to the market. It provides work breakd@tmictures and allows resource
scheduling and project tracking.
- The integration with common tools used in desigd amanufacturing such as
CAD, ERP and office suites applications is gengnaibvided by PLM systems. The
quality of this integration depends on the relatmiween PLM system and these
external applications. For example, a CAD systeh @aiPLM system implemented
by the same editor have a native integration (Mendchill and ProEngineer).
Nevertheless, when the external application is @emgnted by another company, the
integration becomes more difficult and requiresa@Xt work to make the connection
between them.
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- The expert tools can be implemented and linked WitV systems in order to
achieve a specific objective and share their owatifip information. For example a
CAM system is an expert tool that may be integrabeal PLM system.

Project
framework tools

PDM tools :

- Configuration Management
- Document management

- Lifecycles / Workflows
- Product structure

Data vault

/

N\

CAD, ERP and Expert tools

office suites integration :
- Part management

- Visualisation

- Graphics services

Figure 18: PLM environment

The management of projects and the necessity feability, standards, and other

administrative requirements leads to a significaotume of document management

activity. So it is almost unavoidable for a compdayimplement a tool in order to assist

actors in data and process management. At thistiBeeguestion appears of what sort of
tool is more convenient for the company situatespecific or generic one? A specific tool

is burdensome in terms of resources: the IT skillst be present in the company otherwise
the company must hire either a computer scientissed up a whole IT department

(according to the size of the company) to managsettsystems. It takes a long time to
implement such tool and people in charge of itsnteamiance are indispensable, both in
order to solve problems which occur during its ylaise and to customise the tool

according to the specific situation of the compargwever, such a specific tool must be
configured to have its desired functionalities at@dance with the specific context of the
company.

However, implementing a generic PLM tool is burdens, difficult, and expensive. In the

case of SMEs the costs may be reduced by a betteamaanagement and formalisation of
the validation processes, but generally the matetwden company needs and the
configuration of the PLM tool is not complete. Mower, a PLM tool cannot manage the
global process of a project because it only mandgeaments and their validation. It may
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be possible to add extra specific tools which ategrated or at least can exchange data
with the PLM tool.

Before any onerous PLM tool implementation there arerequisites that must be
addressed to create a favourable situation, torenausuccessful outcome [Pol, et al.
2005b] and to reduce significantly the cost of fingplementation by reducing the
implementation time and the number of testing tters. These prerequisite tasks are
focused on the organisational structure of the @yp its design project process
management and its product data management [Pal, €005a]. Most of the time the
implementation of these prerequisites leads SMEsutih reorganisation before the final
implementation of an IT system [Crowder, et al. ZJ0OONevertheless, during the
implementation of the prerequisites it is essenttakeep enough flexibility in design
processes to foster collaboration between designessder to not stifle the emergence of
innovation [Pol, et al. 2005d]. Flexibility can batroduced before and during the
implementation of the prerequisites and later dythre implementation of the tool. As an
example; flexibility can be introduced by a PLM ktlirough management of the validation
processes of documents [Gzara-Yesilbas 2005]. Wtk approach, some tools and
methods aim to assist integrators in carrying basé prerequisite tasks. As for tools, the
internal tool from PTE named PDS assessment, uses interviews with actaisfine the
tasks to implement the PLM system in the compamyelsas possible. As far as methods
are concerned, a methodology for PLM implementasqgmresented later in section 6.2.1.

3.4.3 IPPOP prototype

During the IPPOP project a prototype was implenmteorder to test and improve the
model presented in the section 3.3.1.1 The regultnoperation and collaboration
information system ensures internal integrationHt®logical knowledge and coordination)
and external integration (market software).

The description of the design process is based global description of the design system
at the level of strategic decision making. Stratgmioject managers have to define the
general functional structure of the product in ortteidentify which design departments
have to work together. The global structure of pheduct depends on the decision and
organisational structure of the company. The singcof the company is based on the
definition of GRAI grids for each plant of the emtgse which is modelled in the IPPOP
software (Figure 19). That permits the identifioatiof relationships and influences
between each plant and each department of themth8cstrategic decision level has to
define global objectives of the design, interopgitgb and collaboration between
departments. This step allows the identificationacfion levers that could influence the

1 PTC: Parametric Technology Corp with PLM (Windchil) and CAD (Pro/Engineer) systems.
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system. Then objectives and performance indicatteduced from action levers, can be
deployed to the lower levels of decision [Robinalet2005].

Adresse ;%,__‘E__rjttp_:f‘__. e e ——————— f_v' @
[ Wiew Design Framewaork ] TM
A380 mast
Level info
Eeceived Links Eeceived Frameworks Level 1 Honizon 3 months
[Manane infarmation flow and deploy pro Strategic Pened 2weeks

Management of project
information

Management of desigzn Management of projects
needs information

Management of human

B = and techmnical resources

Designing

Plan strategic
projects (A380

rnast)

Sent Links Sent Framewerks

[<Mew..» :-Define required people and strategy on |
||Flan activities, organise projects (aftach

Engine fastening;v

Design Framewnrk

Figure 19: Example of IPPOP GUI on decision-making at a stratgic level

Generally, CAD concepts originate in 3D solid mdidgl with geometrical functions. A
direct relation does not exist between a produgesmetrical descriptions (based on
entities) and its functional, structural, technatad or behavioural descriptions that are
provided by the designers from design requiremeiise developed demonstrator
(implemented in the IPPOP project) extends the luS#® modelling domain to that of
modelling all product representations along itsdifcle [Charles and Eynard 2005].

The knowledge coming from either past projectsxpeet views has not yet been supported
by operational software adapted to the practicalrkwof designers. The IPPOP
demonstrator may provide an answer by extendinguhent PDM tools.

In the IPPOP project the concept of collaboratientaken into account through the
management of conflicts between actors [Lombar@|.e2005], [Robin, et al. 2004]. This
module is named Co2med (an acronym for Collabogatfvonflict Management in
Engineering Design). When an actor detects a @infie creates a project (with the class
“Project”); he describes the conflict, and inviegerts to solve the conflict. By iterations
(class “Iteration”) each expert can propose sohgi¢class “Resolution it”), and can vote
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for solutions (classes “Vote Request” and “Vot@.iWWhen a solution is validated, the actor
can close (class “Closure it”) the conflict (segufe 20).
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I 0
. .1 tération A or

l I- Activity 0.1 User
|

i+ " TResolmion | Vote | Vote T ~TClosing | i suivant
{ Request | 9 . Logical next»> __temporal Next K n
l Collaborative

[=]

L. N R R

" |

v -
-
-
-,
.

.
Resolution It.

A Q
L, A

b e e

Design Process >

Figure 20: Static and dynamic specifications for conflict hantng
[Lombard, et al. 2005]

Vote Request Vote It. Closure It.

This Co2med module is useful in managing collaboraby conflict. However, this module
is not sufficient to characterise every type oflalmbration (as explanations, information
requests, or technical decisions...) in project manat.

3.4.4 1D?

Nowadays, one of the main objectives in desigmw ifoster multidisciplinary collaboration
among actors who have different points of view aodd different representations of the
product during informal phases. This point implige development of new way of
interaction between actors taking into accountrtliéiferences of culture due to their
domain of expertise (design, manufacturing, mankgtsales, etc.) [Legardeur, et al. 2005].
The literature study shows up a certain lack ofsadfering help during these preparatory
phases, however, a web-based tool has been destdbgpiegardeur, et al. 2003] named
ID2 (Innovation Development & Diffusion) designeal be used with a view to improving
the following points:

- Building a common representation of the new ideas,

- Setting up a network of actors,

- Distributing information in an informal context,

- Fostering interactions between participants forsotidation of ideas,

- Providing a project guide,

75



Chapter 3 Literature Review

- Learning and recording experience during the ptojec

The general objective of this tool is to propossupport for the emergence of innovation
within the organisation. More precisely 1D? aimssigpport the strategy of a pilot actor in
order to foster the development of new ideas amdejais. A pilot actor is an actor who has
a new idea or concept in mind and who intends &duate this idea or concept with other
actors. The pilot actor is the person who holdsnéhe idea. ID? is not oriented towards the
generation of new ideas but its use is complemegritacreativity methods such as TRIZ
[Altshuller 1999]. ID? is rather oriented towardetlynthesis and the sharing of information
about new proposed concepts and provides a sup@omew idea developments by
proposing a platform for negotiation. For this aanweb tool is proposed and designed to
assist the pilot actor with his/her strategy byirtgkinto account the different points of
view, rationale and reasoning of the other actovslved.

The heart of a project on ID? is based on the Cotscand Criteria Table (CCT), see Figure
21. This table displays an example of a summarwlbthe information concerning a

project. The existing solution, in the first columis compared with the innovative

proposals, in the following columns, against a nemtf evolving design criteria (rows).

The pilot actor can invite a number of network estwith different expertise to help

provide the data to validate the innovative propasathat the different points of view and
areas of expertise can be compared. The ideapsotade a shared support tool enabling
each actor to specify and explain his/her assedsongaria for the solutions. Thus, the
structure of the table is dynamic and each actorpea forward new criteria (and thus new
lines) as the project progresses. The criteriaiafatmation are therefore open to public
viewing and discussion throughout the network.

3 Creation date ??lfglggm
Project hame : rolled system s
Legeratur J Last 09/25/2001
modification 17:56:53
Alternative |ro||ed system
Concept o - Rolled system without
Criteria Existing solution e GEYhE new concep
Cost 243 € estimation 150 € ?
Weight 15 Kg 800 12 kg ?
Design --- OK 2
Manufacturing process steel aluminium moulded ?
Assembly set up |OK (see set up program n"2342) ? ?
25/09/2001 17:56:08 12 k
Legardeur J. e
25/09/2001 13:42:10
Johnson B. =
25/09/2001 12:30:25 5

Legardeur J.

Figure 21: The Concept / Criteria Table of ID? [Legardeur, etal. 2005]
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ID?2 supports informal collaboration between actdusing the early phase of design in
order to discuss and promote the emergence of resigrd ideas [Legardeur 2001]. 1D?
obliges actors to have more informal exchanges fasters a more informal form of
collaboration. These informal exchanges are stradtand recoded in order to promote
new design ideas. The results recorded in thigdBRPhave impacts on coordination aspects
as for example [Legardeur, et al. 2001]:

- The selection of the project team. It is betteisétect actors who have already

thought of and proposed solutions during the gatnlyse of the project by using ID?,

- The attribution of project role to actors. Thisriatition can be decided in

accordance with the comments or the involvemeihisfactor during the emergence

of the project idea,

- The starting of a new project, the coordinatiortte$ project will be influenced

by the information already recorded in ID?2.

Thus, ID? is focused on the management of collatmrawith a large part of informal
information in the early phase of design. The dijecof the management of this type of
information is to support the emergence of new sdead to have an impact on
collaboration by promoting the creation of new pob§.

3.4.5 Synthesis on information systems

Various tools have been studied in this section s2idh as: CSCW, PLM, the IPPOP

prototype and ID2. These IT systems admit usefpkets to support this research study but
they have been implemented for a specific contedtreve specific objectives.

Much research has been aimed at developing syste@rsspport collaboration such as

CSCW or PLM systems. Nevertheless these IT systamsenerally used in design to

ensure the collaboration between actors as fonileo conference, mail, shared diary.
Nevertheless these IT systems do not support thlysas of collaboration in design for

improving coordination aspects. In other contekis in the sociological field, the analysis

of collaboration is usually carried out with surgeyideos or interviews to understand how
actors collaborate in order to improve the acteigy of working.

Thus the study of these IT systems leads to thaitdeh of the necessary elements which
must be tracked, recorded and characterised inr dodenderstand collaboration in the

context of this research. At the end, and basedth@se elements; a tool will be

implemented to help the analysis of collaboratidhe objective is to understand how
actors collaborate during projects not only to ioyer the collaboration but also to

understand the consequences of the coordinati@s an the forms of collaboration. The
understanding of these consequences permits tlogustment of the coordination rules.

Moreover it permits the improvement of various ahoation aspects of project design
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management e.g. a more detailed formalisation sfgdeprocesses, the introduction of
flexibility in the design processes, or the impnonat of project managers’ skills.

With systems like CSCW, PLM and IPPOP the collabonabetween actors is supported
in projects by sharing a framework composed ofgémme language, objectives, methods
and tools. However, the collaborative aspects ofepts are not sufficiently taken into
account by these tools. They act on “what, whem,vitr what”, but they do not define
how actors work: are they in synchronous or asysrabus mode, in the same place, and
with what degree of formality? In fact these IT teyss do not address the operational
functionalities for project managers which wouldoal them to coordinate and control
collaborative design processes. Thus, before pmgasuch functionalities, the analysis
and understanding of the collaboration in desigrstnine addressed in order to see how a
project manager might incorporate this aspecttimgob of coordinating a project team.

3.5 Global synthesis

This research deals with the analysis of collalbamato improve coordination aspects in
design projects for innovative SMEs. Indeed, inowative design in SMEs, flexibility in
design processes is very important to allow actosugh freedom to remain creative and
to allow the company to remain reactive in the fatedesign changes. Thus, flexibility in
the product development processes is necessampith @onstraining actors in their design
work and limiting their design choices. Predefin@cesses (as is the case in routine
design) are too restrictive for the actors, thesvpnt the actors from thinking about all the
possible design solutions and thus stifle the esrarg of new ideas.

We have seen in this Chapter 3 also that, in dalepllaborate, the actors have to build a
shared framework to support their collaboration. kitompleted shared framework leads
to misunderstanding and design errors. This enmient is characterised by the actors
themselves, the specific attributes of the produnct the project, the design processes, the
form of collaboration used, the resources (seamsesdt2.2).

In the literature, various relevant elements aeglus support the characterisation the form
of collaboration used by actors during design ptsjeThis characterisation is based on
criteria like: time (synchronous / asynchronou®cation (same location or distant),
formalisation (formal or informal collaboration)egree of freedom (free, encouraged, or
forced), and more conflicting or more consensudlaboration. This characterisation
comes from the literature, and will be completedtly case study in order to add extra
factors and to have a complete characterisation.

The global approach to management of design peojedbased on the coordination of the
main design situations which will occur in the @djwith the definition of a project plan
and design processes. This approach is supportedrimus models. It has been seen that
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models with design processes are too limited toagarprojects, and that a models of
design systems provide more complete support. TRAIGR&D model based on design
centre and decision centre structuring has beetriled and this leads to a more integrated
model named IPPOP based on Product, Process andni€atjon. These models
characterise the main notion of coordination usednanage projects. The process and
product models help the project manager to havdobafview of the design results.
Nevertheless, nowadays, design results are notiemtf to evaluate the performance of
design. Indeed, design performance can be imprdyedhe study of the interactions
between product, processes, organisation and actors

As described in the section 3.3; the notion ofifidity is very important in design. Design
processes need to be defined in detail, with endlegfbility to allow actors to collaborate
and remain reactive in the face of design changesirang during the project. Thus
coordination of projects needs also to take intmant the collaboration aspects in order to
understand how actors apply the prescribed codidmato detect the design mistakes
which originate from collaboration and to prescribe future collaborative practices to be
used in design activities.

The coordination of design projects can be ligstipported by various and heterogeneous
information systems as CSCW, PLM or specific tdi#e for example IPPOP prototype
and ID2. In spite of all these systems, many proBlef coordination remain. They are not
sufficient to manage all aspects of coordinatiod a@hcollaboration in design projects.

Based on this literature study, some fundamentahcepts of coordination and
collaboration have been characterised. The negtist® support this first characterisation
with an industrial case study by adding extra datén order to represent the concepts of
coordination and collaboration in project design fopdels. The description of these
models is given in Chapter 4. Afterwards a toostipport the analysis of collaboration that
occurs will be introduced.
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4 Models of coordination and
collaboration

The aim of this Chapter is to define theoreticaldele which, in later Chapters will be
shown to be useful in assisting project managertha@r work of coordination of design
projects in SMEs. The definition of these modelsugported by the literature and by an
industrial case study in an SME. Thus, this debniis illustrated by various examples in
order to make a link between the theory and thétyeia SMEs.

The first section introduces the specificationsdanodel of design coordination in SMEs
in order to draw the context of design coordinatad to specify its requirements.

A second part is focused on coordination modeléind specifically aimed at showing how
this modelling can help project managers in thearkvinto SMEs. This model, described
by class diagrams, characterises all the managéarimation to coordinate projects. The
use of the model in a company and its limitatioresdetailed, the main limitation concerns
the lack of input of collaboration aspects into thedel of coordination.

The third part therefore introduces another modeledfically for the analysis of
collaboration in design activities in order to filhe lack of collaboration aspects in the
coordination of projects. Thus, a model of colladtan is proposed with additional factors
and concepts concerning collaboration. This modelcallaboration characterises the
collaborative mechanisms in design activities. kuleit represents the design activities
with extra collaboration inputs. Moreover, the UMdarmalism used to define the model
facilitates the implementation of a tool to suppthis analysis of collaboration. This
implementation is useful for project managers wlamnot use these models with this
formalism easily. All through this Chapter, varioesamples from the industrial case study
illustrate the demonstration.

4.1 Specifications for a model describing design coordation

In this part the specifications of a model desagbtoordination aspects are proposed. The
specifications are focused on the coordination @spa project design in SMEs. They are
based on the literature review and on the workiedrout in the SME partner Ederena
where the company is fully involved in the defiaitiand the validation of these models.
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First, the actions of the project manager in SMiesdefined. Secondly, for each action, a
list of information used is given and aggregatedategories and sub-categories. Based on
this information, theoretical model of coordinatisrproposed.

The models are described by various intermediangrdms represented in the UML
formalism.

4.1.1 Design project management in SMEs

In design project management, the control of degigmcesses can be defined as the
understanding of existing design situations (inrered world) in order to evaluate them and
take decisions that will modify and improve futupgocesses, according to design
objectives given by customer specifications or essirom the company strategy. The
coordination problem here is a problem of decisimaking to support designers in their
activities [Girard and Doumeingts 2004b] in order them to achieve an objective in a
specific context (Figure 22). Each design actiigs “input” and “output” information.
Actors use the “input” in order to produce the ‘muif, and they have “supports” namely:
human and material resources, knowledge to help theheir work.

Objectives

COORDINATION

Decision Tracked
Making Information

INTPUT OUTPUT
Needs DESIGN Product description
Requirements, ACTIVITIES Drawing,
Constraints Manufacturing and

Usage instructions
Engineering ~ Working tools, Knowledge and
Designers Materials Know-how

Resources

Figure 22: Coordination of design activities

For decision-making, project managers need to ifyesffective action levers to coordinate
projects and control design performance. Thoseaisiconcern designers themselves, not
just the product or the activities.
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The project manager has to coordinate various elesmia order to reach the objectives.
The actions of project managers concern desigrdamation and process control.

Moreover the situation in many innovative SMEs iieggia new analysis and study of the
customer’s needs for each project. Most of the tithe small structure of the SME does
not ensure project management in a routine wayle@ads to the combination of various
responsibilities. Indeed there are often not enadbrs to be assigned to each design role,
so most of the actors have various design rolea project. For example the project
manager can make calculations on one part andihdipe design of the manufacturing
tools in the same project. Consequently the rolmfofmal relationships is very important
in an SME in order that actors may help each othi#rout rigid formalities. Thus, the
combination of various responsibilities and theinfal relationships lead to a high level of
workload because informal tasks are added to thieadfones. Accordingly SMEs have to
manage deadlines by setting an order of prioribesdesign tasks according to the
objectives. Another point specific to SMEs is thgipject structures which have a rigid
formalisation of their processes at a macro level a very flexible non-formalisation of
the detailed processes which allows informal refeghips into the project. The following
analysis takes into account these specific points laads to the proposal of models for
SMEs.

Example from the industrial case study:

In Ederena, the main phases of the project are:

“Quotation”: analysis of the customer's needs argfinition of a
technical quotation which leads to a marketing psijon.

“In order”: If the customer accepts the marketimggmsition the project
phase of the project becomes “in order”.

“In design”: In this phase the engineer carriesatéchnical definition of
the product and how to manufacture it.

“Manufacturing”: In this phase the product is maaibired following the
technical definition of the product.

This macro structure is fixed in advance and isiidal for each project;
however the tasks inside each phase are defirtbé aeginning of the phase
by the project leader. These phases are not neitgssmjuential; one phase
does not necessarily begin when another has stopped, when the project
is “in order” it is possible to have a phase “de8igr “manufacturing”. This
situation comes from a high level of informal atttes in SMEs. Moreover,
the phase “quotation” is included into the projiecta better reactivity. This
reactivity is an advantage of SMEs.
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Project managers define actions for each phadeeadiésign process. In these actions, they
use “information input, information outgoing, supp@nd control” to reach the fixed
objectives. Thus, the management of projects isesed with numerous actions by the
project manager (Figure 23). These actions anthtbemation used have been validated in
Ederena.

The project manager analyses the requirements thencustomer, after which he defines
the project team, he then defines the sub-phas#seqgbroject plan and activities in each
sub-phase, next he defines a plan to control tlegrpss of the project and finally he
applies this control plan and makes appropriateifications in accordance with the results
and the design objectives.

Project manager’s
actions T ——

-

Marketing, Quality departments objectives Project manager -

Technical

Customer’s
needs

New
project plan

Resource:
workload

Know-how, experience, Project management tools EXperiences,
project management models

Figure 23: Synthesis of the project manager’s actions

“Requirement analysis”: the analysis of the customeguirement is one of the
first actions of a project carried out by the pobjmanager. Its objective is to analyse
the customer’s needs and to evaluate the projetdérms of feasibility, resources,
profits and time.

a) Information input:

The in-coming information corresponds to the nefeals the customer
explaining what kind of product and which functibti@s he wants. This
definition is, most of the time, incomplete andurgs an analysis to be
made in collaboration between the project managdrthe customer in
order to merge the customer’s requirements andc#pacities of the
company. This analysis is based on the identificatof technical

problems, deadlines and Quality standards.

b) Information output:

The out-going information is a technical specificatdocument which is
a description of the product requirements with filtere functionalities
of the product, with norms, test definitions andalgy controls. This
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document is used by designers to make a technigatation with an
evaluation of the cost and lead-time to produceptibeuct.

c) Supports:

The analysis of the customer’s requirements bypitogect manager is
undeniably supported by his know-how and knowleégpecially in
relation to previous similar products Moreover tQaality standard is
additional knowledge useful in analysing the reements of the
customer. The informal links between actors areerofused by the
project leader to confirm his decision making.

d) Control:

In this action of “requirement analysis” the prdjenanager is the
decision maker. The marketing department contr@sdsk not from a
technical viewpoint but in order to verify that tipeoject matches the
strategy of the company. The Quality Department aentrols and

verifies the quality of the customer’s requirementsl validates the
feasibility in terms of quality for the project. rially, if the project

manager is at the same level of hierarchy thanrab®ors, he needs
legitimacy from the head managers to have the aityhim coordinate

other actors. The head managers have to transdar ahthority to the

project manager. This situation is common in SMHEgem each actor
can have various different design roles.

Example from the industrial case study:

The heads of the company designate Fred as thecpbropnager. Thus Fred
has to analyse the customer’s requirements in dodearry out a technical

quotation for the marketing department. Consequdht project manager
analyses these requirements and structures thecprép achieve the

proposition. He identifies the technical problendgadlines and quality

standards. Then, he bases his actions on his erperiacquired in previous
similar projects. If there are two possible solnfido study depending on
different hypotheses, the project manager can ddoidseparate the project
into two with a second team to study this secordtien.

This example illustrates the input (analysis of thistomer’s needs), output
(quotation), supports (project manager’s work), grecontrol (two possible

design teams) during this requirement analysi®acti

“Project team definition”: According to his analgsthe project manager defines
the project team in accordance with the skills @bes, workload, objectives and the
financial or human resources available for the gubjFor each main phase of the

project,

project managers have to define the tessuncated, because the team could
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change between phases according to the evolutidheoproject and to the actors’
workloads. The project manager defines roles fohéaam member and his level of
responsibility and autonomy.

a) Information input:

A lot of information is used to help the project mager to choose his
project team. The technical specifications from tevious action
“requirement analysis” allow the identification ¢tie main technical
difficulties of the project. The “Resources” arerided into three parts:
Information Resources namely specifications, HunResources to
define who is assigned to a task and Material Ressusuch as funds
allocated to the task or available software todlse list of actors with
their know-how, skills, availability and workload decisive in choosing
the right actor for the team. The deadline of tih@iget defined in the
previous action “requirement analysis” affects thenber of actors in
the project team. Moreover, the larger the profeetm is, the more
collaboration figures in the project’'s successaiufe.

b) Information output:

Outgoing information is the definition of the projgeam by the project
manager with all the information on the human resesi such as: name,
roles, skills, workload...

c) Supports:

Project management tools show to the project martagevorkload and
the scheduling of each actor and help him in hifoacof team
definition.

d) Control:

The progress of the project and objectives areuded to control the
team definition. The human resources departmenthef company
checks, for example, whether the workload of eaxtbras in accordance
with the labour legislation.

Example from the industrial case study:

For a new project incoming the project manager thas engineers and a
technician available. He chooses to assign tortes project: the engineer
who is more available and the technician as a suppdelp the engineer in

order to satisfy the customer’s request. In thistext the engineer is in

charge of the technician to define his work. Moeg\adequate resources
are assigned to the team in order to carry outtistomer’s request: CAD /

CAM software, office software...

In this example of project team definition, theunys the actor’s workload,

the output is the project team definition, the suppare software and know-
how, and the control is made with the workload.
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“Project plan definition”: the main objective ofishtask is to build an adequate
environment to help the project team to reach thieatives of the project by for
example; the definition of the coordination ruledirgct supervision, mutual
agreement or normalisation [Mintzberg 1990]), tivedkof communication (meeting,
knowledge sharing, ... [Bareigts 2002]) and collabiora(level of communication,
free or forced, synchronous or asynchronous, ptesatfistant) aspects.

The project manager defines the phases and theplmges of the product
development process as a project plan. He specHissproject plan in accordance
with the specifications of the project and his ga&l made previously. At each phase
the project manager has to define: tasks, objestiv@lestones, deadlines, resources,
documents to fulfil and control actions such a& ta@mpletion and document flows
control. Control of document flows correspond tedfic basic processes describing
all interactions between actors and the documeath Ector involved in the project
interacts with the right document in accordancehwhis role, skills and
responsibilities... The automation of these processesires a workflow engine
which must have inputs from the project managers:
- the pre-definition of processes with objectivestivitees, actions, actors,

group, rights;

the definition of the documents flows;

the possible activation of specific actions or aggions.

Moreover, project manager schedules all the fadédined previously for each phase.
The objective of this schedule is to define deadljrdue dates and corrective actions
in the case of overrun. A schedule has three dimess “time”, “space”, and
“resources”. “Time” defines when tasks are planimed global schedule which also
represents the actors’ workload. “Space” is to kiwawvere the task will be done, for
example in a meeting room. And “Resources” as wasqgnted before (in the
“project team definition” part); resources couldlb&rmation, Human or Material.

In this action the project manager uses the folh@wnformation:
a) Information input: the list of materials, informati and human
resources.
b) Information output: a detail project plan with tirfeeadlines), tasks,
responsibilities, objectives, milestones.
c) Supports: the information based on the experiemce stored with
model of coordination.

2 The concept of task and activity is distinct, sktés prescribed for an actor or a group of acforgented
toward a finality) and an activity is achieved by tsame actor or group of actors. So a schedgleniposed
of various tasks, and each task becomes an actiign achieved.
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d) Control: the role of each actor and the organisatibthe resources
involved in the project.

Example from the industrial case study:

In the continuity of the previous example, the pobjmanager recommends
to the engineer to check the technical progreghefactivity (coordination
aspect on scheduling) and for doing so to haveily daeeting with the
technician (coordination aspect on collaboratid#é. recommends also to
the engineer and the technician to be supportedadigrs who have
experience with the same type of product and/on wie same customer to
help them in their decision making (coordinatiopexs on collaboration).
Faced with the deadline for this project, the prbjeanager plans a meeting
every day with the engineer and defines a deadifnthree weeks for the
quotation and four weeks for a marketing proposificoordination aspects
on scheduling). Moreover, he defines the objectitles available resources,
the tasks to do, the deadline for each task andnibaality of checking for
each project phase (coordination aspects on obgs;tiesources, scheduling
and design control). This example shows that wheerdinating, project
managers may take into account the collaborativet jod view.

This example illustrates the input (design team)tpot (project plan),
supports (experience), and the control (daily nmeggtin this project plan
definition.

“Control project progress”. According to the plah the project, the project
manager has to control the progress of the projdut control is achieved in three
steps: the project manager identifies the gap etwebjectives fixed and the
achievement of the activity, next he evaluates &ichievement and finally he
prescribes corrective actions to reach the objest{¥igure 24).

Control project
progress

-~
-~

Existing models ~— — — _
on project management

Project manager

Project plan Gap Gap estimation
definition

Monitoring information Monitoring information
Similar situations Evaluation methods

Figure 24: Project manager’s actions in “control project progress” step
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Definition of the gap between objectives fixed and the achievement of the
activity. The project manager consults the infoioratdescribing the
processes and the product, and evaluates the dajedrethe objectives
fixed in the project plan and its achievement.

a) Information input: the project plan defined pre\stu

b) Information output: the estimation of the gap.

c) Supports: all project monitoring information andfoimmation stored on
previous projects are used in order to identifyilsindesign situations and
thus drive the search for solutions.

d) Control: the project manager.

Example from the industrial case study:

During the meeting in the third week, the proje@nager notices that the
guotation is not completed. The engineer estim#e$ead-time to finish the
quotation to be three more days. Thus the estimgaeds three days. This
estimation will be the basis for the next step:i@abment evaluation.

In this example of gap definition, the project plas an input and the
deadlines and lead-time as supports are checketebgroject manager to
evaluate the gap as output.

Evaluate the achievement it is the evaluation of the results with
monitoring information in order to make a diagnosis

a) Information input: The evaluation of the gap betweebjectives and
achievement.

b) Information output: evaluation of the actual ackient by comparison
between the objectives and the achievements.

c) Supports: the monitoring information to make a mde¢ailed analysis, and
also the methods of evaluation, if they exist.

d) Control: no necessary elements.

Example from the industrial case study:

A detailed analysis of the engineer’s work by thejgct manager shows that
the engineer has encountered a very difficult gobland that the gap of
three days previously given was based on an opto@stimation. When the
project manager defined the gap, he identifiednalai situation solved by
another engineer in the past. Thus from his diagndise project manager
identifies a lack of experience of the first engineand he decides to assist
him with a second skilled engineer in order to sottie problem and to
acquire new knowledge.
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From the evaluated gap (three days), the projectager evaluates the
achievement of the activities. If the result of sthevaluation is not
satisfactory then the project manager decides tyaorrective actions (add
skilled engineer).

» Corrective actions: from the previous diagnosis, the project manager
defines a new “Project plan” to redefine objectiveams, tasks in order to
bridge the gap identified previously.

a) Information input: the previous diagnosis.

b) Information output: a new version of the projecrml
C) Supports: no necessary elements.

d) Control: the existing project management models.

Example from the industrial case study:

The new project plan involves the second engine¢ne project for 2 days
in order to help the first engineer in his workegefotation. The only change
in the new scheduling is the evaluation of the gtioh after 3 days.

This example illustrates the input (previews prbjpetan), output (new

project plan), and the control (project managethase corrective actions.

In each action, the project manager has to stuldy af information. The management of
this information is essential for the collaboratexmd coordination in project management.
Thus after defining the actions of the project ngama it is important to define the
necessary information to be managed in each pimageler to construct the global model
of coordination. A global and formal model of comaion can describe generic situations
and thus be applied to more than one project. M@ne®f course, with a formal model of
coordination (and later collaboration); processas @ols and even methodologies can be
devised to support and improve these aspects @qtso The definition of these actions of
the project manager is based on the literatureeyuand on the case study in Ederena.

4.1.2 Requirements for a model of coordination

The study made of the actions of the project manadjews the identification and
characterisation of the information manipulatedhoy. Thus this synthesis leads to the
definition of a model of coordination in order telp project managers in their work.

During a project, the project manager manipulateformation such as: human
(organisational) or non human resources, scheduhf@ymation, definition of control
indicators and controlling the progress of the gecbjAll this information must be included
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in the specifications for the model of coordinati®dased on the actions of the project
manager, a list of the information used in eacloaas drawn up as follows:

- “Requirement analysis™ The information managed by project managers comes
from various elements.

Customer’'s needsare documents provided by the customer in order to
define the specifications of the desired producbsMof the time these
documents are sent by e-mail and are incompleteas,Tim this phase of
“requirement analysis” the project manager has tomplete the
specifications in collaboration with the customed &killed designers in the
company.

Previous work done for the same or equivalent pairing of prodiett.
The storage of previous work is very important hirs tphase, because the
project manager uses information from previous worknake his analysis
of the customer’s needs. The pool of previous werthe “know-how” of
the company and avoids the need to repeat stugigts, and development
already made for other projects.

“Project team definition”: The project team is defined by the project maarag
with information included in the organisationalustiure of the company. Indeed,
project managers have to define the project teath thie description of the actors’
roles, their skills, and the specific informatiointloe department and the site.

Skills list of each actor in the organisational structurehef company. The
list of actors’ skills is essential to the projesanager in order to assign the
right person to the right task and thus build thigget team. These skills are
in constant evolution and have to be updated atieh project.
Necessaryoles for the project. In the analysis of the project manager, he
has to identify what the necessary roles for tlggept are. This list of roles
is compared to the list of actors’ skills to defthe project team.

Workload of actors and departments. The workload is anddéwor to be
taken into account in defining the project teame Bissignment of a person
to a role in the project is made according to therkload of the actor
concerned and also the workload of the department.

- “Project plan definition”: Project managers use a lot of information toirtkef
the scheduling, with process element as tasksstailes, and triggers to launch
a design activity. This information is essentialbtald a project plan with an
associated schedule.

Main phases of the project.The project manager defines the main phases
of the project, and their objectives. These phased objectives are
dependent on the nature of the project.
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Example from the industrial case study:

If the client needs only a study on a specific pdrthe product, the phases
will be a phase of quotation and a phase of desigwever, if the complete
manufacture of a product is needed, the phases il “quotation”,
“design”, and “manufacturing” with loops between aghs. After the
production of the prototype it may be necessaryhdwee another phase of
design in order to make changes.

» Tasks definition in the phasesin each phase, the project manager defines
the tasks to complete in order to reach the olyestiixed. For each task it is
necessary to define the goal, the actor who iharge of the task and who
the participants are, the deadline and the resswaeailable to carry out the
task.

* Objectives Objectives are defined at various levels. In greject plan
action, objectives were defined at a global lewel the project; and at a
detailed level for each task in the project plan.

* Milestones are specific activities in the project plan whehe defined
objectives must be achieved. If the objectivesamt@eved the milestone is
validated and the project continues to the neX, thast if the objectives are
not achieved, the project manager must carry ocordrol of the project
plan. Milestones allow the validation of phasesth@ project and help to
control the progress of the project.

» Deliverables are the documents which must be fulfilled at the eh the
task.

- “Control project progress” A lot of information is also used to define the
control plan to check the progress of the proj€tbject managers have to
define performance indicators and timetables ireottd compare previously
fixed objectives with the achievements of the prbghases.

Furthermore, project managers must apply this plaoontrol throughout the

project. This implementation of the control defimit during the project leads to

the creation of other information such as contretports, documents for
validation...

» Objectives: the project manager uses the objectives fixed pusly to
define the gap between achievements and objecfilesse objectives are
used to control the work carried out.

« Timetable gives an overview of the progress of the projecth® project
manager with time, tasks, actors and resourcesaéd.
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e Indicators of performance: the project manager defines, during the
definition of the project plan, specific indicatoirs order to assess the
performance of the project. These indicators argetheon the objectives
defined and are checked at each design stage én tratontrol the progress
of the project and its performance. For example,gérformance indicators
for Production could be the number of products nfectured or the lead-
time to manufacture one product. The performandeators could be based
on any other aspects such as: Quality (e.g. numibedefects), Design (e.g.
accuracy of the estimate of the workload) , Markg{e.g. outcome)

» Deliverables refer tothe validation documents fulfilled during the prmdje
by actors. Deliverables are used by the projectaganto control the
progress of the project. For example, the spetifinaof the product is a
deliverable fulfilled by the project team, validdtby the project manager
and given to the customer.

* Information modified defines all the information changes carried outhgy
actors. It is important in the control of the desjgogress to record all the
changes appearing on information throughout thgepto

» Technical data gives all the technical information on the projéatthe
project manager in order to validate the work earmut in the project. For
example, the quality standard for the design gdexsic product such as, for
example, a crane.

The project manager needs support in generatingngtand re-using all this information.

This support should be based on a model of coaidmén order to develop adequate tools
to help project managers. The specifications ohsaianodel of coordination for project

managers have to take into account all the infaonatssociated with the project

managers’ actions.

In each design phase the project manager can akettoassist him in his tasks. A list of
several different types of existing tools which htigupport design activities in companies
follows (see also Figure 25):
- Project management toolsaim to schedule the project plan and to define
the structure of the design processes. Howevee thegect management tools
are mainly oriented towards scheduling but, theyrat designed for managing
documents or validating tasks according to objestiv
- PDM / PLM tools are mainly oriented towards the management of
documents and less towards the management of djeol, et al. 2005b]
(e.g.: Windchill™). In industry, the use of these tools is mainigted toward
the management of product data and processes.afhessment is based on
experience in the industrial case study where a PpMtotype was
implemented.
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- CSCW tools are intended to support knowledge sharingd an
communication. These aspects are essential to icabed projects. Thus,
CSCW tools support the aspects of project managear&hare used by most
of the project actors such as, for example, e-nfax, electronic directory,
conferences, document sharing and forums. NevedbelCSCW systems are
general tools and are thus not specifically focused the design field.
According to [Johansen 1991], CSCW tools are maresd at structuring and
controlling the information, which is also one dfet main objectives of a
project manager. Thus, some examples of CSCW tisbe quoted as: the
shared electronic diary and the task manager. Neless, the CSCW tools
cannot be focused on design processes or projectageanent without
additional extensions (see Chapter 3.4.1).

- Office tools are mainly used to manipulate information dnduments. For
example, all the software included in the Micro%ftice or Open Office suite
is included in this category. Sometimes such offmels are incorporated in
CSCW tools and are used everywhere in the desigreps to create or modify
documents.

To conclude, as shown in Figure 25, it is well Bstied that there are no tools which
support all aspects of project management in dedigaos a model of coordination is the
logical way to construct and define the specifmadi for future tools which could bridge
this gap.

Phase of project
anagement
) . Analyse Structure Schedule Control
Type of informatio
managed by tools
Organisational & Human Xxx
Process X XXXX XX XXx
Product Data XX X X Xxx
X Project management tools X The tool is focused on
X PDM tools X The tool has some functionalities
X CSCW
X Office tool

Figure 25: Capabilities of tools to support project manager'sactions

Thus, in summary, the project manager’'s actionsnbegth the analysis of the project
requirements to define a project team, and thenliein of the product development
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process with tasks, milestones, objectives and rdeats. This product development

process is the basis for scheduling tasks includethis process with time, space and
resource aspects. Finally the project manager dvaefine a plan to monitor the product

development process with control elements and ptydhis plan during the project.

In all these actions, project managers use infdomab carry out their work and achieve

objectives. Successful project management reliethhermanagement of this information.

Thus, the definition of a model with this infornati brought together and organised will

help to formalise the main concepts which mustdken into account by project managers
in their daily work. The objective of the followingubsection is to introduce and propose
such a model focused on coordination aspects inSSME

4.2 Design coordination model in SMEs

4.2.1 Definition of categories of information for coordination

In the previous section, the project managersoastiare defined. In this section based on
the definition of these actions, a list of usedoinfation during these actions has been
compiled and aggregated by categories and subar&egThus, three main categories of
information are proposed: a technical one, a poeg, then an organisational and human
one. This information can be often formalised byuuoents. Nevertheless in a SMEs
context, where informal information is predominaait,the information is not necessarily
formalised by documents. The identification of thestegories comes from the literature
survey and from the work achieved in the companydetailed list of the elements of
information is given and is collected together urthlese three category headings:

- Technical information: the project manager needs information on the woried
by actors in order to review the progress of thagqut. He also has to be aware of any
technical difficulties encountered by actors inartb take decisions in consequence.
Thus he manages a category of information nameghfiieal information” which is
composed of:

» Customer needscontains much technical information and is an nmiative
resource for the task of quotation.

* Previous work is a support in the action of analysis in orderreéeuse
previous work done. Thus previous work must be neexd and linked to the
process tasks and the actors who carried out $ks.ta

» Deliverablesis a support in the action of control in ordercmmpare the
deliverables achieved and those demanded / expected

» Information modified is the output of the control phase and is incluched
the modified project plan.
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- Process information: this category is composed of the main informatised in
the phase of plan definition and control. The psses are the basis of the definition
of the project plan and are used to control theym@ss of the project, to manage the
schedule, tasks, deadlines... This category is coetpokthe following information:

* Project phasesare included in the processes in order to know lwhbige is
activated and what the objectives are. This infdionais included in the
output of the project plan definition action.

» Tasks definitionis also information included in the project plan.

* Milestonesare included in the project plan but milestonesadse a support
for the control of each phase and of the grousits included.

* Objectives are outputs for the project plan definition andutspfor control
phase.

* Timetableis a support to create the project plan by prajeamagers.

* Indicators of performance are an output of the project plan definition
where the project manager defines the indicatorpesformance for the
project team’s activities. The indicators of penfiance for the whole project
are defined by persons external to the project susctthe customer for the
lead-time, the final cost and quality requiremeritdicators of performance
are a support to control the progress of the ptojgtey are used in design
processes and divided into expected indicatorsaghatved indicators.

- Organisational and human information: this category is composed of
information used to set up a team, to manage actkils, or to define the
organisational structure of the company. This aategleals mainly with the project
team definition, and affects all other actions.
» Skill list depends on the organisational structure of the emy@nd is a
support to define the project team.
» Rolesare a support for the team definition by projechager. Roles define
what necessary roles are needed in the project.
* Workload is a support for the project team definition andstrioe updated
regularly according to the actor’s workload evauti

From the definition of the project manager’s actitthre information used in each action and

its categorisation; a model with these main coreepuld be established to support the
design activities of coordination in projects wasociated information.

96



Chapter 4 Theoretical model

4.2.2 Design coordination model

The aim of this model of coordination is to helpjpct managers in their management of
design activities. This model of coordination isppad to the specific context of this

research work: coordination of design activitiegbgject managers in SMEs.

The model of coordination is constructed with aidaf and sensible analysis of this

information and categories. Indeed, each categdrynformation presented before is

represented by classes, attributes and links aed &fl these classes will be compiled
together to constitute the model of coordinatiohe Tassociated links, cardinality and
attributes have been defined to facilitate theistidctors’ activities and project manager’'s
ones in accordance with the information relatiopshi

4.2.2.1 Organisational and human information classes

The organisation of the design system of compaisiédsrmalised by departments, which
are composed of actors (i.e. human resources) @mdsponding functions. A function is
an administrative name defining what the positibrthe actor is in the company. All the
functions of the actors involved in the company @emonly represented by a functional
chart. Independently, actors can have various inlasproject. For example, the actor Fred
has the function “design engineer” in the compang has in the project A the role of
project manager, in the project B the role of dmafand so on. Consequently, role is
dependant to the project, thus the attribute ®lmcluded inDesign Processlass which
represents the project (design process is descirnbibe next paragraph).

As synthesised in section 4.2.1 organisation andamuresources are characterised by a
skill attribute and a_workloadattribute. This _skill attribute is a first approach to
competencies management that can be specificaltirest and implemented in the future
(Figure 26).

At the beginning of a project, the project managses this information to define the
organisational structure and to define the tearnegrand selected human resources) of the
project (design process).

The classes in grey (in Figure 26) represent thecgss aspects and the white ones
represent the organisational aspects. The proi@esign Procesglass) needs a relation
with the classe&unction and Human resourceéo characterise the actors involved in the
project.
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Design Process
-Name
-Product
-Customer
-Objective Is characterised by
-Constraint <> Organisation
-Team 1.* Name
-Roles Is 1.*
-;I?eT:ble. . <—characterised
-PhaseProjeci *
R Realises | Function 1 ¢
1. 1. [ame
Uses
Is
Human resource 4 composed
-Name ?_f_*
-Skill 1.1
-Workload

1
Defines | Department
1.* |-Name

-Objective

Defines

Figure 26: Organisational and human information classes

The links with the rhombus are links of aggregatidggregation is used to represent a link
between independent classes. This information dépendence is used in a future IT
implementation to declare variables. The cardipaftthe links represents the quantity of
objects for each class. For example 1 organisasi@momposed of 1 or many (represented
by *) departments.

4.2.2.2 Process information classes

As we have seen before, during a project, the projanager defines a schedule composed
of tasks. As several different kinds of tasks caremge, the clasBrocess Elemens used
to formalise these tasks. The following classegasposed (Figure 27):

- Design Processlass corresponds to the project and is used toageathe
information on the project like the phas#ghe project and the timetable

- Process Elementlass includes the indicators of performarice each process
element with the difference between the expectatitha achieved indicators. The
objectivesat a global level (for the project) are managedh®Design Processlass
while at a detailed level they are managed irRtacess Elemerdiass.
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The study led in the SME partner shows that taaksbe divided into two types: traditional
tasks focused on the implementation of the prodetihition and milestones that are tasks
concentrated on decision taking:

- Milestonesand Taskclasses have a link of inheritance with Br@cess Element
class, thusProcess Elementlass transmits all its attributes Rilestoneand Task
classesMilestoneis a specific process element orientated towaedvtididation of
Tasks thus this class has specific attributes to marthigevalidation: the expected
and_achieved decisian order to manage the corrective actions andfigetion for a
better understanding of these decisions.

Design Process

-Name
-Product
-Customer
-Objective
-Constraint
-Team
-Roles
-TimeTable <> s
-PhaseProject 1.* characterised
by

Is 7
composed T Is composed of

of 4. *

Process element 1.

*

*

-Name
-Objective
-Constraint
-Criteria -Name
-Indicators -Skill
-Context -Workload
-DeadLine
-SartDate I
-EndDate 1.*
1.*  |-WorkingTime 1.7 Is realised by

Is started by
! Zﬁ |

Trigger Milestone Task
-Type -Decision -Type
-Content -Justification

Human resource

Figure 27: Process information classes

For each kind of task, the project manager seliegerson according to the objectives,
constraints, criteria and performance indicatorat till be used later to control the
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project’s progress. For milestones the project mgananust record the decisions taken in
order to be able to improve them later:

- Human Resourcelass allows the linking of each actor of a proadement to the
project team where each project rake defined with actors’ nameskills and
workload

Trigger class represents the elements which allowracess Elemento start. It can
correspond to documents, tasks, or milestonestrigger is defined by its typ@ocument,
activity, decision) and its_conters a comment to describe why a process element is
started.

4.2.2.3 Technical information classes

This category includes customer needs, deliverabl&smation modified and information
on previous work, as studied previously. The orgaion of this information in the model
is managed by two classes (Figure BsourceandDesign Processlasses.

- Resourceclass manages the documents used or generated) dasks and that
can be: the customer needs, deliverables, methools, and modified information.
The attributes of the class are: the Tybé¢he information in order to know what kind
of information it is, and the Associated documémthave a link with the real
document.

This classResourcemust be linked to the class@ssk and Milestoneto allow project
managers to associate these resources with thtetaigjhor milestone. Moreover a resource
can launch a process element as an activity, theiRésourceclass is linked to the class
Trigger which used the resource to launch the associatidtya in the design process, as
can be seen in the following Figure 28.

- Design Processlass manages the previous work completed. Thss dtores the

information from previous projects and the linkstvieen theProcess Elements,
Functionand theHuman Resourcelasses.
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Design Process

-Name
-Product
-Customer
-Objective
-Constraint
-Team

-Roles
-TimeTable
-PhaseProject

T
Is T Is composed of
composed

of 1. *

Process element

*

-Name
-Objective
-Constraint
-Criteria
-Indicators
-Context
-DeadLine
-SartDate
-EndDate

1.* -WorkingTime

Is started by Z>
! [ |
Trigger Milestone Task Uses Resource

-Type -Decision Type 11-.* " Frype
-Content -Justification = Associated document

Generates

Uses * 0.*

Uses

Figure 28: Technical information classes

The Design Procesglass has attributes in order that the projectagancan define the
context with the namef the design process, the prodube_customerthe_objectivdor the
process to reach and the design constraMtseover this class stores the teassociated
with the design process, thus a link betw&enctionandHuman Resourcelasses exists

in order to link the design rolés an actor and his function in the company. Térelioality
between these classes are (1..*) because a desigesp must have at least one person with
his function, and one actor can be included in @nearious processes. MoreovBegsign
Processtlass is linked to thBrocess Elemerdlass in order to include tasks and milestones
in the design process.
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4.2.2.4 Conclusion

As a conclusion Figure 29 synthesises the modgjiie an overview of all classes and
links between them.

Design Process

-Name
-Product
-Customer
-Objective Organisation
-Constraint K> J
-Team 1.
-Roles
-TimeTable <> 5 1.7 O
-PhaseProject 1.* characterised 1

by Realises

Is characterised by -Name

Function

-Name

*

T
Is T Is composed of
composed

of
1. Is

1.% composed

Process element 1.
-Name of

-Objective " 1.7
) uman resource
-Constraint 1 | Department

-Criteria -Name Def
-Indicators -Skill efines  |-Name

-Context -Workload 1.*  1.* [[Objective
-DeadLine
-SartDate T
-EndDate 1.
1.* -WorkingTime 1.* Is realised by

Defines

Is started by Z>
! [ |
Trigger Milestone Task Uses Resource

1.* *
1 * * _Type
= Associated document

-Type -Decision -Type
-Content -Justification

Generates

* 0..*

Uses

Uses

Figure 29: Conceptual model for Project coordination

The model, through UML class diagrams allows thentdication of the necessary
concepts for this SME to manage its design projdatghe company, the head of the
technical department and the head of the compawg bantributed to make constructive
comments on this model in order to validate ithait industrial context. Nevertheless the
main problems still remain. The project manager tmim¢roduce flexibility into a
predefined global design process by explicitly falising constraints, criteria, objectives
and indicators. Thus the project manager must captwject information and decisions to
improve his own skills. This is a great challengehie SME partner as the project manager
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may be a young engineer. So the project managetrlveuselped in applying such a model.
The next section will detail how such a model carubed and what problems still have to
be solved.

4.2.3 Design coordination model in use

The previous coordination model provides a supfoorthe project managers’ work. In the
previous section, both the actions of project mamagnd the model have been presented.
In this part, the link between the actions of th®jgct managers and the model is
explained. Namely, how the project manager carthisanodel in the company to support
his actions, and what the impacts on the work efdésigners are.

- Requirement analysis: In this action the projechager analyses the customer’s
needs in order to identify technical problems, it@éy of the project, profits and
time. Using the model he instantiates:
» The Design Procesglass to store the phase of the project as “féagib
the product and customer information.
* The Process Elementlass to manage the information of this first task
named requirement analysis.

Example from the industrial case study:

The project manager uses the model with classesatnbutes to organise
projects. In this phase of “requirement analysig”receives the customer
need attached asResourcefor the analysis. From this analysis he notices
that the project is a large project, the objecivéo manufacture partition
panels for trains. As a constraitihe production rate is fixed to two panels
per week and without real technical problems (8vst of panel is often
produced by the company). The performance indisat the time to make
this analysis and the level of accuracy of thidysis.

Instantiated object from claf®sign Process
Name = feasibility
Product = partition panels
Customer = Company A
Objective = manufacture partition panels forrtgai
Constraint = production rate is fixed at to twampls per week
Team = not defined yet
TimeTable = 1 month for this phase
PhaseProject = requirement analysis

103



Chapter 4

Theoretical model

Instantiated object from clagsocess Element

Name = customer need

Objective = analysis of the customer need

Constraint = the constraint link with the railndain (i.e.: smoke and fire
norms)

Indicators = time and level of accuracy to mdke &nalysis

Context = the project manager

DeadLine = 1 week

StartDate = 01/09/06

EndDate = 01/18/06

Working time = 4 days

- Project team definition: This action is carried bytthe project manager from his
previous analysis of the customer’s needs. Theeptananager defines the roles
needed by the project in order to associate that tigam in accordance with the
project and the internal constraints of the compamgrklioad, skills, timetable,
deadlines...

The attribute teanm DesignProcessis used to manage the necessary roles
of the project. The project manager defines thesroleeded for the project
(from the previous analysis).

The model stores the information on each actor:deartment, function,
skills and workload with the classeSrganisation Department Function
HumanResources

Example from the industrial case study:

From the analysis of the previews example, and tfog first phase
“quotation” the project manager notices that rategded are a Marketing
Department member to keep contact with the custameng this phase, an
engineer with experience in this product, a tedani¢o assist the engineer
in his study and a Quality Department Member topees the Quality
requirements included in the customer’'s needs. Ftbm information
included in theHuman and Organisationclasses the project manager can
find the right actor for each role. The Marketingdartment memberare
available because the workloednot onerous for these roles in this project.
Nevertheless, the only engineer who has the righégence has an onerous
workload thus the project manager decides to designatetéasfonicians
instead of one in order to decrease the workloadHe engineer on this
project.

Instantiated object from cla€rganisation
Name = Ederena Concept
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Instantiated object from claepartment:
Name = Technical Department
Objective = carry out the quotation

Instantiated object from claepartment:
Name = Marketing Department
Objective = keep contact with the customer

Instantiated object from clagsinction:
Name = Engineer

Instantiated object from clasBiman Resources:
Name = Fred
Skill = Rail specialist, designer, operator
Workload = onerous

Instantiated object from clagsinction:
Name = Engineer
Instantiated object from clagBiman Resources:
Name = Filipe
Skill = Project manager
Workload = Medium

Instantiated object from clagsinction:
Name = Marketing person
Instantiated object from clagBiman Resources:
Name = Patrick
Skill = Marketing
Workload = onerous

Instantiated object from claf®sign Process
Team = project manager, 1 engineer specialisedilrfield and a Quality
Department member

- Project plan definition: In this action the projecanager defines the schedule by
describing the phases of the project and the temdtsded in each phase. Thus the
classedPesign Process, Process Element, Milestone, TadlRa&sourceare used by
the project manager to carry out this action.
* Design Procesglass is used by the Project Manager to managé¢hall
information on the project.
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Process Element, Milestone, Taslkasses manage the tasks and the
milestones of each phase of the project with tlse@ated resources

Example from the industrial case study:

The project manager defines all the phases of tlogeqs: “quotation”,
“design”, and “manufacturing”. For each phase hdinds the Tasks
involved. He defines the design phédgaotation” as activated, and specifies
the product designation, the customer natie deadlindor the phase set at
two weeks. All this information is included in tieesign Processlass. He
also defines ailestonetwo weeks later in order to validate the phase by
validating the quotation made. This first procelesnent of this phase is a
task that analyses customer needs by the beamrder to define the technical
specification. The input data which is the customeeds is attached to this
task by the clasResourceThe project manager specifies all the information
of the technical specification. The input data @@ customer needs and is
attached to this task using the cl&ssourceThe project manager specifies
all the information of the classd®rocess Elemenand Task where the
objectiveis to define a technical specification, with adlgee of 1 week, the
contextof the task, and the indicatasEperformance (in this case the time to
finish the task and the degree of accuracy of thinition). The second
week is allocated for the second task, namely #fmition of a marketing
offer by the Marketing Department member based ba technical
specification done previously. The project managmrttinues the definition
of the other phases and tasks.

Instantiated object from claddilestone:
Decision = validated quotation
Justification = All the participates validate tipgotation

Instantiated object from cla3ssk:
Name = Quotation

Instantiated object from clag&esources:
Type = Time, financial, person, material
Associated document = Customer’s needs

Instantiated object from cla3sigger:

Type = Manual
Content = Comments
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- Control progress of the project: the project managdows the project and

verifies the achievement of tasks and milestonég. Main goal is to verify that the
resources of the design activity (i.e.: actors)ehearried out their tasks, fulfilled the
deliverables, and indicators of performance.

* The project manager recovers the deliverables ¢toréhe Resourceclass
and compares results and indicators of performamitle the objectives
predefined in the clad8rocess Elemen order to control the progress of
the project.

* Consequently to this control, the project managdwes decisions before
defining corrective actions

Example from the industrial case study:

At the end of the first week focused on the comptetof the technical

definition, the objectives are not completed beeatl®e engineer was not
able to supply a price and lead-time for speciaien like aluminium and

stainless steel (because the world economic Situatn these materials
tends to fluctuate greatly). Thus, the project nganadefines corrective
actions and new task and milestones. He plans aaskfor the Marketing

Department member in order to explain the situatmrhe customer and
find a solution. The customer, usually a large canyy may agree to order
the raw materials in order to achieve better priveih his influence and

network of contacts. In these conditions the projeanager defines a new
project plan with tasks and milestones.

All these examples from the industrial case studywshow this model of coordination is
used in the company. These examples represent dtagled interactions between the
concepts summarised in the model of coordinatiahthe practical actions of the project
manager with the managed information.

4.2.4 Conclusion

In this section 4.2, a model of coordination focusm the project managers’ view is
presented with class diagrams. The objective ofh sacmodel is to group all the
fundamental notions about coordination in ordeh&lp project managers in their work.
The model is divided in three main parts to man#igee groups of information:
organisation & information: organisation and hunraiormation, process information and
technical information. This model is based on ttexdture study and on the industrial case
study in Ederena. Finally the use of the model adrdination by project managers was
explained with practical examples from the indasdttase study.
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In Ederena, this model of coordination is usedHh®ygroject manager in order to recall the
main concepts in coordinating projects. Moreoveasda on this model the project manager
has elaborated personal documents with practicdas hin order to summarise his way of

project coordination with these concepts. Thessqel documents are elaborated by the
project manager for himself in order to formalise étwn project management approach.

4.3 Analysis of design collaboration

The coordination of design also deals with the iifieation of the main relevant elements
for the characterisation of collaborative situasian design. Collaborative situations in
design are defined, from a coordination point @&wi with scheduling, formalisation, with
the definition of milestones and activities. Altatively, they can be defined from a human
relationship point of view with the persons who areolved in the collaborative event,
with their skills, their motivation, and their forof communication. In fact both these two
points of view must be taken into account in severdlaborative criteria to define
collaborative events such as: do actors work instimae place or not? In synchronous or
asynchronous mode? Do they use predefined taskdsérmn. All these factors must be
included in a model which supports the analysisafaborative situations that occur in
projects. The UML formalism is used to describe thedel of collaboration in design
activities and this leads to its instrumentatiod &s implementation. From now, the word
“analyst” will be used to refer to a role. Thiseatould be held by at least three types of
persons: project managers, researchers or consultarEderena, the analysis was carried
out by the researcher in close relation with thgemt manager.

4.3.1 From design coordination to design collaboration aalysis

A model of coordination has been defined in orderhelp project managers in their
coordination work of projects, processes and actdesertheless, within the framework of
industrial experience in design such as the Europeaject IPPOP [Nowak, et al. 2004],
the results of the GRAI engineering method [Giraadd Doumeingts 2004a], and
experiments in PLM implementation in SMEs [Polakt2005a] it is noticed that the use of
such models is difficult for the project managed aspecially for anticipating the impact of
collaborative actions.

Moreover project managers can use their own indligxperiences in design, but only if
they have already work for a long time as proje@nagers in order to be able to
characterise each kind of parameter mentionedammbdel. However most of the proposed
models propose to record a lot of information othex long term in order to re-use this
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information and thus compensate for the lack of’ssxperience [Merlo 2003]. Therefore,
project managers with a low level of experiencethaut “automatic reflex”, and know-
how can search similar design situations and retluségood practices” used previously.
These “good practices” are only known by experidnpeoject managers because the
models do not identify “good practices”. Thus, fréims thesis, “young” project managers
may be helped by using models (like these modelofdination and collaboration) and
by being given extra tools to analyse the desityragon.

The following Figure 30 shows the link between coation and collaboration in the
context of design activities. Actors during desagtivities use input information (such as:
customer’s needs, requirements, constraints...) aodligqe outputs at the end of the
activity (such as: product description, drawing,nofacturing and usage instruction...).
The actors use various forms of collaboration smdform input into output in design
activity. The form of collaboration used can betecolled by specific guidelines defined by

the project manager.
f Objectives

4 COORDINATION h

Achievement
evaluation

N

Gap
definition
9%
Decision Tracked
Making Information

Corrective
actions

.

INTPUT OUTPUT
DESIGN
Needs, Product description,
Requirements, ACTIVITIES Drawing,
Constraints Manufacturing and
Usage instructions
Engineering ~ Working tools, Knowledge and
Designers Materials Know-how

Resources

Figure 30: Description of coordination in design projects
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In Ederena, it has been noticed that the modeloofdination appears to be an accurate
reflection of the actual practice. The elements| wegresented in the model and managed
instinctively by the project manager are:

- In a context where project managers understandrtgnisational structure of the
company, the definition of a project team basedndormation such as: workload,
skills, know-how...

- The definition of the project structure with sulpjercts, tasks and milestones. The
detailed definition of the responsibilities, objees, schedule, and their control.

- The customer’s needs definition based on his eepee. Nevertheless it is well
known that project managers without experiencengolved in large and complex
projects often need to be assisted by specialists.

However, proposing a detailed definition of thensbats to be included in the model of
coordination is not the only necessary step towardsiccessful management of design
projects. Many types of problems remain: delay,tgtion mistakes, technical errors on the
feasibility of a proposed solution, extra iterasom the design process... The causes of
these problems come from the lack of experiencekanevledge of project managers. The
main question is how to define all these paramet8mne problems may concern: the
management of the actors’ skills (where the projeetm is defined according to the
workload), problem of exchange or formalisationtleé information (communication), it
was not well defined who must contact the custoffiem of collaboration), when a
specification element that changes the entire depi@cess is restarted (flexibility in
design processes)...

All these problems are developed in the followimgnps:

- Skills management: The definition of the proje@neis based on the skills and
on the workload of the actors and not on the rolesded in the project. The first
criteria of the project manager is the availabibfythe actors, while the logical way
would be to first define the role needed for thejget and secondly to find the actor
for each role. Thus often the project manager atkx actors to the team who have
only part of the skills needed for the project with adding other actors to
compensate for this lack.

- Coordination rules: direct supervision, mutual agnent or normalisation
[Mintzberg 1990]. It is difficult for the project amager to know which rule of
coordination is adequate for each design situadiccording to the actors involved
(e.g. individual, relationships, or workload), otijges (e.g. lead-time, cost, or
guality), previous and similar situations...

- Kind of communication between designers: distritmticollection, circulation,
exchange [Bareigts 2002]. The project managerddsfine communication between
actors during projects. He has to know which fofne@mmunication is adequate for
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each activity. For example, when the project mangdens a meeting he has to
encourage the exchanges between actors. In anatietty, an email can be
sufficient to inform the project team. For the dalion of a document, he can define
a process of validation in order to have a cir¢otabf the document to validate it.

- Preferred form of collaboration: free, encouragedfarced, synchronous or
asynchronous, present or distant, formal or infdrieacording to the situations and
to the actors, the project manager has to defieefahm of collaboration between
them. For example, this predefined form of collation can be free, encouraged or
forced; if the project manager imposes two actoredllaborate then the form of
collaboration is forced. The project manager cao ancourage the collaboration
between two actors by grouping them in the samm fea example. And finally, the
form of collaboration can be free if the projectmager doesn’t give any advice or
order. The same reasoning can be made with the otheria of the collaboration
form (synchronous/asynchronous, present/distadtf@mnal/informal).

- Flexibility in the design processes: During theiwniébn of the project plan, the
project manager defines processes to validate dextsmor to reach objectives.
During this definition various problems may occlihe processes must be fixed in
advance in order to schedule the work but it ie®sal to keep enough flexibility in
order to be reactive in the face of the unpredletatature of the project. Since
everything cannot be predictable, it is difficdtdetermine in advance which process
will be the best. Thus the borderline between pdanand flexible processes is
extremely narrow for project managers.

- Design control: In the phase of control by the pcojmanager, he has difficulties
in evaluating the gap between the objectives aaddbults because he is not the only
actor to work on the project; he has generally aathnical documents to follow the
progress of the project. Consequently, the difficér him is to act in the right way
by defining corrective actions.

From this investigation in Ederena many problemsaie for project managers. Project
managers need tools; not only a model for coordindiut all devices which could reduce
the impact of these difficulties. Moreover the cai®f these difficulties to coordinate
projects are influenced by human factors which areluded in the concept of

collaboration. Thus, the collaboration aspects mhstmanaged and included in the
management of projects. However, no formal ruleshepry is available to train project
managers in order to predefine certainly and affelst the collaboration aspects during
projects. Then, it is necessary to study the colaion empirically in order to identify

good collaborative practices. A good collaboratpractice is a group of collaborative
actions that solves a design problem and satigiisators of performance regarding the
objectives. Consequently, the problem becomes: gpowd collaborative practices can be
identified to include collaboration aspects in acboation of projects? To identify these
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good collaborative practices, the first step isb® able to analyse the collaborative
practices. With this in view, a framework for theadysis of collaboration is necessary:
- The analysis of collaboration allows the understagmaf how actors collaborate
in their work and helps project managers to buikl project team by assigning roles
to persons and by managing the actors’ skills.
- By analysing collaboration, the relationships betweactors are studied.
Therefore, it is easier for project managers toupetoordination rules, to determine
the appropriate means of communication, to evalirgegame of power based on the
personal interest of each actor and finally to edlve conflicts occurring between
actors during projects.
- The analysis of the collaboration will help the jpod manager to define a project
schedule. Indeed, the completed task will be metaildd and project managers will
be able to compare the defined schedule with thieitees actually carried out in
order to better evaluate the gap between objectawnesresults. The additional input
of collaboration in project management also allalws management of less formal
events such as informal meetings, discussionsoffae break or phone calls ...

Thus, the project manager can use this analysikeotollaboration in order to prescribe

and manage the project. Consequently the phasenaf/sas is essential to allow the

prescription in the management of projects, becaadiaboration with a high degree of

human factor depends on the specific nature opthgect, the customer, the company, the
actors... and so, collaboration cannot be properlgs@ibed without analysis. As a

consequence the next section will focus on thenda&fh of a model to represent the main
elements for the analysis of the collaborationriteo to include collaboration aspects in the
coordination of projects. This model of collabovatileads to the implementation of the
CoCa tool to support the analysis of the collaborat

4.3.2 Proposed model of collaboration

The aim of a model of collaboration is to recorfbrmation on the actors’ tasks in order to
support the characterisation of the collaboratiod #nally to include collaboration aspects
in the coordination of projects. Thus, the modetaifaboration must clearly represent the
right information on the actors’ tasks in ordestgport the analysis.

In the previous model of coordination, various @asi remain difficult for the project
manager to coordinate projects namely:
- The definition of the project team based on thdlsskivorkload and roles of the
project,
- The definition of the form of collaboration withegtorm of communication and
the coordination rules associated,
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- The definition of the project schedule where thejgut manager has to define

flexible processes,

- Project schedule control where the project manageounters difficulties in

estimating the gap between objectives and results.
Nevertheless, for each difficulty, a great dealaofditional information related to the
collaboration aspect is required to help the ptapeanager in these particular actions. The
design process must be recorded with additionakrmnétion on collaboration. Firstly, the
context of the project must be recorded in orderdé&sine the specific situation of
collaborative activities with the team definitigdhe customer, the company, the product...
Secondly, the collaborative activities in the pobjmust be recorded with sufficient detail
in order to be able to identify significant elenseduring ‘a posteriori’ analysis. This will
facilitate for example the evaluation of the reswdthieved in the design process or the
definition of the required flexibility of a projecschedule. And thirdly, recorded
information allows the assessment of the collalbamain terms of performance in order to
anticipate and propose new forms of collaboratiofuture design processes.

The actual design processes are studied in orddmésv what has to be stored in
correlation with the coordination tasks of the pobjmanager.

Thus in the action of project team definition, tieeord of the actors participating in the
project with the management of their skills is us@hformation for the project manager.
Indeed the project manager needs to know whichr dase the right experience and skill
before allocating this actor to the right role e tproject team. Thus archiving the pairing
of team / project, with additional information suak skills, roles, characteristics of the
project, is necessary in this project team debnitction.

Example from the industrial case study:

From the example used previously, the project mandgfines the project
team with someone from the Marketing Departmemmfrthe Quality
Department, an engineer who has an onerous workdoddwo technicians.
To select the engineer and the two technicians Whwe the right
experience, project manager examines the archosesd the project teams
in previous similar projects.

During the definition of processes and the contrfothe project schedule by the project
manager two keys points emerge. Firstly the prajgahager must introduce flexibility in
the design process in order to become reactivlagouhpredictable nature of the design
project. Secondly he must monitor the processesebjfoin order to evaluate the gap
between what has been completed and what was jplamhes, for these two reasons, the
project manager must understand the real procesmpleted in the project in order to
compare it to the theoretical process previoustgdi He must also analyse the problems
that occurred during activities with their possillgacts on other ones. Thus, the record of
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activity sequences is essential to define the s®E®of design activities carried out and to
evaluate the gap between what was predicted anttges

Example from the industrial case study:

The marketing department transmits to the Technidapartment all
information necessary in order to carry out a teminquotation. The
principal problem lies in the fact that the markgtidepartment does not
have sufficient technical skill to collect all thechnical information. Thus,
the Technical Department had to rebuild the custanfde and to contact
them again in order to collect the correct inforimatand to carry out the
technical quotation. During this scenario, the retirlg department is in
charge of an activity which it does not have adégskills. The initial
schedule is outdated because the collaborativecesspave not been studied
and the schedule has been defined routinely. Tihissuseful for the project
manager to notice the succession of activitiesexduwut, with collaborative
aspects in order to anticipate future projects.

It was seen previously that various human factoreerning collaboration are not included
in the coordination of projects. Thus the notion aollaborative criteria will help the
evaluation of the collaboration by project managétss evaluation of collaboration now
becomes the main problem of the project managethdncoordination of projects. The
project manager must assess the collaborationdier @0 estimate if its form is suitable and
if not, to find a better form.

Example from the industrial case study:

This example is the continuation of the previouamegle with the marketing
department in charge of the quotation. The type collaboration

implemented during this scenario is called "fre@tduse only the final
objective was known in advance: to carry out thehmécal quotation. The
responsibilities and the interconnection betweemorachad not been
formalised in advance. Thus, after the analysithefcollaboration used in
this scenario based on “free collaboration”, thejgut leader decides to
change the form of collaboration to a “forced” eblbration with all the
relationships and tasks prescribed.

The analyst needs criteria to assess the collaborased in his project. Thus, he needs to
record and manage any on-the-spot analysis or coitsroa the collaboration made during
the project in order to:

- Recall his reactions during the project,

- Review all this information afterwards with a glbbaew,

- Compile data with other information (from other jeais, for example).
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The project manager has two solutions to managggsoin the right way. Either he

already knows all the subtleties of the job thattkéis experience and know-how, or he
uses guidelines resulting from a model to help mirhis work of coordination. Thus the

model must be as complete as possible and therefatade collaboration aspects,
elements for analysis and other elements necegwargordinating projects.

4.3.3 Model of Collaboration for analysis

The model of collaboration is built to representatmorative situations which occur during
design projects in small companies. This theorkagproach is based on the capture of
information describing collaboration between designh This information may be used by
the project manager to improve the way he coordmaesign processes and actors. This
characterisation will be based on the definitioncoflaborative events of the project. All
these events are associated with contexts in otdeunderstand and analyse the
collaboration: both the global context of the pobjand the local context of a collaborative
situation. Moreover, the model incorporates diffier&ind of parameters (see Chapter
3.2.6), by capturing, for example, quantitativeadsiich as time, activity type or problem
solving as well as qualitative data such as qualitgommunication or interests of actors.
The definition of this model of collaboration isrgad out in closed relationship with the
company where the head of the technical departrpeojgct managers and the director are
involved in the use and the validation of the modélus, they are fully concerned by this
sort of study and they understand very well thepial benefits. So, the company saw the
models and made constructive comments in orderiemtothe definition of the models
towards an industrial application.

4.3.3.1 Event

Firstly the fundamental concept of an event isodticed: an event defines a collaborative
action which contributes to the progress of thgqmto this action can be of any type. As a
consequence, tasks or milestones in the coordmatiodel can be defined as events. The
main interest of an event is to allow the defimtiof non-scheduled actions such as a
discussion during coffee break or an important jghoal.

Consequently, the first class defined in the madeadollaboration is th&ventclass. This
class characterises each collaborative event whéth®al or informal at a detailed level
of description (Figure 31).

The first level of description of an event is clieaised by its activity type (such as report,
schedule, validation, milestone, co-design...) aaditbjects (such as meeting, discussion,
videoconference, conflict resolution...) through AativitySubjectlass.
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Figure 31: Class diagram of the event

When analysing events it is useful to detect pmolleor “good practices”. As a
consequence the clakbik is proposed to group events in a non-sequentiglagaording

to specific points of view: not only a temporal repdbut also “causal links” or “problem
links”.

For example, non-formalised data could lead to tioss in later tasks: in order to collect
this information, two events can be linked to shitvat one event will have a problem
which originates in the other event; this functismamed “Link Problerih Moreover, links
between events can be also used to show that @m isvthe cause of another one. This is
managed by the attribute CausBlvents stored may be scheduled tasks as welhas u
scheduled events in order to identify formalisedlcedures but also real task sequences at a
more detailed level. This information is generalseful to identify shortcuts or alternatives
in the traditional process, then to analyse tharmpaters leading to these situations.

4.3.3.2 Context

The characterisation of events occurring in thggutds strongly dependent on the specific
context of the event. This context is defined ogiabal level and local level. The global
level defines the context of the project in the pamy with elements such as: customer’s
name, product, project leader, project team... Thalltevel defines the context of the
event with elements such as: actors participatinghé event, their expectation, outcomes,
decisions made...
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- Global context (Figure 32)

The ContextProject, Customeand Project classes allow the definition of the main
information to situate the actor’s tasks in thebglodesign project of the company, mainly
the attributes:_project_nama&nd customer’s namelhe cardinalities allow there to be
various projects for one customer.

Various dates are used to record the evolutiom@fglobal context. Thus, the cldject
has a date of creation, a date of end and a datesafion of a new context (a new project
context is created for each important modificattmeurring in the project). Moreover the
attribute _activestores the status of the project to show if thgegut is started, ended or
dormant.

The clasgContextProjects focused on the storage of the main informatitich evolves
during the project. The attribute project impespresents the impact of the project on the
strategy of the company.

Each event of the project is linked to the corresjiog context of the project through the
attribute_event_lisin order to be able to analyse them with the ragiritext.

The context of the project is in constant evolutthming its progress. Thus, the attribute
versionmanages the version of the project context, bgroag, for each version, the main
information of the project in order to understatgdavolution. This information is included
in the clasContextProject

It is important to know who is involved in the peoj and which roles are assigned to an
actor, thus the attribute actor_rolet®res the roles of involved actors. Moreover, lihle
with the Actor class gives information on the actors involvedthe project such as
function, name, address, phone... This informatioasisential in the management of the
actors and workload.
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1.4
Actor Customer 1 *
-surname Project -name —|
-first_name _ 1
-address -id ContextProject
-phone -project_name o
—seniqrity :a(rztt)l'\é?:t creation_date -version
-function project_ — 1 1.*  |-context_creation_date
-end_date
-actor_roles

1.* 1 -project_impact

* . -context_description
ContextEvent -event_list
:fat " Event
-actor_event 1 1 -id
-real time B -event_name
-perceived time
-expectation
-outcome
-comments Global Context
-decision
-strategic_level Local Context

Figure 32: Class diagram of the global and local context.

- Local context (Figure 32)

The local context is composed of the cl&sent and ContextEventwith links to the
ContextProjectlass and\ctor class in order to define in detail the contexthaf event.

The context of the event is defined bylae thereal time (duration),perceived timey
actor (which could be different from the real timéhe strategic levebf the event towards
the project and thactorsinvolved in the event. Thdate defines when the event occurs.
The real timecompared with the perceived tinatribute shows if the actors have the
feeling of wasting their time during the event bthiey are productive. The strategic_level
of the event represents the importance of this tewethe project, in order to verify if the
resources allocated for the event match up withnitsortance. The actor_eveattribute
stores the actors in charge of the event. Thesgsacome from the list of actors available
in the clas#ctor.

Moreover four attributes allow the comparison oé thbjectives of the event with the
expectations of actors, and with the outcome preduexpectationoutcome decisionand
comments This comparison is useful for diagnosis of thejget management during the
evaluation of the gap between objectives and restilie quantity of result is evaluated by
the attributes: outcomfer the definition of the results and the resosmkthe event. Thus
the project manager can evaluate the pertinenddeofquantity fixed previously in the
objectives. The decisioand_commentsittributes give complementary information on the
event and help to understand the progress of thetev
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4.3.3.3 Characterisation of the collaboration

The characterisation of the collaboration is basedwo types of criteria: quantitative and
gualitative. Storing these criteria is carried aot the perspective of re-using this
information to anticipate future design coordinatio

Event Analysis
-|d -|d
-event_name | 1 . |-collaboration_relation
1 -collaboration_produc
] -communication
1 1 1 -motivation

-level_confidentiality

1 -hierarchical_level

-comment
CollaborativeCriteria
-id
-time Evaluation
-location i
-scheduling_level ': i
-prescription_level * -teah- !m? difficult
formalisation_level RSEIEE] Iy
omncnt -usefulness
-comment
1 1 . .
) \ Quantitative
Tool S Characterisation
-id -id PTE
L Ene Qualitative
Characterisation

Figure 33: Characterisation of the collaboration

- Quantitative characterisation (Figure 33):
CollaborativeCriteriaclass characterises in a quantitative way the fofreollaboration
used in events by actors. These criteria are facosethe collaboration definition in order
to differentiate the various forms of collaboratigsed during projects.
The attributes of the class are:
« Time: if actors work in a synchronous or asynchronoag w
» Location if actors work on the same location
» Schedule_levelf the event has been planned or emergent
» Prescription_levelif the event results from a prescription from fheject
manager or if actors were free to take the decisiaollaborate
» Formalisation_levelif the actors’ work during the event has beemialised
« Comments allows addition of information on the collabomati occurring
during the event.
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Two other classed,ool andResourceclasses, store the specific tools and resourcs s
actors in their collaboration.

- Qualitative characterisation (Figure 33):

The collaboration is also characterised by qualiatriteria in order to help the analyst to
evaluate the situation and introduce some on-tlo¢-apalysis, evaluation and comments to
prepare for future analysis through thealysisandEvaluationclass.

In the Evaluation class, the project manager makes an on-the-spatiaion of the
collaboration. In this evaluation he estimates wile attribute_technical_difficultyhe
difficulty of the event in reaching the expectedeahtives. The project manager evaluates
the lead_timeo know if it is urgent. Then, he evaluates thefuliessof the collaboration

in the event. All these criteria of evaluation arade by the project manager from his own
point of view.

In the Analysisclass, the analyst makes a local analysis of dflaboration, on the spot,
during the event. He estimates the productivityhef collaboration, i.e. if the results of the
event are sufficient in relation to the storedatiton with the attribute collaboration_produc
(the label of this attribute is shorter becauseeti®not enough space to write the full name
with the software used).

The project manager estimates the motivation ofaitters, if they have a same goal or
personal interests in the work or are under pressufinish (see Chapter 3.2.5)...

The forms of communicationsed between actors are quoted by the project gearia
estimate if the communication used is productiveunproductive (see in the Chapter
3.2.4).

The attribute _collaboration_relatiors stored to know if the collaboration is more
consensual or conflictive between actors.

The levels of confidentiality of the document aclei@ or the decisions taken are stored in
the attribute_level confidentialityThe level could be “high” when only the headstlos
company are informed, “medium” if only the projéeam is informed, and “low” if all the
company is informed.

And finally to complete the local analysis the ibtite hierarchical levels stored. In
Ederena there are three levels: *high” when the tveads participated in the event,
“medium” when there is only one, and “low” when Im@ad was present at the event.

The local analysis and evaluation is used by tlogept manager to record his point of view
during the project and help him for the future gsml of the collaboration.

A complete class diagram represents all aspects insdetail to describe a collaborative
situation and understand the collaborative mechasia Figure 34.
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1.% .
Customer ]
Actor WX
Project -hame
-surname - 1
-first_name -id ) ContextProject
-address -project_name Id
-phone -active ! -version
-seniority :ggcgeg’;_tzreatlon_d ate 1 1.*  |-context_creation_date
-function = -actor_roles
1 -project_impact
1 * -context_description
T -event_list
ContextEvent Link .
-id -causal Event Analysis
-date -problem -
e -id -id
-actor_event -modification laborati lati
_real time 1. _event_name 1 -collabora !On_re ation
. . 1 -collaboration_produc
-perceived time I L
h -communication
-expectation 1 L
1 1 -motivation
-outcome .
-level_confidentiality
-comments : :
decisi -hierarchical_level
-decision 1
] | -comment
-strategic_level
ActivitySubject CollaborativeCriteria
-Activity_type -id
-identifiant -time Evaluation
-location i
-scheduling_level ::ea dtime
1 -prescription_level L 5 .
-formalisation_level tecl}n:cal_dlfﬁculty
. _comment -usefulness
Subject -comment
-id
-subject 1 1
-importance N .
Tool Resource
-id -id
-name -name

Figure 34: Conceptual model to characterise the collaboration

As we can see in the model of collaboration, vamiocriteria of the classes
CollaborativeCriterig AnalysisandEvaluationare not binary (black or white, true or false)
but the real situation is situated between two emes. The project manager, in his
estimation, records a tendency of these criterigchvibould be more or less close to an
extreme. For example, one actor has transmittadcalrinformation to the other team
members one day behind schedule. This delay leadsgiobal delay of one day for the
whole project, which is not acceptable, but notsaster according to the general lead-time.
Afterwards, the project manager estimates the mtddty of the communication used in
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the event at 70% (100% is the percentage witholatydend 0% when the information is
not transmitted).

This global class diagram may be used as is byegpropanagers but with some difficulties.

These difficulties spring from the fact that no wevsupports the management of the
concepts included in the model. As was noticedhendompany, with the model, the project

manager better understands the relation betweercdheepts described in the model.

However, he does not have any tool or method tp heh in the management of these

concepts in his work of project management. Thus,model of collaboration leads to the

implementation of a tool in order to automate theording, to re-use the data and support
the analysis of the collaboration.

4.3.4 Collaboration model in use to analyse collaboration

The aim of the collaboration model is to suppo# #malysis of the collaboration used by
actors and to better understand design situatitirhen helps the project manager to
integrate the results of this analysis into hisrdowtion actions in order to anticipate,
coordinate and control the project. Nevertheless well known that such a model is not
adequate for a daily use by a project manager. Rihis of model is the first step of the
approach leading to the implementation of a toaeldaon these models. At the end, the
project manager will use the collaboration modedbtigh a tool in order to assist him in his
daily work of analysis.

All these concepts included in the model are usethé analyst to drive his analysis of the
collaboration. Currently, no method to carry ous tAnalysis (in this context of SMEs and
for the objective of improving the coordination)i&s. So, there is no published method for
analysing this sort of data. From Ederena, thiseergent leads to the testing of various
ways of analysing collaboration (Chapter 6).

The tool based on this model of collaboration nmahage the analysis and evaluation, the
collaborative criteria, the global and local confeand the links between events (Figure
35).

The approach to analyse collaboration begins wighstudy of the stored information of
each event, especially the evaluation and anatyssses. The collaborative criteria and the
global / local context then give additional inforima. At this stage the analysis is possible
for establishing correlations between events. Thkslare used to represent the global
sequence of design events occurring in the préject a specific point of view.

Analysis
Correlation
Between Links

Link problem
located

Confrontation
Global / Local
Context

Collaborative
Criteria
Assessment

Event
Analysis and
Evaluation

122



Chapter 4 Theoretical model

Figure 35: Approach to analyse the collaboration with the mode of
collaboration.

The main objective of this analysis is to identilyoblems / improvements / “good
practices” in the design process in order to fiddcuate solutions. The complete analysis
of the collaboration is not done by the tool; itkes available the main information to
analyse the collaboration. Therefore the analystthastudy the sequence of events, make
correlations between various attributes in ordecaay out the analysis. This notion of
correlation between attributes is illustrated ie two following examples:
- The notion of re-usability: if the project managents to re-use the collaborative
process in similar situation. He has difficultiesidentifying similar situations and
defining the collaborative process used. Therefdiree classesContextEvent
ActivitySubjectandLinks help the identification of similar design situaitso And the
classes Tool, Resource CollaborativeCriteria help to define the collaborative
processes needed for future scheduling during coatrdn phases.
- The notion of problem solving: during collaboratiab is usual to encounter
problems, or conflicts. But these problems or dotdlcould be positive for the
progress of the project. Thus, the category “pmoblesolving” helps the
characterisation of the collaboration by definifighe problems (if there are any)
were constructive or destructive. Hence, it is intgat to understand when a problem
occurs: what the solution was, if the problem leaktb the emergence of constructive
knowledge, what the causes of the problem are... dIassesLink, Analysisand
Evaluationdrive this “problem solving” assessment.

The analysis of the collaboration helps the projeeinager in the use of the model of
collaboration and then coordination. Thus projestd be coordinated by taking into
account collaboration aspects.

A deeper analysis with the tool and examples froenindustrial case study will be given in
the presentation of the results achieved in Edef€hapter 6).

4.4 Synthesis

Chapter 4 presents a model of coordination focasethe project managers’ view to help

them in their work of design coordination. The act of the project managers in design
coordination have been defined with the associatiEsmation. These definitions are the

basis for the definition of the model of coordiati Afterwards, the model was presented
with examples and uses. In conclusion a lack of dnusspects management is noticed in
this model of coordination.

123



Chapter 4 Theoretical model

Thus, this model of coordination is associated vaitmodel of collaboration in order to
evaluate the human aspects in design and to implatex on the management of
collaboration between designers which lead to thmprovement of this model of
coordination. Then, the model of collaboration mvyided to help project managers to
analyse collaboration in order to identify goodqpices that will improve the way they
coordinate projects by taking into account collabon aspects. This model of
collaboration categorises and defines the diffefenins of collaboration used during
project with the objective of re-using them in frgsituations. This categorisation is made
by the recording of the context, objectives of fhreject and events; and by criteria to
represent the collaborative situations. This char&ation leads to the analysis of the form
of collaboration used between actors in order taluate collaborative situations, to
anticipate future design situations and then toraw coordination of projects.
Nevertheless, the model of collaboration formalisemplex aspects and can be used by
project managers but with difficulties (problems rexord, to compare, and to analyse
information required to use the model). Thus theleh@f collaboration requires a tool to
support the use of this model.

The definition of these models was elaborated Ifaboration with Ederena and was tested
and used in projects. The feedback from the heathefcompany and the head of the
technical department are positive: the models ftismdahe main concepts of collaboration
and coordination used in their daily work, and h#iem not to forget any important

concepts during the project.

At this stage, two models are defined to help mtojeanagers in design coordination then
to store and analyse collaboration. The analysisotihiboration will be used to define
guidelines for the project manager in order to takecisions in his coordination
management (Figure 36). Therefore a software ®aokcessary to support the analysis of
the collaboration.

The UML formalism is suitable for the implementatiof an IT tool to assist the project
managers in the recording of the information of¢bkaboration model and to help them in
their future analyses of collaboration. Thus, th@lementation of an IT tool based on this
model allows the collection of a large amount abdar the analysis.
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; Objectives

COORDINATION

COLLABORATION
STUDY
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Drawing,

Scheduled
Manufacturing and

COLLABORATION Usage instructions

Figure 36: Coordination and collaboration in project managemenm

UML models are useful to represent complex concepish as coordination and
collaboration in SMEs. At a conceptual level, caoation and collaboration aspects are
based on complex mechanisms. These mechanisms amcepts need a specific
methodological approach to be comprehended. Thesodels are one of the possible
specific methodological approaches. For example,désign events which occur in the
design process (preliminary design, quotation, efithent design...) are represented by
the class Event the links between them and the other associatedses like
ContextProject ContextEvent. This methodological aspect is presented through t
implementation of the CoCa tool with its GUI fornms Chapter 6 and in Chapter 7.

At an operational level, these models representeqas and their links between them in
order for a project manager to understand the cpresees of his actions and to avoid
neglecting important elements in his managemeptajects. One of extra benefits of these
models is for young project leaders, with insu#fiti experience and know-how to manage
these notions without support. Therefore younggmiojnanagers could be given a sort of
“check list” of the indispensable actions to cawty, a representation of the context of their
management, and a better understanding of the goesees of their action. Thus, they
would more quickly become experienced and morelyeasiderstand these notions of
collaboration and coordination in their specificntaxt. Furthermore, project managers
have difficulties to use such models and the witoleesponding concepts directly during
projects. Thus, the implementation of tools basethese models is helpful to facilitate the
management of these concepts by the project man®gtdr such tools, the new project
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manager has the possibility of capturing projedonmation and decisions in order to
improve his own skills, taking experience, impraythe management of projects, defining
standard processes, and helping to introduce fleéyilm processes.

The notion of flexibility is important in design magement in SMEs as was described in
Chapter 3.2. Thus the introduction of flexibility the design process is indispensable in
order not to stifle the collaboration between axtdihe strategy to manage this flexibility is
helped by the model of coordination with a bettederstanding of the relation between the
constraints, objectives, criteria and indicators the design and by the model of
collaboration which integrates the collaboratiopexs into the management of projects.

In the next Chapter the implementation of the toamned CoCa, based on the model of
collaboration, is presented. The implementatiodeiscribed in detail from the approach to
implementation of the tool, to the use of the tobhis presentation is illustrated by
examples from the industrial case study.

126



127



5 “CoCa” tool: development and use in
Ederena

The aim of the “CoCa” tool is to support the anaty®sf the collaboration occurring in
design projects in SMEs. CoCa records the collabeeaevents in detail that occur in
design projects by collecting such data as: prge@vents, and collaborative criteria
(time, location, tools, methods, level of formdiisa ...). These records provide the right
data to the analyst, in order to analyse the cadlation and thus help the management of
projects. This analysis enables design improverhgrthe identification of deficiencies in
collaboration and in design events.

5.1 Introduction

The CoCa tool can be used by project managersultants or researchers.

Project managers can use CoCa to determine what fafr collaboration produces
appropriate results in projects and thus they n&oduce flexibility in design processes in
order to record and re-use improved forms of colfabon. Project managers need to have
the perspective of a large pool of data to makectimeparison between various projects and
forms of collaboration. As we will see in the né&tapter “Results”, the test of the tool
within Ederena provides a representative pool td,dand these results can be correlated in
order to validate the theoretical model and thé too

It is well known by consultants that an implemeiotaiof an information system in a large
company is completely different from one done iIrSAfE. Indeed, in SMEs there are more
design roles than actors available, thus actore tavaccumulate roles. Moreover, each
incoming project is managed differently accordiaghe specific situation of a project, thus
one part of the design process could be more irmpbthan another. Consequently SMEs
need flexibility. If an implementation of an infoation system is done in an SME without
a previous study of the actors’ way of working, toenpany will lose flexibility in design
processes, collaboration opportunities and emeggehnovation. Therefore consultants
can use CoCa to specify the implementation of a FOMLM tool or an IT system in an
SME. The main objective of this specification isrétain the necessary level of flexibility
by studying the collaborative practices with CoCa.

Researchers can use CoCa in their industrial casdgies in order to analyse the
collaborative practices used by actors in desigijepts. The analysis of the collaboration
can be useful in various fields as well as forree fanalysis of the collaboration or for an
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organisational change of the company structurerdleroto match the organisation to the
management of project with a specific IT system.

The validation of the tool and the theoretical nmdde researchers is achieved in the first
instance by a case study of practice. Howeverpfoject managers and consultants other
industrial case studies will have to be made ireotd collect more results and to compare
the analysis between projects.

This use of the tool is illustrated in the next g 37. Firstly, the analyst uses CoCa to
record the information on the collaborative eveotsurring in projects. Secondly, the
analyst uses CoCa to retrieve the information {e®m in a database) on the collaborative
event to support his analysis of the collaboratiémd lastly, this analysis of the
collaboration leads to propositions, forecasts expectations for the future projects and
events in order to improve the coordination by miefy guidelines for future events.

Stepl: Information Capture

4 F N
3
Step3: Coordination

Improvements v sy
. F o — A% ] Information Storage %
—\{\ Guidelines < y & _— —

‘\\9 Anayst ? WWWWMM Y
Project e

Manager

’f [
\ Data Base
S

Collaborative Events

Analyst

Step2: Collaboration Analysis

Figure 37: Use of the CoCa tool by the analyst

In the next section, the scientific approach usedevelop the tool will be described to
show how the tool was designed. Efforts were madenplement the tool on the basis of
the theoretical work carried out in order to tesd @&alidate it. This description will explain
how a theoretical model can lead to the implememntatf a tool and why class diagrams
must be created before the implementation.
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5.2 Approach of the CoCa tool development

A tool has been developed named “CoCa” in ordesujgport the model of collaboration
presented in Chapter 4.

During the definition of the tool, UML is used tefthe the specification of the CoCa tool
[Booch, et al. 1999]. UML is chosen because it mles an efficient language for
modelling the architecture of the tool before itplementation. UML is an object oriented
language, thus it provides a set of diagrams wbbjects can be defined and structured.
These UML diagrams allow for the modelling of th&iee system. Moreover, the UML
structured notation is a generic formalism andseduas a common language providing a
shared point of view between users and IT impleerant

The approach to the development of the tool isddigtiinto three main steps: analysis step,
design step then the IT implementation (see Fig8je

S

Model of collaborationj

Design
Analysis Architecture IT implementation
Use case Activity Mock-up GUI Class Diagram | n IT code
diagrams diagrams forms for the Data Base -

State / Transition
diagrams

Final GUI
forms

Figure 38: Approach of the CoCa tool implementation

Analysis step: is orientated toward the definitiohthe CoCa tool specifications. UML
formalisms are used to specify the functionalitéthe CoCa tool with:
“Use case” diagrams describe the main and the wuttibns of the CoCa tool in
order to define the objectives, the use and thstcaints of the tool.
“Activity” diagrams define the sequence of the ferand the action which causes
the activation or the closure of GUI forms.

Design step: this step is concerned with the detailefinition of the tool with a functional
study; the tool is implemented using Java technolog
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- This step begins with a brief definition of the Gldtms as a “prototype” in order
to gain an idea of the sequence of these GUI fanasthe information included in
each one. However, the detailed definition of thél @®rms will be given at the end
of the design step; when all the necessary infaomdtas been defined as well at the
level of the architecture as at the level of tladestransition diagram.

- This design step defines the architecture of tbeitoorder to have the possibility
of using the tool throughout a network and of clogghe software to manage the
database and of supporting the IT implementation.

- Next, the GUI forms of the tool are defined in dleteith the position of each
button, colour, label, interface device. The deiom of the GUI form is created with
the UML formalism and leads to the definition ofctass diagram for the IT
implementation. Then a specific tool called NetB&ansed to implement it.

- Another detailed class diagram is defined to regmethe classes focused on the
definition of the database with attributes, funei@nd links.

- In this step, a state / transition diagram is nddadedescribe the time-dependent
behaviour of the system. Indeed, this diagram i;wanductory picture to define the
main states of a project (In Progress, Ended, andnmBnt) and the transitions
between these states.

IT implementation: this step aims to define theablase, the class diagrams for the IT code
and the IT code.

- The database definition is supported by the previconceptual model of
collaboration (Figure 34) and by the detailed gntirelation diagram of the data
model (Appendix A, Figure 81). These two diagrasellto the detailed definition of
tables and the data stored within the database.

- Following that, another detailed class diagrameaBneéd to group the IT classes,
database classes, and GUI classes into the sassedigggram in order to support the
IT implementation (Appendix A, Figure 82).

- Finally, the IT code links the database and the @®ths in Java language.

The description of this IT implementation step & scientifically relevant because it is
“traditional” IT work. Thus, this step will not b#escribed in the thesis. Nevertheless, some
elements are presented in the Appendix A in ordesiow an overview of the work
completed in this step.
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5.3 Design and implementation of CoCa

This section describes the main steps of the apprdar the development of CoCa
(analysis and design) with their sub steps.

5.3.1 Analysis: specification of the tool

The definition of the tool specification began witte definition of the main functionalities
and constraints (Figure 39). The main objectiveCofCa is to help the analysis of the
collaboration in design projects by storing a lapgel of data on collaboration and make it
available to the analyst. Thus, the implementatbthe model of collaboration needs to
track the collaborative events occurring in mangigie projects with their contexts and
collaborative criteria. This is the main functidfn(: Functio,i,) of the tool: “Track the
collaborative events”. The achievement of this mhainction is achieved by primary
functions (Figure 39).

The analysis of the collaboration requires the agjerof information about the global
context associated to the collaborative eventssigre the context of the project, the actors
involved in and the events themselves.

Thus, the first primary function (F1) manages tla@adabout the global context (i.e. the
projects) in order to add, delete, modify or vismlthe data items of a specific project
context. This description of the project contexessential to understand the behaviour of
project during the analysis of the collaborationorbbver, this management of project
context includes the management of the versiores mject, indeed when a modification
is made to the context of a project the user mag Hae project as a new version in order to
record the evolution of this project’s context.

The information about the local context and abdw&racterisation of the collaboration is
managed by the second primary function (F2). Thenagement of an event allows
addition, deletion, modification and visualisatiohdata on the context of the event, but
also description of the event with collaborativetezra, and with local analysis and
evaluation on the form of collaboration used durthgg event. The local analysis and
evaluation of the collaboration supports the ladetailed analysis carried out by the
analyst. For the first version it was not plannednianage versions of events. Indeed, in the
first version of CoCa, only the versioning of thejpct context is supported. Thus, if a
modification made to the information of an eventesorded, the old information is not
kept. The analyst can modify any information onrggdut CoCa will not keep a history of
modifications. With hindsight, perhaps in a secordsion of the tool, the management of
versions of events should be implemented.

Moreover a function to manage “links” between esastimplemented. This function will
show if two events are linked by causality (if aeet is the cause of the creation of another
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one) or by a problem link (if a problem occurringan event has an impact on another
one).

The last primary function (F3) manages the actow®lved in projects and events. This
function will be used to add and delete actorsrojgets and in events, and also to store the
information on actors such as: name, roles, séwiariThis link between events or projects
and actors is very important for a future analysisrder to understand the responsibilities
of each actor in each event.

All these primary functions are represented in se“gase” diagram (Figure 39) which is
used in the elaboration of the specification of thel with UML formalism. Another
detailed activity diagram defines the GUI formsdibg the user to have an access to these
functionalities (Appendix B).

Add a project
Modify a project
Delete a project

Visualisation of project data

Manage global context

F1: Manage data
of projects

Fm: Track the
collaborative events

F2: Manage data
of events

Visualisation of event data)

Add an actor

F3: Manage actors Modify an actor
Delete an actor

Figure 39: Use case diagram of the tool “CoCa”

User

This use case diagram (see Figure 39) shows asesgegion of the main functions of the
tool, now the next step is to define the main foram& the sequence of these forms
associated with each function. The sequence ofthmns is represented in an activity
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diagram (see Figure 40) in order to define the nemalb forms to be implemented, the links
between them, and to verify that all functions supported by the tool.

Firstly, the user has to login to the tool in ordermanage the possible use of the tool
according to the level of access rights given tm.hAfterwards, a list of projects is
provided, where it is possible to add a new projeridelete or to open an existing one.
When the user is in the “project display” form, ¢en view all the information about one
project, the list of events, manage actors invglvaednage the version history and add an
event to the project.

In the “event display” form, all data concerningg tevent is shown such as collaborative
criteria, type and subject of the collaborativergv@he user can manage actors involved in
the event; add links between two events, and mdkea analysis and evaluation of the
collaboration used.

/ enter
Welcome (Project list)
/ AddProject / Open project i j
pen proj /Bt history Version history

/ Save / Bt Actor
New Project Project display Actor Project
/ Add Event / Open Event

/ Bt Actor
Event display Actor Event

/ Open Eval /Open Analysis / Bt AddLink

Add Links

Figure 40: Activity diagram

Thus, the specifications of the tool with use ocdisgram (Figure 39) and activity diagram
(Figure 40) result in the design and the implem@ntaof the tool.
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5.3.2 Design of the tool

On the one hand, this part deals with the desighetool with “state transition” diagrams
and definition of the architecture of the tool. @® other hand the three parts of the
architecture are defined and implemented: the damgbthe GUI forms and the IT
implementation.

5.3.2.1 Definition of the tool architecture

As has been seen with the functionalities of tha, tGoCa is not simply a data recorder
tool or a project management tool. The main fumctd the tool is to help the analysis of
the collaboration in design projects, to help thedirdtion of the project management
guidelines but CoCa is not a project managemerit Moreover it is not simply a data
recorder, because the tool stores the data inafispsay (as could be seen from the class
diagram of the database) and is orientated towsrd/isualisation of the data collected to
lead to the analysis of the collaboration.

Consequently the architecture of the tool is coradosf three parts: th&UI forms to
collect and visualise data, ttdatabaseto store the data and th& code to link the
database and the GUI forms (Figure 41).

Two possible architectures could be used to defiresoftware: “one third” or “two thirds”
architecture. The “one third” architecture integsathese three parts (GUI forms, database
and IT code) in the same software and computer staral alone software. And the “two
thirds” architecture has the database separated fine two other parts. The database is
installed in an independent server. Thus, all temtccomputers (where the GUI forms and
the IT code are installed) communicate with theveseto record and get the information
back. This is the traditional relation betweenéunli/ server” software.

The first version of CoCa tool is in “one third”chitecture where the three parts are
installed in the same computer and only one analgsts the CoCa tool. However it is
possible, for a next version of CoCa, to have a“thirds” architecture by installing the
database on an external server in order to haveusranalysts using a CoCa client
software. All the CoCa client software will be cested to the same database in order to
manage multi-user analysis of collaboration.

Figure 41 shows the link between the three parteefool.
- The database can be opened throughout the netwlekewthe address of the
location of the database is stored in a text fiemad config.txt. The first
implementation of CoCa is able to evolve towardstare version of CoCa as a “two
thirds” architecture. Thus, the database of thisires version will be based on a
server, and every client version of CoCa instatiaceach analyst’'s computer will be
able to communicate with the same database by wkagformation stored in the
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text file. Moreover the database is stored in teeware FireBird [Firebird 2006] and
managed by IB Manager. As for the database managethe whole implementation
of CoCa is completely done with freeware. Thus, Eaoday be installed anywhere,
without the necessity of buying anything.

- The GUI forms have been drawn up with the freevig&Bean V4.0 and are the
interfaces between the users and the tool to regatalor visualise data recorded.

- The IT code is implemented in Java V1.5 languagkleads to the processing of
the data by linking the database to the GUI forms.

FireBird V1.5.3 Manage by Net Bean V4.0 software
Data Base software

_ _ IT Code GUI
DEEEESE | | Javavis | Forms
A
Interface to managel 1Data Base address
the data base stored inside
IB Manager .
software V3.9.5 L

Figure 41: The architecture of CoCa tool

In this section, the definition of the architectufeCoCa with its three parts (GUI forms,
database and IT code) has been presented. Thetidafiof the GUI forms will be
explained in the following section. The definitiohthe database is detailed in the section
5.3. The IT code in Java language is too long. Tdude is mainly focused on the
management of recorded information and visualigsatibhus it is not presented in the
study.

5.3.2.2 Definition of the GUI forms of the tool

The GUI forms have been designed and implementembliaboration with IT engineers
and ergonomists. These forms organise and disp&ainformation defined in the model of
collaboration to be recorded by the tool. The threen parts of the model constitute also
the three categories of main GUI forms: projectsjget context, events. The forms are as
follows:

- Login form: The login step is very important to ¢ah the access rights of users.
In the CoCa tool three levels of rights exist: ugeoject leader, and analyst. A list of
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permissions is associated with each level of righkss list of rights with associated

permissions is described in the Appendix C. In samyyproject managers, who have
extended rights concerning their own projects; giesis, with restricted rights to

public elements of an event (i.e. no access toyaisa¢lements); and finally analysts,
with all rights on all projects.

- Projects form (Figure 42): The first form after tlogin action lists each project
stored in the tool with its version and its stafstsrted, ended, dormant). Thus, the
user opens “add”, or “delete” project with thisrfoaccording to his rights (only the
project manager can delete a project). The “visaéibn” button will be available in a
future version of the tool to access to a form tmage data and advanced searches.

Collaborative Capture

Welcome

Project List | Wizualisation

name date starting | Status | wersion

2006-02-07  [Ended 16
2005-12-12  |[Ended 8 Open Project l
2006-05-02 |Dormant |3 —
2005-12-20 |Started 14

J006-08-28 [Started |8 .
i o |2006-05-07 |Started |4 Add project |
Delete project l

| Logout | | Exit |

SESTIA

RECHERCHE-LIPSIO
[oCt EAvONNE PAYL BAtOUEY

Figure 42: Projects form

- Project context form (Figure 43): By clicking ongen project button” or by
double clicking on the project name, the user opgkaglobal context of the project.
This GUI form of the project context shows variatmms of information which
define the project: the name and customer, théirggadlate, who the project leader is,
if the project has a small or big impact on the pany’s strategy, who the actors
involved in the project are, the state of the mbj{ended, dormant, in progress) and a
text field to complete the description of the pobjm a few sentences. The number of
the version of the project context and its datereftion is recorded and shown in
this GUI form. Moreover a “history” button showsdamanages these versions. The
user also has the possibility to add a new vergiban he saves the project context.
The second part of the GUI form is used for thenepeesentation with a detailed list
of the events included in the project with two bo#: “history all events” which
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displays all the events of the project and thet ‘disevent” which displays only the

events of the last project context.

Context of the project

AGVT
Context of the project

Starting: Feb 07, 2006

Version 16

Client Project itnpact

Context created: |

Jul 18, 2006

-

Srmall Important  Status m
Project Leader Filipe Etchart
Actors of the project
name rofe function
Filipe Etchart Calculous Design Enginesr - Add Actor
Francois Danglade Quality Guality =]
Fred Laudouard Tests Desigh Engineer B2 Delete actor |

Context presentation

3 demands farm the customer; honnet, pentographe, acrotere,
The prototype is named Pegase, and will he finished for the end of 2006. The series is
named AGYY and will begin for the beginning of 2007, The offer must be given for the

Fehbruary 27th 2006,

L3 M

| List-of events

IWlodify project

Mame event Date Tvpe Link Authar
Meed definition Feb 06, 2006 Businnes wisits Froblem, Causality  [Guillaume Pol -
Task definition Feb OF, 2006 Meeting Causality Guillaume Pol
Flanning Feb 13, 2006 Meeting Guillaume Pal =
Part design Feb 15 2006 Meating Guillaume Pol o
Toals design Feb 15, 2006 Meeting Froblem Guillaume Pol
Custamer visit Feb 17, 2006 Businnes wisits Causzality Guillaume Pol
|Wisit to Feb 21, 2006 Businnes visits Guillaume Pol __
|Proiact nrocro i hdar Q. IO0F hdcoatinm Snillanrna Pal i
‘ Cipen event ” Add Event ‘ ‘ Drelete Event ‘ ‘ 2 |

Save

| Cancel

Figure 43: Project

Events form (Figure

context form with the list of events

44): In this form the local t®xt is recorded and displayed,

i.e. all the official or unofficial events which aar in the project. Various parameters
are used to describe the event: the date, the trarstrategic level of the project. But
also the real time taken by the event and the peddime. The actors involved in

the event are also tracked and managed; and #xed&edlds are used to explain the

3 Perceived time is a criteria used to evaluatdithe perceived by the actors, which can be longeshorter

than real time depending on the
compared with the real time during

interest of actorachieving an event. Thus, perceived time can be
the analysithefcollaboration.
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expectations, the outcome and the decisions takemdl this event. All this
information describes the local context and isridel to help in the future analysis
by understanding the design situation.

Event

Project name : AGV7

Event name: Need definition

[ Contest of the event | Type/ Subject | Criteria | Links | Evaluation/Analyse |

Mame of the event  Need definition | Date occurence  |February 6, 2I]I]ﬁ|-{-|l"_31|
Feal time QEh wr
slategic Level e ST
Perceived tim H‘_' Stnall Importast
ErCEve £ | 1 = mpo
Actors of the event name rale funiction Add Actor
Filipe Etchart  |FProject Leader |Design Engin.. j&] ——————
Francois Dan... |Quality Cuality == Dielete actor

=

] Explanations ofthe customer's demand in order to clarify the needs. [ = |
Actor' Expectations

Faorthe bonnetand Tor friday: 7. see if something from the ald

product CAF s reusable far this project by comparing the CAF and
I's specificatians, 2. identify the standards and some of

possible combinations. 3. separate the references for each car.

Ewent Outcome

[el P ] 4]

Drescizion appeated  Projectis managed in a project leader way with Philippe as project
leader. Informative meeting planned by Patrick for this afternoon.

Comtaens Fatrick iz worrying ahout the lead-time and would like to reduce

The lead-time by using previous similar project like
CAF project.

Figure 44: Event context form

| ¥

Three other tabs record extra data on a collalweratvent of the project such as the type of
activity occurring during the event, or evaluatiohthe form of collaboration used or to
make an evaluation or an analysis of the collalmrabn the spot. This evaluation or
analysis on the spot is used by the analyst tordeextra information to assess the form of
collaboration used in each event. All these tabs amainly used to analyse the
collaboration. These analyses and evaluations @bt are fulfiled by the analyst during
the event in order to record his first thoughtswhibe collaboration of the event. In a
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second step, these evaluations and analyses wilugeel and correlated with other
evaluations and analyses from other events byrthbyst to support the detailed analysis of
the collaboration. They will be presented in detaih later section 5.4 with examples from
Ederena.

5.3.2.3 State / transition diagram

An illustration of “state /transition” diagram (Rige 45) is also presented in the particular
case of the project.

/ EndProject

Dormant

/ WaitProject
/ RestartProject

/ NewProject

In Progress

Figure 45: State / Transition diagram for the project

In CoCa, a project can be “in progress” when theracare working on it and when it is
active. However the project can also be “dormahit is in standby. For example if the

project team is waiting for an answer from the cosdr after an offer, then the project is
dormant until the customer answers. The project alan be “ended” if the product is

delivered and if the customer has paid.

These three states are managed in the tool toiloot@rto the definition of the global

context of the project.

5.4 Main functionalities of CoCa used in Ederena

The previous section described the design andnipiementation of CoCa. In this section
all the main functionalities of the tool are prasehand examples are described from
Ederena to show how the tool was used in an indlistontext. The analysis of the data
recorded will be seen in the next Chapter.
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- Context of the projectThis context ensures the capture of the globa\of the
project in order to facilitate the interpretatiohtbe various collaborative practices
occurring. Information about actors, customer, ang other data like the impact of
the project in the strategy of the company, or t@xy field to refine the description of
the context of the project are included.

The evaluation of collaborative events by the astatiepends on the context of the
project. For this reason, this tool manages thseioes of the project context in order
to have a history of the modifications done on phgject context and the event list
during the project. For each version of the progezitext (see Figure 43) a comment
field is filled in to give to the user the opporitynto explain why modifications have
been made.

Example from the industrial case study:

Every Monday there is a global meeting to predeatricoming projects and
to review the projects in progress. Thus, during theeting a selection of
collaborative incoming projects is made to follokeit progress with the
CoCa tool. The project AGV7 is selected and is dddehe tool by the GUI

forms. This addition is done by the Project manageanalyst and begins by
the definition of the context of the project (segufe 43).

- Event This context of project recorded previously, shawe list of the events
occurring in the project with the links betweenrth@ hus, CoCa ensures the capture
of detailed information from the local context afllaborative events included in the
project. Events are contextualised with a spegifaject context. For each new event
occurring in the project, a new event is createthentool with the fulfilment of the
criteria, links, analysis and evaluation (if thewubas the right to do it).

Example from the industrial case study:

Most of the time this meeting is the first eventtloé project, because an
explanation of the incoming project is drawn quycidith the definition of
the needs and a project leader is defined. Allitfi@ermation on event is
recorded: dates, times, actors involved in the gwetpectations, outcome,
decisions and comments (see Figure 44).

- Links (Figure 46) Events can be linked by two types of link: “pretw” link and

“causal” link. The “problem” link refers to a prash occurring in one event which
has consequences on another event. The user cklmnexpat the problem was and
the consequences were in a text field in ordemprove the future analysis of this
problem. The “causal” links are between two evemtere one event implies the
creation of the other. Most of the time it occursew the conclusion of one event
leads to another action which must be carried m@niother event. This type of link
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allows better follow up of the progress of the patjand its main decisions. For a
future analysis it is essential to know the cauddefhe emergence of the event in the

project.

Project name : AGV7
Event name: Need definition
| Context of the event | Type/ Subject | Criterias | Links | Evaluation/Analyse [

List of links
Event | Type |
PAT |Problem |
[PAT [Causaiity I
Link FB
In this ewvent we enconter a problem which comes from the event PAT v\
What kind of problem was it ? |T]-me T
Comments  [Thereis a problem oftime. 1 dayto compare the specification of the previous :‘
project CAF with this project + identify the references for each car + make |=|
| & planning is too shart == actors do the work in time but not in detail. -]
| Save Link | | Catcel edit |
Link Causal
| This event is the cause of the creation of the event [ i
| ' (BB =
| Comments  [This event involve the creation of the next event PAT (internal acronym for the f
'actlwt\rto define who do what and when)
-
Savelink | | Canceledit |
i Save | | Cancel

Figure 46: GUI form of the tab “Links”

Example from the industrial case study:

In the same project AGV7 and in the first event éNelefinition” a problem

occurs (Figure 46): the actors don’t have enougte tio carry out the tasks
required. Consequently the tasks will be done lmitim detail, the quality

may not be good enough. Thus the link “problem’rtalehe analyst by

showing where a problem appears; afterwards heohasderstand why this
problem occurred by using the other informationvaied in the tool.

- Type / Subject and Collaborative Criteria tabs

The tab “Type / Subject” records the type of theergv(business visit, meeting,
discussion, mail, phone...) and the subject of thenevo store what happened. It
could have only one type and various subjects Her évent. The subjects are the
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actions carried out during the event:. decision,igiesexplanation, schedule,
validation... and each subject is completed withigega of importance, in order to
know if the subject is done, in progress or onbnpled (Figure 47).

m Event @
Project name : AGV7

Event name: Need definition

‘Context of the event | Type/ Subject | Criterias | Links | Evaluation/Analyse |
L e |

Type |Businmes visits -
1st: Select gsubjec
in the list Content

- it [ o iaris

Subject |Scheduling !v; {Explanation |Done
' o [Scheduling lin Pragress
>
L2

lmportanc i.In Progress . = :

/‘ 3rd: clﬁ:éald
2nd: Select an | Delete _

importance in the list

| Cancel

Figure 47: GUI form of the tab “Type / Subject”

CoCa implementation was based on the theoreticalemof collaboration shown in the
Chapter 4.3. Thus, the collaborative criteria o€ tbollaboration model have been
introduced in CoCa to differentiate the collaboratpractices occurring in events. As was
presented in section 4.3.3 (“Model of collaborationanalysis”); these criteria are used in
the tool to describe the form of collaboration yssal the analyst can know whether the
actors worked at the same time, in the same piatdge event was planned, prescribed or
formalised, if the actors used specific tools,rdoimation resources to carry out their work
(Figure 48).
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H Event
Rg Project name : AGV7

Event name: Need definiton

[ Context of the event | Type/ Subject | Criterias | Links | Evaluation/Anatyse |

Description of the collaboration

Synchronous [ ) Agynchromious
I Place - o Drigtant
Platied e o A Etnergent
Forced _\i F Free
Fortnatized I _____\i_______ i No formalised
Sperific toals iGPAO |v| | 2 | ﬂ|

=

Customer needs -
Data used ICustomerne...|v|| =3 | j Delete |

=|

heeting planned every week. Patrick manage the meeting and allocates tasks.i:
Cormtnents ‘

|
[l

e

Cancel

Figure 48: GUI form of the tab “Criteria”

Example from the industrial case study:

In this event “need definition” the actors workedthe same time and place.
The event was planned (every Monday), the form ollaboration is
“forced” because the head of the company chairsntleeting, and the
collaboration is mainly formalised because docuséatve been completed.
At this stage no tool is used and the customersidedument is used in this
event. A comment from the analyst gives extra miation on the form of
collaboration used in this event.

- Evaluation / Analyse tab3he attributes of these tabs are available foptogect
manager but not for the general user because fibbenation included in these tabs is
sensitive. Thus the project manager can make ev@huand analysis during an event
in order to begin an on-the-spot evaluation andyarsof the collaboration.

The Evaluation / Analyse tab show the list of eatibns and analyses made. In the
evaluation, the analyst assesses if the actorabmothte under time pressure (no
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deadline or urgent), if there are technical diffi@s, if the form of collaboration is
useful (see Figure 49).

k Project name : AGV7

Event name: Need definition

| Context of the eve_nt_" Type { Subject i Criterias i‘_Links | Evaluation/Analyse [

Ewvaluation list
[ Name = Date | Who 5 :
On the spot Feb 07, 2006 |Guiliaume Pl 1 | Neweval

Jree o p———]
| Delete eval |

AGV7 Evaluation Need definition
i : = - . Open eval
Evalualion name  |On the spot | [February 7,23
No dela ] Urgent 2
O O S I SN g Analysis list
No technical difficulties o Technical difficulties ke T  Who i -
C T T T |Guillaume Pol Ii New Analysis |
No usefull B Usefull ‘
Delete Analysis ‘
Comments " .
r . Open Analysis |
[No real technical difficulties because Ederena has experiences with the CAF |+ —
| project but the lead time is shortand *° " asks specific quality requirements [
=
. . : Cancel |
o ] | Cance | - ' '

Figure 49: GUI form of the tab “Evaluation /Analyse”

The analysis form (Figure 50) is more geared towatite assessment of the
collaboration by quoting the level of confidentiglihierarchical level and by various
criteria to evaluate the quality of the collabarati conflicts, motivation,
communication and production.

Example from the industrial case study:

In this event of “need definition”, the project namer makes a first analysis
and evaluation of the form of collaboration used. ¢dncludes that there is
no real technical difficulty because Ederena haseegnce on a similar

project named CAF, the lead time to finish the waskshort and the

customer needs specific quality requirements. éndbllaboration analysis,
he notes that the form of collaboration is pradiycappropriate because the
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actors are motivated, communicate in a constructvey, and find
consensus; but they are concerned about taking wanleon. Consequently
the analyst does not put the sliders to their marinm

AGVT Amnalysis Need definitid
dalyse name  [on the spot | [February 7, 20063
Level of Confidentiality:  Medium vJ! Hicrarchical Level  |Directed vJ!

Chaality of the collaboration
Conflict collaboration E2 Consensus collaboration
Low MMotivation i High Motisation
Unproductive cormmurication i i Canstructive communication
Unproductive collaboration T Productive collaboration
Comments  [The actors are motivated but are waorried about taking more work, |:
[ o | | cancel |

Figure 50: GUI form of the Analysis form

The collaborative criteria are quantitative and lgative (see section 4.3.3.3
“Characterisation of the collaboration”). In CoGQee tqualitative criteria are recorded by
sliders in order to represent a trend and not edfixalue. This mechanism representing
gualitative criteria by sliders is close to the driktype scale [Likert 1932], [Edwards 1957].
Nevertheless, in CoCa the definition of the scatesnspired from traditional French
software development rules and have ten pips ahfiveoas it the case in the Likert type
scales. Moreover, in terms of improvements, a despgly of the Likert type scale will
lead to a better characterisation of the qualiéatriteria in CoCa. For example, one of the
improvements will be to orient the questions (@ ldbels) alternatively on a positive and a
negative way as it is the case in the Likert apgmodhis approach could lead to the
statistical study by weighting of the answers. Ts$tetistical study is not explored in this
thesis, but it will be presented as a further wiar&hapter 8.
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5.5 Synthesis

This Chapter has dealt with the development of @w€a tool. The approach to this
implementation was presented in the three mainsstémalysis, Design and IT

implementation. The presentation was carried oth diagrams based on UML formalism.
These diagrams were used to define the architectd forms, database and the IT
implementation for the tool. Lastly a section hasaut to explain how the tool is used by
project managers in an industrial context.

- Implications for the approach:
The approach is divided into three main steps: fysia’, “Design” and “IT
implementation” step. The “Analysis” and “Design'tegs of the approach were
accomplished in collaboration with two IT engineesgecialised in Java language and
database. The “IT implementation” step was caroetl by an external company. This
company used the information achieved in the twst fsteps of the approach without
making any changes to the analysis and design prag@usly in order to carry out the IT
implementation quickly. The “Design” step was veistailed; the database and the GUI
forms were completely defined. This detailed défim decreased the time to implement
the IT code.
The multiple UML diagrams lead to the definitionsgfenario to describe the use of CoCa.
These scenarios contribute to a better understgrafithe needs of the company for the
implementation of CoCa. This approach is “user4e=lit indeed the “Analysis” step
begins with the definition of different types ofeus with scenario for each one. In this
approach, the main rules of collaboration describatiis research work were applied. The
development of CoCa is based on the UML formaliemef generic representation. The use
of UML contributes to building a shared framewodsily understandable by all the actors
of the project.

- Implications for the tool:
After the implementation of the tool, it was noticéhat the tool is close to the theoretical
model of the collaboration defined in the previdlsapter because there are no extra GUI
forms which distort the ideas included in the moésfery GUI form in the tool is based on
aspects included in the theoretical model of caltabon. Thus, after the implementation of
CoCa, no additional iteration was needed to impttneemodels: this is a confirmation of
the successful definition of the models.
The CoCa tool is used by analysts to capture indtion, with the GUI forms, on
collaborative events occurring in design projedie Ttool stores this information in the
database in the right place thanks to the IT codéava. Afterwards, the analyst analyses
the form of collaboration with the tool using GlWirins and makes propositions, forecasts
and anticipates the future collaborative situatiditsus, for the analyst the main issue is to
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find enough information in order to analyse thdatmbrative practices used in the company
and to improve design coordination. Thus the toedds firstly to provide a search by
keywords and attributes to find main text data.o®dty in the final version of the tool, a
graphical visualisation of information will be ingshented to represent and compare
various forms of collaboration with common criteria

Lastly, the tool will provide a specific form of aut to visualise information from large
databases [Melancon, et al. 2001]. The visualisatb data recorded will support the
analysis of collaboration and allow the establishinef a memory of design projects
viewed from the perspective of collaboration.

In the next Chapter “Results”, CoCa tool is tedtedhe industrial case study in order to
validate the models, the use of the tool in an stidlal context, and to explore the possible
improvements in the design coordination due tcatiedysis of the collaboration.
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6 Results for collaboration analysis and
coordination improvements

As described in Chapter 2 “Research methodologyf,iadustrial case study has been
carried out as part of this research study. Thehwodtof experimentation is based on a
socio-technical approach [Boujut and Tiger 2002heTauthor’s role was to participate in
a company workgroup and thus to introduce an exgooint of view. This industrial case
study took place in an SME based in the south efdstance named Ederena. Thus, a link
is maintained between the theoretical work carmed in the laboratory and the reality of
industrial life in design.

Re-organisation & Process Product Data and Process Analysis of collaboration AT
} : e . Coordination improvements
Re-engineering for Coordination Management with CoCa tool

Figure 51: Description of Chapter 6

Thus this Chapter first presents work on the forgsagilon of the organisational structure of
Ederena and of the roles for the coordination a$ige processes. This work leads to the
implementation of a PDM tool to support this forieation. Then, the analysis of
collaboration using the CoCa tool helps project ragers to take into account
collaboration and informal aspects in project comration. The final section examines the
results of this analysis on coordination and esaicithe possible improvements in design
coordination and in project manager’s activitiesdbre 51).

6.1 Re-organisation & process re-engineering for desigooordination

This section deals with the evolution of the applodo design coordination of the
company. The project manager takes decisions oedstihg or on coordination rules in
order that actors apply them during their desigmkwdhus, an IT system like a PLM
system can be implemented in order to support tlesedination rules during the
operational design work of actors. This sectiodivéded into three parts:
- The definition of a new organisational structuresdzhon departments, the links
between them and the actor’s roles.
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- The evolution of the way of managing projects ia tompany: the approach was
initially to have one person in charge of each ggbpamed “chargé d’affaire” and it

evolves toward a design project manager for aljgote and a specific team for each
project.

- The re-engineering of processes: it must be impheeakin order to formalise the

product development process and to support the geamant of projects.

6.1.1 Organisational structure

Due to the growth of Ederena and the consequege lamcrease in the number of
employees, it is necessary for the company to netlag integration of new people into
their new functions in a short time, and to matohirt skills to the needs of the company.
So, in this context, actors need to have clearfindd roles so that they can contribute to
projects efficiently.

The company is made up of 7 departments: market@agpnical: in charge of the product
development (design and industrialisation), logsstibuying, manufacturing, quality, and
financial. Although informal definitions of functs within the company were established,
actors needed a more precise definition of the riey@ats of the company, the functions
within each department, in particular within thechieical Department. The goal of this
definition of the organisational structure was ¢onfalise the general organisation of the
company and to allow the positioning of each actearly according to their skills and the
tasks that they must carry out. This definitionde#o the management of the workload at
the company or department level. It would also leathe definition of the department, the
users, the functions, the responsibilities, theurtit organisation, data and process
management tools according to the specific needh@fSME. Consequently, through
successive iterations, the study allows the or@gdiois to evolve and adapt and changes the
project management toward a better coordinatiomprofects by project managers. The
overall objective for the company is to become neffective in order to not lose its new
markets and to retain its dominant position in pero

Thus, for the purposes of this project the orgdimral structure of the company must be
defined in order to support the further work onjecb management, processes and product
data management. The definition of the organisatistructure was divided into two sub-
steps: definition of the departments’ function &hehtification of each actor’s roles.
- The function definition includes the characterisatiof tasks which must be
carried out. For example an organisational chantesents the place of each person
within each department. For each department thernat links (with other
departments) and the external links (with suppligsartners, customers, sub-
contractors) are defined.
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- The main roles included in each department arendefi for example in the
technical department the main roles are: “manufagju responsive”, “design
responsive”, “designer”, and “materials strengtbpnsive”. These roles are used to
assign roles to the design activities identifiedhe project plan definition. The links
between employees’ names and roles are definechéyptoject manager when
defining a project team. Consequently, actors wewlin the project are defined in
the project team and not in the project plan itgelbrder to have the possibility to
change actors without changing the whole projest pl
- The role identification allows also actors to kntiveir place in the organisation
accurately. Then the internal organisation of edepartment is formalised with the
internal formalism of the company. This internainfalism is the first step before the
definition with IDEF@ or UML formalism for a bettecommunication towards

external partners.

Delivery |

Technical Department

Marketing |

Economical
relations

Trades

Customers

| Tech. Dpt Header |'—

Project leader

Technical
relations

Technical

Co-ordination

Design
Co-ordination

! . | _ 1
- Shipping — Quality - Quality -
Suppliers Logistics |~m-| Quality |~m-| Manufacturing

Figure 52: Organisational structure of the Technical Departmem

Thus, for example the Figure 52 represents thentsgtonal structure of the Technical
Department: the main roles involved and their assed responsibilities. The ellipse
represents the boundary of the technical departnmnside of the circle are the other
departments of the company and the links betweem thnd the external services i.e. the

exchanges between them.

6.1.2 Project management

Historically, projects in Ederena were managed Bghargé d’affaire”, a single person in
charge of a whole project: from the order from atomer to the shipping of the final
product. However, following the growth of the compaand the taking on of many new
projects, this method of management was not seitablonly because there were more
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projects than people to manage them. This kind afiagement may be appropriate within
a small company with few projects, where the “ciadtpffaire” can ensure a reactive link
between the customer and project. He can work alltthe other people in the Technical
Department in a context of “mutual agreement” [Mberg 1990] where actors help each
other in order to satisfactorily complete work tingh informal collaboration.

There are now too many projects to be manageddehdlines are increasingly tight, the
number of employees has increased. Thus, manydltealke appeared between the “chargé
d’affaire” and the customer and also within the Argcal Department due to these
increased activities: e.g. problems of technicageats under evaluated by the “chargé
d’affaire”, problems of communication between peoptho are too busy, problems of
technical analyses which are too quick implying afinial underestimations or
overvaluations. Such problems of communication gedretween actors within projects
and are prejudicial to deadlines and the imagé®icompany. Hence it became imperative
to rationalise project management and the desigtegses. Moreover the “chargé
d’'affaire” often does not have enough technical Wieolge to work alone on large and
technically difficult new projects.

Thus, these observations demonstrate the necégsitgfine the way to manage projects
with project leaders. The goal is to identify theemtional responsibilities and roles that
will be used throughout the design project. Fornegie, as previously stated, project
management was based on the concept of a “chaaffé@ict”: who in fact always belonged
to the marketing department. These “chargé d'affainteracted with the Technical
Department to obtain technical data when requifesia consequence, the role of each
person was predetermined and did not evolve. Wit dvolution of the company, this
context became ineffective, consequently, a transffeesponsibility from the Marketing
department to the Technical department with theephof project leader was proposed. A
project leader belonging to the Technical Departmsnassigned to be in charge of a
project’s progress, a specific team is selectecefmh new project, and during the design
process tasks are delegated to members of the {Haennext step is to define how the
responsibilities are shared, assigned and builb dpmm one project to another. This step
defines the early phase of a project as buildirg dppropriate organisational structure
before its launch. So, when the order for a newjegtocomes into the Technical
Department, the head allocates names to rolespribject leader and his/her associated
team according to the complexity of the project &neé current workload. So, using a
project leader orientated organisational structtire,project is managed by defining tasks
and objectives controlled by milestones.

6.1.3 Project process management definition

The organisational structure of the company (irdkdepartments and external partners)
and the characterisation of the project manageroentext (from “chargé d’affaire” to
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project leaders) were defined. Consequently, tludysis oriented toward the management
of the project at a global level in order to coaade the whole design process. Initially the
coordination was managed by the “chargé d’affaisdio scheduled design tasks in an
informal way and without milestones. Neverthelesthe new context of the company, the
“chargé d’affaire” is not going to be in chargeadfordination, this responsibility will thus

fall on the project manager from the Technical Depant. Thus, a study to formalise and
represent the project processes is necessary @m twavork in a project management way

with a project leader and a project team.

Consequently, the main phases of the project dpueat process are defined which
correspond to the definition of the product lifecley phases: for example, a standard
lifecycle in the company is “feasibility”, “desigand manufacture definition”, “prototype

manufacturing”, and “production”, as shown in tbédwing Figure 53.

PROJECT DEPARTMENTS Legend:
PHASES

CUSTOMER MARKETING DESIGN QUOTE MANUFACT. QUAL.& PROD.
E JTender reviey '] v
—
m Design feasibility | Manuf. feasibility | | Quality feasability |
é Design Proposal Design quote
Design
.PD. PD doc.
z validation
8 I Detailed Design Indus. DD Quality DD
w DD >
[
Prototype quote
l Indus. DD’ |——-| Quality DD
w [
>
(o] P Review, Prototype
|_
(@) Prod. quote
14
o 4-| Prod. proposal
8 Pd Order @ 1st production
14
o 1stP review,

Figure 53: An example of the product development process
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This decomposition of the development process man phases is followed by the
definition of the sequence of the main tasks fahgahase. This leads to the definition of
the whole project management process. This proeefiged for any incoming project.
Nevertheless, this process is defined by the qudkpartment and is based on previous
standard projects. Thus, in practice, the projeatsdiverge from this strict representation;
“shortcuts” are possible according to the charéties of the project. For example, the
process followed for a product and an already knowstomer will not have a phase of
feasibility and will be shorter than the processgiroject for a new complex product. This
generic product development process is a supporprimject managers in order not to
forget any activity, but according to the experemd the project team, some “shortcuts”
can be taken.

Indeed, the task is carried out by various departspebut the responsibility to reach the
objective and to complete this task is given toyare department. The goal is to define
the succession of tasks by considering the diftedepartments and the different phases, in
order to identify more easily the different miles¢és that control the progress of a project.
In Ederena, the internal quality standards aredasea global formalisation presented in
the previous Figure 53. This representation ofrtfan concepts of the formalised design
process is followed by the definition of sub prasesswhich detail who is involved in a
task, which documents are used and produced, aatldecisions are taken for milestones.
During, these milestones, the project leader mdynelextra tasks not already planned in
order to adjust the project process when a proldeours. Thus, milestones may control
the achievement of several tasks and introduce goetefined flexibility for the following
tasks. Some milestones may control the achieveafentomplete phase.

The definition of the product development procesgiis tasks and milestones is essential
to manage the whole product development. Indeedtailed development process is the
basis for controlling the progress of the projegttbe validation of the previous tasks
during milestones. During milestones, if some prasi tasks are not validated, then
corrective actions can be defined to reach theotibgs.

After the definition at a global level of the proigrocess management, the project process
management is refined at a micro level. Guidelaresset out for the execution of each task
in the project process. These guidelines defindrtipdgementation of the tasks planned in
the global product development process by spegfgub-tasks or sub-objectives. This
task sub-sequence is not really scheduled, butosezpto project members as a generic
“good practice”. The definition of these guidelinesot easy because they are specific to
the company. So, each guideline is tested in aaweompare them with the day-to-day
operational work. Several iterations are made ffinthg and validating the guidelines.
Indeed, these guidelines define the relation beatwaetors with a suitable form of
collaboration, a definition of milestones and tastemagement.

At this micro level, an actor is assigned to eadtivty to implement it with total autonomy
for its achievement, and with the possibility okiag for assistance from other actors.

155



Chapter 6 Results

However the person in charge must reach his oligethich was predefined during the
last milestone, and produce documents for the médestone. The progress of the project is
thus based on the management of milestones, olgeand deadlines. The management of
milestones requires extra work. Actors have to comgate with all the people involved in
the milestone in order to put the relevant docusahthe disposal of the other actors about
the work carried out before this milestone. Thisliprinary work is necessary before every
milestone in order that all actors are informed wbihe work done and can take an
adequate decision during the milestone. This extnk is a work not planned in the design
process because it is included in the informatiemagement rules but it must not be
forgotten by the actors. Then, during the milestdhe person in charge of the following
tasks must evaluate the work carried out previoushe milestone is either validated and
the following activities are launched, or it isuséd and corrected tasks are defined in order
to solve the problem.

6.1.4 Information flows

At a micro level, the product development process roject tasks are coordinated by the
project manager. Thus, various internal tools aseded in order to help the project
manager in this task of coordination. Initially,nsmary tables (like the PAT document
Figure 54) record the documents which must be edefiir each state of the product life
cycle. This first tool looks like more a check lisan real software for the project manager.
Although this check list is useful to remember @woent; nevertheless, it does not take
into account the responsibilities, the tasks, #aItime and the delay. Therefore, a new
sort of document is drawn up: the PAT, it is arinal acronym for Project Administration
and Tasks. This PAT is a form based on the newymtodevelopment process (more
detailed than the previous one) and allows the gamant of the tasks for each step of the
process with associated documents, responsibjliteles, departments, lead time and
delay. The interest of this new PAT document (SgerE 54) is that it records all tasks that
the project manager and the actors have to do. reless this document has limits: it
does not take into account the collaboration aspédotieed it is only orientated toward
coordination (who, when, for what ...) but not abbotv the actors carry out tasks, with
what supports (CAD systems, norms, specificatipnsyious work), resources, who is the
specialist in this activity, etc... Moreover this dogent summarises all the planned
documents and does not include the extra docuncesésed in an informal way as mails,
telephone meetings, or customer visits. Thus th& RBAnot sufficient to manage project
whilst taking into account collaboration aspects.

156



Chapter 6 Results
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Figure 54: Extract of the PAT on the Contract definition phase

An example of the complete document is in Apperialix

After the identification of the pertinent informai which must be managed through the
design process in the PAT (Figure 54). The lifeleyand workflow specifications need to
be addressed in order to implement them in theduRLM system. This specification is
formalised by state/transition diagrams to descti®e future life cycles and prepare the
definition of future workflows. These state traisit diagrams are based on the product
development process (Figure 53). The next Figurshialbivs an example of a state/transition
diagram for the validation of the design report.

Rejected

/ Rework /Reject
| Contact customer

»

Figure 55: State/transition diagram of the “design report” validation

/ Validate

/ Submit review

Released

In this state/transition diagram (Figure 55), thrtates (under review, rejected and
released) can be taken by the design report. Bateaeh state activities need to be carried
out to pass from one state to another. The dedmitif life-cycles and workflows is easier
and more understandable with this sort of diagfaffectively, the states of the life-cycles
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are already defined in the state/transition diagramd the activities of the workflows are
also partially defined. The corresponding workflewll be described in section 6.2.2
(Figure 60).

6.1.5 Detailed processes

The first activity in the PAT is the technical spgeation of customer’'s needs through
interaction between the customer, the Marketing db@pent and the Technical
Department. The goal of this activity (called CN&@ Customer’s Needs Definition) is to
define the needs of the customer well enough irerofdr the Technical Department to
carry out a technical quotation and be able to ggegat the end of the activity, a financial
proposition.

Nevertheless, the definition of this CND activitydetail is not easy; the project leader can
use several processes in order to define the auter exchanges. So, several scenarios
were observed which represent different processearrying out this first activity.

Example from the industrial case study:

- 1st scenario:

Initially it was expected that the marketing depamtt would transmit all

necessary information in order to carry out a tedinquotation to the

Technical Department. The principal problem of ggenario lies in the fact
that the marketing department does not have sefffictechnical skill to

collect all the technical information. So, the Teidal Department had to
rebuild the customer’s file and to contact the comr again in order to
collect the correct information needed to carry that technical quotation.
During this first scenario, the marketing departtneas in charge of an
activity for which it did not have adequate skillddoreover the

responsibilities and the interconnection betweemorac had not been
formalised in advance. After this first scenarie fhroject leader decided to
change the scenario.

- 2nd scenario:

In order to force the collaboration between marigtiand Technical
Departments a document template was defined whiréhe technical

information required to carry out a technical qtiota was collected. The
Marketing Department member had to fill in the doemt template and
transmit it to the Technical Department in ordemiake the quotation. In
this case the main problem lies in filling in thecdment template, indeed
the document was often left incomplete and thusesmformation was not
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processed. This was because the Marketing Departmember did not
have the necessary skills to adapt to each newatjootthat asked for
technical and specific information about the prddoc about the customer.
The template is only an appropriate response fauéine quotation where
the information to be collected is always the safwethermore, most of the
time, at least in this SME, quotations are spedii@a product and / or a
customer. At the end of this scenario the projeadér tried another
scenario.

- 3rd scenario:

The project leader proposed that the technicaloperssponsible went to the
customer with the Marketing Department member tecball information
necessary to carry out the technical quotation. éi@w, this process was too
constraining. Indeed, the technical person had doplesent for many
operations which did not concern them such asefample, the marketing
presentation. Thus the technical person could cawuy the quotation
successfully, but lost a lot of time in travellingd “passive presence”. This
scenario thus also increased the problem of th&loax of the Technical
Department.

- Last scenario:

This scenario is a blend of these previous prosesaefirst visit to the
customer was made by the Marketing Department deroto establish the
feasibility of the product at the marketing levaahd then, if it was necessary,
the responsible technical person had a meeting th@éhcustomer to collect
all the technical information necessary to carry the technical quotation.
The meeting could have been a physical one or loynghwith or without
the Marketing Department member according to thapiexity of the case.
In this scenario the Technical Department had thsponsibility of
discovering the information necessary to carry the quotation with a
formal coordination by mutual agreement with thekaeting department.
The last scenario is currently applied usefullytie daily work of the
company. In Ederena, it was observed in non-rowdoiity that the project
managers prefer to maintain flexibility by usingcearaged collaboration in
order to let actors be reactive.

This example shows how the first task of the dgwalent process is now carried out in
projects. Moreover, such a study demonstratesthigatevel of granularity is not detailed

enough to coordinate every task in only one wawsJla similar study must also be carried
out for all the activities of the product desigrogess in order to redefine the processes in

detail.
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Nevertheless, the main problem is for the projeahager to choose the right sequence or
process to be reactive in the face of any situaliprkeeping enough flexibility in these
processes. We are going to see various other aspkthis problem through this Chapter
and possible solutions in the Chapter 7 “Discussion

6.1.6 Conclusion

This section 6.1 has introduced the work of charészation carried out in the company
partner about:
- The organisational structure of the company witte tHefinition of the
departments, functions, roles and actor’s skills.
- The project management approach with the manageafigject by a project
manager, a project team constituted accordingd@tailable and necessary actors.
- The definition of project processes at a global dethiled level in order to
schedule and manage the design tasks.

All the improvements in design coordination are dshson this characterisation.
Consequently a new organisation and a formalisatfotine product development process
were proposed, implemented and observed. All thesservations show the need to
structure the project processes and product dataagement. Moreover, a recent
partnership with a customer in the field of radrtsport has encouraged Ederena to evolve
toward a rationalisation of its organisation in@rtb achieve quality and design standards.
However this formalisation must not strangle inrtava So, it is necessary to study how
this new organisational structure and project pgses can retain enough flexibility in order
to allow actors to keep the necessary amount efltsm to collaborate.

The next section outlines a global methodologyetdasoth on that existing and on this
experience with an SME. This methodology aims teppre the company for the
introduction of a new information system. It is tha@pplied and the results are developed
for Ederena, the company studied.

6.2 Product Data and Process Management: toward PLM tds

At the beginning of the study, the Technical Depart at Ederena used 3D CAD, 2D
drafting and a small ERP (Enterprise Resource Righnsoftware system. All these
systems were used by different actors accordirtgeiv own skills and knowledge. Indeed,
actors do not use the same system (for exampledesigner works with 2D software, and
the other uses the 3D CAD system). No structurqguageh to the use of these systems
existed: this leads to difficulties in transmittjrefaring and accessing the information. The
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company wished to define such an approach and iteae@mployees in order to rationalise
information management. Again, the increase innimmber of employees highlighted the
need for the better management of the files crelayeactors and all technical documents,
in order to reduce misunderstandings and time wastesearching for information. The

objective was to be able to identify each eleménbformation, its support, its scope and
the person responsible for its validation.

This industrial objective is closely linked withetraim of this research: improving the
coordination of design projects by project managédrsus, after the study of the
organisational structure of the company, the reesgging of its design process and the
formalisation of its information flows, the compangeds to find an information system to
support this approach and to assist project masagertheir work. Moreover, the
coordination and collaboration aspects were definednodels, the tool CoCa was
implemented to support the analysis of the collabon in projects, and then, the next step
is to study how the coordination can be supportethking into account the results of this
collaboration analysis. The PLM systems are mauggd in companies to manage the
product data, and to support the management ofjdgsbcesses (with many coordination
aspects). Thus, these PLM systems are logicaltjiedun this research in order to see how
these systems can support the management of thdimation when taking into account
the results of the collaboration analysis.

Thus, the company wants to implement a product aadaprocess management tool which
would be well-adapted to the company setting. Tiniplementation started with the
definition of a prototype implemented through a Pltédl named “Windchil™”. This
prototype formalises the study carried out on therdination of design projects and the
possible experimentations of solutions to suppbe work of project managers. These
solutions are based on definitions of project plaarkflows and activities. Moreover the
implementation of this prototype led to the defomtof a methodology specifically for the
implementation of PLM system in an innovative SME.

The description of such a methodology is now iniiatl and then the prototype will be
described.

6.2.1 Methodology for PLM implementation

In the proposed new organisational structure thellef formalisation is increased and
implies a more meticulous approach to achievingatministrative tasks carried out by
actors including storing documents in the rightcplascheduling design tasks and
validating the finished work.
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Thus, it is necessary to use a tool to help thethencompletion of these extra formalised
tasks. Hence, the company management chose tdtddttools to help actors in the
management of data and projects.

In Ederena, it was observed that a PLM tool cafm@oimplemented without prerequisite
steps being carried out in order to adapt the ttmohe company [Pol, et al. 2005b]. In this
section a methodology is synthesised to supporathéevement of these prerequisite steps
before the implementation of a product data andtgs® management tool. These steps
focus on the organisational structure of the corgpaits design project process
management and its product data management.

The methodology details the several steps initimbntified in Ederena and attempts to
generalise them for SMEs developing manufacturedysmsts.

The prerequisite steps, which lead in to the imgletation of a PLM system, are divided
into two main phases: analysis phase then spettitphase.

The analysis phase is based on the study of tlséirgxiorganisational structure and process
of design, and the Specification phase correspoimdshe definition of the new
organisational structure and process.

The “Analysis” phase is composed of three mainsstep

1. Definition of the organisational structure of thengpany (departments, roles,
internal links). Generally, the representation lois tstructure is based on the
IDEF@ formalism in order to characterise the fumieéil view of the company in
terms of departments, persons, roles and informatichanges. The analysis of
the organisational structure is divided into twb-steps:

* Internal structureas achieved through the case study with the gemriof
the departments (as shown in Figure 52) and wighftimctions, roles and
names of each person (with an organisational dbar¢present the tree of
departments and persons).

» External structurein order to take into account collaborations irddr by
strong partnerships (links with suppliers, cust@npartners, contractors).

2. Definition of the existing design process: Oftenttbfwllowing models are based
on the IDEF@ formalism in order to have a sharesmfwork between the
company’s employees, but here Ederena formalisesgecific.

* Modelling of the_product developmeptocess composed of design tasks. In
Ederena this product development process was defivith an internal
formalism as is shown in the Figure 53.

* Modelling of the_project managemepocess with coordination aspects and
control tasks. In Ederena, the project managemeateps is based on the
combination of the Figure 54 (the PAT) and the orgational structure
(Figure 52). The PAT is used to define the phagethe project with the
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documents to fulfil at each phase of the projedte hctors’ roles in the
project are defined in the organisational struc{igure 52). This is due to
the Ederena way of project management based oadhievement of the
main documents/deliverables.
These models include the identification of inforibatused during the project:
transformed information, support information ashasl control information.

. Identification and characterisation of the inforroatflows: UML formalism is
used to describe in detail the information flowsthwtlass diagrams for the
product and project data structure, and stateitransdiagrams for life-cycle
description. Thus in this step, two main sub-stapst be carried out:
» Synthesis of information usexs product and project data, and identification
of their respective structures.
» Characterisation of existing life-cyclgstates and actions) for product and
project data.

The “Specification” phase is composed of four nmetaps:

1. Definition of the future organisational structuneluding:

e Internalstructure.

« Externalstructure.

» Definition of the _organisational rolessing UML use case diagrams to
characterise actors’ needs and tasks that mushheaerised before the
starting the project, as proposed by [Eynard,.2G04].

. Definition of the future global design process:

* Global definition of the product developmembcess.

» Global definition of the project managemgnbcess.

An IDEFZ model is defined that characterises tlfieidint phases, activities and
milestones of the project.

. Definition of the information flows:

» Identification of pertinent information to be managed through design
process and definition of its structure, using W®IL class diagram
formalism.

» Characterisatiomf correlated life-cycles using state - transit@bagrams in
order to specify tasks, responsibilities, resoyraad validation processes.

. Detailed definition of the product development @ex based on UML sequence
diagrams. These diagrams include the informatiomwgl and human activities
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previously defined in order to specify detailediaties for team members upon
identified information. The aim is to specify thetdre functions that will be

implemented through a PLM system. In this stefhd,definition of the processes
is carried out at a detailed level, indeed fonaiigis of short duration (in Ederena
some hours), whereas in the step 2, the globahitiefi deals with activities of

long duration (in Ederena some days). This detadefinition leads to the

prescription of the future possible forms of cotiedtion applied in the activities
and also to the definition of the form of collabtiwa desired in the design
activities.

These prerequisites are summarised in the follovlggre 56 with the main phases and
sub steps.

/ Pre-Requisites \
Analysis l :> Specification
Organisational

Structure

Internal @
External
External
Project context
Processes
Identification

Product development processes | Product development processes |

- Project management processes ‘
Project management processes ‘

Information
Information flows
flows

Product and project data ‘

Product and project data ‘

Life Cycles

Detailed
processes
PLM Specification

Project structure and

_ activities definition

Figure 56: Prerequisites for the implementation of a PLM toolin SME

Life Cycles and workflows \

This methodology is based on the work carried nlderena (presented in section 6.1) in
order to implement a PLM system in the company.
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6.2.2 The PLM prototype

Based on the methodology just described, a prototygs implemented in order to evaluate
the appropriateness of a PLM solution for the mansnt of product data and
management of projects in Ederena. The PLM prototypas implemented with
windchill™ ProjectLink software from PTC (Parametric Techggl€orp).

In this section 6.2.2 the correlations between dberdination frameworks presented in
section 6.1, the methodology just described andftinetionalities of the prototype are
explained. Then, the prototype is introduced inractical way with a description of the
implementation and examples to illustrate the mamamnt of data and projects (which is
the main need of the company in terms of IT systelnd finally, there is a discussion
about the benefits and limitations of such a tool.

6.2.2.1 Toward PLM implementation

It has been stated previously that it is essefdralhe company to study: its organisational
structure with the definition of departments andksp the management of the project
process; and product data management in order @bleeto implement a PLM system.
This study of the organisational structure of tleenpany is necessary to adapt the PLM
system to its organisation. Moreover the orgarosati structure of the company can also
be influenced by the use of PLM system. Much of Amalysis and Specification work
described in the methodology has already been dariag the study in Ederena and has
been presented in the Chapter 6.1. The relatiomdsgt the concepts developed in previous
study and the concepts existing in PLM system®vg described.

Considering theorganisational aspects in Windchil'' ProjectLink systems, “users” (i.e.
human resource) are members of an “organisation”gkganisation” means a company
(or company site for an extended company) and alithe management of “products” and
“projects”. A “project” is a concept that allows magement of documents and parts in a
traditional way. A “project” is characterised byteam, i.e. a list of “roles” and associated
“users” and also a “project plan”.

However, the concepts of “skill” and “function” dwt have equivalents in PLM systems.
“Skills” are not mentioned in PLM systems (Figuré).5The “function” in the model of
coordination is the position assigned to the actbris unique and defined in the
organisational chart of the company. Unlike “fupati, the concept of role is the same in
PLM and in the model of coordination. An actor daave various different roles in
different projects. For example an actor might h#ive function of “designer” in the
company and has the role of “project manager” mjgmt 1, the role of “draughtsman” in
project 2 and the role of being “responsible foustural calculus” in the project 3.

Concepts from coordination| Concepts within WindchillTM
model for organisational aspects
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Actor User
Role Role
Organisation Organisation
Project Project
Function N/A

Figure 57: Relation between coordination model and PLM concept for
organisational aspects

In Windchil™ the project plan is composed of “summary activities” i.e. witigs
containing other activities, “activities” i.e. basctivities and “milestones”. The two types
of activities can be correlated to the event cohdayt only the “activity” can be associated
with a “deliverable” (i.e. an output methodologi@alormation resource). A milestone can
also be linked to a “deliverable”. Figure 58 remms the separation between the concepts
from project management and from product data mamagt because these two categories
are implemented as two separate domains within Witld¥. The only interaction

between them exists when an information documerdefined as a deliverable in the
project plan.

Concepts from Concepts within Concepts within
coordination model | Windchill™ for project | Windchill™ for product
management data management
Project Project NA
Project phase Summary activity NA
Task Activity Workflow activity
Milestone Milestone Workflow activity
Deliverable Deliverable NA
Design process Project plan Workflow
Team Team Team
Resource (as an input ¢f N/A NA
a task)
Trigger N/A NDA
Decision N/A NDA
Justification N/A NDA
Indicators N/A NDA
Objectives N/A NDA
Constraint N/A NDA

NA means Not Applicable (the concept does not ériftLM systems).
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- NDA means Not Directly Applicable (the concept hast directly correspondence but it is
possible to find a way to combine various PLM cqisdo define a closer concept).

Figure 58: Relation between coordination model and PLM concept for
project processes and product data management

The “design process” concept from the model is gaday the “project plan” in the PLM
system. The “project plan” is a succession of fat#s” or “milestones” to represent the
evolution of the project. This concept of “desigmogess” can be mapped to the
“workflows” in PLM systems concerning the processd#sdocument management. A
“workflow” is a predefined sequence of activiti@srhanage the validation of a document.
The main limitation of this workflow notion is thatuser-created-workflow cannot manage
a project, only documents.

The “resource” is described in the model as an tinpusupport the achievement of an
activity. In the PLM system this concept is usethi@ project plan to attach a deliverable to
an activity; it is an output created during tha\afst

In Windchill™, it is not possible to define “triggers” to laundasign events in the project
plan. These triggers are usually used in desigfefme conditions for controlling the start
of design events. For example, these conditionddcbe “when a specific event is
completed” or “when the project manager authorifies launching of the event”.
Nevertheless in workflows (which manage documeriis)s possible to synchronise
activities to manage the starting of activities.

Moreover the “decisions”, “justifications” or “indators” of performance taken during an
“activity” or a “milestone” cannot be formaliseddatored in Windchif during a project.
However “decisions”, “justifications”, or “indicate” can be stored in variables defined in
workflows managing documents. Thus the proposetustand level of achievement
attributes from Windchil™ ProjectLink are too restrictive to represent perfance
indicators or justifications. In workflows thesencepts of “decision”, “justifications” or
“indicators” are not directly applicable for the nagement of product data. Nevertheless,
variables can be created in workflows to storermi@tion and can be used to manage these
concepts in workflows. The management of produta aéth variables requires a large
amount of work by defining workflows with IT code.

The concepts of “objectives” and “constraints” acg¢ used in the management of projects
or in the management of product data in Wind&jlbut these concepts can be included in
the instructions of any activity defined in a wddkf. These instructions are free text fields
where objectives and constraints can be explained.

Figures 57 and 58 are drawn to clarify the relatlwetween the concepts from the

coordination model and from the PLM systems. Thesetables are implemented after the
generic analysis and specification phases; anck tteddes will be different for other PLM
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systems than Windchill' or if a major new version of Windchilf is created. A detailed
description of these concepts is given in sectidn 6

Considering this mapping between models and PLMcepts and these limitations a
prototype to manage standard SME projects has implemented. Thus, a project was
created in Windchil ProjectLink in order to define all the requiredganisational
structure information. In this prototype the dataucture, the workflows to manage
documents and the plan project were defined. Maedthe specified roles, corresponding
rights and users involved in the project were immated in the project.

6.2.2.2 Prototype presentation

Windchill™ ProjectLink allows the definition of “document &%’ and also standard
“document models” to manage standard workflow aifé-dycles. The necessary
predefined documents are stored in a folder stradior future users access (Figure 59):
“department” folders contain internal documentskéitt to the developed product and
general folders describe the product data to beedh@ocuments, CAD files and product
configurations). The whole configuration (folderasdadocument types and models) is
stored as a “product development model” in ordebéoome a generic configuration. By
using this configuration, document types such as dbsign report document or any
document can be instantiated when required by sctor

(1 Logistics @
[ Manufacturing )
- Marketing @
(3 Quality @
¥ 1 Technical Definition &

1 CAD i3

[ Customer Drawings i

1 Product configuration (i

w1 Product definition 4T

T Desian repott @] InWork

Figure 59: Data structure within Windchill ™

The prototype is implemented in order to manage pheduct data, the associated
documents of design projects, and their accessatartd versioning.
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Life-cycles and workflows are implemented for eddbcument type” from the detailed
process modelling defined in the final step of therequisites of the methodology
presented previously - in section 6.2.1. As an @tanthe following Figure 60 represents
the workflow used to validate the “design reporicdment which is a synthesis of all
technical studies of the product. First the authdtes the report and submits the review.
Then the validation process of the “Technical Dapant” manager is started. This is
followed by three validation tasks for the Qualanager, the project manager and the
manufacturing manager. lterations are defined lidations are rejected. If all validation
tests are passed then notifications are sent tkatiag department for the customer (in the
activity “Contact customer”) and to the “TechnicBepartment” manager. Adequate
change state tasks are introduced when requirad.f@imalism is the specific formalism
of Windchill™ ProjectLink where for example “submit review” is activity, “under
review state” is an automaton which changes the-chficle state, “technical dept
notification” is another automaton which sends &figation by mail and “ground” is the
end of a sub-section of a workflow without termingtthe main workflow.

. A Dp+—— @ =
Rejected stat ) OR Rejected: '
ejected state . .
Start N - - Quality review End
: i 7 s
B — T
o R Rejected #
Submit review Rework ) [
Quality manager \ Validated
| - Validated -
J _ & b
3 T Rejected | @
e o Released state Contact customer
‘ i g Design review =
Under review state S Design manager i
/f' - Validated :r'
L LS 4
N -~ Manufacturing manager Validated = N =
& T P— = .
Technical department review Industrialisation review AND  Technical Dep. natification ~ Ground

Figure 60: Workflow for “design report” validation

First the team was defined by selecting correspandoles and actors involved in the
product development from all relevant departmeiise project plan (Figure 61) is
implemented to represent the product developmentgss as introduced in Figure 53
(Chapter 6.1.3): phases / “summary activities”ksas “activities” and milestones. The
decomposition of a task into several sub-tasks bandefined within Windchill”
ProjectLink, but it is not possible to represerg thirect synchronisation of several tasks
followed by one task. For example it is not possiial carry out the sub-activity “customer
needs” in the same time than “feasibility study’dai® synchronise the beginning of
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“‘commercial offer” when these two sub-activitieg aompleted. Only sequential order is
allowed to define activities in the project plan.

Deliverables are associated with each necessaiyityaabr milestone. This allows the
project manager to control specific document-ogdnworkflows by defining deadlines for
the corresponding deliverable. Indeed the comgldfdément of a document workflow is
controlled by this deadline. In order to controk tivay that actors work (before the
deadline), he must define basic tasks with a atadescription of objectives, expected
actions and document production or modificationsahown in the example of the Figure
60. In this way the project implementation (Fig@®) is correlated to previous product
data view (Figure 59) by the association of them@ocuments as deliverables of the
project activities.

Plan | | |Status |Cone | Start |Dur. - |Finish
¥ Projsct Start A @ue 21oct, 2004 0 21 oot 2004
- & Eeazahility @_0 91% 21 oct, 2004 264 25 oet. 2005
&) Custormer Heeds W 100% 21 oct, 2004 3 25 oct. 2004
F Chl Beview Vv 100% 25 oct. 2005 1 25 nct. 2005
&) Faasahility study @0 90% 26 oct, 2004 30 B déc. 2004
& Commercial offer W A00% 7 déc. 2004 4 10 déc. 2004
b&] Design study v 100% & déc, 2004 20 7 janv 2005
b-& Prototype v A00% 7 jany. 2005 8 19 jarv. 2005
[ ﬁ Production @ T 0% 20 janw, 2005 15 9 fewr. 2005

Figure 61: Project plan within Windchill ™

With this plan project, some parameters may be bydtie project manager to control the
project task by task (see Figure 61): the “end "ddtimsk status” and its “level of

achievement” (done). Then, if he observes probleenwill modify the project plan.

Other optional functionalities of this PLM systeme aused in the prototype in order to
facilitate actors’ collaboration: for example a downt viewer (CAD and office

documents) was used to allow mark-up and documehscsiptions. So, the project
manager can use these optional functionalities aiotrol specific events, or technical
forums to record exchanges between actors.

6.2.2.3 Discussion

First of all this prototype brings three importaesults to the company. Firstly, people can
view and handle the new structure of the producteld@ment process in order to
understand what the benefit of such an organisaticand what the role of the project
manager is. Secondly, people can evaluate the ¢té\mnefit of a PLM system to improve
their information flows especially in the contrdl their design projects. At a global level
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the prototype seems to answer the needs of the amgympespecially for product data
structuring and management. It implements sharedegis such as roles or formalised
processes through a single environment useabledry@ne. Thirdly, this implementation
allows the validation of several elements from {meviously formalised model of
coordination such as the definition of the orgamsel structure, the roles of actors, the
project plan or the product data by the main comgpstakeholders. The experiments
carried out in Ederena on product data creatiomesponding life-cycle operations and
project tasks management led to an understandinthefbenefits of a PLM system
implementation in SMEs.

Nevertheless the PLM project implementation revealgeral obvious limitations. Actors
and skills management do not exist. Indeed, thgegramanager has to manage the
workload and the actors’ skills (skills already by actors as well as the learning of
skill) separately because he cannot manage th&invivindchil™ system. Moreover;
triggering events cannot be defined, indeed it a$ possible to launch activities with
predefined conditions (as for example if the docoin#eis in the state “Validated” AND if
the document B is in the state “Study” then theiigt N°5 must be launched). The
memory of the design process is not possible becthes same information is used for a
scheduled task and its corresponding completed daskbecause the history of design
process modifications is not stored. The implenteriaof the task concept is too limited:
defining input and output information is not possjlexcept through the use of deliverables
in the case of output information. Moreover theisieas taken during an activity or a
milestone cannot be formalised and stored. The quegh attributes in the model of
coordination of a process element, task or milestolo not exist and the proposed status
and level of achievement attributes from WindéHilProjectLink are too restrictive to be
capable of representing performance indicatorsth&t whole project level, the project
structure is too sequential. Convergent links betwiasks are not possible; indeed it is not
possible to have, in the project plan, an actiityand B carried out in parallel and an
activity C which begins when A and B are completddreover alternative tasks sequences
do not exist in the project plan while these arssde in a workflow.

This last point highlights the difficulty of impleenting the necessary flexible design
process of an SME, especially in this case studgrevinnovation is a constant concern. In
an SME the formalisation of the organisation isiical point for the optimal management
of resources. If the process is predefined at bajlevel, actors from all departments work
daily in a context of “mutual fit” and this orgaatgonal aspect is rather incompatible with
PLM functionalities. When establishing specificasofor an information system in an
SME, it is an important issue to: identify what mhbe really controlled and so predefined
through a workflow; and what must be encouraged antl detailed. For example
collaboration between actors cannot really be éefithrough existing project plan or
workflow concepts. The collaboration processesaaiiee unstructured and the interaction
between the various project teams’ points of vieads to informal and unofficial
information exchanges [Blessing 1994]. The managema product development
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processes in PLM systems requires greater fletybili the activities [Roozenburg and
Eeckels 1995]. This flexibility notion is essenti@m order not to rigidify the design
processes and to allow the possibility for the gebjmanger to adapt these processes in
accordance with the progress of the project. Mogeothe project-oriented approach in
these systems must be improved in order to makeoager link with document-oriented
flexibilities and for a complete implementation tfie proposed model for project
coordination. So, flexible workflows linked togethmust be studied in order to structure
the whole design process. Moreover, existing Wiiltth concepts can be extended (as
presented in Figure 57 and Figure 58) in orderiectly implement the proposed model of
coordination.

A second significant issue concerns the processeliiogl using activity diagrams and
sequence diagrams. Such diagrams can be usedddbdesoth the global process of the
project and detailed document-oriented workflowsngequently, in Ederena, the processes
of the project and the management of documentsiafieed precisely and this leads to
better project coordination.

6.2.3 Synthesis

IT systems like PLM systems support the managemiedocuments and partially support
the management of projects. Nevertheless, prerggtigsks are indispensable in order to
carry out the implementation of such a tool sudedlys In fact, this work highlights the
fact that the implementation of a PLM tool requieegrior step of rationalisation of the
company’'s work. However, this rationalisation pmgeoften leads to a generic
representation of the organisation that is tootéchin some aspects (as was shown in the
implementation of the PLM prototype):

- This representation tends to simplify the compiexif the socio-technical

operations. For example, most of the time humartofacare not adequately

represented in the proposed generic model.

- This representation is mainly rigid as the propoaszhitectures are often very

stable and predefined.

The proposed methodology of prerequisite taskaset on the specific context of SMEs.
Although the main steps are general and can beealpipl both the context of SMEs and of
large companies, the details of this methodology specific to the context of the case
study. Moreover it is specific to the document falisation of the company; it is an

internal representation of its organisational strees and results from several iterations of
testing in order to match the prerequisites mettoggoto the reality of the company. The

next step for the company will be to translateim®rnal representation into a classical
representation such as IDEFZ or UML in order fortat become understandable by
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everybody (inside and outside of the company), @nchatch these representations with
administrative standards.

The methodology of prerequisite tasks formalisesyr@aganisational aspects but in order
not to stifle the emergence of innovation the féky factor must be kept in mind. The
introduction of flexibility could be made duringeldefinition of the design and during the
implementation of the tool. During the definitioh the global process, short cuts can be
defined by project managers according to the desitgation of the whole project (product,
customer, problems) in order to have various “ad:lsub-processes which increase the
level of flexibility of the global process. In E@gra, the possibility of defining these “ad-
hoc” sub-processes in the milestones has beerduteal. In other companies, during the
implementation of the PLM tool, integrators canrgaiut, for example, the introduction of
flexibility in the processes of document validationa similar way. A specific tool could
also be implemented: this means the implementatiantool oriented toward the needs of
the company for managing documents and design gisojélevertheless this solution is
onerous in terms of time, money and IT implemeataprocess.

Moreover, for example, in Ederena the relationsi@pveen the Marketing Department and
the Technical Department is complex. The MarketiDgpartment gives customer
information to Technical Department which then ha®stimate the cost to manufacture
the product. This activity is formalised and plasingith tasks and milestones, but the
actors may use various forms of collaboration tmgiete these tasks. For example, several
scenarios were observed which represent differembd of collaboration in carrying out
this collaborative activity: actors can collaboratea synchronous or asynchronous way, in
the same place or not, with or without guidelinesarry out their work and so on, with
scheduled tasks, non-scheduled guidelines or drjgctves, being autonomous ... These
alternatives depend on the situation and the cod&lve practices used in the company. It
was observed in Ederena that in innovative projeots non-routine activities the project
managers prefer to maintain flexibility by usinghteuraged collaboration” in order to let
actors be reactive. This example shows that thee sagtivity can be carried out through
several forms of collaboration. Thus schedulingas enough for the project manager to
describe the conditions for achievement of a desigmtion. He can choose, define, or
encourage several forms of collaboration in ordetdfine the inter-actor exchanges.

The collaborative aspect must be studied to hefpept managers to define not only a
schedule but also prescribed interactions, methodstools between actors, depending on
each design situation. In this way some flexible detailed sub-processes can be defined.

Thus, project managers may have difficulties inadiog the form of collaboration in
accordance with the specific context of the dessgoation in order to keep enough
flexibility in the processes and to have the adegsituation in order to not stifle the
emergence of innovation.
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Thus the main problem for project managers is toosh the appropriate form of
collaboration for each design activity. A soluties based on the analysis of existing
practices in order to understand which form of awmtiration is relevant to a design
situation. This analysis is the more convenient wagolve this problem because every
design situation is different and no existing maateéxperiences can help project managers
to choose the appropriate form of collaborationug'the analysis of the collaboration will
allow the anticipation of future design situaticarsd helps the project manager to choose
the appropriate form of collaboration.

After the re-organisation of the Ederena strucamd the prototype implementation it was
observed that the coordination of projects by mtojeanagers must take in account the
collaboration aspect. Thus the next objective i tiwe study of collaboration and project
management in order to introduce flexibility in@rhalised process and the evaluation of
the collective performance in a project. Consedygmixperiments on new projects are
carried out in order to improve project managentsntostering the collaboration between
actors, and by integrating flexibility into the s processes. Concretely, projects are
followed in order to track and record the eventsuodng during projects. The tool CoCa is
used in this study to record information on thelatmrative events occurring during
projects. Thus, the CoCa tool has been tested industrial context and will be upgraded.
The main goal of these experiments is to demomsthat the stored information on events
is the basis for analysing the collaborative pcastiused in these events. This analysis
helps project managers to take decisions, and owiedthe project.

In the next section, the analysis and evaluatiortafaboration with the CoCa tool is
presented with the intention of helping managerl¢mtify “good practice” and to define
flexible design steps in the product design proeessthe appropriate type of collaboration
between actors.

6.3 Analysis of Collaboration to improve project coordnation

This section deals with the analysis of the coltabon and its impacts on guidelines and
improvements in design coordination. Each desigtivigc has inputs like customer’s
needs, requirements, constraints... and outputs asichroduction description, drawings,
product, instructions... Actors collaborate duringitidesign tasks to reach the objectives
(decision-making) set by project managers whendinating. The CoCa tool is used to
collect data on the collaboration in design aa#git This data is used to analyse design
collaboration which leads to the evaluation of tb#aboration and coordination in order to
define guidelines to improve the future coordinatbigure 62).
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; Objectives

4 COORDINATION

Achievement ¢
\ 4
Corrective Gap
actions definition
Decision Tracked (
Making ‘ Information CoCa Data
Scheduled

Guidelines

COLLABORATION STUDY

Guidelines
o fiion @emcccncncnn
Collaboration &

Coordination

Diagnostics
Collaboration | ___________4
Analysis

INTPUT OUTPUT
Needs, Product description,
Requirements, Drawing,
Constraints Manufacturing and
COLLABORATION Usage instructions

Figure 62: Collaboration study of design activities

The next sub-section describes how the Coca toslusad to track the information on the
form of collaboration in the industrial case studyen several examples illustrate the
information that can be stored and what analyseseaachieved. The last sub-section will
summarise the approach used in making the analyses.

6.3.1 Collecting data

In the industrial case study, the CoCa tool wasl tisdollow several different projects:

- AGV7: The customer is Company’ £&a global leader in power and rail infrastructure)
who demands a quotation to manufacture bonnetghéotrain engine. First the project is
about a prototype named “pegase” for the end o628t leading to the manufacture of
the series named “AGV7” in 2007.

- TGV Duplex: The customer is Company A again Whasks for quotations from their
suppliers each year with regard to the interndifpar panels and floors for trains.

* The names of the companies are hidden for cortfalém reasons.
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- Irish rail table: The customer is company B whanufactures all kinds of trains such
as high-speed trains, light rail vehicles, locomedi passenger coaches, freight wagons and
etc. The demand concerns the manufacturing ofddbtethe Irish underground railway.

- Tong: The company C manufactures chip makinghinas in Taiwan. This project
deals with the manufacture of the centre table @iip making machine. This project is not
finished yet.

- Lift: The company D manufactures lifts and dedsa quotation to manufacture the
floor of a lift.

All these projects concern the manufacture of petelloy bonded sandwich structure in
composite materials glued together.

6.3.2 Example 1: Task analysis

- Analysis and evaluation

This example takes place in the project “Irish table”. It concerns the RHPT (Weekly
Review of the Technical Department) event (Fig8e &HPT is the first general meeting
of the technical department, i.e. the first collative event of the project. In this event the
project manager allocates tasks and deadlinesctoador involved in the project

In this example the local evaluation and analyses explicit enough to understand the
problem. During this event, some technical trapeetzeen identified by the actors.

The possible design traps concern the specific aa@m*“fire / smoke” for the materials
used to manufacture the product. Moreover the dessgworry about the resistance of the
future product to fatigue.

- Diagnosis

The gap between the real analysed situation anadljectives must be evaluated. In this
example, the materials used to manufacture theugtade a new pairing (aluminium with
stainless steel); no tests have been already dotestt such glued assembly and its fatigue
resistance. These tests take a long time (reahtsity) and the lead time is very short
(objectives). Tasks corresponding to these testsad@xist in the existing design process
formalisation.
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Rotem Evaluation EHPT

Evaluation name  |Eval1| | |pecember 12-{[3|

o delasy e Urgent
Mo techmcal difficulties i Techrdcal difficulties
Mo usefll bl [Tsefill
Comtnents
Mo specific difficulty but in the future encountered traps far customer :i
specifications and proposed solution must be anticipated
[ o |

Figure 63: Evaluation in the event RHPT of the Irish rail table project

- Guidelines for coordination

From the analysis and the diagnostic of this examfile project manager decides to
modify existing design methods in order to integnaéw steps to avoid such traps, and to
make specific tests for “fire/smoke” norms validatiand for product fatigue resistance.
Thus, the new design steps are defined to tesagbembly and the fatigue resistance early
in the design process and record the results fartiae use of these materials. These
guidelines for coordination deal with the improvertseof the product development and
project management processes. In this examplarthlysis of this event helps the project
manager to make the processes evolve during psopradl to avoid making the same
mistake again in future projects. Moreover in tledirdtion of the design processes, the
project manager can select the desired form o&bohation for each design activity. Thus,
the analysis of the collaboration helps the projewnager to choose a form of
collaboration adequate for the future activities.

In this section the evaluation of one event aloms ked to the characterisation of
guidelines. In the two next sections, other exampbow how a global analysis is
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performed through the study of several events ftbendesign process and their mutual
analyses.

6.3.3 Example 2: Local process

This example takes place in the project “AGV7” ahcerns the event “Need definition”.
During this event the objective is to define antidade the detailed needs of the customer
in order to draw up the specifications of the pridéigure 64).

AGV7T Amnalysis Need definitic

Analysename  |Onthe spot | February 7, 2006-—{ (3|

Level of Confidentiality:  Medium :J‘ Hierarchical Level  [Directed :J‘

Quality of the collaboration

Conflict collaboration T R Conzensus collaboration
Low Iotivation e High WMoativation
Constructive communication

Unproductive comtrunication

Unproductive collaboration Productive collaboration

Commmentz  |People }are fully invalved butwithout free time, so no real participation to define | = |
technical tasks,

4]

ok Cancel |

Figure 64: Analysis of the event “Need definition” of the progct AGV7

The beginning of collaboration analyses is oftecued on the local analysis and
evaluation of an event. In this example the localgsis shows that in this event “need
definition”, the parameters characterising coll@bion are contradictory: three of them
namely “consensus collaboration”, “high motivatioaid “constructive communication”

have a good level but “productive collaboration’sha bad evaluation. The comments

178



Chapter 6 Results

explain that actors are fully involved but they no have enough free time to take new
tasks in charge (Figure 64). Thus there is no peaticipation of the actors: despite

appearances to the contrary actors do not propmses tthat would be added to their
existing and time consuming tasks.

The links identified with other events lead to arendetailed description of the problem.

The tasks are time consuming if comparing this pebavith a previous one: identify the

references for each car, identify the standardssante of possible combinations and draw
a schedule... as mentioned in Figure 65. For allehasks the lead time is very short: only
three days to complete them!

The main problem incoming in this event is a latkime for the actors to carry out the

tasks.

Project name : AGV7

Event name: Need defindtion

[ Contestt of the event | Type# Subject | Criterias [ Links | Evatuation/ralyse |

List of links
Event Type
AT Frobleim
PAT Causality
I this event we enconter a problem which cotnes from the event ‘F‘!—'&T | = |
| : ; =
What kind of prohlem was it 7 | Tine problem | i |
bummts here is a problem oftime. 1 day to compare the specification of the previous :I
project CAF with this project +identify the references for each car+ make  |=|
a planning is too short == actors do the wark in time but not in detail. v|
| Gave Linlk | Cancel edit
_ " Link Causal
This event is the cause of the creation of the event iNeed deEbtien }v
!

NI

Cotrmnents ‘

Figure 65: Links of the event “need definition” in the AGV7 project
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- Diagnosis

In terms of diagnostics, there are problems of mgameent of project teams that lead to this
kind of behaviour. The project manager has to marlg workload of each actor in order
to know exactly at any time who has enough timeldathe work. Moreover the project
manager has also to manage the “skill pool” oftdeem, indeed to accurately know what
the skills of each actor are in order to assoctae right task with the right actor.
Consequently this problem is a problem of projeanagement: the project manager must
be able to evaluate the design tasks to do in dadassign the right actor to the right task
in order to get the best performance in achieviig) task.

- Guidelines for coordination

A possible solution ‘a posteriori’ can be to negt#i a larger period of time with the
customer; this is how the company generally manatgays. However, that can be
difficult and another kind of preventive solutigto manage the skills and the experience
of the designers differently by, for example, chingghe more skilled designers when the
delay must be short. A third preventive solutiomldobe to improve the way the project
manager and the team manage designers’ time amtipg between different projects in a
multi-project environment. Both of the latter sauis are new to the company and its
inexperienced project manager.

Consequently, the possible guidelines can be miasievaral levels. First in the short term,
project managers can manage the actors’ worklodéigrb@nd use a scheduling tool to
manage the multi-project environment. Second in lthheg term a strategy for skills
management can be defined then applied. Theseligaslavill allow the assignment of the
right person to do the tasks and to anticipate iplesproblems of overbooking tasks.
Finally, project managers can improve their owrntecal skills in order to achieve a better
control of task definition.

These guidelines are defined through the analysia lmcal sequence of events. These

guidelines must be added to the global guidelineehvemerge from the global process
analysis.

6.3.4 Example 3: Global process

- Analysis and evaluation

This example takes place in the same project “AGW7is based on the global context of
the project in order to go deeper in the analysithe collaboration. This global context
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gives a global view of the events of the projent therefore the links between events. This
context ensures the capture of the global viewhef project in order to facilitate the
interpretation of the various collaborative praesioccurring. Information about actors, the
customer, and any other data like the impact ofptiogect in the strategy of the company,
or any text field to refine the description of thentext of the project are included (Figure
66).

AGVT
Context of the project

Client Project impact

Srmall T Important St

Froject Leader Filipe Etchant
Actors of the project

name role function |

Filipe Etchart Calculous Design Engineer |

Francois Danglade {Giuality ciuality =

Fred Laudouard [Tests Design Engineer [
Contest presentation

i3 demands form the customer: honnet, pentographe, acrotere.

he prototvpe is named Pegase, and will be achieve forthe end of 2006, The £
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Figure 66: Context project of the AGV7 project

This context shows the list of the events occurima@ project together with the links
between them. After having stored the context efhoject, CoCa ensures the capture of
detailed information about the context of collabiwe events included in the project.
Events are so contextualised for a specific progecttext. For example Figure 65 shows
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the consequences of the problems from the evenT*Réward another one named “need
definition”.

All these links (Figure 66) show the design processl allow the rebuilding of the
sequence of the events of the project from ther@igvent to the event where a problem
is identified.

In this design process the collaborative criteiieeg) complementary information on the
events occurring. In Figure 67, the event “toolsigie’ is characterised as an emergent,
free and non-formalised event.

Project name : AGV7?

Event name: Tools design

!/ Context of the event r Type/ Subject [/ Crierias I/ Lanles i/EvaluatiDn.-’Analyse

Description of the collahoration

sSynchronos ] i) agynchronous
In Flace ) 0 Dristant
Flaned T ______\i__ Emergent
Forced i _________________\:__ Free
Formalised B Mo formalised

GPAO

Specific tools iGPACJ |vH 53 | i
|

[

4]

Customer needs

Data used ICustumerne...|vH B | | Delete

-

a preliminary study on the tool must be done in order ta fulfil the quotation =
Comments

| Save | Cancel

Figure 67: Collaborative criteria of the project AGV7

- Diagnosis
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Both project manager and technical team did nahdefome technical tasks such as “tools
design”, and thus the design process must be iredrov

The combination of information allows the ident#imn of different kinds of results:

- Establishing links between several events.

- Establishing correlation between several pararaaté different types between several
events.

In this example, we can see that the event “tosigié is completely emergent. Indeed this
event was not included in the schedule, it hadren planned.

- Guidelines for coordination

The identification of such a situation shows thanhe important events are not planned in
the initial design process. The possible guidelinas be based on the introduction of
“nodes” of flexibility in the design process. Indkethis leads to the definition of possible

alternative sub-processes in the main design psotted will be implemented during the

project because such events cannot be plannedddineédl at the beginning. So, these sub-
processes will add new sequences into the desapegs according to the evolution of the
project. Moreover, these kinds of sub-processedeananaged automatically in the design
process by a PLM tool for example.

As for the example 1, the guidelines of this exangteal with the definition of the design

processes. Moreover, with this global analysis, ghelelines of the example 3 are more
global and oriented towards the introduction okifbdity in the design process than the

example 1.

6.3.5 Approach to analyse the collaboration with CoCa reglts

As can be seen in the previous examples, in the stasly; a systematic and global method
can be used to analyse the CoCa data. Firstlyetitey point is the analysis and the
evaluation made “on the spot” during the data réiogr and the “problem” links which
help the analyst to begin the analysis. These atialws and analyses give a first overview
of the situation and orientate the analysis towatlter parameters or events in order to
make correlations between them. Secondly, the sisaty events is achieved with the local
context and the collaborative criteria in ordehtve detailed information that will allow
understanding of the whole situation and its oriirfinalise the analysis. Afterwards the
same approach may be repeated for each event limkbdanother one. And finally the
global context of the project may be studied taalate all the information found from the
beginning of the analysis with the global conteikthe project. At the end of the analysis
the analyst has identified situations where teaimcoblems or problems of collaboration
appear, or where the collaboration is useful amabtgpractices” can be identified. This
identification is based on the analysis of the Co€zailts. Based on this identification and
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on the complete analysis the analyst can then gefguidelines” to improve the design
coordination.

6.3.6 Synthesis

Section 6.3 shows the consequences of the anatysibe collaboration in defining
guidelines for coordination. The data collectedhytool CoCa is used to analyse the form
of collaboration, to make diagnosis on the collation and finally, to propose guidelines
in order to improve the coordination.

The test of CoCa tool in the industrial case stadgfirms that the analyst can make an
analysis of the collaboration in order to improve tcoordination (the amount of data
collected is: 6 projects, about 100 events andet&ions of projects).

The data collected with the tool allows the analysicollaboration to be made by also:
- Comparing the form of collaboration used in diffarprojects.
- Comparing the theoretical process planned by thaituDepartment and the real
design process completed by the designers.

The analysis using the CoCa tool allows the dedinibf extra steps or processes in the
global theoretical process based on these definetklines. These guidelines lead most of
the time to the introduction of flexibility in theesign process.

Thus, these guidelines defined thanks to the aisabjghe collaboration impact directly the
way of coordinating projects. The next section shidlwe consequences of these guidelines
in the industrial case study. The consequenceslaret the introduction of flexibility in the
design process, thus we are going to see how fliiban be introduced within a PLM
tool, and the improvements to the coordination.

6.4 Coordination improvements and flexibility introduction in the
design process

The analysis of collaboration aspects leads to uhderstanding of the forms of
collaboration occurring. This collaboration anatyailows the definition of guidelines for
improving coordination aspects such as for:
- The definition of the organisational structure udihg internal structure, external
structure and definition of the project phases. pPphglect manager manages and
adapts the project team based on the skills ared relquired in the project,
- The definition of the future global and detailedide processes by describing the
product development process and the project manageprocess separately. This
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definition is based on the identification and salied) of the right design process.
The analysis of collaboration aspects helps thgepronanager to define (or adapt for
projects in progress) these processes in a flezidedetailed way,

- The selection of the form of collaboration for eatdsign activity with the co-
ordination rules (direct supervision, mutual agreemor normalisation), with the
desired kind of communication between designerfugion, collection, circulation,
exchange, meeting, knowledge sharing), and witld#dimition of a preferred type of
collaboration (free or forced, synchronous or akyogous, in the same or different
places).

6.4.1 Consequences for the project manager

The analysis of collaboration leads to the defanitiof guidelines in order to improve
coordination aspects and the implementation ofileetalesign processes. Guidelines are
indications, advice given by the analyst to thejgmb manager in order to help him
improving the coordination of design, i.e. the angational structure, the design process
definition, the methods and tools to be used byractor the way that actors may
collaborate. As we have seen in the previous se&i8; analyses and diagnostics of the
collaboration are described through three examahes some guidelines are proposed to
illustrate how coordination can be improved. Som&lglines lead to the formalisation of
more detailed processes and towards the introducfidlexibility in the design processes.
This flexibility is a primary concern for SMEs inmd@r to remain reactive in view of the
unpredictable nature of design.

In Ederena, the global and defined design processpredefined and rigid. Now, with the
guidelines, the design process is still predefinetlalso more detailed and flexible to take
into account several possible design situationg Management of the design process is
based on the scheduling, monitoring and contréhefdesign activities.

The guidelines allow the:
- Formalisation of the design processes and actvitiea greater level of detail,
- Definition, the control and the monitoring of tadks quality control and project
management,
- Establishment of flexible nodes in the design psses. These nodes are
formalised by milestones in the process where ptaygnager must take decisions
about the design process to be scheduled usinguatdegriteria. The criteria are
based, for example, on performance indicators,gdesbjectives, completed process
analysis, diagnosis of the progress of the projechnical results...
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6.4.2 PLM specifications to support coordination and colhboration

The implementation of a PLM tool based on the coatibn model has been presented
previously in section 6.2. In this section the iripaf the analysis of the collaboration and
resulting guidelines on PLM tool implementationsisidied. The specific implementation
of a more detailed and flexible design processasgnted through:

- The workflows to model the design processes,

- The lifecycles to manage the various states oflttweiments,

- The project team management in order to assigrctan @ a role,

- The management of the document access accordaegsign actor.

The study is based on a specific sub-process flmmiridustrial case study: the CND

(Customer’'s Need Definition) process. This exampés already been introduced in

Chapter 6.1.5 and is used in this section to show the analysis of the collaboration with

Coca can lead to the proposition of possible gindsland how these guidelines can be
introduced into a PLM system.

Context:

Initially, the CND document was managed entirelythg marketing person who builds it

and validates it in collaboration with the customedeed, this design phase defines the
specifications of the product from the need exmedsy the customer. First the marketing
person defines the CND document with the custoarsd, then he validates the document
and sends a notification to inform the technicgdadtment that the document is complete
and asks them to make a quotation. In the PLM my$ités process is introduced through a
workflow that manages the lifecycle of the CND dmeunt as is shown in Figure 68.

ml——[g]——[8] 2] ——[®

nd

m

Start Mar keting definition State validated Hotifi cation

Figure 68: Initial CND process

Analysis of the collaboration:

From the analysis of this initial situation variqueblems were identified:
- The description of the CND process is too global dnes not incorporate any
details and flexibility.
- Only the marketing person is involved in the vdiioia of the document.
- However, the marketing person does not necesdsailg the adequate technical
skills to deal with every customer.
- He may not have enough time to carry out all of@ND process.
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- Problems of data management appear between theni€achnd the Marketing
Department.

With the analysis of collaboration with the CoCaliahe project manager can define
guidelines and more detailed processes dependinthersituations encountered. As a
result, the CND process is updated and is deschiele following points (see Figure 69):

- The marketing person evaluates the needs of tHernes, he may then select one
of the four following tasks:

- Validate the CND document.

- Reject the project directly if the customer neetds reot appropriate for the
company.

- Meet the customer alone in order to make a deegduaion of the needs.
Afterwards the project then the CND document carefected or validated.

- Meet the customer with a designer if technicallskile necessary (“customer
visit 27). In this case the CND document arrivedted state “study” without
validation.

If the CND document is validated, it moves to thees“study” in which the CND
document is under control of the designer.

- In the state “Study”, the Technical Department makeéesign evaluation of the
CND document and the designer may choose betweeral@rnatives:

- The CND document is validated if the necessaryrinédion defining the
specifications is correct and complete.

- The CND document is rejected with information te Marketing Department
and a notification to the customer, if the needthefcustomer do not fit with
the company know-how.

- Nevertheless, an extra visit to the customer capléened by the designer
alone in order to finish the CND document definitio

- An extra visit can be also made by the designeh thié marketing person in
case of a strategic project.

For last two alternatives, the meeting is followkd a combined validation

(between the Marketing and the Technical Departin@iten the CND document
is validated, rejected, or extra work is necessmyexample if the needs do not
fit exactly company capabilities, but a quotatioancbe made by involving

external partners.
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1 l&iéf_’
T

[Eg A walidate X a ! ﬁ
Customner wisil M,lmeilng State rejected End
] ko
State Stugy -eiee! . R
Lvisit Customer il gp lofifieation
: ! |raject 4
- Madketing info
Iwalidate CHD | validate
= el e em—— = ) 3 } &
= b = b ; t b & —|
I wisit customer alonea | teject
Start mMaketing evaluation 1 State Study  Design evaluation — State Validated Epd
Ineed Designer | visit customer with Madketing X i Iwalidate
Customer visit designer
: e I need ad hoe activity
B - b @ P ————
State Study Customer visit 2 Combined validation RehEn

Figure 69: Final CND process

In this last case, this extra work is converted iah “ad hoc activity” introduced

into the process just after the “combined validdtiand before validating the

CND document. This “ad hoc activity" allows the atien of non-predefined

activities dynamically. For example, it is typigakh solution for the problem of

Irish rail table project presented in the exampfethe section 6.3.2. In that

example the presented RHPT meeting correspondiletacambined validation

meeting where the technical and marketing depatsnewvaluate the document.
During this meeting, the project team notices thatmaterials must be tested, in
particular on the fire/smoke reaction before thidagion of the customer’s needs.
These tests are indispensable to validate thebiégsof the product with these

materials. This emergent activity (not planned fesly in the design process)
needs to be managed and must be included in thgndpsocess. Thus, the “ad
hoc activity” can be used to implement the fire/&mdest on the new assembly
materials for specific actors, therefore giving tight information that determines

whether or not the CND document is validated.

There are many benefits from this new CND proc€sstly the process becomes more
detailed and flexible than the previous processn]hhe problem of technical skill is
reduced thanks to the involvement of the technagpartment earlier in the process.
Finally, the workload of the marketing person igproved because in the final process, the
visit to the customer by the marketing person isalvays necessary and depends on the
characteristics of the project.
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Nevertheless, in this new process the level ofilfié#y is limited, because it is introduced
at the beginning during the creation of the procesls the routing between the different
activities. Thus, the process becomes more fleXiiein the face of the unpredictable
nature of the design, the process is not immediagzlctive. Indeed the actors have to wait
for a routing point (a node of flexibility) to béle to take advantage of this flexibility and
to take a decision. The reaction cannot be madantig after the emergence of design
changes. Thus the ideal objective of the coordina to manage projects in real time with
a flexibility which is continuous and evolves dynaally. So, this solution with PLM
systems, based on detailed processes with thedudtion of some flexibility is only a
partial solution. From the results of the case tutdhas become clear that some further
areas need to be addressed. For example: actorskéisdnanagement, triggering events,
merging documents workflow and project process, ard the ability to re-use and build
planned/completed/modified processes. The impleatient of the task concept is not
satisfactory: it is not clear how input and outmformation may be defined other than
through deliverables and the elements to make idesisannot easily be formalised.

6.5 Synthesis

We have seen in this Chapter 6 how the analydiseo€ollaboration with CoCa tool can be
used to define guidelines for improving design datation aspects.
The analysis of the collaboration form is drawn bp a combination of different
information:
- The establishment of links between several events,
- The establishment of correlations between seveedmeters of different types
between several events.

The study of the collaboration is composed of threen steps: analysis of the form of
collaboration, diagnosis on the collaboration andrdination, and guidelines definition for
improving coordination. These guidelines deal with management of the organisational
structure of the project (team and skills manageémerith the definition of detailed and
flexible design processes and with the selectiothefadequate form of collaboration for
each design activity.

The analysis of the collaboration helps the profeahager to adapt and manage the design
team during projects. This management implies tiece of the right person for the right
role in the project; and the training of an actospecific situations in order to improve his
know-how. The example 2 (section 6.3.3) illustrdtes problem of team management in a
real case.
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The re-organisation and process re-engineeringlésign coordination demonstrates the
importance to structure projects into processes tanthanage the product data. In this
situation the main issue is to retain enough flditybin order to allow actors to keep the
necessary amount of freedom to collaborate. Duhiegndustrial case study observation it
was noticed with the analysis of the collaboratibat schedule was not detailed enough
and both project manager and technical team diddefihe some technical tasks. The
examples 1 (section 6.3.2) and 3 (section 6.3l43trate this problem of design process
definition. So, the analysis of the collaborati@ads to the improvement of the design
processes through different approaches:

- by analysing and defining the specific parametésstoations encountered,

- by introducing tasks to make decisions (like moests) before “risky” situations

in the existing design process in order to intradflexible sub-processes and to not

stifle collaboration,

- and by introducing more detailed tasks sequent¢edhe design process.

It was shown in the example of the CND (in the isec6.1.5) that a design activity can be
carried out in various different ways by the actdrise analysis of the collaboration with
CoCa helps the project manager to identify thefferdint ways and to select the desired
form of collaboration by defining: the co-ordinatiorules, the desired kind of

communication between designers, and the typellabaation.

Consequently, the tool CoCa allows:
- Establishment of a memory of design projects adngrtb collaboration point of
view,
- Fostering of the understanding of design collalegactivities,
- Improvement of managers’ decisions.

We have seen also that a product data and procasagement tool is an information
system that can support, with limitations, the gesioordination. Thus, this information
system needs improvements to manage projects {yopHEre solution based on the
formalisation of detailed processes and their obsePLM systems is only a partial solution
because this solution does not take into accouet dbllaboration aspects. These
collaboration aspects are very important to undadstall the factors influencing the
coordination.

As we saw in previous section 6.2.1, the preretpisasks are indispensable before
implementing product data and process tool. Sojnduthe implementation of the
prerequisites, enough flexibility must be kept nogesses to foster collaboration between
designers in order to not stifle the emergencambvation.
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The product data and process management is a mademm of the companies. It is almost
indispensable to implement a tool in order to readpors in data and process management.
At this step the question appears of what sorbof iis more convenient for the company
situation, a specific or generic one. A specifiolt® burdensome in terms of resources:
there must be sufficient IT skills in the companlyeywise these skills must be brought into
the IT Department, from the outside to manage tegstems. Implementing such a tool is
a long process requires people in charge of itstmaance is indispensable, both in order
to solve problems which occur during its daily @@l to customise the tool according to
the specific situation of the company. However,hsiac specific tool would have the
adequate functionalities for the specific conteihe company.

Implementing a generic PLM tool is also burdensodikéicult, and expensive. In the case
of SMEs the costs may be reduced, but generallyrtateh between company needs and
the configuration of the PLM tool is not completespecially for implementing the
complete design coordination principles. MoreoweRELM tool cannot manage the global
process of a project because it only manages dausmed their validation processes. It is
possible to add extra specific tools linked witmegec functionalities supported by the
PLM tool, for example, a specific tool can be usednanage the development product
process from the project manager’s view.

In the short term, the consequences of the colloor analysis are focused on
improvements for design coordination. These analgdgehe collaboration lead to a better
definition and formalisation of the design procaessdevertheless, the project manager
must take care to not rigidify the design processeso many details. Thus, we are going
to see in the next Chapter how the project manegeiformalise detailed design processes
whilst keeping enough flexibility to react dynanilgain the face of the unpredictable
nature of the design.
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In the previous Chapter “Results”, the outcomestia$ research work were presented.
These results aim to support the coordination @fguts. They are based on the definition
of an organisational structure and design proces§&s one hand, the possible tools like
PLM tools are studied and tested to manage thedination of projects. On the other
hand, the analyses of the collaborative practices explained. These two last results are
the basis for the definition of possible improvetador design coordination. Consequently,
this Chapter 7 “Discussion” sets out to evaluate thiork carried out during this research
in terms of synthesis, discussion and possible orgments. This approach is essential to
stand back from these results and to propose nespeetives and further evolution. This
discussion deals with the CoCa tool, the analysisotlaboration, coordination in design
projects and the tools to support the coordinateomd collaboration in design such as
PLM.

7.1 Implication for CoCa tool

The CoCa tool has been presented previously in steoh its design definition,
implementation, and use in an industrial case stryronment to analyse collaboration.
Now a synthesis, a discussion and possible impremsito CoCa are given.

7.1.1 Synthesis on the CoCa tool

The use of CoCa helps project managers to takeaiotount collaboration aspects in the
coordination of projects. In this domain, projecamagers often have an approach to
coordination based only on task scheduling androbnAt present, the interactions
between actors are not completely taken into adcamnproject management. The
introduction of collaboration in design coordinaticstarts with the analysis of the
collaboration in order to understand the forms oflaboration used and to propose
adjustments for design coordination.

The CoCa tool groups three main functionalitiegadacorder, structured database and
visualisation of data. The data is recorded in tiea¢ during the evolution of a project. For
each incoming event of a project, a lot of inforimatconcerning collaboration is stored.
The event could be a formal event such as planresting or an informal event such as a
coffee break.

192



Chapter 7 Discussion

All the information is stored in a database streeduaccording to a model of collaboration
oriented toward the characterisation of the coltabon. Finally, various GUI forms are

used to visualise the recorded data. This visuadisaaims to help the analysis of the
collaboration by representing the links of chromyloproblem and causality between
events in order to have a view of the interacti@ween events and therefore make
correlation easily. One of the most important resof the use of the CoCa tool is the
establishment of a memory of design projects bintaknto account collaboration aspects.
CoCa records all the design events with their atarsation in terms of collaboration

criteria and practices. Formal and informal eveméscaptured with the tool as a “camera”
focused on the project’'s progress. This charaetiois of design events is essential to
complete the collaboration analysis successfulljth\he tool, the actual design process
completed is recorded in order for it to be compandth the theoretical design process
initially defined by, for example, the Quality Depaent. This comparison allows the
quality references (documents, processes, reconatiend...) to be adapted to the real
references used during the design work by the sictor

7.1.2 Discussion on CoCa tool

The CoCa tool captures events, formal as well fzsrimal ones; but it is very difficult for
the analyst to be present at all the design evehss project in order to record all the
necessary data about them. Moreover, sometimesugadvents occur simultaneously but
not in the same place, thus the analyst cannotaexdbof these events. Most of the time, in
reality, when the observer cannot be present avant, he records the data about the event
“a posteriori” through interviews with the actorsncerned. Although the recording of data
after the end of the event is possible, some ad dauld be forgotten or recorded with an
incorrect interpretation. Thus, the choice of tightr person is difficult. The analyst can be
the project manager because he follows most ottleats of the project, but most of the
time he does not have enough time to record theeidatis daily work. Other persons may
be chosen to fulfil this role of observer or analysch as, for example, a quality person,
trainees or researchers. Moreover, this obsenlermeeds to be as neutral as possible to
limit the subjectivity of input in the recording dhe data with CoCa. This point is
developed in the next section 7.2.2 for the disomssn collaboration analysis.

The same GUI forms are used to record and visutleseata. Indeed, the GUI forms of the
tool have been specifically implemented for thetgsp of information and not for its
display or to support the analysis of the data. d¥neless, it is possible to analyse the
collaboration with the data recorded in the ini@lI forms; but the analyst has to look for
the right data in them. Thus, at this stage the &uhs to “search” or to visualise data in
an optimised way are not completely finished yed anll be implemented in the next
version of the tool.
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The analysis of the collaboration on projects inefeda has been validated as was
described in Chapter 6 “Results”. Neverthelessenexperimentation is needed with more
design projects in order to compare these analystgeen projects themselves. This sort
of comparison allows multiple-analysis of the cbbeaation, to identify other “good
practices” and to make correlations between evienits various projects.

Some caution is needed in respect of the use oB@GSMESs. The main caution concerns
the organisation of the company, since most oftitme in SMEs the projects are not
managed as in large companies. In SMEs, one pemnagrbe in charge of the whole project
and may ask a second actor for help in order toegehhis objectives. This second actor
may not be clearly identified as a member of treggut team. Thus, the person in charge of
the project may accumulate various roles in thgeptoIndeed, for example, the project
manager can also draw up parts, contact the cust@miemanage the raw material. So, the
exchanges between various design roles in larggpaoias are reduced in SMEs if these
roles are taken by the same actor. Consequentyjntportance of collaboration grows
with the number of actors.

Moreover, this thesis has shown that CoCa is aitiaddl and useful tool to help project
managers to analyse collaboration in projects. Nbegkess, the aim of this tool is not to
replace the corpdswritten during project on the way that actors’ wofhis traditional
corpus used by the analyst is another way to maikekind of analysis and can be carried
out in parallel of the use of CoCa.

7.1.3 Version 2 of CoCa tool

CoCa is a tool which helps the analysis of collabion. Nevertheless, based on previous
discussion and limitations identified, various impements may be made in order to
improve the analysis.

- Links: In this first version, the CoCa tool provédéwo sorts of links, the
“problem link” and the “causal link” described inpaevious Chapter 5.4. In terms of
improvements, another type of link could be usethsas a “Warning” link to show a
potential danger, or to focus the attention on\ant or a “Question” link where one
guestion (on the form of collaboration) is unansdeand may be answered later in
the progress of the project.

- Data display: The display of data is limited to (&l forms also used for data
capture. Thus, various functionalities must be enptnted in order to drive the
analysis of the collaboration. Consequently, newl G&ms are currently under

® Corpus is a group of documents written by analgktsng their intervention in a company and these
documents play the role of a reference for knowéesligaring in a specific domain.
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implementation to improve the analysis process éyisautomated and statistical
treatments. These statistical treatments will bée &b show critical recurring
situations by charts, curves and graphs. The ifinprovement on the visualisation
functionality concerns the visualisation of the mgewith their links in order to
display the project process and the problem, caasdlchronological links (Figure

70).
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Figure 70: Visualisation of the event sequence with the thrdeks

The analyst can choose criteria to display the esequence of a project (Figure 71).
He can choose the version of the project contegerand between a start date and an
end date, and the kind of links to display (causadblem and chronological).

Visualisation criteria Start : Feh 07, 2008
Project : AGV7T End: &pr05, 2006
Wersion - |1ﬁ |v|
From : [sa] [February 7, 2006 |-j_|§]_!
Ta: []  |aprits, 2008 HE]
Type of link E,n,“ |vi
| Cipen presions sisualisation ﬁ 834 ‘ ‘ Caticel ‘

Figure 71: Visualisation criteria
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Moreover the analyst can ask for a display of dhé/ “problem” or “causal” links in
order to concentrate on the pairs of events linkpdhese types of link. Thus, the
chronological links do not interfere with the vidigation (Figure 72).
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Figure 72: Visualisation of the event sequence with causal angroblem
links

The implementation of this improvement is now opieral.

- Multi recording: The observer encounters difficedtiin the use of CoCa because
he needs to be present at each event, and onlyieweanalysis is managed by the
tool. Thus, the next version of the CoCa tool wél able to record data from several
observers in order to make “multiple points of iamalyses”. Thus, the problems of
observer location and subjectivity will be limiteshd the interviews “a posteriori”
will be used less and less. The use of the CoQaadkes time, and observers would
often like to reduce this. Therefore researchetsr@sted in the collaboration or
coordination in an industrial context could be adwced in the company to play the
role of observer in addition to their role of resxmer.

- Sponsorship: It was noticed during the experimetitat the analysis of
collaboration is closely linked to the experienck tbe analyst. In terms of
improvement it could be proposed that an expergmieserver could be assigned to
any new observer in order to train them to anatydkaboration.
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- CoCa for light and portable systems: During the t#¢<CoCa in Ederena, it was
noticed that the observers often do not have entinghto use the tool in their daily
work. Thus, the implementation of a version of Co$pecifically for light and
portable devices such as a PDA (Personal Digitaistant) will help the observer to
use CoCa during his daily work without taking notesing a laptop, or recording
after the event. The use of a light system by tieyat will help him to record data
“on the spot” and will take less time.

- Semi-automatic storage of scheduled events: if de@asociated to a scheduling
tool, predefined tasks can be directly createdda@&in order that the analyst has just
to record the collaborative criteria.

All these improvements are necessary in order tpgheate the interest in CoCa in research
as well as in the industrial context. For the motnenly the improvements to the display
of the event links have been achieved, neverthélessthers improvements proposed will
be implemented after the thesis in a postgraduaty sAfter the discussion of the tool, the
next section will deal with the analysis of collasion with CoCa results.

7.2 Implication for collaboration analysis with CoCa results

7.2.1 Synthesis on collaboration analysis

In Ederena, six projects with around one hundrezhtsshave been recorded with CoCa.
The analysis of this data leads to (see Chapter 6):
- Identification of collaboration and coordinatioroptems,
Finding improvements in the collaboration,
Definition of guidelines for project coordination,
Detailing the processes at a low level,
- Predefining future design situations.
Thus the analysis of collaboration with CoCa reshklps to improve design coordination
aspects.

An approach to analysing collaboration has beemeefduring the case study (see section
6.3.5).

This analysis approach is an upward one; indeedwlagysis begins with the analysis and

the evaluation of individual events on the spagnthan ‘a posteriori’ analysis of the events

is achieved, and finally the analyst makes cori@tat between these analyses of events in
order to have a global analysis of the projects leasier to identify problems during the

project and it is better to identify solutions befahe end of the project with a global view.
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Moreover, the links between events and evaluatmasanalysis “on the spot” support the
achievement of an upward approach. This upwardoaghrwas tested and validated in the
Ederena case study.

The analysis work is based on the combination vérse pieces of data from the events
that have been stored. Then the observer establighies between several events and
correlations between various parameters from diffeevents. These correlations help to
understand the collaborative design activities emdlentify problems or good practices.
Finally he is able to identify improvements in fioem of collaboration used between actors
according to their motivation, skills, interest,dathe design situation. For example, the
analysis of each stored event will allow the corgmar of the main characteristics of the
achieved collaboration and the evaluation of itsifpee/negative impact. This better
understanding of the collaboration will help theojpct manager to identify in future
projects an adequate form of collaboration for ed&sign activity in terms of coordination
rules (direct supervision, mutual agreement or rmdisation), of communication type
between actors (diffusion, collection, circulati@xchange, meeting, knowledge sharing),
and of collaboration form (free or forced, synchoos or asynchronous, in the same or
different places). Then, during new projects, hi g able to define more precisely these
different elements when scheduling activities te tesign team. Moreover, the project
manager can adapt and manage the project tearden torassign an experienced actor to a
difficult task or an inexperienced one to improkie actor’s skills.

7.2.2 Discussion on collaboration analysis

The case study showed that the validity and thepbeteness of the data recorded are
strongly linked to the experience of the analysdeled, the analysis of collaboration
requires a minimum of know-how about the collaboratand coordination aspects of
design in order to evaluate each criteria during riecording and also to understand its
significance during the analysis. The experiencthefanalyst is essential both in carrying
out the analysis and in proposing solutions forigfegproject coordination. It is well
established in this study that the tool only pregidsupport for the analysis of
collaboration: it cannot give to the analyst a detaand automatic analysis of the
collaboration already done. Thus, CoCa captures disglays the information in a
synthesised way with criteria and comments. Thdyamsawith CoCa results is more
orientated toward statistical or systematic analyghile sociological analysis is more
orientated toward analysis of corpus, or video waptvhich focuses on the actors without
taking into account the design aspects.

The proposed upward approach of the collaboratr@lyais begins with the study of the
evaluations and analysis carried out “on the spoti the links between events. Another
approach can be imagined: a downward approachethde downward approach begins
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with the identification of global problems at thedeof the project, and continues with a
deeper analysis of the concerned events to finddhees of these problems. Nevertheless,
this downward approach is not dynamically applieadiring the project; the analyst has to
wait for the end of the project to analyse the fidiex global problems. However, this
downward approach can be coupled with the upwaedimmrder to identify new elements
not already analysed during the project.

In fact the way to analyse collaboration by usirgC@ is not unique, and may be adapted
to any specific method of analysis in accordancéh vihe situation, or the analysts
themselves. Nevertheless any sort of approach madside the analysis of collaborative
criteria, coupled with the global study of the eoxis, the links and the evaluation and the
analysis made “on the spot”.

The collaboration analysis in Ederena can be infted by the analyst’'s subjectivity.
Indeed, two analysts carrying out the same evemt ioput different collaborative
evaluations, because they do not have the samenagrsiew of the event, the same
involvement, knowledge of the technical subjecpegience, or background. Moreover the
comparison of points of view between two analysts ad to the identification of new
problems or the acquisition of new experience @irtjob.
This subjectivity is introduced in the analysis g#ss in two main places: during the
recording of data and during the analysis itselftibg the recording of data, the observer is
influenced by his own point of view and does ndallserecord what he sees but what he
understands. This difference between how thingshare things are understood and how
things are displayed could lead to different resuluring the analysis phase, the
subjectivity of the analyst is included in the ams& in accordance with his own
interpretation of the data. The analyst could ptetr the words used in the CoCa tool
differently, because for one analyst, behind eaohdwa word is information) there is a
concept (a concept is knowledge), but for anothatyst behind the same word there could
be a different concept. At this stage of the stusiybjectivity cannot be eradicated
completely from any analysis. Nevertheless somegsibions can restrict its influence by
making the analyst as “neutral” as possible. A tretianalyst could be:

- An experienced researcher, but with caution omtlseinderstanding based on the

specifics and technical languages,

- An external person such as a consultant.

The analysis of the collaboration also dependshenlé¢vel of granularity at which the
analysis is made (Figure 73). Indeed, differencesnaticed between analyses made at a
detailed level (event) and analyses made at a bleba (project). In design, various levels
are taken into account when describing a situaiitve. global context is the project and the
local context is the event but between these twelsethere may be various intermediate
levels of granularity, namely: projects, sub-prtgeprocesses, sub-processes, activities and
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events. In this study, a difference is made betw#ask” and “activity”. This difference
needs to be explained because most of the timédesmgn these two notions are used
interchangeably. The main difference lies in theesling and the achievement of the
activity or task. A task is scheduled and a taskob®es an activity when it has been
completed.

Sub-project Sub-process Sub-activity

¢

Figure 73: Levels of granularity in design

For example, a large project to design a plangustired into various sub-projects like the
“design of the wings of the plane” (see Figure 7a)this sub-project, various processes
exist to complete the sub-project like “to valid#te specifications of the front part of the
wing”. In this process, various sub-processes afmeld to detail the main process like for
example “to define the angle of attack”. The subepsses are composed of various
activities. The actors carry out these activitiesdach the objectives given for the sub-
processes according to the coordination elemerfinedeby the project manager: who,
where, when and how these objectives have to lmheea For example the activities could
be: “meeting with specialist”, “propositions of deg’, “tests in wind tunnel” and
“validation”. In each activity events occur, for awple for the activity “tests in wind
tunnel” events can be: “book the wind tunnel”, “riieg before the tests”, “implementation
of tests”, and “debriefing”.

Front part Angle of Tests in Book wind
wing attack wind tunnel tunnel room

Figure 74: Example of granularity levels in a project in Ederena project

In this form of granular structure, information acoimments have to be transmitted from
the low level to the upper levels in order to maimtthe information flow and to make

decisions with all information known.

So, the objective of this example is to show whatdranularity is and what the impacts on
the analysis of the collaboration might be. Indekd,analyst must decide at which level of
granularity he wants to make the analysis: he catyae the collaboration on one event
(event level), or on various events (activity lgyar on a group of activities (process
level), or on the project (project level). The asalhas to make correlations between

200



Chapter 7 Discussion

analyses made at a same level of granularity irerotd make more global or relevant
conclusion on the upper level of granularity. Tmgchanism must be repeated several
times to make an analysis at the project level.sTdmalysis of the events will not have the
same results and impacts as an analysis made eovhtile project. The analysis of a whole
project is labour intensive; such global analysiges on several analyses at each level of
granularity (event, activity, and process levels).

7.2.3 Improved collaboration model and approach of analys

From the previous section 7.2.2 various proposstiare possible to improve the analysis of
collaboration.

The first main improvement concerns the automatibthe analysis by statistical study.
We have seen in the Chapter 6 that the methodalysecollaboration with CoCa material
is carried out by correlations between criteria arfdrmation. These correlations are not
easy to find. So, this automation will be basedtlmn analysis approach presented in the
Chapter “Results” section 6.3.5. This approach ieegith the analysis and the evaluation
made on the spot to orient the analysis. Thengtairons between criteria of these events
are analysed and correlated. And this approactpsated for each “critical” event in order
to make a global analysis at the project level.d\theless, pre-requisites are needed before
the analysis can be automated:

- To validate the way collaboration is characterighdn analysed in various

projects,

- Torecord enough data to make the statistics rateva

- To define adequate statistical tools to managelte.

Thus, the future work to make semi-automatic amallies in the implementation and
introduction of statistical tools into CoCa. Semi@matic analysis will be a requirement in
the future because the amount of data will becarmddrge to be managed without such
tools. Two steps are necessary to introduce asstaii tool into CoCa. Firstly, the
collaborative criteria have to be validated by farample correlation in a Principal
Components Analysis (PCA), in order to sort thé&dih criteria and the independent ones.
Indeed, in Ederena it was noticed during the amalytscollaborative events (section 6.3)
that some criteria are correlated together. Fomgka, as was presented in section (section
6.3.4) most of the time when the event is emerteart, this event is not formalised. Thus,
a study of these criteria is needed on order ta 8w criteria into dependent and
independent ones with the correlation between thEms study is necessary to make a
Principal Components Analysis. Secondly, the dtasistool itself must be implemented to
exploit these criteria.
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The second improvement concerns the approach ttysamg collaboration. For the
moment the approach begins with the study of thedyais and evaluations made “on the
spot”, but the improved method must be based atsa detailed statistical analysis of the
criteria. This statistical analysis would provide“@heck list” of critical information
recorded with CoCa in order to drive the progrddhi® analysis. In the short term, an extra
module is under implementation in order to suppadg method. This module will be used
to show by graphs and queries the sequence of ewapending on the type of links
between them, and to notify to the analyst if thent has an evaluation or analysis created
“on the spot”. So, more studies are needed to mawee data in order to improve the
approach of collaboration analysis toward a sdientmethodology. This second
improvement demonstrates that the analyst spetatatime to find correlations between
criteria. Thus, it will be interesting to automatdist of criteria with their correlations in
order to support the analysis.

In the discussion section 7.2.2, the importancenahaging the level of granularity in the
analysis has been explained. In terms of improvéntée CoCa tool must be able to
manage this notion of granularity. At present,tttd manages the higher level: the project,
and the lower level: the event. In the next versithre tool must take into account the
notion of processes and activities in order to hather levels of granularity and to record
more detail on design situations. These improvesamuld have consequences for the
initial model of collaboration (see Figure 34).

The consequences are mostly on the addition ofeta manage the level of granularity.
For example, a clagsctivity must be created in order to manage an activity wisia sum

of events like meetings, calls, mails... As for EhentclassActivity class as is linked with
Analysis Evaluation CollaborativeCriteriaclasses in order to have more information on
the activities and events than previously with otilg Eventclass. So thd&ventActivity
class has been added to make an inheritance thets®Activity andEvent (see Figure 75)

These notions of granularity can be included inithgroved model of collaboration by the
links between the claf8rocess Activity, and Event These links reinforce the notion of
granularity in the model by recording each levelhef project structure.

This improved model of collaboration becomes the sapport for a future integration of

collaboration into the coordination of design masragnt. The improvements of the model
would then lead to the improvement of CoCa in otdeinclude this notion of granularity

in the tool.
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7.3 Implication for design coordination

7.3.1 Synthesis on design coordination

The approach traces collaborative events - forrealvall as informal ones - in order to
analyse collaboration. This analysis of collabamatieads to the incorporation of additional
information into decision making in order to impeovthe coordination of projects.
Moreover, the analysis of the collaborative pradiduring events helps project managers
to understand design and coordination errors becabey have additional inputs
concerning informal and collaborative aspects. Tdnslysis leads to the definition of
guidelines for improving coordination aspects sash

- The project manager can better handle the rolegtendkills of the project team.
Indeed, with the analysis of the design eventsimrve what roles and skills were
used in previous events in order to adapt the prdeam for the future events.
Moreover he can also have a policy of skills leagrby assigning actors to new roles
for them, if the situation makes it possible, id@rto improve the pool of skills for
each actor.

- The project manager can define more detailed axible design processes by the
introduction of flexibility nodes (milestones, raug activities, activities which are
defined on the spot and not previously), and byoohicing new sequences into the
design processes during the project. Thus, theegi®jbecome more flexible and
collaboration aspects are taken into account.

- The project manager can identify the recurrent ®ahcollaboration which give
good results in terms of performance, i.e. of reaghhe objectives at least in time
and with the required generated information, ireor introduce them in the design
processes and in the same situations. These fdrowlaboration are defined by the
coordination rules, the kind of communication betwelesigners, and by the type of
collaboration (free or forced, synchronous or alyoigous, in the same or different
places...).

7.3.2 Discussion on design coordination

The study carried out in this thesis proposes daoaetiogy to analyse design collaboration
in a context of SMEs. This methodology is basedhmoretical models (of coordination
and collaboration), and a tool CoCa to captureabaitative events. This methodology of
collaboration analysis is aimed at the proposguidielines on coordination aspects.

204



Chapter 7 Discussion

These guidelines lead to improvements in designdioation by including collaboration
inputs and by identifying “good practices” in humaranagement, processes, and form of
collaboration (Figure 76).

The methodology begins with the capture of datautloollaborative practices, then, this
data is used to analyse how actors collaborataaittentify “good practices” or problems.
The identification of “good practices” means theeritfication of the collaborative
practices in design situations where the objectiaes reached and the indicators of
performances are completed. This identificatiobased on the recording with CoCa of all
the characteristics of these design situationseims of coordination and collaboration

criteria.
Human
Management

Form of
collaboration

Data Collaboration o
. Guidelines
Capture Analysis

Figure 76: Guidelines improving coordination aspects

Guidelines identified from the solving of problemos from the characterisation of good

practices can be described through several categsuich as the following ones:
- Human management category, i.e. how the manageaofighe human aspects,
can improve the design process according to thigmeguation, as for example the
management of the actors’ skills. Each actor haohher own skills; of course it is
very important for the project manager to know howse them in order to assign
the right task to the right actor. Moreover, iingeresting for the project manager to
know the desires of the actors in terms of skilbiovement. If an actor is motivated
to learn new skills, the project manager can sgdegjects in this sense in order to
have a real management of human skills and knowlextgl allow the actors to
evolve in the company.

Example from the industrial case study:

As we have seen in the example 2 in section 6.3h8&revthe conclusions
were that the project manager needs to managéitteead actors in order to
assign the right actor to the right activity acéogdto the project constraints
(workload, lead-time, skills improvement...). Thule tproject manager in
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Ederena wants to better manage the skills whicH d&h the human
management domain.

- Processes category: design processes are a soocessiactivities used to
coordinate projects. The identification of succeksprocesses allows the
improvement of the quality of the control and tkeeuse of these processes in future
similar design situations. The main issue lieshia treation of a pool of processes
available for re-use and linked with guidelinesonder to indicate in which situation
the process could be used. It will then be posdiblselect the right pre-defined
process from the pool of processes and to applyg the right incoming design
situations. The selection of the appropriate preéeded by the guidelines which is
associated to the individual characteristics ofdasign situation. Thus, it is possible
to imagine integrated tools of project managembat &re based on this idea. Based
on a model of collaboration a tool like CoCa carrds@sed to not only for recording
but also for scheduling the “appropriate” storedgaisses in correlation with the new
situation. And finally, the project management toah give guidelines and propose
processes to the project manager (see Figure 77).

. Project
o Coordination
Coordination management
model |
tool
I
| Guidelines Tool for re-use
I
I
Collaboration Collaboration
. CoCa

Analysis model |

I

Human aspects ' Tools

Figure 77: Interaction between tools and guidelines for re-use

The flexibility nodes introduced into the desigrogess after a detailed analysis of
collaboration lead to the adaptation of the deggocess to the design situation.
Indeed, at each node of flexibility the project mger will have to take a decision: as
several optional sequences of activities existrédfie node of flexibility, he must
decide which sequence the process must follow. Rlesless, this introduction of
flexibility is limited and mainly centred on the ahes of flexibility. Indeed, the project
manager can take a decision only at this node edfitfility; if a design change
happens, he has to wait for a node of flexibilitydrder to re-orient the process.
Thus, these flexibility nodes are only a first steprard a dynamic management of
the design process. This notion of dynamic managensea future issue of the
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coordination in design. The final objective is tmmage the project in real time,
without waiting for a flexibility node.

Example from the industrial case study:

As we have seen in the example 3 in section 6.}hdrevthe conclusions
were that often in Ederena (and more generallyNiES) some design tasks
are not planned in advance in the design procdsss, the design process
needs to become adaptive and change dynamicaliygdits evolution. The
analysis with CoCa tool helps the project managedefine the design
processes with sub processes, nodes of flexil@hty with ad-hoc activities
defined “on the spot”.

- Form of collaboration category: the model of coflediion and the CoCa tool
support the analysis of the collaboration in prtgedhis analysis helps the project
manager to identify various forms of collaboratidefined by collaborative criteria.

Thus, he can have and give detailed informatioh@m actors worked, work or must
work. The project manager can manage the desigvitpcnd processes at a very
detailed level. Moreover, he can understand a tgpgeportion of design problems
where the causes deal with collaboration aspectsv, Nhe project manager can
understand, act and solve these design problemehwtome from collaboration

aspects. The main difficulty lies in the managemaithe possible contradictions
between the collaboration and coordination consisaias the analysis of the
collaboration may lead towards a guideline whichn& applicable because of
coordination constraints. For example, for a bett#laboration the actor A must be
included in an activity and at the same time fgrablem of coordination such as
high workload, the actor A cannot work in this aityi. Nevertheless, with this

collaboration analysis, the project manager is mofiermed of these collaboration

guidelines or constraints.

Example from the industrial case study:

Based on the example presented in 6.1.5 and exgand&4.2 with PLM

workflows, we saw that various design processesdafmed, but for each
process a particular form of collaboration is agged. For example, the
Marketing person can write the CND and transmitdbeument directly to
the technical department for “similar product”. For‘re-design” product,
the marketing person writes the CND but anothét tosthe customer could
be required. And for “innovative” product a globaleeting with the

customer, marketing and design persons is neceasé#ng beginning of the
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design process. Thus the form of collaborationsspaiated with the design
process which it is itself associated with the tgperoduct.

From the industrial case study, some results obtawith the analysis of the CoCa tool can
be trivial for an experienced project manager, foutan inexperienced project manager
these results are very important. The introductiboollaboration aspects in the assessment
of the project management may be sometimes missiwdel by older project managers
who do not have an open mind on the subject, armlashsider these collaboration aspects
useless and not linked to design coordination. Nbekess, in the author’'s opinion this
approach to analysing collaboration with a tookli€oCa is beneficial to any project
manager (experienced or inexperienced) who wishesderstand and improve the way he
manages projects by taking into account collabonadispects.

The CoCa tool is useful in helping the analysisafaboration by recording essential data
on collaboration; but this tool does not replaceiradustrial study in the company with
corpus, or project management training. Nevertlseles the case study, the CoCa tool
helps the project manager to look at the desigratdns in projects and then take better
decisions to manage them.

7.3.3 Improved coordination model

The problem of granularity has been identified irevious sections; this leads to
improvements in the model of coordination at aitkdddevel. This detailed description will
include the notion of projects, sub-projects, psses, sub-processes, activities and events.
The sub-project will be managed by design procedsdsed, as we saw in section 6.1.5
the example from Ederena (and three scenarios) mgnades that the management of the
granularity level in project is very important aneeds to become more detailed in order to
manage projects efficiently. Thus, in the improeedrdination model, the management of
the granularity level in projects is representedtiwy loops on the classésoject and
DesignProcesso represent the sub projects and sub processdbleintinks (Figure 78).

This deeper description includes a representatiohow each resource is used during
events. For the moment the tool records only theenaf the resource used, no more. In
fact, it is interesting to know how the actors uke given resources. Indeed, for each
resource, a description will be recorded to knowowlas used the resource, how long the
actors used the resource, together with commenteednuse. Moreover, as we saw in the
entire Chapter 6 and more precisely in sectionsl@ahd 6.1.2; the notion of “role” is very

important in SMEs, because most of the time onegdes can accumulate various different
roles in a project. So, the improved coordinatiomdel must take into account this notion
of role directly at the level of the project andt b the level of the processes. Thus, the
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roles of each actor are stored in the cRsgectwith the attribute Roledn this improved
model of coordination the rules of coordination ne form of collaboration are managed
with the attributes in the claggocess elemeniNow, based on the results from Chapter 6
on the analysis of the collaboration new classek atributes are added in order to take
into account some collaboration aspects in the dination of project. The form of
collaborationindicates if the collaboration is free, encouragedorced, synchronous or
asynchronous, present or distant, and formal armél. And the coordination rulescord

if the project is coordinated by direct supervisionutual agreement or normalisation.
These two last points are described to detail Huegd attributes are applied and help to
characterise the problems (presented in sectiod)4which remain in the coordination of
project with the previous model of coordination.
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Figure 78: Improved coordination model

The new version of the coordination model also ¢akéo account the notion of flexibility
in the design process. Indeed, links between psoelesnents will be used to represent the
various ways that the design process is followeslw& saw in section 6.3.4 with example
3, the links between events (chronology, probleasal links) help the project manager to
“re-build” the design process followed. Based ois tbea of link, more types of links are
defined (as “and”, “or”, “if”, “else”) in order tadd information on the relation between
events in the design process. Thus, in the impraamtdination model, these links are
managed by the new clagsansitionin order to manage these new types of links: “and”
“or”, “if”, “else” ... These types of link will mordaithfully represent the various relations
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between design events. Therefore the project manege better manage the design
processes by excluding or creating new sequencéseadesign process according to the
design situation (customer, product, actors, seppli.). Moreover, these models of
collaboration (Figure 75) and coordination (Figuf8) can be mutually enriched to
implement complex tools where the coordination #relcollaboration are coupled. Thus,
the sequences of design activities recorded in Gm@abecome predefined processes in a
design management tool based on the model of gmirdn. The processes and tasks
defined during the scheduling can be used to ifletite events which will be followed
with CoCa with an adequate level of granularity.

7.4 Implication for PLM systems with coordination and wllaboration
aspects

7.4.1 Synthesis on PLM tools

PLM tools are implemented in more and more comgatuegationalise their processes and
document management. Such a PLM tool was testédlémena, it was noticed that these
tools are more oriented to implementation in adacgmpanies than in SMEs. Thus, for
SMESs, these tools have deficiencies in terms ottfanalities to manage projects and
analysis of collaboration. Indeed, as it was pressem the Figures 57 and 58 many useful
concepts to manage projects and collaboration sisafre not implemented in the PLM
tools. These tools decrease the level of flexipility increasing the constraints in the
processes. This statement can be a positive poiriafge companies but not for SMEs,
where the flexibility in the design processes is ohthe main concerns.

Moreover, SMEs cannot invest as much money as legganies for the implementation
of these tools. Thus, the implementation is ofteadenquickly with a lack of analysis in
advance. In this study, it was well established thaeeper and rigorous analysis of the
initial situation in the company is necessary toidvthe introduction of rigidity in the
design processes during the implementation of thi #ol and during its configuration.

For the implementation a methodology is drawn tppsut the adaptation of such tool to
the individual characteristics of the company. Hwr configuration of the tool a detailed
analysis of the collaboration is possible and suggoby CoCa in order to introduce
flexibility nodes in the design processes.

PLM tools are not focused on project managementgntigeless it could be possible to
integrate a project management aspect into thede itoorder to add specific functions for
project managers. Concretely, PLM tools must beravgd at various levels: management
of actors and skills, triggering events but alscording the planned/completed/modified
process for later reuse. Where some project fumalites are available, task concept
implementation is too limited: defining input andtput information is often impossible,
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except using deliverables; the element of deciscamniot be formalized [Pol, et al. 2005c].
At the project level, the project plan conceptds sequential. Convergent links between
tasks are not possible. Moreover alternative sexpgenf tasks are not supported; this is,
however, possible in a workflow.

In a PLM tool, when a project manager plans anvigtihe may link it with a support
document (deliverable). When controlling the plahaetivities, he may need to modify the
initial schedule. But he cannot modify the schedfl¢he activities from the workflow of
the linked document. In fact these document wovkélare not under the control of the
project manager and this may lead to incompatiblestraints on the completion of the
design process activities. An improved PLM tookgriating project and workflow aspects
may allow project managers to manage workflowsudsocesses of the project process
and so to control the related tasks: e.g. by mauifyhe end date, or the users allocated to
it, or even by replacing it by different tasks. danclude, it is important to preserve a high
level of flexibility in the product development pesses. The project management
approach must be improved by the definition of peses and sub-processes to manage
projects and documents with the integration ofibiity in these processes. This flexibility
must not be restricted to the nodes of flexibi(itgviews, milestones, main phases of the
projects) but must be introduced in the whole mbjmanagement approach by the
synchronisation of processes, sub-processes anttiast(an example is given in the next
section 7.4.3 and Figure 80).

7.4.2 Discussion on PLM tools

Previous sections highlighted the necessary fletibof a design process in an SME,
especially in this case study where innovation isoastant concern. In an SME the
formalisation of the organisation is a critical moifor the optimal management of
resources. If the process is predefined at a glehval, actors from all departments work
daily in a context of “mutual agreement” but thisganisational aspect is rather
incompatible with PLM functionalities. The main ugs during the definition of the PLM
specifications for an SME are to identify:

- what information must be controlled,

- through which predefined workflow,

- what must be encouraged and not formalised.
For example, the collaboration between actors dareally be defined through existing
project plan or workflow concepts. The cooperatwocesses are quite unstructured and
the comparison of the various project teams’ ponfitgiew leads to informal and unofficial
information exchanges [Baumberger, et al. 2003].
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7.4.3 ldentification of future work on PLM systems

Previous discussion has dealt with the introductibflexibility nodes in strategic points of
the design process in order to control and adaptdésign project quickly. Nevertheless
this improvement is a first step toward a dynamianagement of the project, but the
limitation is that the project manager has to v@ita flexibility node in the design process
(most of the time a milestone) to take a decisidme real issue for him is to manage the
project dynamically without waiting for a flexibiyi node and react in real time. Thus,
project managers need detailed design processeh witot sub-processes for document
management.

Therefore, the study of the main improvements oMRaols concerns the management of
projects. This study is focused on processes atiMtes (see Figure 79) because projects
and events are already managed by Wind¢hillThus, the possible improvements are
concerned with the processes and the activities.

Focused part for PLM improvements

Sub-project Sub-process Sub-activity

i Project Activity

Figure 79: Coordination approach and focused part for PLM
improvements

In the PLM tool Windchill™, virtual documents are used by the system to nepagject
processes. These virtual documents are hiddenpaigible to the user. They are managed
with a main workflow (a group of activities whicldait sub-workflows) and with life-
cycles (group of the states that the document ake in its “life”). The workflows are
composed of activities but also of automatic tagkwils, change life-cycle state,
synchronisations, IT code...). Using these automtdiks, it is possible to link the
workflows and sub-workflows. The synchronisationween workflows is made by a
change in the life-cycle state of the linked waokil (Figure 80). Nevertheless, it is well
established that a workflow is predefined before ldunch of a project and this does not
allow for modifications during its progress aftey instantiation.

The “change design process” illustrates this approdVhen a problem is reported a
“change request” workflow is launched. This mainrkflow (“change request”) pilots the
other workflows “change notice” and “change act®st with synchronisations. The
“change notice” workflow informs the actors of ttizange, defines the “change activities”,

213



Chapter 7 Discussion

launches these “change activities” and validatéBhieé “change activities” manage only the
implementation of these activities. All these wdolfs are displayed in Appendix E

Problem Change Change Change
report request notice activities

o ol e
C} T Synchronisllation | Synchronisation

—_—————

A - o

n workflow 1 main S— —~ —
workflow 1 Sub -
workflow - ~ -
n controled
activities

Figure 80: Example of the change process

In their project management approach, project mamsadnave to be aware of the
completion of design tasks in order to pass thrabhghmilestones. Thus, the visualisation
of the workflows and sub-workflows allows the pijenanager to have the information on
the tasks completed during the project and takeitjie: decision. The decision could be:

- To validate the completed tasks and the projecs goe

- To suspend the workflow and put the project in dtiay for modifications,

- To terminate the workflows in order to begin agaith new workflows.

In PLM tools the project can be managed with viri@acuments, synchronisation and with
flexibility through the creation of dynamic acties called “ad hoc” activities.

Nevertheless, this definition of workflows is vesperous in terms of IT implementation
and of time, because each workflow correspondbdcpecific way to manage projects in
the company and must evolve with the progress ef gloject. For example in large
companies this customisation is made by a wholeartieent or external integration
companies focused on the workflow managementclfdes and documents in the PLM
tool. Thus, for the moment SMEs cannot afford sachimplementation. The detailed
definition and the integration of flexibility andokaboration aspects in the project
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management with PLM tool is very complex in terns I® knowledge and PLM
architecture. This topic would be the basis foea/iPhD study.

7.5 Synthesis

This Chapter “Discussion” sets out the main commemt the main results addressed in
this research work. These evaluations identify tltons, positive as well as negative
points and lead to new possible improvements.
One of the main results of this thesis is the im@atation of the tool CoCa which records
and displays information about informal and collative events of projects in order to
help the analysis of collaboration. At this stagefirst version of this tool has been
implemented. This version manages the charactiensaf the collaborative events with
their links. Nevertheless, more work is neededrtplément new functionalities, notably on
the statistical analysis with charts. Other indabtcase studies will bring extra data to
propose, test and validate new improvements.
CoCa aims to help the analysis of the collaboratdgter tests in Ederena, some limitations
are identified:
- The know-how of the analyst is very important ilcdting useful situations and
information to make correlations with his experienc
- A statistical analysis of the data collected is @mindispensable to drive the
analysis of the collaboration at a high level,
- The subjectivity orients the analysis made andargons must be taken to limit
this interference.

Therefore, various improvements are proposed:
- The collaboration analysis can be supported byssitz# in order to make a driven
or semi-automatic analysis,
- The analysis method can be improved in terms gfsstenain information to
check, or charts,
- The analyst can be chosen to be as neutral adbpossiorder to limit the impact
of the subjectivity into the analysis of the cobiaétion,
- Several analysts can collaborate to make multiple mixed analysis of the
collaboration,
- And finally, an improved collaboration model is posed in order to take into
account the level of granularity.

This collaboration analysis is not an end in itsiié objective is to improve various design

project coordination aspects such as human managgerpeocesses definition, and
identification of forms of collaboration. The ansily of informal and collaborative events
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allows the identification of recurrent situations&ioh can be re-used in future situations.
Moreover this analysis can lead to the improvemehtthe collaboration and the
introduction of flexibility in the design processgsorder to manage projects in a more
flexible and reactive way. It was observed in thduistrial cases study that various levels of
granularity must be taken into account. For thatppse, an improved model of
coordination was defined to represent coordinagéispects in design management with the
following levels of granularity: projects, processéask, and the links between processes
element such as “and”, “or”, “if”, “else” links. ®se links are extra links implemented in
the next version of CoCa in addition to the extptiimks “causal”’, “problem” and
“chronology”.

A PLM tool is often implemented in companies to age documents. It can be the basis
on which the coordination approach is structurgtlsT flexibility in the project processes
can be introduced in the tool without waiting fdexibility nodes. A solution for this
introduction of flexibility will be to use virtualocuments, synchronisation and ad-hoc
dynamic workflows. Nevertheless the problem of ifiplementation must be taking into
account, because this approach is very demanditijmef money and adequate skills. This
approach can be the basis for a new PhD subjectder to find a detailed solution to
project coordination with PLM tools whilst takingto account collaboration aspects.
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8 Conclusions, contributions and
Implications for further work

This Chapter presents the synthesis of the workiezhrout and its achievements are
outlined in detail showing the conclusions from tresearch. The contribution to
knowledge made by the research is described andstéqr future research are identified.

8.1 Conclusions

Nowadays the management of product developmeneggjs mainly oriented towards the
coordination of design activities. Neverthelessaircontext of concurrent engineering,
managers have difficulty in taking into account to#laboration dimension during design
projects. Thus this thesis has focused upon theduattion of collaboration aspects to
improve design coordination. For the purpose of rdgearch work, the introduction of
ways of controlling and encouraging collaboratiorflexible design processes is based on
the analysis of collaboration between designersrder to define guidelines for future
flexible coordination. These notions of collabovatand flexibility included as elements in
the coordination of design projects are becomiggiBcant issues for companies.

Thus, before introducing collaboration aspects iesigh coordination, a better
understanding of coordination and collaboratiorhwiiteir relationships is required. Indeed,
a project manager has to coordinate various elerientrder to reach the objectives of a
design project. He defines an action plan to coatéi the design processes and actors’
activities. The actions of project managers condesign coordination and process control.
Then, actors collaborate during their design at#isito reach their specific objectives and
follow the defined action plan. The CoCa tool iedigo collect data on the collaboration
occurring during these design activities. This daathen used to analyse design
collaboration and then to make diagnostics on #fiéciency’ of the collaboration and on
the achievement of design objectives in order ttndeguidelines for improving future
coordination. The results of the collaboration gsigl support project managers in
controlling the design process.

Thus, first a coordination model that characterif@s main notions used in project
coordination is proposed. This model is specificalloposed and aimed at helping project
managers in SMEs in their work. It allows the st@raf the information needed by the
project managers to structure design projects armbmtrol accomplished design activities
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and compare them to scheduled tasks. Neverthatefiseiindustrial case study, it was
noticed that coordination and collaboration aspactscomplementary and the low input of
collaboration aspects in the model of coordinai®memonstrated. As project managers
have difficulties in introducing collaboration aspg it is then necessary to help them to
understand the detailed collaborative practicdbaif team.

Consequently, from this model, a second model d@agrcollaboration is defined in order

to allow the characterisation of collaborative nmamubms in design activities. Several

parameters for describing collaboration are intoadll This characterisation is made by the
recording of context and objectives of the projeben of collaborative events; and of

criteria to categorise the collaborative situation design projects. The model of

collaboration allows also the storage of a shodlyamis of the collaboration form used

between actors in order to evaluate each collalveraituation.

These models of coordination and collaboration \zbdated through the partnership
established with an SME called Ederena which designd manufactures structure
products based on an innovative technology. It waiiced that both coordination and
collaboration models are not sufficient by themsslto be useful for project managers in
design. As a consequence, an IT tool called CoGablkean implemented to support the
analysis of the collaboration occurring in desigoj@cts in SMEs. A great deal of effort
was made to connect the implementation of a todhéotheoretical work (the models) in
order to test the hypothesis that the analysisobi&looration really helps project managers
to coordinate design projects. The approach toldpireg CoCa is set out in the three main
steps: Analysis, Design and IT implementation. @hscription of this approach is defined
with various diagrams based on the UML formalismickhis suitable for the
implementation of such a tool. These diagrams aedl uo define the architecture, GUI
forms, database and the IT implementation for tloé Thus, CoCa allows the collection of
large amounts of data and its visualisation in orte support the analysis of the
collaboration.

The aim of the CoCa tool is to assist analystshen recording of the information of the

collaboration model in order to help them in th&iture analyses and definition of

guidelines for design coordination. The main uskithe CoCa tool is an analyst that

follows all the steps of a design project, recogdinformation about the activities that

occur. This recording is carried out by collectidgta such as: projects, events, and
collaborative criteria (time, location, tools, meds, level of formalisation...). These

records provide detailed data for the analyst,rdeoto analyse the collaboration and thus
to help the management of projects. This analysables the identification of deficiencies

or good practices in collaboration and allows theppsal of the project manager's

coordination tasks and also of improvements ofigsgn process.
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All this theoretical work is supported by an indigdt case study in order to test and
improve it. The work carried out in Ederena dem@tst three main points. First, the
analysis of the collaboration is possible with Ca@an industrial context. Secondly, the
resulting diagnosis has an impact on the coordinatf projects (on the project managers’
way of working as well as on the definition of dgsiactivities by the project manager).
Thirdly, PLM systems are a type of information gystwhich can support the management
of data and management of projects but within 8nilthey can be used to implement some
of the guidelines that can be made by using CoGh RLM systems require additional
functionalities to manage projects with detailed 8axible processes.

The analysis of the collaboration is possible witl€oCa in an industrial context:

CoCa was tested in Ederena to record informatiorthencollaborative events occurring
during projects. Concretely, projects were follow#te amount of data collected are: 6
projects, about 100 events and 12 versions of gi)jen order to track and record the
events occurring. The approach used in Ederenandegth the recording of data during
projects. Then, the data collected by the CoCa tsolused to analyse the form of
collaboration event by event, to make a diagnosishe collaboration by comparing the
different events and finally, to propose guidelime®rder to improve the coordination in
design projects.
The combination of different types of informatioioas the identification of different kind
of results by:

- Establishing links between several events,

- Establishing correlations between several parametbdifferent types between

several events.
In Ederena it was noticed that the analyst recoatetlidentified enough data via CoCa to
analyse the collaborative practices used in varimssgn projects. Although CoCa does not
analyse collaboration itself, it provides the deg¢aorded during the project with various
GUI forms to support the analysis. CoCa thus faestee understanding of collaborative
activities in design. Nevertheless the use of t€&tool and the associated method is
based on a six months study with one SME. Othejept® with other companies are
needed to validate the approach as a generic one.

The resulting diagnosis has an impact on the coondation of projects:

The analysis of collaboration leads to the defomitiof guidelines to improve design
coordination by the introduction of flexibility idetailed design processes, by helping
project managers to anticipate future design sdanaf by defining and choosing the form
of collaboration in design events and by identifyfigood practices”. The identification of
“good practices” means the identification of thdlajmorative practices in the situation
where the objectives are reached and the indicatopgrformance are achieved with the
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expected values. This identification is based anrdctording of all the characteristics of
this design situation in terms of coordination adlaboration criteria usefully achieved
with CoCa. These “good practices” deal with theigleprocesses, the human management
and the collaborative tools used. When a problermotiéboration between actors appears
in a design event, the project manager is intelesteanalysing this event in order to
understand what was wrong and what could be impkoVhis will orient the decision to
take, improve or reject a collaborative practicat thas occurred in projects. Of course the
work of the analyst is not easy: well-defined egesiich as meetings are much easier to
track than emerging events during a coffee break. tBis challenge brings the richest
results.

The resulting analyses have a great impact on tbggh manager coordination tasks,
various examples have been presented throughttitg. Here is the main one:
- Guidelines can be defined to help project managérsn selecting designers to
use an approach based on skills management, dgfrequired tasks, scheduling
tasks, etc...
- Role of the project manager or of the company marsagan be reinforced or
decreased depending on the context of the prajedetine the appropriate form of
collaboration. Thus the form of collaboration candefined more or less prescribed,
formal, scheduled, confidential, etc...,
- Formalisation of design process can be improved rmaade more detailed by
adding extra steps, for example through the qualitg standard documents of the
company,
- Flexibility can be added in the design processnrsoducing decision nodes for
choosing the best sequences of tasks.

Thus this analysis helps the project manager toos#othe appropriate form of
collaboration and to take decisions on design doatibn.

This collaboration analysis helps the project manag coordinate future design activities
by anticipating the future activities and problemsorder to manage them earlier in the
design process. Moreover, this analysis allowsagsessment of the collaboration in terms
of performance in order to propose new forms ofatalration or to define the form of
collaboration in the future design processes. Tipesdictions of design activities, the re-
use of forms of collaboration and the definition fofure collaborative practices are an
important part of the know-how of the project magrag

CoCa allows the establishment of a memory of degigojects according to the
collaboration point of view. So, the analyst campare the theoretical process planned by
the Quality Department with the real design procemsied out by the designers. Thus,
extra steps or processes can be defined to inteoflagibility in the global theoretical
process. Nevertheless, the flexibility is limitdoecause the project processes are still
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predefined with more detailed routing between thfemdnt sequences of activities. Thus
the actors still have to wait for intermediate rsitenes to take a decision. The future goal
will be to authorise the modifications of predefingrocesses at any time and to be able to
react dynamically according to incoming changeth@project.

The main limitation of a tool such as Coca is thkjsctivity of the observer. However, the
actual architecture of the tool does not allow ahave a multiple points of view on the
same event. Indeed two persons cannot collectnr@ton on the same event in the same
database. However, the capture of different inetgions and analyses will be interesting
for a future version of the CoCa tool.

This collaboration analysis is not an end in its#lé main objective is to improve design
project coordination. The analysis of informal aodllaborative events allows the

identification of recurrent situations which can teeused in future situations. Moreover
this analysis leads to the improvement of the bolfation and the introduction of

flexibility in the design processes in order to @& projects in a more flexible and

reactive way. The level of granularity of the ewewias also a methodological problem. It
was decided to track events at their more detdde@l, i.e. basic events. But when

analysing, it can be more difficult to navigatevbetn events and to have a global view of
the different phases. The possibility of indicatiting level of granularity and to group

sequences of events in a higher level event wifl Hee analyst. Thus, the analysis will be
able to make comparisons properly between elenmsntee same level of detail. As a

result, improved models of collaboration and of rdimation have been proposed to
manage granularity of collaborative events andrprove events visualisation.

PLM systems can support the management of data argtojects but with limitations:

In the worldwide competition among companies, teeetbopment of new products has
become a challenge where innovation and coordimatfodesign process are two main
keys for success. In SMEs design activity is nohgletely structured and controlled due to
the high level of flexibility of processes requiret the same time PLM systems help to
rationalise basic design processes and are the miirmation systems managing the
product life cycles in companies.

When considering design coordination in Ederenagdyet data and process management
was one of the main concerns. In parallel with ¢blaboration analysis experiments, the
company evaluated the implementation of product datd process management tools
which would be well-adapted to the company settingsspecifically evaluated PLM
system use; then a prototype system with a PLM t@ohed “Windchill¥” has been
implemented. This prototype finalises the studyiedrout on the coordination of design
projects in Ederena and is the basis for makingeex@nts on possible solutions for
automation and support of the work of project managThe prototype is based on the use
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of workflow technologies in order to elaborate gieicture and the schedule of the project
phases and tasks through different and synchroiesets of granularity.

Moreover the implementation of this prototype isdxhon the definition of a methodology
focused on organisational change and the implementaf a system combining project
management and PLM functionalities in an innovaME. This methodology is focused
on the prerequisites tasks which must be done &éf@ implementation of an information
system. Although the main steps of this methodolargygeneric and can be applied in both
contexts of SMEs and of large companies, the detdithese prerequisites are specific to
the context of the case study

Within PLM systems the design process is managedig¢in workflow implementation. As
an example an implemented design situation cancheesed through several types of
collaboration. Thus scheduling a standardised dgsigcess is not enough for the project
manager to describe all the necessary guidelinrethéoachievement of a design situation.
Several forms of collaboration can be defined imleorto formalise the inter-actor
exchanges. Thus, project managers have difficuliehoosing the form of collaboration
in accordance with the specific context of the giesituation. As the CoCa tool can track
such collaborative forms, the definition of mordaded processes has been implemented
through the studied PLM systems. Thus managerskeap in mind the matter of the
flexibility in design processes in order to improweordination and to not strangle the
emergence of innovation.

This PLM solution based on detailed processes thghintroduction of some flexibility is a
part of the solution. From the results of the catsely, it was found that some further areas
need to be addressed, for example: actors ang skdinagement, triggering events, and
also the ability to re-use and build on the plarreadised/modified process. In PLM
systems, the implementation of the task concepbisatisfactory: it is not clear how input
and output information may be defined other thaough deliverables and the elements to
make decisions cannot easily be formalised. Theqesed attributes of process elements,
tasks or milestones do not exist given the inadeqssatus/level of the concept of
implementation. Thus this prototype illustrates tieed to incorporate new methods,
functions and tools in PLM systems to manage degignects properly and include
collaboration aspects.

Thus the next objective for the coordination wél to manage projects in real time with a
flexibility which is continuous and evolves dynaally. This objective could be the basis
for a new PhD subject in order to find a detailetliBon to fully coordinate projects within
PLM tools with the integration of collaboration aftexibility concerns. The possibility to
integrate flexibility in the design coordinationtwiPLM system is the next challenge for
these tools. PLM systems are an adequate soldiamahage product data and documents;
nevertheless many other issues (project managemaidboration management) need to
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be addressed in the future in order to answer ¢oattiual needs of managing the whole
product lifecycle in a context of collaborative dgsand of extended enterprise.

8.2 Contributions

The results obtained during this research studggbseveral kinds of contributions and

perspectives:
- first a contribution to what is coordination andawt/is collaboration in the context
of design project management in SMEs, by formatisimodels of coordination and
of collaboration,
- second a contribution on support tools to helpgteproject managers to analyse
and understand what interactions exist betweensadiging design projects,
- third a methodological contribution to propose dequate approach to use such a
support tool by capturing and analysing collaborati
- fourth a methodological contribution to supportigascoordination in SMEs by
proposing an improved way of managing design ptsjemd by characterising a
better way to implement PLM systems.

Each kind of contribution has been evaluated thmowxperimentation and several
guestions and issues appear to enrich existinguageior research or to generate new ones.

In this research work models have been proposduelp the analysis of collaboration.
Most results have been validated in the case ofdbde which is an SME designing
products based on an innovative technology. The@geed models of collaboration and
coordination are based on this situation. Neveedglsuch models are easily applicable to
other SMEs contexts because the innovative chaistateof Ederena does not influence
the models but other aspects of the contributi@ts.other companies can apply these
models as a basis to adapt them to their own coimgxadding extra criteria or classes.
Moreover the UML formalism used to define these eleds adequate to allow the
evolution of the models in another context.

Collaboration between actors is important to fetkeractors and make coordination
effective. Choosing an appropriate form of collatimn between actors is necessary and
requires analysis of the collaborative practicessdie the company. Thus, such an analysis
tool, CoCa has been implemented.

The entire analysis of the collaboration is not eldyy the tool; it records the main
information required to make the analysis of thesgilde collaboration. Therefore the
analyst has to study the sequence of events, n@kelations between various attributes
and study the evaluations and analysis made “osgb# in order to carry out the analysis.
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This analysis leads to the re-use of collaborapik@esses in similar situations or to the
solution of collaboration problems or conflicts order to help project managers to
coordinate projects with the extra point of viewcoflaboration.

Several improvements to the CoCa tool have beepoged: extra functions need to be
implemented in a new version in order to include tbllowing improvements. This new
version of CoCa will provide other types of linkike “Warning” and “Question” links.
Indeed, links between process elements will moiteftdly represent the various possible
transitions of the project. These links are mandme@ new class ‘transition’ which can
represent links types such as: “and”, “or”, “if'else” ... In this way the project manager
can manage better the design processes by excle#iggences or creating new ones
according to the design situation (customer, prodastors, suppliers). He will be able also
to manage multiple analyses by the configuratioa eérver in order to centralise the data
and to have various analysts sharing the sameatalEonsequently, the pool of data will
be larger and the analysts will be able to compardh others’ analyses. Moreover, the new
version of CoCa will take into account the new o$ described in the improved model of
collaboration in order to include the notion of mu&arity. Thus, the analysis of
collaboration will be made at various levels ofallefevents, activities, processes, projects).
Moreover, in terms of extra functionalities, CoCaeds additional GUI forms with
graphical functions in order to analyse sequendesvents and explore links. So, CoCa
needs to provide a search by keywords and attsbiatdind main text data. A graphical
visualisation of information will be implementedrepresent and compare various forms of
collaboration with common criteria. Other improvertee also concern the method to
analyse the collaboration. A statistical analysi8 e able to provide a “check list” of
critical information recorded with CoCa in orderdove the analysis progress. In the short
term, an extra module focused on the support sfrtieéthod is under implementation. This
module will allow the representation by graphs guodries of the events in accordance with
the type of links, and to notify to the analysthe event has an associated evaluation or
analysis “on the spot”. Moreover, a deeper studgdeeto be carried out about the Likert
type scale in order to have a better definitiorthef collaborative criteria, and to prepare a
statistical analysis of the data. In addition, @btirative events exist outside the company
and it is necessary to define solutions for trad#abn a mobility context. The use of
CoCa in every place where events occur is to bdiesiua version of CoCa implemented
on PDA system will be of great interest.

CoCa allows the capture of events of design prejdodbm the point of view of

collaboration and is used to identify best pragicanalyse problems encountered and
improve managers’ decisions. Some tests were dokeleérena with the current version of
CoCa. Ederena was quite satisfied with the resadtseved during the industrial case
study. From now the company will have a more detdnd flexible project coordination

integrating collaboration concern. These testsdeddi that CoCa is useful to support the
analysis of the collaboration and that this analywsis benefits to improve collaboration and
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the coordination aspects. The examples presented tsie complexity of the analysis tasks

and the richness of the kind of results for impngvilesign coordination. More experiments
are planned to demonstrate the added-value of agsasmwith CoCa tool in a more generic

context.

Coordination in design is a great challenge in canmgs. Focusing on SMESs, coordination
must take into account flexibility factors and cegsently anticipate emerging phenomena
and collaboration between actors.

8.3 Implications for further work

In terms of perspective, the models of coordinadod coordination need to be improved.
An interesting way would be to have a research ystooupled with the social and
psychological sciences in order to improve the gt human aspects are managed in
these models. At this stage collaboration and médraspects are introduced in these
models, but to complete the definition of such neda study may be carried out in
association with human sciences. These improvenuéritee models could also lead to the
improvement of the supported tools. The final otiyecwill be to enrich the competences
of projects leaders with more than collaboratiopeass but also with human and
psychological aspects.

Independent of this perspective, more tests aredatcewith CoCa to have more
information, results and to test the more usefuicfionalities with a great potential in
various other SMEs contexts. At present, the testsed out in Ederena brought results
and improvements for the specific context of tldmpany. Thus, it would be interesting to
carry out additional tests in other case studiesdler to propose generic models, tools and
improvements for the project managers. Moreovessdhtests will propose a method or an
approach to adapt the models and CoCa to other SMEs

The approach to the analysis of collaboration neeggovements. In terms of further
work, this approach to analyse the data is thé step towards the definition of a detailed
and scientific method. At the end, this scientifiethod needs to be validated by various
analysts in various case studies. At this stageirtf@mation recorded with CoCa is
recorded manually with some devices to show infeionain a particular way (charts,
links, and GUI forms). Nevertheless, the next stapp be to have a semi-automatic
recording and displaying of the information, with @xtra module to drive the analysis of
the collaboration. For example, this module shdugdable to propose to the analyst the
pertinent information to see first, critical sitigats should be recognised and stored; the
information should be displayed in a sensible wegoading to the method of analysis...
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Indeed this module should drive the analysis ofdbiéaboration to help the analyst in his
work.

Another perspective on this research study is t@ llacomprehensive management of the
knowledge. Indeed, the tool would be able to red¢bedskills already known and learnt by
the actors in order to have a detailed managenfeskilts. It would also be able to record
design information and knowledge with its contgxbfect, process, and event). In this way
the project manager will be able to re-use thissedge in future projects.

With the definition of the improved theoretical netsl of coordination and collaboration,

the levels of granularity (event, activity, proces®l project level) are now included and
can be managed in the project coordination. In $eofmfurther work, these two improved

models can be aggregated to form an integrated Invdukre the aspects of coordination
and collaboration are associated and where préiscripnd scheduling is linked to the

identification and storage of achieved events. Tleosrdination as well as collaboration
aspects would be completely defined and linked tteage Moreover, based on this

integrated model a tool can be implemented to mamagjects by taking into account

collaboration aspects directly in it without haviagrious disconnected tools. Thus, in a
practical way, a specific tool to analyse collalbiora like CoCa can be coupled with a
specific coordination management system like IPROMPelp project managers to take
collaboration aspects into account in design coatthn.

Moreover, the analysis of collaboration is alsofuisen managing the implementation of
PLM tools in companies. Thus, CoCa can be usedhiegiators to understand the way of
working of the actors during project in order tcaptithe tool to the company and vice-
versa (adapt the company to the tool).

The final objective of the collaboration analyssta improve the coordination of projects.
The PLM mock-up presented in this study is basedhencurrent functionalities of the
PLM system, but it is not completely adequate teuea the coordination of the whole
design project. Thus, new modules need to be impiéed. Firstly, there should be a
module to manage the coordination of projects letier way. Indeed, for each level of
detail (project, process, sub-process, and task)irtformation system must manage the
organisational structure, the objectives, the actthhe resources and the indicators of
performance. These indicators must be automaticdlined according to the lifecycle
state of the documents or to the task progresarsgg there should be another module to
help project managers to monitor and check therpesgof the project. This module must
also include the collaboration analysis to suppad improve the coordination of projects.
The main objective of this module for monitoringdachecking should be to support the
dynamic way of management of projects (with deth#ded flexible design processes in
order to make decisions without waiting a nodelexibility), to introduce flexibility into
the processes, and to take into account the coléilie aspects.
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All these avenues for research can be the basipafposition for a new PhD subject.

The theoretical models need to be coupled withistufitom social and human sciences in
order to enrich the competences of the project gemaith human and social aspects.
CoCa needs improvements to have a semi-automatmrdiag and displaying of the
recorded information. Moreover, CoCa would be ipcoated into an information system
to help project managers to take collaboration etsp@to account in design coordination
tasks.

More tests are needed in various other industasé studies to propose generic models and
test the proposed improvements. The support of dberdination management with
collaboration aspect would be introduced in PLMtesys by implementing two modules.
One module would be used to manage the organisht&iructure, the objectives, the
actors, the resources and the indicators of pedoom for each level of detail. A second
one would be used by project managers to monitdrcaeck the progress of the project.

All these perspectives lead to the management@égs by project managers in a more
human and humanist way where performance, reactand flexibility remain the main
concerns.
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Appendix A — IT implementation

The IT implementation allows the GUI forms to bekkd to the database by storing the
data in the right place and making the right querylisplay the right information in the
GUI forms. The format of each data item is defiaed correlated to the format of the data
stored in the database.

The definitions of the IT code implementation aesdxd on the definition of the database
with an Entity / Relation diagram of the data modet by a detailed class diagram to
represent the IT classes, database classes, and&3sés in the same diagram.

A.1 Definition of the database

The database stores the necessary informationedefireviously in the theoretical model
of collaboration. Thus, the data model is defineth wables, data stored, relations, foreign
and primary key, and various extra tables are adderkpresent the relations existing
between the classes (according to their cardindlity 1..*, 1..1) of the theoretical model.
A diagram of the data model is provided in orderdpresent all this information (Figure
81). The definition of the data model aims to tfanshe notions defined in the model of
collaboration to the database to structure thisrmation and make queries.
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A.2 Class diagram for IT implementation

This class diagram is very useful because all tlasses from the GUI forms, IT
implementation and database are grouped in the sdmgram. Thus, the IT
implementation must be based on a complete claggain which takes into account the
classes of the database, classes of the GUI falasses of the model of collaboration and
additional classes indispensable for the storagdatd temporarily (as for the results of
requests). Moreover these classes are very detalemlise there is a clear definition of the
functions needed and the attributes with their frfior each class. This complete class
diagram for the IT implementation is shown in tbédwing Figure 82.

Following the functional analysis, and in colleetiagreement with IT engineers, choices
have to be made to implement the tool. These chdéar to constraints as the language to
implement the tool, its architecture and the opegatystem under which the tool will run.
Java language is chosen because it is an objemited language, well known by the IT
engineers, and in terms of evolutions, a futuresioar of CoCa will use the Internet
technology coupled with Java to be used everywiéteut a location constraint.
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Controler
-_lg:Flogin
-_databaseFB:FirebirdBD
-_us:User
-_welcome:Welcome
-_prj:newProject
-_contextPrj:
-_actor:NewActorProject
-_priSelected:ContextProject
+enterLogin()
+save()
+quit()
+addProject()
+newProject()
+addActorProject()
+deleteActorProject()
+addActorEvent()
+deleteActorEvent()
+okAddActorProject()
+history()
+openSelectedHistory()
+openSelectedEvent()

DataBase

+loginVerify(lg:String,pwd:String):User, null si il faut()
+getAllProjects():Vector(Project,/derniere version)()
+getAllProjects(u:User):Vector(Project,derniere version)()
+deleteProject(p:Project):void()

+getAllMember():Vector of member()
+getAllClients():Vector of customer()
+getAllActors(p:project):Vector of actor //se sont les participants project dont le role a les permission arctor()
+addProject(p:project)()

+addActorProject(p:project, a:Actor, )//a la table participantsproject()
+addActorEvent(e:eventPrj, a:Actor)//a la table participantsEvent()
+getAllRoles(dont permission=actor):vector role ou string()
+getProjectLeader(p:project):member ou null()
+setProjectLeader(p:project, m:Member)()

+getAllContextProject(p: ContextProject//actuel):Vector of contextProject()
+getAllEventSelectedContextProject(p:ContextProject):Vector of EventPrj()
+()

+getSelectedActor():Actor()

+deleteActorProject(p:Project, a:Actor)()

+deleteActorEvent(e: EventProj, a:Actor)()
+nbEventsContextProject(p:ContextProject):int()

+addEvent(p:Con FHistory IHM

+deleteEvent(e:E

FWelcome IHM

FHistory(c:Vector of context project, p:contextProject courant)()

+getSelectedContextProject(): ContextProject()

+Welcome(c:Controler,proj:Vector,u:user)()

+getSelectedProject(): ContextProject() BouttonAction
+removeSelectedProject():void() Flogin
+changeSelectedProject(p:ContextProject):void()
+actionPerformed(ActionEvent):void()
+Flogin()
+getPwd() : string
NewProject IHM +clear()
+getLogin()
+Fshow()
+NewProject(client:Vector, member:Vector)() +Fclose()
+NewProject(client:Vector, member:Vector,name:String;dateStart:String, dateEnd:String, client:String)()
+getClient():String()
+getProjectLeader():Member()
+getDateStart():String()
+getDateEnd():String()
+set pour tout les get()
FContextProject
+setRead(bool) tt grisé sauf history all event et history of events() f
+setAnalyst(bool) mets bt modifyproject actif() — ContextProject
+FContextProject() _idint
+FContextProject(p:ContextProject,a:Vectorof Actor, Ip:Member, e:Vector of EventPrj() | [--hame : string
+updateTableActors(a:Actor)() -_Version @ int
___|+getSelectedActor():Actor() -_status : string
+getSelectedEvent():EventProject() -_dateStarted
—— -_dateEnd
-_id:int — _client
-_nhame . Permission -_description:String
-_pl:QC:ntextPrOJed readAllPjs : bool Member _impact:int
-siin = idint +ContextProject
‘-da‘ecgfcf’renlcei[’a'e +set._.(X:boolean)() -_surname:String +setRead(boon)(())0
i :;{%’;rsi:‘””g +get...():boolean() -_firstname:String +get..()
—_decision'étring? +get....() +ContextProject(tout les parmetres)()
-_comment:String pwActorProject IHM *sethnalyst(booh()
User

+getSelectedActor():String()
+getSelectedRole():Vector()
+clearSelection()

+NewActorProject(actor:Vector,role:Vector,nameprj:

-_surname:String
-_analyste:boolean
-_idMember:int

-_seniority:String

g,v:int))()

-_function:String
-_firstname:String

Actor -_permission:Permission

-_id:int
-_surname:String
-_firstname:String

-_fonction:String

-_role:String//participant project dont rroles a les permissions actor

+User(surname:String, idMember:int....()
+setRole(role:int)()

+getRole():int()

+getMemberld():int()
+getpermission(p:permission)()

+setPermission ():Permission()
+get..()

Figure 82: Class diagram for IT implementation
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Appendix B — Activity diagram for the CoCa

/ select + Delete

/ select + Exit Dialog de confirmation
Dialog de confirmation

/ Search

/ enter
Login %elcome (liste des projets)

/ AddProject / Save & Back

Project New Dialogue de confirmation
I/ CancelClic sur une lign
/ Save

Project display grisé

/ Save & Back

Add Actor Project
/ Bt AddActor
e Dialog de confirmation
/ select + DeleteActo
Dialog de confirmation

/ select + DeleteEvent
|/ 2* clic ¢/ AddEvent . " .
/ Save Dialog de confirmation
Add Actor Event

Dialog de confirmation
/ select + DeleteAnalyse

Add Link
Dialog de confirmation

/ 2* Clic 1 version + filtre
/ Cancel + X

/ Bt history.
/ Cancel + X

Project display

Version history

.

New Tool

/ Bt AddTool / Bt AddActor

9

Event displa
‘ piay | select + DeleteActor

/ Bt AddRessourgé

/ Bt AddLink

/

/ select + DeleteEval

New Data

/ NewEval / New analyse
1 ¢~ ciic Eval / 2* cuc Angiyse

Dialog de confirmation

Figure 83: Detailed activity diagram

This detailed activity diagram of the tool comptetbe description of the tool in the section
5.3.1.
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Appendix C — List of permissions with associated

rights

Member analyst leader project actor
Permissions
readAllPrjs YES NO NO
readPrj NULL YES NO
readPrjLessEvtEvalAnalyse NULL NULL YES
readOthersPrjs NULL YES NO
writeAllPrjs YES NO NO
writePrj NULL YES NO
writeEvent NULL NULL YES
deleted YES NO NO
List of priorities: readAllPrjs writeAllPrjs deleted
readPrj writePrj
readOthersPrjs writeEvent

Explications:
readAllPrjs

readPrj

readOthersPrjs
readPrjLessEvtEvalAnalyse
writeAllPrjs

writePrj

writeEvent
deleted

readPrjLessEvtEvalAnalyse

Read all in projects

Read all in projects where he
is project leader

Read all except Eval and
Analysis of other projects
Read all except Eval and
Analysis in projects where he
participates

Write all in all projects

Write all in projects where he
is project leader

Write event where he
participates

Supress all in all projects

Figure 84: Permissions for the use of CoCa
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Appendix D — complete PAT

PAT
Ederena Concept
[ code and Ind of the model |
Customer Project
Aoc + Ind Aoc End
Order Order End
Project manager Statut
AOC | Order Responsible Lead time | Lead time Del
State state P expected done GEy
Technical
101 specifications of
the Needs (TSN)
102| Clause by Amde;ﬁ;Charter
10 Contract E LRSS Contract
Definition Logistical
104 N
I~ | specifications
105 Quality
specifications
106/ List of contractual documents
107| Schedulling for the study
108 Schedulling of the
201 Audit AMDEC
202 Quality plan
203 Control plan
204 Control form for entry
205 Control form for
20 Quality 206/ First Article Internal
207{ Inspection Customer
208| Audit of processes by the
209 Approval of suppliers by
210/ List of Articles and suppliers
211| providing of standards for
301 references of hte product in
302 Fonctional analysis
303| Technical Specification of the
304 Risks and conseguences
305 Calculous note
306 Conceptual
I plans
307 Global plans
2 Design and 308 Product |Sub-global plans
development 309 Detailed plans
Manufacturing
310 list (ERP)
311 Prototype for review
312 Mass balance
313 List of the mass of no-metalic
314|Review of intermediary design
315 Design validation
316 Quality requierement
317 Purchase specifications
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318 List
319 Conceptual
. plans
1320 Global plans
321 Tools Sub-global plans
| 322] Detailed plans
Manufacturing
323 list (ERP)
Design and 324 Study on manufacturing
20 development 325 Assembly
[~ Technical >
320 instructions T
327 Handling
| 328 Packaging Definition
329 Validation
330 Check-list of logistical
331]|Review for manufacturing kick
332 Produit validation
333| Review of the first assembly
334 Chart of configuration
201 Test of type
| program
402 Tests of Test of type
|| type procedure
40| Experimentations 403 Test of type
report
404| Norms for fire, smoke and
405 Fire report
406 Mass report
501 Procedure description
502| Procedure qualification for
50 e 503 Progedyre qualification for
504 | Description of new procedure
505 Operator gualification
506| Security form for dangerous
601| Configuration management
602| Consequence on teh product
603 State of the stoks
o 604 Upgrade
60 Modification 605 Application domain
606 Process of modification
607/ Tracability of the modification
608 Customer validation
701 Review 1
702 Review 2
703 Review 3
704 Review 4
. 705 Review 5
0 Review 706 Review 6
707 Review 7
708 Review 8
709 Review 9
710 Review 10

Figure 85: Complete PAT
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Appendix E - Workflows “Change request”,
“Change notice”, “Change activities”

Change Request Work{low:

Fichier Processus 7

K33 S|

‘Emplacement:

il
= b & b
|- Change Request - Fast Track Set State Implementation

Create Change Notise
Début 2 & ;
/ \g e
o =]
B ¢
o

- Caneelled
sk Change Request Approwed A B et
So Fast_Track = ou '
Submit Change RequiSubmit Now

z Resohed
s Clarity V\\H T

@

» &

Set PRAuthomch on Changs Notice Completionset FRAuthars
j7 J, s Approve ‘ i
Slatte Ny - L
" = . Full_Track e
s ®» 5 b = J
- <
Sst Stete UndarRevisw OU Sef Submit Datehnshza Changs Request Schedule CRB Review i Change Request Cancelied
e T “Clarify _"_\ Reject =
_ Reassign \Z\ P
st

w L g L
& — 83— D 4—F

Wodity Rolemge Request Reassignedl

Change Request Resolved

, L
B |

Elarify Set PRAuthols  Set PRAuthoms |
! Set State
! <+

Lo B i I

= hange Request Re eieiil;—_—? ECRB?"‘ - b - 4 [E

= Force PRsto Completion  Fin
Change Reguest Rejected by Change Admin |

Set State Resolved

Figure 86: Change request workflow
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Figure 87: Change notice workflow
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BB )
Eewak Change Motice Task
LA
.-"f o
T
Set State Implementation™-__
Mﬂ“‘*-—_ﬁﬁ Complete
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Complete Change Motice Task Set State Under Rewview Fin

Figure 88: Change activities workflow
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