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Abstract

An important trend in New Product Development Retge(NPDP) is to extend the
involvement of suppliers in order to enlarge thepgcof the firms’ competencies. Thus, the
focal firms in this activity of network design exgss a need for methods and tools in order to
effectively manage these particular relations whiah call in a generic wagollaborative
design This paper is the first step of an on going regeaiming at describing the issue of
supplier performance evaluation in this specifinteat. The model presented in this paper
was built with the collaboration of six French isthial manufacturers, partners of the
PRAXIS research project (Performance in Relatiggshdapted to eXtended Innovation
with Supplier).

Keywords:NPDP, collaborative design, supplier performancaueation.

Educator & practitioner summary

For practitioners we present an operational modelthie measurement of supplier's
performance in collaborative design. This model aiso inspired by 6 case studies
representing various industrial contexts. For etlusahis article provides empirical materials
on the up-to-date subject of supplier involvemerniPDP.

1. Introduction

Today, in numerous industrial sectors, the comigetitontext can be characterised by two
antagonistic phenomena. On the one hand, the caityptd the products is increasing,due to
an integration of various technologies during thedpct’'s development phases. On the other
hand, the companies are concentrating on their competencies which induces an
acceleration of thempartition policies (Barreyre, 1988) where the firms decaehoose the
contracting-out solution rather than the in-house.dVe can observe that this decision is not
limited to production activities. When the firmsntiact out, they often decide to transfer the
responsibility for the design and the engineerintjvdies of the outsourced component to
suppliers too. These two phenomena emphasize tpertamce of what Van Weele (2003)
calls Supply Resources Management and particufarlythe purchasing agents, they must
mobilise external capabilities in the New Produ@vBlopment Projects (NPDP). As Dyer
and Singh (1998), we thought that the message @by the Resource-Based VigiRBV)
of the firm (Barney, 1992; Wernerfelt, 1984) musblege into a newelational viewof the
performance of the firm. Indeed, in many sectosstha potential of innovation is beyond the



strict boundaries of the customer’s company, orga®fprincipal ways to reach a competitive
advantage is to generateedational rent(Dyer and Singh, 1998) due to the joint idiosyticra
contribution of the partners. That's why the sugdi are obliged to develop pro-active
strategies in order to becomepeeferred partner for their customers in their NPDP. The
customers have to develop a specific know-how rmseof supplier involvement in such
projects. So interaction in NPDP is surely the motresting arena to study thelational
rent constitutionin vivo.

For the Purchasing point of view, supplier selectamd supplier performance evaluation
processes are two crucial managerial issues toectieiarelational rentin NPDP. Indeed, the
customer firms have (a) to evaluate not only thepBer's capability to answer their
requirements in terms of costs, quality and dejivmrt also in terms of ability to collaborate
on the design activity and to provide the needetirtelogical competencies. Furthermore,
once the supplier is involved in a specific projebey wonder (b) how to measure the real
contribution of the supplier with tangible and attjee performance criteria.

The study of both these processes is one of the guails of the PRAXIS research project
developed within the French Cluster "Arve Industfitaute Savoie Mont Blarlc"

In this article, we focus on the evaluation of gwpplier's performance in collaborative
design. Our objective is to provide a generic marfedupplier performance evaluation that
takes into account the various situations of calfabve design with suppliers.

Section 2 is devoted to the definition of the scage collaborative design and a
presentation of the state of the art on suppliaitation in NPDP. The research methodology
is presented in section 3. Section 4 focuses orptbsentation of the model of suppliers’
performance evaluation in collaborative design.

2. State of art on supplier evaluation in collaborati\e design.

2.1. Collaborative Design in NPD: What does it mean?

The supplier performance evaluation model presetetthis paper is dedicated to the
different collaborative design situations that acbetween a customer and its suppliers in
NPDP. Thus, in this section, we present what wemntgacollaborative design in NPDP. For
that, we use th&upplier Involvement Portfolideveloped by Calvi and Le Dain (2003) that
allows the identification of the different situat® of supplier involvement in NPDP (Figure
la). The authors have enriched the model develbgatfynstra and Ten Pierick (2000) and
characterized five situations of supplier involveméased on a two-dimensional matrix.
These dimensions are: (1) the degree of autonoramten to the supplier in the product
development process, and (2) the collaborative Idpugent risk linked to the outsourced
component. In their matrix the degree of autonomw i5 scale model function of (a) the
supplier's know-how deployed in the NPD process (dfsa and Ten Pierick, 2000; Clark
and Fujimoto, 1991), (b) the role played by the phigp and the customer in product
development (Kamath and Liker, 1994) and (c) theppetary nature of the produced
knowledge technology and drawings (Bidault et #098; Fujimoto, 199%) The second
dimension is determined from six combinatory tymdésproduct development risks. This
evaluation allows the identification of the domihaisks within the product development
project and by doing so the definition of any measuequired to control theses risks
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Figure 1. (a) Supplier Involvement Portfolio (Calvi and Le Dain, 2003) - (b) Both exclusive
natures of collaboration with suppliers in NPD

The authors defined five types of customer/supphgolvement in collaborative NPDP
associated with different combinations of the twewvpusly identified dimensions.

When the level of autonomy of the supplier is Idewéls O to 1 on the vertical axis), the
relations are generally describedvalite boxby Monczka and Trent (1997). In this case,
Calvi and Le Dain (2003) defined two types of nelas according to the level of development
risk associated to the projettaditional subcontractingcharacterised by a low development
risk andco-ordinated developmerdharacterised by a higlystemic and timeline riska both
these situationsthe outsourced products are mainly simple partspse design remains
internalised. But with @o-ordinated developmentiue to the nature of the development risk,
the product design activity performed by the cusiband the process design activity realized
by the supplier must be coordinated to obtain @ffecproduct/process integration in the
building of the final product solution.

If the autonomy of the supplier is highlgck boy, the results of the exploratory survey
carried out by the authors invite us to distinguisio types of relationships, in accordance
with the risk related to the development of theedated product: thdelegated development
(levels 2b to 4 on the vertical axis) asttategic co-desigrimainly level 4 on the vertical
axis). In both cases, the supplier carries outcthrecept design and the development of the
outsourced component. But sirategic co-designthe high level of risk requires a great
amount of communication with the supplier in orderclarify needs and to monitor the
evolution occurring throughout the project.

Lastly, the authors qualify asitical co-design(levels 2a to 3 on the vertical axis and risk
greater than 50% on the horizontal axis) the sdnatvhere neither the customer nor the
supplier possesses the knowledge and the abilitptapletely execute the product design in
house. The greater the development risks, the nimecustomer will try to promote and
manage the collaboration between both its own dadsupplier's project teams. This
reasoning thereby explains the triangular natutb@®ftonceptual matrix that we proposed.

This typology is focused on the content of the sieppnvolvement situations through the
design capability of each partner and the natur¢hefdominant risks. In analysing how
customers involve their suppliers in design proces=veral authors (Bonnaccorsi and
Lipparini, 1994; Twigg, 1997; Handfield et al., ®)%have identified the timing of supplier
involvement in the product development process #&srtaer-important dimension. Indeed
Twigg (1997, p9) highlighted that: “An importanteatent of outsourcing design and
development to suppliers is to understand the obraed the timing of their participation”.
(Hartley et al., 1999) stressed that suppliers kshbe involved at an early stage of the NPDP,
others have pointed out that the timing of involesindepends on the intrinsic characteristics
of the relationship (Kamath and Liker, 1994; Wyasand Ten Pierick, 2000). We hold the



view that there is a close link between the extémihe supplier's know-how and the timing of
his involvement in NPD.

Thus, we propose to extend the previ@upplier Involvement Portfolito incorporate the
interaction between design and/or manufacturingwkhow of suppliers and timing of
supplier involvement. For that, according to thetical axis of theSupplier Involvement
Portfolio, we distinguish two exclusive kinds of collabooati with suppliers in NPD
(Figure 1b):
= Collaborative design composed ofdelegated developmenstrategic co-designand

critical co-design situations,
= Collaborative developmentomposed oftraditional subcontractingand co-ordinated

development situations.

Both these collaborations are exclusive becauseoteglayed by the supplier in customer
design activities is radically different as desedbbelow. Figure 2 illustrates a simplified
view of both collaborations through the variougyssof a product development process.

Main

Stage-gates
GO /NO GO INDUSTRIALISATION CLOSE
Marketing Industrialisation &
Strategy Concept Feasibility \ Product and Product/Process Industrial Launching
Research & Concept Design Process Design Validation
1 1
(] ]
Collaborative Design with Supppliers
Collaborative Development with Supppliers
. - Mock-up - Prototype Fully tested Qualitative
Mal_n — 8 product and @ wrap-up
Deliverables Profitability manufacturing

— studies process
Figure 2: Collaborative Design versus Collaborative Development with Suppliers

- Collaborative Developmemith suppliers:In this case, all design activities are handled
by the customer but there is a joint developmentkwaith suppliers. The supplier may be
consulted at the design stage (stage 2 in Figyrac2prding to the need of the customer, to
provide his process and manufacturing know how vatfard to the dimension of the part, the
choice of raw material, etc. (level O to 1 on thextical axis, Figure 1). Nevertheless, the
major role of the supplier does not come into platil the industrialisation stage (stage 3 in
Figure 2). Dumas (1988) referred to these contoitsutas Silent designers” Thus, in
collaborative development with supplietie timing of the supplier's involvement refecs t
both the following issues: the stage where the lsmpplays an active role i.e. he is
responsible for the results of the industrialisatiand/or manufacturing process of the
supplied part, and the stage where the suppligislze role of ailent designer.e. he only
gives an informal input to permit his customer emduct its design activity. In practice, this
input often occurs earlier in the process thancthractual supplier involvement stage. For
example, a common situation ob-ordinated developmemxperimented by our industrial
partners concerns the relationship with their siepplof plastic injection moulding. The latter
have expertise on how a plastic part can be maturgat During thgroduct/process design
phase, they contribute to the customer’s desigrvigctby giving their tacit process
knowledge, but the drawings are still supplied iy ¢ustomer.

- Collaborative Design with supplierdn this case, the supplier has a real respoitgibil
within the design of the customer’s product. Indedte customer provides functional
requirements (performance, interface requiremesgace constraints,...), and the supplier
takes responsibility for the supplied item from tesign to the manufacturing ramp-up (level



2a to 4 on the vertical axis). A similar concepthe “drawing approved partsproposed by
Asanuma (1989) in his classification of outsourpads in the Japanese automotive industry.
The timing of supplier involvement depends on tleenplexity and the criticality of the
supplied item (Monczka et al., 2000): the supptieicomplex and critical items is already
integrated during the concept stagdrdtegic co-desigrand critical co-design, and the
supplier of simple and less critical items is notalved until the product and process design
stage delegated developménfThus, incollaborative design with suppliershe timing of
involvement essentially refers to the stage at whie supplier plays an active role in the

NPD process.

The focus of our research is to find how to evaiuhe expected results of the supplier in

collaborative design situations?

2.2. Suppliers’ evaluation in collaborative design: Frasaelection to performance point of

view

The supplier evaluation process is commonly clestaunder two headings (Le Dain,
2006): the supplier ability evaluation and the digopperformance evaluation. Within
collaborative designthe objective of both evaluations is the follogin
- The supplier ability evaluation aims at assesdggsupplier’s capability to innovate and
to co-design integrating his know-how and resourioés the NPDP implemented by the
customer. This evaluation is performadbr to the setting-up of the collaboration,

- The Supplier

Performance Evaluation (SPE),

perfdrmduring and after the

collaboration, aims at assessing the supplierlsc@aribution to a specific project.
A review of literature on both aspects of suppsievaluation is given in the two following

tables.

Takle 1

A chronological reviesy of the iterature on supplier ability evalustion

Authors Focus

Hature of the
study

Finding and conclusion

Ellrarm (19907 Developing additional factars
that shouldd be considered in
the selection of zupply

partners.

De Boer, an der
‘Wiegen and Telgen
[1995)

Proposing and illustrating a
decizion madel far zupplier
zelection that is bazed on the
outranking approach.
Studying supplier selection
and timing of supplier
invalvement

Preserting a review of
decizion methods for
supporting the supplier
zelection process.

Handfield, Ragatz,
Petersen and Maonczka
(1999)

De Boer, Labro and
Morlacchi (20011

Petroni and Panciral
(2002

Meazuring the impact of
technological and managerial
innovative capahilties on
critical performance factors
(2, @, D, flexikility) for
different type of supplier
Investigating the contribution
of 5 mutti-criteria decizion sid
methiod to supplier final
selection

Dulmin and Mininno
(2003)

Literature rewview: +
case study (8
purchasing
representants)

Literature review:
Conceptual +
applicative example

Survey

Literature rewview:

Survey (198
suppliers in the food
packaging
machinery industry
in northern taly)

Casze study (1 mid-
zized talian firm in
public road and rail
tranzportation
industry)

Longer term and more qualitstive factors (included in these categories:
Financial izsues, organizational cutture and strategy izsues, technology
izzues .. ) supplement the mare traditional factors in developing strategic
partnershigs with supplier.

There iz no zingle model that fits every stuation.

Outranking technigues may be a useful additional tool for the problem of
supplier zelection. Because (1] bath quartitative and qualitative criteria
can be accommadated ; (2] it enable to apply compensatary decizion
rules ; (31 it iz flexible

Idertification of zupplier zelection criteria and timing of supplier
integration depending on the kind of product that has to be developed
and an the technolagy rizks.

Most sttertion has =0 far been paid to the choice phase inthe supplier
zelection proceszs. The phazes prior to thiz choice phase (problem
definition, criteria farmulation and qualificstion) have received far les=z
attention from researchers in operations research ar purchasing and
SUpply.

The level of investment in technology and the acguisition of zpecific
managerial capabilties are, to a large extent, a determinant of
supplier—customer interdependence.

In spite of several studies about the importance of co-dezign and the
integration of suppliers in the new product development, wendar rating
iz still focused on productive-logistical performance and not, whereas it
shiould be necezsary, on supplier's co-design capakilities.

Crucial evaluation criteria are highlighted.



Tahle 1 (continued)

Authors Focus Hature of the Finding and conclusion
study
Huang, Mak and Proposing & new model of Caonceptual Ideally, & supplier with the highest Satisfaction Index | highest
Humphreys (2003 customer—supplier Fleecipility Ingfex and lovwwest Risk Index iz the best candidate.
relationships with special Howvever , it may be difficult for one supplier to outperform ather
interest intheir nesy procuct suppliers in all these three indices. Therefore, trade-offs are
development processes NECESSary.
When the Confidence Index of a supplier is maintained a high level far a
sutficiert period of time, a long-term partnership may he considered
wyith this supplier.
Humphreys, Wong and  |Developing a decision Conceptusl In the long term, environmental issues will become an important factor

Chan (2003) support tool which should
help companies to integrate
environmental criteria inta
their supplier zelection
process

Giving the specific attributes
of "cloze" supplier-
manufacturer relationships

Goffin, Lemke and
Sovwejczewesk (2006]

In depth irterviews
(39 purchasing
managers with a
technigue from
pEychology)

Chen, Lin and Huang Caonceptual

(2008)

Presenting & decision-making
tool for supplier selection
decizion

Schiele (2006) Proposing criteria to identify
innovative suppliers:
specialized, technically
competent, proximity of the
buyer, trusted and intensive
relationship

Presenting & mechanizm to
integrate strategic thinking
wyith quantitative optimization
in arder to make sound and
effective decizions an
supplier selection.

Conceptual

Huang and Keskar
(2007

Caonceptual

Humphreys, Huang, Proposzing & mechanism for  |Case study (1

Cadden and Mchor evaluating supplier mulitinational

(20077 involvement during product  telecommunications
development COmpany’

Takle 2

A& chronological reviesy of the literature on supplier perfarmance evalustion

for & campany to conzsider . Integrating environmental management
technigues along the supply chain is an appropriste method of
enhancing the environmental performance of an industry

only certain suppliers should be selected for the development of
partnership-like relationships. The selection criteria should be based on
bath the components involved and the supplier's competences
[particularly their capakility to contribute to nevy product developmernt
and special products)

In general, supplier selection problems adhere to uncertain and
imprecize data. 5o, the use of linguistic variables iz highly beneficial
when performance values cannot be expressed by means of numerical
walues.

G criteria to help identify innovative supplier are given: specialised firms,
owyn development capability, firms engaged in collaborstive verture,
relationship based on trust and commitment, joint improvement program,
geographical proximity, important buyer, history of collaboration with the
bLryer,

Selection of the best suppliers must be driven by a firm's supply chain
strategy, which iz a high-level management decision.

The large amourt of decision-making methodologies presented in the
litersture iz basically varistions of optimization methods . However, the
more impartant izsue iz howe to make sure that these methods are used
effectively =0 decizions made indeed lead to the improvement of a firm's
profitakility .

There have been a number of benefits to both buyer and supplier
organizations by establizhing clearly defined design criteria.

In order to obtain maximum strategic benefit from the integration of the
supplier, hoth parties need to share ohjectives and have complementary
future technology plans.

Authors Focus Hature of the
study

Finding and conclusion

McCutcheon, Grant and | Examining how the
Hartley (1997 designers perceive supplier
involvement in the design of
critical technology .
Presernting a framewwork for

D Toni and Mazsimbeni Literature review +

(20017 the analysiz and Tests with 16
measurement of the suppliers of 1 falian
supplier's co-design effort COMpEny in

Industrial Automation

Araz and Ozkaraban
(20077

Describing & supplier
evaluation and managemernt
methodology for strategic
SOUrCIngG

Caonceptual

Survey (160 firms in
azzembly industries)

Yhen involving suppliers in collaborstive project, designers seem to pay
mare attertion to the cooperativeness of the supplier than to ts
technical competence.

Proposed critetia are bazed on the technigques and methodologies
carried out by the supplier inthe 3 main NPD activities (Product concept
and functional design ; Product structural design and engineering ;
Product design and endgineering)

The methadalogy should integrate 3 elements to evaluate and manage
supply base and to select strategic partners in product deselopment
[supplier evaluation system, supplier sorting system, supplier
managemert system)

In supplier evaluation phase, the criteria to be selected for evaluation of
suppliers should emphasize long-term relstionzhip and concurrent
product develapment.

From this overview of literature on supplier evdioa (table 1 and 2) in NPDP, we

highlight the four following issues:



- Limited attention in the literaturéAlthough most authors (Wynstra et al., 2003; Bltda
et al., 1998; Goffin et al., 2006; Humphreys e8Q)7) consider the supplier selection as
a key process in the Early Supplier InvolvementlfEENPDP, it is surprising that this
process should receive only limited attention ie titerature. Moreover, most of the
papers which are related to the development of odsthor tools supporting supplier
selection don’t pay attention to the relevancehefdelected criteria used in their models
(De Boer et al., 1998; 2001; Dulmin and Mininno 2R0In addition, selecting suppliers
with requirements of innovativeness and cooperaéige has to follow different criteria
than the selection of such suppliers whose produanly differentiated by its price
(Ellram, 1990; Petroni and Panciroli, 2002). Howe\was Schiele (2006) highlights, to
day neither research nor practice have so faraifepnclusive tools helping to identify
innovative suppliers.

Finally, it is even more surprising that the E&rature should not refer to the supplier’s

performance process and consequently researclsitofiic is still in its infancy.

-  Difference between selectiorpr{or to) criteria and performancedyring and after)
criteria It is important to understand the difference lestv both these evaluations to
define relevant criteria: The first one refershe evaluation of the supplienseansand
the second refers to the evaluatioh the results(Le Dain, 2006). For both these
evaluations, the criteria proposed to evaluatestigplier’s innovativeness, for example,
are different:

(1) In order to select the suitable supplier, we needvialuate his innovative capability
not only through their technological competenciasproduct/process innovation
performed in the previous projects, but also tiwmovation-supporting managerial
competencies (technological scanning, project mamagt competence...)

(2) In order to measure the innovative performancehefdupplier, we can evaluate the
willingness of the supplier to suggest differenbgarct (and/or process) solutions in
order to meet the customer’s needs, and/or higtyakal perform an appropriate re-
use of existing solutions...

However, in most papers, this distinction betwesgansand results evaluation is not

clearly defined.

- A one shoperformance evaluatioMost of the Supplier Performance Evaluation medel
are based on a sole evaluation per project comnuerfprmed at the end of the project.
In practice, the development time of a new prodacies from one to five years. Thus, it
seems to be useful to evaluate the supplier at eadh milestone in order to effectively
manage the supplier throughout the project.

3. Research methodology: two stages multiple case sted

The performance evaluation model presented insution stems from a research program
started in 2001 (Calvi et al., 2001) on the wideidoof supplier’s integration in NPDP. Our
purpose was to build ufactionable knowledge(Schon 1983) i.e. knowledge that can serve
the purpose of action. For Argyris (1993), the aifrany theory of managing is to produce
generic propositional statements or principlesecadenericizationsthat are actionable by
managers in the organization's daily operationsuin, as managers use sgnericizations
it enables them to test the external validity af #tademic corpus. So an actionable theory
requires to inform the decision-makers about whatlikely to happen under given
circumstances but also to tell them how to sethgduitable conditions for the success of
such action. This objective imposes a methodologly & tight link between researchers and
practitioners in order to co construct the generizlels of the research.

The study is based on qualitative multiple caseistuaddressing both the customer and
their suppliers involved in a collaborative desaxperience. As Bonoma (1985) argued that



methodology should become an acceptable form adareb when the focal phenomenon
cannot be easily studied outside its natural ggttamd cannot be readily quantified. This
approach should match the complexity and compréamsss of the focal phenomenon: the
supplier integration and his contribution in NPDRn (1994) pointed out, while studying

phenomena that take place in contexts full of negmithat there will always be too many
variables to take into account for the number o$epbations made. Consequently, the
application of standard survey may not be apprt@rign-depth interviews have been
recognized as particularly useful for studying digspelationships (Mc Cutcheon and Stuart,
2000). In our research, we adopted the case stwadlganh collecting not only data from the
key managers of both the customer and supplier aarap, but also using archival data.

Our research methodology includes two consecutives@s: a pilot study and a main
study. This two-phased research strategy was ceneslduseful, because we aimed at getting
a better understanding of the phenomenon beforechang a main study: the PRAXIS
research project - involving industrial partnergyufe 3 describes the link between the two
phases.

Pilot study Main study
/—\ // /—\
Taxonomy / \
of : Methods and
collaborative | ! tog!? tof assess | !
design ! ETE abi ity for co :
15 exploratory : design (supplier | :
K Framework of ! Firm 2 and customer) .
Case studies Supplier :
Involvement : Firm 3
Customer/Project/Supplier process in H
NPD : Firm 4 Methods and | :
1 X tools to assess | !
Theoretical : Firm 5 performance in | i
model of ' K co design H
performance | | Firm 6 project :
""""""""""""" evaluationin [~ i )\ Focus of
(supplier and the
i ; collaborative . customer
Literatre review design PRAXIS Project ) T arice
..........................
2001 - 2005 2006 - 2008

Figure 3: The Research Methodology

The pilot study consisted in conducting 15 casdistuduring the year 2001. The sample
represents a wide range of French Industries (eleicts, Electrical appliance, Automotive
and industrial equipment industries). We chose dirowning up as experimented in
collaborative design. In these exploratory caselisfy we used a semi-directed interview
guide aiming to describe one particular experieviche customer-supplier relationship in a
new product development project. The interviews nhyaiinvolved purchasing and/or
technical leaders on the project team. The interete company was asked to select one
experience concerning supplier involvement in arDNfPoject. In several cases, interviews
were equally conducted with the supplier involv&tirough this inductive approach and a
broad literature review, three main propositionsrena@merged. First, we suggested a
framework of Supplier Involvement process in NPDialihspecifies how to manage the
supplier involvemenprior to, during, andafter the development of a new product (Calvi et
al., 2003).We also proposed an original taxonomy of the sinatcovered by the wide term
of collaborative design. Finally, we devised a tie¢ical model of performance evaluation in
collaborative design adopting a grounded theory@ggh where “the researcher begins with
an area of study and allows the theory to emexya ftata” (Strauss and Corbin, 1998, p 56).

The main study - PRAXIS research project - was thamm the setting-up of a focus group
of six enterprises interested in benchmarking attng practical advice on the topic of “how
to evaluate suppliers’ performance in collaboratiesign?” The objectives of the PRAXIS
project have been jointly defined between reseasciied practitioners. The PRAXIS project



aims at proposing methods and tools on the one tmrdsess the ability of both partners
(customer and supplier) to co-design and on therdtiand to evaluate the performance of
both partners throughout a product developmenteptojA PHD thesis funded by PRAXIS
industrial partners started in January 2007. ttadicated to three tasks: the animation of this
expert group, the development of a supplier perémoe evaluation tool and the setting up of
this tool in partner’s team project. After colleditheir comments, we will adapt our previous
model to each context using a contingency approdohthat, we have adopted a research
action approach integrating the researcher withenproject team of each company. This was
appropriate because an intervention was requirdestothe tools in a real-life setting and to
obtain feedback for their improvement. This ongonmegearch must provide an integrated
view of the supplier’s performance evaluation issuRPDP.

4. Building a Supplier’'s Performance Evaluation modelin collaborative design

In this paper, we focus on the evaluation of thppsar's performance in collaborative
design. After explaining how we structured our npde will present the retained criteria.

4.1. Why building a Supplier Performance Evaluation atlaborative design?

Nowadays practices have changed and in induse@bss where suppliers contribute in a
large amount to product value, customers use tctslitable suppliers not only on their
cost, product quality and delivery reliability baiso on theithigh potential contribution to
the innovativeness of the firffBchiele, 2006). However, a selected supplier whias judged
capable of answering the customer's expected reau@nts could fail to collaborate
successfullyin situ during the project. For this reason, customershawegularly evaluate
the effective results of the supplier comparedh&rtexpected requirements. Here, there is a
lack either in practices or in theory in the fielidsupplier performance evaluation in NPDP.

For the focal firm, the evaluation of the suppbkeperformance within the framework of a
New Product Development Project (NPDP) may be useiihree different ways: (1) on a
short-term basis, to identify the critical issuexl aleliver co-designed solutions for joint
implementation, (2) on a middle-term basis, to cadusly improve the performance of the
suppliers and (3) on a long-term basis, to stresmihe suppliers panel for future projects.
From a suppliers perspective, such evaluation cauldble them to clearly identify the
performance criteria expected by the customer dngs,tto dynamically improve their
organisation in order to evolve from “standard digspto "innovative design-key supplier”.

4.2. Structure of the model

The model suggested here is intentionally genararder to take into account the different
situations ofcollaborative desigrwith suppliers. This model is based on the twdofeing
axes (Figure 4):

. The stage of Supplier Involvement in a NPDFhe supplier development effort must
be evaluated throughout the project with criterda@ed to each stage. As an
illustration, the nature of the performance of #-system supplier involved at the
concept design stage evolves according to the pledgsbe project. For instance, in cost
matter, the expected performances are: (a) thgambe of cost estimation in phase 1,
(b) the compliance to the target cost in phase® (ahthe price stability in phase 3.
Thus, the measurement of the performance mustdggedlin order to take into account
the specificities of each situation. To build ol®ESmodel, we considered only the three
first stages of the product development processauser the expected supplier’s
performance at the phase of industrial launchingnere of a classical industrial
performance than an engineering performance.

. The type of Customer Requirements expected durihg tollaboration We have
identified four main requirement areas expectethleycustomer in collaborative design



with suppliers:

— Know-how on the delegated product,
— Know-how on the delegated process,

Project management skills,

Relational skills.

This set of four requirement areas is introducedhenbasis of our pilot study. In order to
take into account the various situations, we digtished know-how related to the product
from know-how related to the manufacturing procésdeed, a supplier who is in charge of
the product and process design for a componenhaae different levels of performance on
both these types of activities. For a subcontradte sole area of performance to measure
should be his process know-how. In addition, tlaedtolders who will evaluate both these
performances are not generally the same ones inustemer firm (Le Dain, 2006). Indeed,
the criteria related to the product are usuallyatad by the design-team whereas the criteria
related to the process are evaluated by the indlisation-team.

In terms of relational and project management skiliese one are often evaluated during
the suppliers’ selection in collaborative desigrmpel8nan and Carraway (2006) like
Lindgreen, Vanhamme and Wouters (2006) affirmed tha organisational competence of
the suppliers (ability to be organised in a projeetm, existence of a cross-functional team,
reactivity ...) is a fundamental criterion of selecti because it strongly affects the
performance of the co-design activity. Accordingolar industrial partners, it is relevant to
evaluate these two aspects not only during thectehe process but also throughout the
project because a supplier can be assessed as’ “goaaite but prove non-powerfuh situ.

Finally, for each combination of these two axes,pr@posed theffectivenessfficiency
and pro-activity criteria to evaluate the supplier performancealtaborative design (Figure
4) following the advice of Mentzer and Konrad (1394ho claimed that a common definition
of the performance measurement is the evaluatioreftéctiveness and efficiency of
completing a given task and Le Dain (2006) who psagl a third dimension - pro-activity -
besides the first 2 dimensions.

. Supplier effectivenesA supplier is considered asffectiveif his results meet the
objectives fixed by the customer. For example, ripect for the classic customer
triptych requirements - cost, product quality andliveery - corresponds to the
effectivenesdimension of the performance for a supplier.

. Supplier efficiencyA supplier is considered aficientif he is able to use projects
resources in an appropriate manner and hence achii expected results. These
project resources should be either organisationalpetencies (project organisation,
cross-functional team ...) or technical competen¢oescurrent engineering methods
and as value analysis, CAD tools, numerical sinmfatools, FMEA ...).

. Supplier pro-activity We define the suppliepro-activity as the supplier ability to
improve by itself and consequently to pull forw#né customer in delivering more than
the minimum requirements. For example, a suppheolved in the concept definition
stage must be able to challenge the customer gmdimhs by suggesting minor
modifications to the customer, which would prodwignificant benefits in terms of
cost, quality and/or time.

What should be the right mix ddffectivenessefficiency and pro-activity to evaluate
supplier performance in NPDP? To enlighten theseaeis we can mobilise Ouchi’s theory of
governance mechanisms (1980). Indeed, accordinigigaheory, the control of the relation
by the only criteria of effectiveness is reserved $ituations characterized by a small
ambiguity in the performance measurement. Thushencase ofraditional subcontracting
(Figure 1), the criteria of effectiveness could $efficient. However, in the cases of
customer/supplier relationships in the design stégs not enough to define the customer’s



requirement towards suppliers using the sole aitef “effectiveness”. For example, in the
case of &ritical co-design one typical requirement of the customer is thatdupplier should
spontaneously share his expertise to solve probteatshave not been necessarily identified
at the beginning of the project. Thus, it seemswvaaht to couple together this measure of
efficiency with the other two dimensions of thefpemance in accordance with the degree of
suppliers’ implication in the design process.

Concept Feasibility & Product & Process Industrialisation & product/
Concept Design Design process validation
- 2| 3
Effectigeness —_—
Product t k
Process k k
Project k k
Relation k k

Figure 4. Structure of the Supplier Performance Evaluation model

Effectiveness

4.3. Criteria specification

Figure 5 presents the criteria suggested in ouranaidsupplier performance evaluation in
collaborative design.

1 Concept Feasibility & Product & Process Industrialisation &
Concept Design Design Validation
] 1- Compliance with contractual product
I requirements
2- Reliability of mock-ups
3- Quality of cost’s estimates and compliance

1- Compliance with contractual specifications

with target cost I 2- Reliability of prototypes I 1- Compliance with contractual specifications
4- Participation in the definition of needs 3- Compliance with target cost 2- Reliability of pilots, robust pilot run
— 5- Proposition of a range of solutions 4- Proposition of a range of solutions 3- Price stability
(:'5) 6- Proposition of innovative solutions 5- Proposition of innovative solutions 4- Control of the risks connected with the
— 7- Appropriate re-use of existing solutions 6- Appropriate re-use of existing solutions AN supplied product
O | /\ 8- Mastery of the methods and tools of the \, 7- Mastery of the methods and tools of the degign ~ 5- Verification of products
— design (value analysis...) (product FMEA ...) 6- Ability to solve technical problems
o P A _ i iar (i 7- Ability to cut product cost
9- Management of second tier supplier (if 8- Management of second tier supplier (if 4
necessary) necessary)
10- Ability to challenge the contractual 9- Ability to challenge the contractual
specifications . ) specifications
11- Ability to implement environment-friendly 10- Ability to implement environment-friendly
procedures procedures

| 1- Proposition of a range of process solutions | 1-Proposition of a range of process solutions
2- Compliance with contractual specifications 2- Compliance with contractual specifications I

3- Quality of estimated investment figures - - . . .
4- Proposition of innovative manufacturing 3- Proposition of innovative manufacturing

1- Compliance with the investment budget
2- Compliance with contractual specifications
3- Control of the risks connected with the

technologies or processes technologies or processes ) manufacturing process
N\ s Appropriate re-use of existing manufacturing \ 4- Appropriate re-use of existing manufacturing 4- Relevance of manufacturing process expertise
processes processes \ 5- Supply chain performance
6- Management of second tier supplier (if 5- Knowledge of product/process integration 6- Procurement performance
necessary) 6- Definition of the supply chain
7- Ability to define the supply chain 7- Management of second tier supplier

I 1- Compliance with contractual delivery dates I 1- Compliance with contractual delivery dates I 1- Compliance with contractual delivery dates

2- Mastery of its own product development 2- Mastery of its own product development 2- Risks’ mastery
process process 3- Mastery of its own product development
\ 3- Method for managing the modifications with 3- Method for managing the modifications with| process
impa}ct o \ impact \ 4- Method for managing the modifications with
4- Risks’ anticipation 4-Risks’ analysis impact
1- Responsiveness to requests from the custome R ;
| 1 Responsiveness to requests from the custofmel 2- Reliability of information exchanges 1 % gespons!veness :0 requestsf fror.T: the customer
2- Reliability of information exchanges : ) » - Responsiveness 1o non-contormity
; . 3- Quality of responses to Request for Quotatipn 3- Reliability of information exchanges
3- Quality of responses to Request for Quotatipn 4- Availability of th I I t staff R .
4- Availability of the supplier relevant staff - Availability of the supplier relevant sta 4- Availability of the supplier relevant staff
5- Diligence with which services are performed /N, 3- Diligence with which services are performeq 5- Diligence with which services are performed
6- Similarity of mindsets 6- Similarity of mindsets 6- Similarity of mindsets
7- Ability to commit to agreements 7- Ability to commit to agreements 7- Ability to commit to a progress plan
8- Transparency 8- Transparency 8.-Transparency

Relation ||| Project || Process ||
7

Figure 5. Generic model of supplier performance evaluation in collaborative design



In order to take into account the different sitoa§i of collaboration, a specific set of
criteria has been specified for each combinatiornthef two axes. For that we applied the
following rules:

= The definition of the same criterion can be dedlimkfferently in accordance
with the customer’s requirements during the projéstan illustration, Figure 6
illustrates for each phase the variation of thanitedn of two quality criteria
throughout the NPDP.

Concept Feasibility &
Concept Design

Industrialisation & product/

Product & Process Design o
process validation

1- Compliance with contractual 1- Compliance with contractual 1- Compliance with contractual
product requirements specifications specifications
2- Reliability of mock-ups 2- Reliability of prototypes 2- Reliability of pilots, robust pilot run

Figure 6. Variation of criteria of effectiveness during the project

» The nature (effectiveness/efficiency/pro-activitgj the same criterion can
evolve during the project. As an illustration, Figw presents the evolution of
the criterion related to the risk. Thus, a suppleegrated in phase ééasibility
and definition of the conceptvhich has demonstrated an ability to anticipate
risks from this phase, will be consideredps-active The supplier shares a
preliminary risk analysis with his customer andcam improve the customer’s
concept definition. In phase &froduct & Process Desigrthe supplier is in
charge of the risk analysis. The supplier has detnated his excellent
understanding of the analysis method used in dadeontrol the risk. Thus, the
criterion becomes aafficiencycriterion. Finally, in phase dhdustrialisation
the customer expects the mastery of the risk ofsbhppliers. The supplier has
demonstrated his willingness to implement pre-aeafimisk control measures
within a short time frame. Thus, in this case trigerion becomes a criterion of
effectiveness.

Concept Feasibility &
Concept Design

Industrialisation & product/

Product & Process Design L
process validation

- Risks’ anticipation - Risks’ analysis . Risks’ mastery
Figure 7. Evolution of the criterion related to the risk

4.4. Criteria presentation

In this section, we present the main criteria psgubin the Supplier Performance
Evaluation Model and the reason for their choicgeldeaon the findings of the literature review
(table 1 and 2).

4 .4.1Criteria of effectiveness

For product and process performance items, qualitg cost are both the classical
effectiveness criteria. As we previously said, dedinitions of these criteria evolve along the
phases. In a context of NPDP, the delivery religbis a one aspect of management project
performance of the supplier and is evaluated throtlge compliance with contractual
delivery dates

When a customer involves a supplier at the begmrmoh the concept feasibility and
definition stage, most information is imprecise &mel customer expects the supplier’s help to



clarify the need. In this case, tharticipation of the suppliein the definition of the concept
and hisability to propose a range of solutiorege considered as effectiveness criteria.
Prahinski and Benton (2004) affirmed thia¢ supplier's commitment should influence the
supplier's performangeeven if empirical research that directly measures the inmpaft
supplier's commitment on performance was not fodrftey argue thaivhen a supplier is
committed to a buying firm, the supplier will want ensure the continued success of the
business relationship and therefore, meet and/@eed the needs of the buying firie
declined this commitment in terms of reactivityegponsiveness to customer’'s requests
responsiveness to non-conformjtand of motivation reliability of information exchanges
as well as thguality of responses to Request for Quotatidaring the project).

4.4.2 Criteria of efficiency

We classify the selected criteria along the twosaskefficiency which seem relevant to
evaluate the appropriate use of the supplier coantirengineering practices necessary to
reach the expected results (Le Dain, 2006):

. Relevance of the supplier’s expertise.

Finding innovative products with respect to costl #ime constraints is a major stake in
NPDP. To face this challenge, the customer not @xgectsproposition of innovative
solutionsfrom the supplier (Von Corswant and Tunaly, 200@hr@ro and Roberts, 2002; De
Toni and Nassimbeni, 2001) but alsoappropriate re-use of existing solution#artley et
al., 1997). Thus, the relevance of the suppliekpeetise refers to his ability to supply "a
suitable innovation”. De Toni and Nassimbeni (20&hphasize that this supplier's expertise
also refers to the specific use @foncurrent engineering” methods and toolgvalue
analysis, product FMEA and process FMEA ...).

. Aptitude for collaborating with the project team.

This goes through thmasteryby the supplieof his own product development process
(resources allowed, milestones, cross functiorahteconsistency of development schedules,
management of different configurations and modiiass,...). The supplier and the customer
would have to agree on a mode of project managemigme the beginning of their
collaboration and then the supplier would haveespect the commitments. Thegailability
of the supplie’sr relevant stafand the diligence with which services are performedso
contribute to the successful fulfilment of the idj

In an internationally-extended design context, tmgerion of similarity of mindsets
(industrial and/or cultural) becomes important to avoid the conflict managenoertiure.
Moreover, we agree with Lam and Chin (2005) whegythighlight that “with the mindset
that certain conflict could be beneficial, clierasd suppliers are apt to express their
judgmental differences for improving decision makin

4.4.3 Criteria of pro-activity

The management of the supply chain of the sup@ian important task for the success of
a project (Von Corswant and Tunaly, 2002). As 750the defects that entail repairing or
substituting a component, concerned parts thatbeseh produced by second tier suppliers
(Follis and Enrietti, 2002), it is relevant to messthe supplier’s ability to bring iany tier-
supplierthat it deems necessary to successful co develdgmeaject.

As for the cost, the supplier's pro-activity consisn challenging the contractual
specifications in phase 1 and 2, then in seeking howcid the cost of parts and
investments in phase 3. The customer also appreciates whersupplier contractually
commits to a progress plarto obtain a better productivity and secured prements.



Mc Cutcheon et al. (1997) carried out a study iteorto examine the perceptions of new
product designers about the component suppliershiad in a NPDP. They concluded that
“the cooperativeness of the supplier was probablyreminfluential than his technical
competence in influencing the willingness of thedarct designer to bring the component
supplier into future development projects”. The eimsions okfficiencyandpro-activity aim
at evaluating with objective criteria this expectedperativenessf the supplier.

Each criterion must be graded from 0 to 5. Furtloeento facilitate the grading, we
specify for each criterion the exact meaning ofttiree performance levels — maximum (5/5),
intermediate (3/5) and minimum (0/5).

5. Conclusion and implications

One of the main starting points for our study was limitations of existing research in
providing a broad and comprehensive definition dfatvis an efficient co-design supplier.
The proposed model, based on the identificatiofoof performance areas combined with
three involvement stages, provides an improved epto@lization of the supplier performance
understanding in an extended product developmentegb The other important notion
implicitly included in our model is that collabors design is not limited to managing the
supplier's involvement in single development préggecTo perform innovation and
development activities, the customer firms mustabk to upgrade theelation - specific
skill of their key suppliers fromcollaborative developmento collaborative design
responsibilities. To create a real dynamic of adiation between the different NPDP, the
firms must improve their understanding of what dtidae an effective collaboration in order
firstly to drive the performance and then to redtive perceived risks associated to this
practice.

As stated in the description of our research mailogy, our purpose was to build up
actionableknowledgeso we can point out some managerial implicatafrsur study. Firstly,
the generic model presented in Figure 5 can be tls®adighout a product development
project as an assessment tool to have an objeoeasure of the co-design effort of suppliers
in NPDP. The suggested model allows the customédeotify critical questions and show
where improvements could be made in implementindefined solutions with the supplier as
recommend by Humphreys et al. (2004). In addittbe, tool enables the supplier to clearly
clarify the performance criteria expected by thetemer of an innovative partner. This tool
will serve as a basis for defining the continuaupriovement strategy needed to guarantee the
success of the collaboration. Thus, some workshegsiens between our six PRAXIS
industrial partners and about ten of their supplere organised to take into account the
supplier's opinion about the relevance of our psipen. Their interest for the model has
been high due to the ambiguous nature of the paeoce in collaborative design.

This research explores a relatively new area ofplsemp performance in collaborative
design and has a number of limitations that we hdeetified. Firstly, the industrial partners
of PRAXIS have joined the project because they hatl had extensive experience in
collaborative design and had expressed willingtessprove their practices. Our model, co-
constructed with these firms, is also the reflectiof this contingency situation. A
recommendation for future research would be toycaut investigations in other industrial
contexts in order to test the generic propertywfraodel.

A second limitation of our research is that in tase of a relationship marked by a strong
collaboration, it is relevant to evaluate, beyohd bnly performance of the supplier, the
performance of the whole relationship. To do, wanpb adapt our model to the evaluation of
the client’s effort to co design with suppliers.
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' In this initial message of the RBV theory, the eliinces of firm performances are fundamentally wue
heterogeneity on resources and capabilities tlabaned in house.
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" For the authors (Calvi and Le Dain 2003) the le¥eim (0) to (4) are:

(0) The supplier is responsible for setting uprtenufacturing process. He provides input in custmoduct
design by sharing information about his equipmect grocess capabilities and production scheduling,

(1) The supplier is responsible for the settingtiwp industrialization and production processes dase the
drawings supplied by the customer. He providestiaekl on customer’s design including suggestionsdst or
quality improvements,

(2) On the basis of functional specifications, shplier is responsible for the detailed desigs, tésting and
the setting up the production and assembly prosgsse

(2a) The customer keeps the intellectual propégtyts of the component and pays design fees teupplier,

(2b) The supplier holds the intellectual propeitints of the component and is held legally respaasi

(3) The supplier has the full responsibility fromncept to manufacture for the design of an entie. oThe
supplier maintains the intellectual and industpiaperty rights,

(4) The supplier is responsible for the global gegiconcept, feasibility studies, supply chain oigation), the
detailed design (product and process), the testirgdobal and detailed design and the setting eppttoduction
and assembly processes of a complex subsystem.

Y The six combinatory types of development risk tifexdl by the authors are the following: (1) Systerink
between supplier component and final product peréarce, (2) Differentiation Produced by Compone8}, (
Component Development Timeline, (4) Newness of netdgy, (5) Weight of component cost for the final
product, (6) Internal complexity.

Y In the classification build by Asanuma (1989), auicle gives a tool to improve what he calls Mlities of
the supplier (Table Ill,p24), i.e. his ability togpose improvement on part design.



