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ABSTRACT

Design co-ordination implies task management, sdivegl planning, and resource management.
Human factors have a major influence on these poirtus analysing collaborative practices used in
the product development process can bring usefpidwements in co-ordinating the design process.
Our final research goal is to help project manadgetbleir co-ordination tasks by taking into accoun
the impact of collaboration on the design procédse scope of this paper is restricted to the
improvements in design processes implemented throB®M (Product Data Management)
workflows. We first propose an integrated methoddohon the use of a tool called CoCa which
enables tracking of collaborative events in degigjects. This method includes the analysis of the
events recorded and the identification of detadledign sub-processes that specify flexible workflow
for PDM systems. A case study carried out in a SMiEtrates the method.

Keywords: Collaboration, design process managentt) systems, workflows

1 INTRODUCTION

In the worldwide competition between companies, degelopment of new products has become a
challenge where innovation and coordination of glegbrocesses are two main keys for success,
especially in SMEs [1]. Design projects dependhanability to co-ordinate the design process and to
control the collaboration between the numerousragbarticipating in such projects: e.g. designers,
experts from different disciplines and with diffeteexperiences or external partners. Co-ordination
and control of engineering design are part of da@l@pproach to the development of new products
which implies the need to identify the differertusitions occurring during the design process.

Many studies have tried to identify the best prasiand strategies developed by enterprises [2b[3]
improve the development of new products taking extoount environmental challenges, market and
customer characteristics, marketing process, ptodharacteristics, new product development
process, organizational characteristics and cotpanature, learning practices, and performance.

A project manager now has a wide range of criteriarder to control all aspects of a project sush a
the product development steps, objectives andtegdakks and scheduling, resources, expert skills,
actors’ network, levels of interest, collaboratigeidelines, and heterogeneous collective and
individual objectives. On the one hand [4] sugdhat task management, scheduling, planning, and
resource management are the most important isshes W comes to operational coordination.
Clearly, a project manager intends to apply thesgeets to control the design process. On the other
hand, collaboration between designers [5] [6] affibie possibility of sharing specialist knowledgd a
capabilities. For the project manager, anticipatinfiaboration is difficult to take into accounttime
every day life of a project. The main problem iattbf proposing to design actors the best context a
possible (e.g. objectives, information, resour¢esls, methods) in order to foster collaboratioatth
will facilitate reaching project objectives. So bsing collaborative practices used in the product
development process can bring useful improvememtsd-ordinating the design process.

Our final research goal is to help project managetkeir co-ordination tasks to take into accotlnet
impact of collaboration onto the design processe Htope of this paper is restricted to the
improvements that collaboration analysis can btm&DM workflow modelling in the context of an
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SME flexible design process. In a first sectionocdination and collaboration are discussed and
correlated to PDM systems implementation. Sectiam proposes a method then a tool for analysing
collaboration and applying the results for PDM sys$ implementation. Finally in third section
examples from an SME case study illustrate the ggalbefore a general discussion.

2 IMPROVING THE CONTROL OF DESIGN PROCESSES

2.1 Co-ordination and collaboration in SME

In design project management, progress control hef design process can be defined as the
understanding of existing design situations in pitdeevaluate them and to take decisions that will
modify and improve the future process, according design objectives given by customer
specifications or issued from the company stratéfg. control problem here is a problem of decision-
making to support designers in their activities {T]order for them to achieve an objective in a
specific context (Figure 1). Each design activig Hinput” and “output” information. Actors use the
“input” in order to produce the “output”, to ach&their activity and have “supports” namely: human
and material resources and knowledge to help thetheir work.

;Objectives
[ CONTROL ]

Decision -Making Understanding

Design Activit
INPUT | °%¢ Y o
Products description:
Drawings
Manufacturing and
usage instructions

Needs,
Requirements |
Constraints

Engineering Working tools, Knowledge and
designers Materials know-how

resources
N e /

SUPPORTS

Figure 1. Control of design activities

For decision-making, project managers need to ifjeaffective action levers which will influence
collaboration thus increasing design performancetedver the situation in SMEs is very different to
that in a large company, because in an SME eaghqgprig different and requires a specific study for
each customer’s specifications. Most of the tintes $mall structure of the SME does not ensure
project management in a routine way and leads mbawe various responsibilities. Indeed there are
not enough actors to fulfil each design role, sathed them have various design roles in a project.
Consequently the role of informal relationshipsésy important in an SME in order that actors may
help each other without rigid formalities. Thuse tbombination of various responsibilities and the
informal relationships lead to a high level of wlodd because informal tasks are added to the alffici
ones. It is also a specific point into SMEs thairttproject structures have a rigid formalisatidn o
their processes at a macro level and a very flexiloin-formalisation of the detailed processes which
allows informal relationships into the project.

In this context, the project manager coordinatégufie 1) by formalising design decisions related to
project management (translating customers requimsméto a project team with its internal
organisation [8], its schedule and deliverableg] @s performance indicators) then by making a
periodical control of the project progress befdosing the loop by taking new decisions.

2.2 Design processes management through PDM systems implementation

PDM systems are intended to support the structuaimg) the management of product data and by
extension the control of the product developmentess all along the product lifecycle. As they are
now implemented in most of big companies and ataadly introduced in SMEs, we consider that
they are becoming a way of formalising standardgeprocesses. Such formalisation is no more
stored into a quality document but is really apply designers through a generic tool.
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PDM systems manage information through documentagement and especially product data
evolution using predefined workflows [9]. As an exsion, PLM (Product Lifecycle Management)
systems introduce project management functionslji®]. Workflow techniques are used for defining
the ‘ideal’ process that will manage the life olacument or to define a project scheduling. It is
generally said that workflow are predefined andeffio flexibility to the design process. This
limitation is often dependant on the implementatdmworkflow techniques made by editors, as well
as on the restriction to only one generic proceadanby the company business experts, and not on the
workflow techniques by themselves.

In [11], a methodology for PDM implementation inBMEs was proposed and experimented. This
method is composed of three main phases: an “Aisédlphase dedicated to the study of the existing
product development process; a “Specification” phdadicated to the definition of the future product
development process; and finally the “Implementdtiohase leading to the operational system.

The “Analysis” phase is composed of:

. Definition of the existing organisational structidepartments, roles, internal links).
. Definition of the existing design process includprgject management and design tasks.
. Identification and characterisation of the inforioatflows.

After having applied the first phase, the differstéps of the “Specification” phase can be desdribe

as:

. Definition of the future organisational structurfelee company: departments, peoples’
functional roles, and then the roles of future cojnembers and their relationships for future
collaboration.

. Definition of the new global product developmenigess.
. Definition of the informational flow with all docuemts used.
. Definition of the product development process ataae detailed level with practical guidelines

in order to fulfil each task. These guidelinesmaginly defined by iterations.
The experience of PDM implementation into seve@hpanies shows that most of the time the
studied design process is formalised at a globadl len both “analysis” and “Specification” phases.
“Global level” means that the structure of the podj(phases and milestones) is defined and
decomposed at each level of the organisationattsires (departments, teams), but not inside teams a
an individual level. Design actors have full autoryto defined design tasks corresponding to the
objectives that they have to reach at their level.
Another limitation identified through experiencetigat the management of documents is not really
correlated to the project progress. This is du@@M limitations: documents evolution is managed
through specific workflows and project progressnanaged through a tasks’ scheduling. These two
functionalities are not correlated and the proje@nager can only control ‘a posteriori’ that a
deliverable is available or not.
So by analysing collaboration, the formalisatiordefailed and flexible workflows into PDM systems
should help in improving the co-ordination of desjgroject by a project manager, i.e. the definition
of tasks at an individual level as well as an inwagbcontrol of documents life cycle. Next sectiait w
introduce both model and tool developed for anatysiollaboration and show how the related method
can be integrated with the PDM implementation metthagy.

3 FROM COLLABORATION ANALYSIS TO PDM IMPLEMENTATION

One of the difficulties for the project managetddake into account the collaboration into hisjgco
plan. In spite of various works on design collaltiora no generic rules and operational principles
have been defined to help a project manager irdaity work. However it is essential to clearly
understand what collaboration is, before definiegices to assist a project manager. The study and
the characterisation of the types of collaboratised in companies is an important issue for project
managers in anticipating design situations durirgjggts and defining the best form of collaboration
in accordance with the specific design context. Elav there is also a lack of devices to help the
project manager to analyse the collaborative presti

3.1 Collaboration analyses: a model for analysing ¢ ollaborative events

In [12] a model and a software tool have been prteskto track the collaboration between designers.
The model deals with the identification of the magttevant elements for the characterisation of the

ICED’07/301 3



collaborative situations in design. Collaborativiiaions are defined from a co-ordination point of
view, with scheduling, planning, formalisation, atite definition of milestones and activities.
Alternatively, they are also defined from a humelationship point of view with the persons who are
involved in the collaborative event, their skiltbeir motivation, and their form of communication.
Both points of view are considered to charactdtisgfactors of tracked collaborative events.

1

Figure 2. Class diagram of the model of collaboration
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The theoretical concepts are shown in figure 2. bdel is focused on the definition of collaborativ

events of the project. All events should be assediavith contexts in order to understand and aealys
the collaboration: both the global context of th®jgct and the local context of a collaborative
situation. Moreover, the model integrates differkintd of parameters by capturing quantitative data
such as time, activity type or problem solve asl|wved qualitative data such as quality of
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communication or interests of actors. These differeategories of information characterise the

collaborative events of a design project:

. - The ‘event’ class (from the ‘eventActivity’ clgsallows the capture of each collaborative
event - whether formal or informal by storing thesiz definition such as date, actor,
expectations of the event, outcomes or taken aewsiThe first level of description of an event
is its activity type (such as report, schedulirgjdation, milestone, co-design...) and its
achievement form (such as meeting, discussionpemi@erence, conflict resolution...) through
the ‘activitySubject’ and ‘subject’ classes.

. - The ‘context of the project’ class, with the maiformation to situate the actor’s tasks in the
global project work of the company. This classdsagiated to ‘customer’ class and ‘project’
class.

. - The characterization of the nature of the coltabion through ‘Collaborative criteria’ class

which details the different types of collaboratissed by actors in the event e.g. location, time,
schedule, methods...
Events stored may be scheduled tasks as well asheduled events in order to identify formalised
procedures but also real and flexible tasks sedgseata more detailed level. Events may not only be
‘linked’ in a temporal mode, but also with causaks or problem links. This information is geneyall
useful to identify shortcuts or alternatives in tiheditional process, then to analyse the paraeter
leading to these situations.
Results of the analysis of the collaborative evemts stored through the ‘analysis’ and ‘evaluation’
classes and more subjective information can bechaddecommunication between actors, motivation,
and usefulness of the event... Sometimes it is udefuthe analysis to group several events by
creating a global activity (through the sub-claastivity’) in order to have an evaluation of their
impact. By this way it is possible to rebuild aalktd ‘process’ from different but correlated event

3.1 CoCa: a tool for analysing collaborative events

To support the traceability of the events, themrelsterisation and the context of the project, aeeh
implemented a tool nhamed CoCa (an acronym for Gotktion Capture) in order to implement the
proposed model and to help managers to analysaboolitive situations occurring in projects.

AGVT Starting: Feb 07, 2006
Context of the project Version 15
Context created:
Clisht — Project impact Jun 15, EDDE,
Srmall T Important  Status Ended |v|
Project Leader Filipe Etchiart | History
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Francoiz Danglade Quality GQuality = @ —
Fred Laudouard Tests Design Engineer == | Delete actor |

Contest prezentation

3 demands form the customer: bonnet, pentographe, acrotere. =|
The prototype is named Pegase, and will be achieve for the end of 2006. The serie is
named AGYT and will begin for the beginning of 2007 The offer must be given for the
ehuary 27th 2006 2

Mame event Drate Type Link Authar
Meed definition Feh 06, 2006 Meeting Problemn, Causality  |Guillaume Pol -
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Tools design Feh 15, 2006 Meeting Guillaume Pol
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IWisittol | Feh 21, 2006 Businnes visits Guillaume Pal
|Braicct meanr h Mar 00 2006 Cuillame Bl iz
L History all events ‘ Open event ” Add Frent | | Drelete Event | 7

| Modify project | | Bave ‘ | Cancel |

Figure 3. Project context form with the list of events
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The CoCa tool has been developed to allow anabystdesign process to apply the collaboration
model. Analysts, either researchers or project manar experts, are able to store information about
collaborative events. Generally they begin with teinition of the project and its global context.
This context ensures the capture of the main pammef the project in order to facilitate the
interpretation of the various collaborative pragsi@ccurring. Information about actors, customed, a
any other data like the impact of the project ia $itrategy of the company, or any text field tonef
the description of the context of the project auelided.

Figure 3 shows the list of the events occurring firoject together with the links between them.

3.2 Integrating collaboration analyses and PDM impl  ementation

The following method has been proposed to achiestalioration analyses and to propose

improvements for design co-ordination. It is congmbsf three steps:

. Capturing data about collaborative events and theifuation using the CoCa tool. This step is
managed by analysts that are involved in desigjegi®in order to store each collaborative
event. They have to characterise and evaluateoitder to facilitate future analyses.

. Analysing captured data to identify problems orgilale improvements and to establish links
between events. In this step analysts have tolettalorrelations between events in order to
identify problems or good results. One of the expacesult is the identification of task
sequences corresponding to the resolution of dgaobf an inadequate process for a given
design situation, or to the formalisation of anqdee process for another given design
situation.

. Identifying best practices through good activitissuences for example.

Through the achieved experiments, we have defihegetkinds of improvements for design co-

ordination:

. Improvements on the processes, resulting fromdéatified best practices.

. Improvements on the human factor management sudbtasing roles, modifying teams,
managing skills with a long term vision...

. Improvements on the used tools, software as wejuidelines, procedures, or standard
datasheets.

Such improvements can be correlated to previous RDplementation methodology. Defining more
detailed processes must be introduced when spegifyew design processes and information flows.
Human aspects influence the specifications of &utnganisational structure. Finally improving used
tools has an impact on software to be integrated RDM system and on documents management.
So we propose to capture data for collaborationyaisaas a complementary work of the “analysis”
phase, then to introduce the results of this methdaelp formalising the specifications of the PDM
implementation methodology, as shown in figure 4.

In’fzo)(nj;nar;%n Organisational Info’;‘rfl\;vtion
Analvsis Phase System PDM Specification b S’guctuDre, PDM Implementation |~ gystem
| y > Phase roduct Data, Phase

Information
Flows, Project
Structuring

Collaboration based
Method for Improving
Coordination

Improved
Organisational
Structure, Processes
and Information Flows

Existing design
collaboration ——»
mechanisms

Figure 4. Method for improving PDM implementation through collaboration analysis

As a consequence, this integrated method allowsskablishment of links between the analyses of
collaborative practices and the formalisation ofencomplex and flexible workflows.

In the next section we introduce the industriakcstsidy, before detailing an example of the ush®f
CoCa tool and the analysis that can be done witr improving PDM implementation methodology.
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4 CASE STUDY

4.1 Context of the case study

The industrial case study has been achieved in B ®Nch, some years ago, developed a new means
of manufacturing structures using honeycomb subrabkes. This innovation confers lightness and
significant vibration absorption on products whilsaintaining similar rigidity to steel. The company
has captured several markets with products manurattusing its technology and consequently the
number of employees grew from 4 to 40 over 10 ye@xer this period the organisational structure
and internal processes have not been formally edvi§he study carried out was aimed at the
improvement of design processes and then alsoedatbtotyping of a PDM system in order to
evaluate the interest for the company [13].

Our method of experimentation was based on a decimical approach [14]. Our role was to
participate in a company workgroup and thus intoedan external point of view. In this context,
problems of organisation, project management anatioaships with suppliers, customers, and
subcontractors come into play. We have first suidied analysed the company’'s design and
industrialisation department. Then we have fornealisa new organisational structure, the processes
of development of new products, and the manageofarthnical information and of product data.
After this first phase we have focused our work tba study of collaboration and relationships
between actors and on the design project co-oidmdl5] [11]. This phase is the way to test and
validate the proposed method. Some results ofriblysed projects are now presented.

In the industrial case study, the CoCa tool wasl esdollow different projects. After six monthgur
different projects have been deeply analysed anek tian one hundred collaborative events have
been stored. The chosen examples come from the A@Wjéct. The customer is Company f&
global leader in power and rail infrastructure) wiemands a quotation to manufacture structural
elements of a railway transport engine. A prototigo@eeded in a first phase for the end of 2006
before starting mass production in 2007.

4.2 Storing and analysing collaborative events

After having stored the context of the project, @ahsures the capture of detailed information about
the collaborative events and their context. Forngda in our case study, a specific collaborative
situation has been studied: the CND (Customer’sdNeefinition) process which corresponds to the
initial financial quotation of the design for thestomer. This financial quotation has to be defiaed
proposed to the customer before the technical stanie design.

This situation is representative of the variousm®rof collaboration achieved for the same generic
activity. By analysing this quotation activity thugh different projects we have found four different
ways of collaborating between involved actors. Irden to differentiate the corresponding
collaborative events we have introduced sever#hlgotative criteria into the CoCa tool [12].

These criteria are used to describe the form délootation used in the event, so we can, for exampl
know if actors work at the same time or not, in shee place, if the event was planned, prescribed o
formalised, if actors used specific tools, or imfiation resources to do their work. Other parameters
are recorded concerning the collaborative evertt siscthe type of activities done during the event,
the evaluation of the form of collaboration usedorad-hoc analysis of the collaboration.

The evaluation of collaborative events by the astaflepends on the context of the project. For this
reason, CoCa manages multiple versions of the gir@entext in order to have a history of the
modifications done to it and to the event list dgrthe project. For each version of the projectexn

a comment field allows the recording of an explemmaas to why modifications have been made.

For the analyst the main issue is to find a goadEmformation in order to analyse the collabomat
practices used in the company and to improve hiscsts. The aim is to take into account the
character of collaboration between actors in otddioster flexibility within the design process [16
and to bring the company closer to a dynamic model.

Resulting from this analysis, several scenariosewaserved which represent different forms of
collaboration in carrying out this first activity:

. 1st scenario: free collaboration:

! The name of the companies is hidden for configditireasons.
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The marketing department was in charge of an agtfeir which it did not have adequate skills.
Moreover the type of collaboration implemented dgrihis scenario is called "free" because only the
final objective was known: to carry out the teclhiquotation. The responsibilities and the
interconnection between actors had not been foretlin advance. The principal problem of this
scenario lies in the fact that the marketing depant does not have sufficient technical skill tdiesi

all the technical information. So, the technicapalément had to rebuild the customer’s file and to
contact them again in order to collect the corigftirmation and to carry out the technical quotatio

. 2nd scenario: asynchronous collaboration “forced”:

In order to force the collaboration between margtnd technical departments a document template
was defined where all the technical informationuiegg to carry out the technical quotation was
collected. The marketing person had to fill in thacument template and transmit it to the technical
department in order to make the quotation. Inc¢hise the main problem lies in filling in the docunine
template, indeed the document was often left indetapand thus some information was not
processed. This was because the marketing perdomotlihave the necessary skills to adapt to each
new quotation that asked for technical and spedifformation about the product, or about the
customer. The template is only a good responsea fautine quotation where the information to be
collected is always the same. This form of collation “forced” by standardization is more
applicable to routine activities where informatiexchanged and the interconnections between actors
are well established.

. 3rd scenario: synchronous collaboration “forced”:

The project leader proposed that the technicaloperesponsible went to the customer with the
marketing person to collect all information necegda carry out the technical quotation. Thus iswa
decided that the type of collaboration should clearmgnd we moved from asynchronous and "“forced"
collaboration by standardization to "forced" bunayronous collaboration. However, this form of
collaboration was too constraining.

. Last scenario: encouraged collaboration:

This scenario is a compromise between free colltwor and forced collaboration. A first visit toeth
customer was made by the responsible marketingpperi®ne in order to quotation the feasibility of
the product on at the marketing level, and theiit, wias necessary, the responsible technical person
had a meeting with the customer to collect all thehnical information necessary to carry out the
technical quotation. The meeting could have begmysical one or by phone; with or without the
marketing person according to the complexity of ¢hse. In this scenario the technical department
had the responsibility of finding the informatioeagssary to carry out the quotation with a formal
coordination by mutual agreement with the marketiagartment.

These four scenarios can be formalised and re-tsexpecify the detailed design process of the
guotation phase.

4.3 PDM workflow improvements

Following example illustrates the consequencesreVipus analysis on the project management: the

introduction of flexibility and detailed implemetitan of design processes.

Before applying the proposed methodology, the CNigudhent was managed by the marketing

person who builds the document in collaboratiorhviiie customer. Indeed this phase defines the

product specifications from the need expressedéygtistomer. First activities of this phase were:

. The definition by the marketing person of the CNizwiment with the customer.

. The validation of the document.

. The notification to the technical department tihat document is complete and that a designer
has to make the quotation.

A corresponding workflow for managing CND documdifeé cycle was first proposed for PDM

implementation (Figure 7).

ml—{e|l——[al e[

tar keting definition State walidated Motification

Figure 7. Initial CND process
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The analysis of this initial situation through selgrojects allows identifying various problems:

. The description of the CND process is too globa do not incorporate details and flexibility.
. Only the marketing person is involved in the vdiioia of the document.
. The marketing person does not have the necessaalydetechnical skill for all customers, and

furthermore he does not have enough time to carrplbthe CND process.
. Problem of customer data management appears bethesechnical and marketing
department.

With the analysis of the collaboration with the @otdol, the analyst can define new guidelines and
more detailed processes. As the ‘good design psesésire defined through a deep study of real
events occurring during a project, their level odrgilarity is more accurate than generic processes
defined after the interviews of some experts andagars. By this way the added-value of the analyst
is then to integrate the adequate ‘good designgss®s’ into the generic ones. To do so, he may
define nodes of flexibility where the future corttex the project will allow choosing between severa
possible sequences. Flexible workflow is here akflmw formalised as a graph with nodes, sub-
processes and opened tasks allowing new tasksarrebtnamically. In this way, the CND process is
updated with an increased level of granularity Has®ethe guidelines from the collaboration analysis
Consequently a new workflow is proposed to be imalisted into the PDM system. In Figure 8 the
marketing person evaluates the needs of the custbmean:
. reject directly if the customer needs are not apgated for the company,
. make a visit to the customer alone (task ‘Custovigt Marketing”) before sending the
document to the designer or with a designer (tas&tbmer visit 2') in order to make a deeper
evaluation of the need,
. directly define the document and send it to theghes.
Afterwards the CND document can be rejected attang by a combined validation between the
marketing person and designers. If not, the CNDudwmnt transfers to the status of ‘study’ ready to
be defined by a designer. The CND can be validdiegttly if the necessary information for the
specifications is available or rejected directhythwinformation to the marketing department and a
notification to the customer, if the need of thstomer is not in accordance with the company know-
how. Nevertheless, an extra visit can be planndihish the collect of information in order to fgti
the CND definition. After a combined study and #ation (between the marketing and the technical
department) the CND is validated.

| reject
I, s
@ 3 --..____I\ralidate ,l"‘/ E |E
Custorner wisit hMateting ——__ = 77 Gtate rejected
5 T s :--?
T G
State Study ——ie . &=
b ___.--""'.. a-'f". ) p
| wizit Customer e \‘—_ Haotification
e "\ | reject 7
e b — hiadeting infa
_ | validate CHE e J_.-»"f | validate i
- — S e - o
| visit customer alone | reject
Marketing svaluation 1 State Study Dezign evaluation S State Walidated
| | CE
i | wisit cust ith hdareti | validate’
i lesigner HER st el S Customer visit designer i
B A
w o b i -
| need ad hoc activity
& iy p

Customer vizsit 2 Combined walidation Ad hoe

State Study

Figure 8. Final CND process

In this last case, an ad hoc activity is introdudedhe process just after the node of decision
‘combined validation’ and the state ‘validation’h& previous tasks are indispensable but not
necessary sufficient, and then an ad hoc actisigdided in this place to give the opportunity td ad
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extra activity just before the validation. This ladc activity will be defined dynamically during the
workflow execution and allows coordinating actiegi not already defined at the beginning of the
project.

There are multiple benefits of this new CND procésestly the process becomes more detailed and
flexible than the previous process: new tasks asated, some of them are nodes of flexibility by
proposing the choice of the following sequence ddp® on the design situation, and ad hoc tasks
can be added dynamically for non predefined sibmati Then, the problem of technical skill of the
marketing person is reduced thanks to the involvenoé the technical department earlier in the
process. And finally, the workload of the marketperson is improved with the non-systematic visit
to the customer because it depends of the spadifiation incoming.

5 SYNTHESIS AND DISCUSSION

The re-organisational structure and process reneegng for design co-ordination demonstrates the
importance to structure projects in processes amiainage the product data. In this situation the ma
issue is to retain enough flexibility in order ttoa actors to keep the necessary amount of freetom
collaborate.

On the methodological aspect:

When a problem of collaboration between actors app@ a design event, the project manager is
interested in analysing this event in order to usided what was wrong and what could be improved.
This will orient the decision to take, improve @ject a collaborative practice that has occurred in
projects.

The combination of different types of informatidioas identifying different kind of results by:

. establishing links between several events;

. establishing correlation between several paramefatiferent types between several events.
The resulting analyses have a great impact onrthjeqt manager co-ordination tasks, here are some
examples:

. guidelines can be defined to help him when selgdisigners with an approach based on
skills, defining required tasks, scheduling tasits;
. role of the project manager or company managerdoeanforced or decreased depending on

the context of a project to enhance prescriptiskdar collaboration;
. formalisation of design process can be improvedraock detailed by adding extra tasks, for
example through the quality documents of the compan
. flexibility can be added in the process by intradgmodes for choosing best sequences of
tasks.
The level of granularity of the events is also atlrodological problem that we had to solve. We
decided to track events at their more detailedlJev® basic events. But when analysing it can be
more difficult to navigate between events and tweha global view of the different phases. The
possibility of indicating the level of granularignd to group sequences of events in a higher level
activity should help the analyst.

On the use of the CoCa tool:

For the moment, this tool is in an alpha versiod has been experimented with during a study in our
SME partner. The main difficulty is the acceptantehe analyst by designers. Here the fact that we
know the people in the company as a consequencearier interventions is a key to success.
Nevertheless designers have generally a large anedwmork and their motivation depends strongly
on the position of their hierarchy: sometimes wd @ explain again and convince people because
some messages from heads of departments were raistoat.

Of course the work of the analyst is not easy: \defined events such as meetings are much easier to
track than emerging events during a coffee breaktilids challenge brings the richest results.

The main limit of such a tool is the subjectivitl/ the observer. The actual architecture of the tool
does not allow us to combine multiple points ofwief the same event. Indeed two persons cannot
collect information on the same event in the saratlthse. However, the capture of different
interpretations and analyses would be interesting future version of the CoCa tool.
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These tests allow evaluating the level of assigtariche CoCa tool in the analysis of the collabvea
practice of the company and what kind of impactit have on the decisions of project managers.

On the evolution of the CoCa tool:

CoCa is limited to collaborative events, but formlgsing problem origins or good practices, non-
collaborative events can bring interesting inforiorat So capturing all events of a project is a way
improve the methodology of analysing collaborafioncoordination.

A graphical tool for analysing sequences of evantsexploring links should be useful for the analys
So the tool needs to provide a search by keywondsadtributes to find main text data. A graphical
visualisation of information will be implemented t@present and compare various forms of
collaboration with common criteria.

On PDM specification and implementation:

Improved workflow has been proposed with a certairel of flexibility. Nevertheless, the level of
flexibility is still limited, because all added t@sand nodes of flexibility are themselves preudi
Thus, the process becomes more flexible but ifiabe of the important vagaries of design the preces
is not immediately reactive. Indeed the actors hawsait for a routing point (a node of flexibil)tyo
have the advantage of this flexibility and to takelecision. The reaction cannot be taken instantly
after the emergence of the vagary. The ad hocitesiare also defined in specific locations during
the process and they can not be defined afterfordoeach task or node: resulting workflow would be
too heavy for designers.

This solution based on detailed processes withirttreduction of some flexibility is a part of the
solution. From the results of the case study, sturther areas need to be addressed, for example:
actors and skills management, triggering eventsl, @aso the ability to re-use and build on the
planned/realised/modified process. The implemeaadif the task concept is not satisfactory: itas n
clear how input and output information may be defirother than through deliverables and the
decisional elements cannot easily be formalise@. ioposed attributes of process elements, tasks or
milestones do not exist given the inadequate gtatas of the concept of implementation.

Thus the next objective will be to manage projécteeal time with a flexibility which is continuous
and evolves dynamically.

6 CONCLUSION

This paper deals with the results on the analyseolblaboration in order to improve the coordinatio

of projects. The coordination is supported by themflisation of organisational structure of the
company and process re-engineering. Product datgm@tess management tool are an extra support
to design coordination. Collaboration inputs thriodlge use of the CoCa tool allow the understanding
of factors influencing co-ordination and, in pamtar, to characterise detailed and flexible PDM
workflow. A method and a software tool for analgsollaboration and improving PDM specification
have been proposed. The presented case study demwessthe benefits of the analysis of the
collaboration on design process formalisation aadagement through PDM implementation.
Nevertheless the use of the CoCa tool and the a$sdanethod is based on a six months study with
one SME. Other projects with other companies aszleé to validate the approach as a generic one.
Moreover only document workflow has been studied &rure work will also study how PDM
project management can be improved and especiallygdroject task sequences can be correlated to
document workflow in order to have a multi-levehtol of design processes.
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