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ABSTRACT

In the last few years, there has been an increasing growth in the number of collaborative partnerships
between suppliers and manufacturers as a means to meet more complex customer needs and remain
competitive. Selecting suppliers for a collaborative new product development (CNPD) process is a multi-
criteria decision making problem involving both qualitative and quantitative factors. The aim of this paper
is to identify the qualitative and quantitative criteria for selecting suppliers for a CNPD process and to
provide a decision tool for evaluating and ranking potential suppliers. The main criteria are both
operational and relational competencies of the suppliers that comprise three dimensions: product,
structure and interaction dimensions. The multi-criteria decision analysis method used to evaluate and
rank suppliers is the Analytic Hierarchy Process (AHP). The AHP model is presented in a real application
to a global first-tier manufacturing company belonging to the automotive industry in Spain. Finally,
results of the application are discussed.
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1. Introduction

Global competition, rapidly changing technologies, reduced product lifecycles, cost reduction, high
quality products and more demanding end customers are some of the factors that have made companies to
look for new strategies for developing new products. New product development (NPD) process includes
all the activities from the development of an idea or a concept for a product, to the realization of the
product during the production stage and its introduction into the market place. In general, the NPD
process comprises different stages until the product is launched such as planning, product design and
development, process design and development, and product and process validation (Advanced Product
Quality, 1995). The importance of the NPD process is widely acknowledged. Therefore, it is not
surprising that some works suggest that ‘if new products are the lifeblood of a corporation, then product
development is the lifeblood of a company’s new products’ (Lambert and Cooper, 2000).

In the last years, there has been an increasing growth in the number of collaborative partnerships for NPD
between suppliers and manufacturers. Congruent with the need to integrate multiple linked processes in
the supply chain, theoretical research advocate that early and extensive supplier involvement results in
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many benefits, e.g. faster development process (Petersen, Handfield, and Ragatz, 2005). In this context,
selecting suppliers for collaborative NPD (CNPD) becomes a crucial process for manufacturers.

The muti-attribute nature of the process of supplier selection has been widely studied in the literature
focusing attention on two main issues: the identification of criteria for the assessment, and the application
of multi-attribute techniques to pass from the initial criteria to an overall ranking of suppliers (Masella
and Rangone, 2000). In addition, supplier selection involves considering both qualitative and quantitative
criteria (Chan and Kumar, 2007). Therefore, selecting suppliers for CNPD can be defined as a multi-
criteria decision making (MCDM) problem involving both qualitative and quantitative factors.

The purpose of this paper is to identify the required criteria for selecting the best supplier for CNPD
process and provide a supplier selection decision model including these criteria by using the analytic
hierarchy process (AHP). In addition, an application of this approach to a real case within the Spanish
automotive industry is presented.

The structure of this paper is as follows. The next section presents the background. Section 3 explores the
AHP model for CNPD supplier selection. Section 4 develops an application of the AHP model within the
Spanish automotive industry. Finally, conclusions are given.

2. Background: AHP for supplier selection

Several methods have been proposed for solving the supplier selection problem such as vendor profile
analysis (VPA), multi-objetive programming (MOP), data envelopment analysis (DEA) and analytic
hierarchy process (AHP) (Chan and Kumar, 2007). Evaluation and ranking of potential suppliers involves
both tangible and intangible criteria. This is because overall assessment of suppliers should not only
consider quantitative performance data but also some other criteria that are critical for successful
parnerships and are not directly quantifiable, e.g. trust and commitment (Mohr and Spekman, 1996).
Therefore, the AHP method developed by Saaty (1980) is a useful method to select suppliers as it deals
with both types of criteria. In addition, AHP aims at integrating different measures into a single overall
score for ranking decision alternatives (Rangone, 1996).

The AHP method has been previously used for supplier selection under a wide variety of applications
(Per¢in, 2006). Ghodsypour and O'Brien (1998) present an integrated AHP and linear programming
method for choosing the best suppliers and placing the optimum order quantities among them. Masella
and Rangone (2000) propose four different vendor selection systems (VSSs) depending on the time frame
(short-term versus long-term) and the content (logistic versus strategic) of the co-operative
customer/supplier relationships using an AHP framework. Akarte, Surendra, Ravi, and Rangaraj (2001)
propose an AHP model for casting supplier assessment based on four groups of criteria: product
development capability, manufacturing capability, quality capability, and cost and delivery. Al-Harbi
(2001) applied AHP in the field of project management to select the best contractor to perform the project
based on six criteria: experience, financial stability, quality performance, manpower resources, equipment
resources, and current workload. Muralidharan, Anantharaman, and Deshmukh (2002) develop a multi-
criteria group decision making model for supplier ranking based on AHP by combining group member’s
preferences into one consensus ranking. The criteria used to rate suppliers are quality, delivery, price,
technical capability, financial position, past performance attitude, facilities, flexibility and service. Huan,
Sheoran, and Wang (2002) propose an AHP model to structure SCOR (supply chain operations reference)
model metrics to evaluate overall supplier efficiency. Kahraman, Cebici, and Ulukan (2003) present a
multi-criteria supplier selection procedure using fuzzy AHP. The first level criteria used to compare
suppliers involve: supplier, product and service criteria. Chan and Kumar (2007) propose a fuzzy-AHP
approach to select global suppliers according to five criteria: cost, quality, service performance, supplier
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profile and risk factor. Regarding the CNPD process, AHP has been used in few applications such as in
Lam and Chin (2005) and Lam, Chin, Yang, and Liang (2007) that suggest an AHP model for the self-
assessment of conflict management in client-supplier collaborative new product development. In addition,
AHP has been used for other applications within CNPD process such as priorization of criteria and
preferences of NPD mixes in a network with strategic partners under uncertainty (Chen, Lee, and Tong,
2007). However, there is not a specific AHP model developed for selecting suppliers for CNPD. For this
reason, the purpose of the remaining of this paper is to present an AHP model for supplier selection for
CNPD and its application to the Spanish automotive industry.

3. The AHP model for CNPD supplier selection

The AHP method structures the decision problem in a hierarchy of levels. These levels are linked by
unidirectional dependence relationships. In the upper level of the hierarchy, the ultimate goal of the
decision problem is located. Then, the criteria that contribute to achieve the goal stand in the second level.
The third level is composed of attributes linked to each criterion defined in the second level. Finally, the
decision alternatives are set in the lower level. Using levels allows decision makers to focus on a small set
of decisions (Saaty, 1980). By making pairwise comparisons and using the fundamental scale of Saaty
(1980), the AHP method provide relative weights to each element within a level depending on its
contribution to an element linked to it that is located on the immediate upper level. After that, the overall
priorities of alternatives in relation to the ultimate goal are calculated. In addition, sensitivity analysis of
the solution can be performed to study if the solution obtained is robust.

In order to apply the AHP method, four phases have been established. In the first phase, the criteria and
attributes for rating suppliers for CNPD involvement are identified and defined. Then, the AHP structure
that represents the problem to be solved is composed. Once the AHP model is obtained, the second phase
consists of making pairwise comparisons to obtain the relative priorities among: 1) criteria with regard to
the main goal, 2) attributes with regard to main criteria and 3) decision alternatives (suppliers) with regard
to attributes (that belong to a specific criterion and, consequently, support reaching the main goal). Once
the relative priorities are obtained, the third phase aims at calculating the overall priorities of the decision
alternatives. Finally, the fourth phase deals with sensitivity analysis of the solution provided. The
description of the phases is described as follows.

3.1. Phase 1. Identify the main criteria for selecting suppliers and compose the hierarchical AHP model

Croom (2001) suggest a conceptual framework for supplier involvement in collaborative product
development from a study in the UK auto industry. The framework considers both operational and
relational competencies and comprises three dimensions or criteria: product, structure and interaction.
Based on Croom’s work, this section exposes the description of criteria as well as their related attributes
in order to compose the AHP model.

The product criterion comprises the main attributes that are to be addressed when assessing the product
dimension of the supplier. These attributes are: quality, price, development time, flexibility, and research
and development (R&D) initiatives.

Quality is one of the most important product attributes. It relates to the historical rejection rate during a
period of time of the products delivered by the supplier. Rejection is due to deviations from specifications
in the design, manufacturing, or packaging of the product. These non-conforming parts can be detected
during incoming inspection or manufacturing in customer locations. It also considers deviations from the
specified quantities or delivery dates in the customer order. Cost is an important attribute of the product as
it affects the bottom-line. It involves the manufacturing cost, packaging cost, delivery cost and costs
related to non-conforming product delivered to the manufacturer. Development time refers to the
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competence of the supplier to design, develop and launch products within the agreed period of time
according to the product specifications. In the current competitive environment, it is a crucial attribute to
assess suppliers as delays in development stage can affect the end customer response during the launching
stage. Flexibility involves the response time of the supplier when engineering changes are needed during
the development stage. It also considers the response time to new orders or order modifications during the
development and manufacturing stages. Finally, R&D initiatives measure the ability of the supplier to
provide support during product development and manufacturing. It is an important attribute as most
products, after launching, demand continuous improvement to remain competitive.

The second criterion is structure. Structure comprises the capabilities/procedures for developing products
and processing materials/components as well as the systems to facilitate control, co-ordination and
communication through organizational and interorganizational systems.

The first attribute within the structure criterion is dedicated cross-functional team which assesses the
human compromised capabilities of the supplier into the relationship in the areas involved in the NPD
stage such as product and process design and quality development. The second attribute is project
management methodology which measures the degree of knowledge and implementation of project
management practices in the supplier organization as well as the compatibility with the project
management practices of the manufacturer. The third attribute is quality methodologies. It measures the
degree of knowledge and implementation of quality practices (DFMEA, PFMEA, QFD, etc.) in the
supplier organization in order to facilitate new product development, launching and manufacturing. The
fourth attribute is Information Technology and Information Systems (IT & IS). It assesses the extent of
technology implementation and interoperability of supplier information systems in order to send/receive
and use the information exchanged between supplier and manufacturer. The role of the technology is an
important attibute as effective collaboration as it is highly influenced by seamless communication
between supplier and manufacturer. The fifth attribute is process alignment. It evaluates the extent of
business process interoperability defined as the “ability of different processes to work together and
exchange information, data, control information, etc.” (Interop, 2008). The sixth attribute is complementary
capabilities. 1t measures the degree of interdependence on assets as well as the capacity on
development/manufacturing so that the collaborative relationship can develop and manufacture higher
variety/amount of products to increase the market share. Finally, the financial profile attribute assesses
the past and current financial condition of the supplier in order to support/invest in the long-term.

The third criterion is the interaction criterion which deals with the relational side of collaboration. Based
on Mohr and Spekman (1996), the relational attributes considered in the AHP model are: coordination,
commitment, trust, information sharing, and conflict management.

Coordination involves the tasks that are to be taken for linking activities performed by the different
members in a seamless manner. The coordination degree between manufacturer and supplier is an
important attribute of the relationship as it allows moving together towards the achievement of mutual
objectives. Commitment refers to the willingness of the supplier to perform effort on behalf of the
relationship. It is the establishment of the foundation of the relationship and it is based on being
supportive in solving problems together. A high level of commitment provides the context for the
achievement of individual and mutual goals. Trust is based on the belief that the partner is reliable and
will fullfil its responsibilities acting fairly. A partner trusts another partner if considers that decisions
made by this last one will be in the interest of both parts. Information sharing considers the timeliness,
accuracy, adequacy and completeness of the relevant information exchanged. Finally, conflict
management measures the degree of intensity and conflict resolution mechanisms that exist between
manufacturer and supplier. The existence of conflict is inherent to interpersonal as well as
interorganizational relationships. However, the manner this conflict is managed is essential to the long-
term and stability of the relationship.
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Figure 1 shows the four levels that compose the AHP model for partner selection for CNPD. The first
level is the overall objetive. The second level comprises the criteria: product, structure and interaction.
The third level is composed by the attributes related to each criterion. Finally, the potential suppliers

(decision alternatives) are located in the fourth level.

Level 1: Overall Objective

Level 2: Criteria

Level 3: Attributes

Partner selection

for CNPD
v v v
Product Structure Interaction
- Quality - Dedicated cross- - Coordination
- Cost functional team - Commitment
- Development time - Project management - Trust
- Flexibility methodology - Information sharing

- R&D initiatives

- Quality methodologies

- Conflict management

- IT and IS systems
- Process alignment
- Complementary
capabilities

- Financial profile

Level 4: Suppliers Supplier 1 Supplier 2 Supplier n

Figure 1. AHP partner selection model for CNPD process

3.2. Phase 2. Pairwise comparison matrices

Once criteria are defined and the hierarchical structure is obtained, the decision makers give preference
among elements in each level (criteria, attributes and alternatives) by making pairwise comparisons.
These comparisons indicate the relative importance of one element versus another element with regard to
an element that both elements are linked located on an immediate upper level. These comparisons are
introduced on matrices called pairwise comparison matrices. After pairwise comparisons matrices are
completed, the local priorities of the compared elements (priority vector) are calculated and consistency
of judgements checked.

3.3. Phase 3. Synthesis

Once all priority vectors are obtained and consistency verified, the overall priorities for the alternatives
are calculated. For that purpose, priorities of decision alternatives are combined together with the sets of
priorities of criteria and attributes.

3.4. Phase 4. Sensitivity Analysis

In this phase, it is analysed how changes in the local weights of one of the criteria, attributes or
alternatives affect the overall priorities previously obtained. The purpose of this phase is to verify that the
solution obtained as the preferred alternative is robust enough.
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4. Case study

The focal company of this application is a manufacturer of injection moulding finished parts for the
automotive industry in Spain. The manufacturer is a global first-tier supplier of the main car
manufacturers (Ford, General Motors, Renault, Volvo, Nissan, etc.) having design centres and
manufacturing plants in Europe, North America, South America and Asia. During the last ten years, the
European purchasing department has been applying the policy of reducing the number of suppliers for
some of the main components, dividing the total amount of these components to be purchased into two or
three main suppliers. However, due to the success of a new product launched in 2006, and the new market
needs regarding this new product, the company pursues to change the policy and select one main supplier
to establish a collaborative relationship for the NPD process. Particularly, one of the components of this
product is critical as the technology and know-how required to design it and manufacture it is not a core
capability of the manufacturer. The three suppliers currently delivering this component have the
capability and know-how to manufacture the component and, therefore, are potential candidates for the
selection. Thus, the problem is to select the best supplier as single source (Ghodsypour and O’Brien,
1998). Three managing directors of the manufacturer responsible for purchasing, new product
management and operations were in charge of the assessment of the suppliers.

From the AHP model showed in Figure 1, the decision makers prioritise the criteria, attributes and
alternatives by making pairwise comparisons (Phase 2). For that purpose, the software Web-Hipre
(Mustajoki and Hamadldinen, 2000) was used. Figure 2 shows the pairwise comparison matrix for the
criteria with respecto to the selection goal.

Priorities - Selection

Direct | SMART | SWING | SMARTER AHP | e | Group |

How many times more important?

o O 7 | F

Interaction | 4_| _| L| Structure |
Next Comparison [2 ﬂ Clear All
[ A B C | [1 -9 scale v CM: 0.080
| A Interaction 1.0 0.59 Interaction N
B Structure 1.7 1.0 0.71 structure 0344 [ | ]
|C Product 17 14 10 Product o430 | | ]
OK | Cancel [

Figure 2. Priorities of criteria

As can be observed on the bar graph, product is the most important criterion with a priority value of
0.430. Then, structure criterion (0.344) is the second most important criterion, and finally, interaction
criterion (0.266) has the third position. In addition, consistency of judgements has being checked.
Fortunately, Web-hipre also allows verifying the consistency of judgements. In this case, as the
consistency index is below 0.1 (concretely, 0.080), consistency of judgements is acceptable.

Figure 3 shows the pairwise comparison matrix of attributes for the criterion with highest local priority,
product criterion. As can be observed, development time is the attribute with highest priority (0.371) but
it is very close to R&D initiatives (0.365). Then, the third most important attribute is flexibility (0.123).
Finally, cost (0.083) and quality (0.058) rate lower positions. It is noticeable the differences in local
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priorities between the quality and cost attributes with respect to R&D inititiatives and development time
attributes. Decision makers agree that this is due to the fact that quality and cost are attributes currently
met for the specific component that suppliers are develivering to the manufacturer. However,
development time and R&D innitiatives attributes are to be improved. In fact, both characteristics are
essential for the competitiveness of the manufacturer. In this case, consistency is 0.036. Therefore,
judgements are consistent.

Priorities - Product

Direct | SMART | SWING | SMARTER AHP | e | Group |

How many times more important?

-

Quality % ﬂ J j Cost v
Next Comparison |2 LI Clear All
|> A B C D E |1-9scale - CM: 0.036

A Quality 10 0.14 05 0.47 Quality 0.058
13(:051 15 1.0 0.24 0.630.22 Cost 0.083
Cevelop.Ti || 70 42 10 30 10 Develop. Time 0.371
| D Flexibility 20 1.6 0.33 1.0 0.33 Flexibility o123 ] ]
%ER&D 60 45 10 30 10 R&D 0.365

0K | Cancel ‘

Figure 3. Priorities of attributes for the product criterion

Figure 4 shows the pairwise comparison matrix for suppliers regarding development time attribute which
is the attribute with higher weight within the product criterion. Supplier 2 is the one with highest priority
(0.502), followed by supplier 3 (0.365) and supplier 1 (0.133). Consistency is also acceptable (0.034).

Priorities - Develop. Time

Direct| SMART | SMARTER AHP | Valuefnl Group]

How many times more important?

9 - ’T (v 9

Supplier 1 v ij _J _>] Supplier 3 j
Next Comparison |3 slightly preferred | Clear All
'a B C |1-9scale ~| CM: 0034
|ASupplier1 | 1.0 0.25 Supplier 1 0.133
| B Supplier 2 40 10 13 Supplier2 0502 | | ]
| C Supplier 3 2.6 0.77 1.0 Supplier 3 0.365 ]

I Convert weights to 0-1 value scale

0K ‘ Cancel I

Figure 4. Priorities of suppliers for development time attribute

Once all the pairwise comparison matrices have been obtained and consistency checked, the overall
priorities are calculated (Phase 3). Table 1 shows the overall priorities for the three suppliers. In addition,
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Figure 5 shows these priorities graphically. As a result, the preferred supplier is supplier 2 with an overall
rating of 0.388. Then, suppliers 3 and 1 are rated 0.310 and 0.301 respectively.
Table 1. Overall priorities for suppliers.

Supplier 1 | Supplier 2 Supplier 3
Product 0.114 0.176 0.140
Structure 0.109 0.128 0.107
Interaction 0.079 0.084 0.063
Overall 0.302 0.388 0.310
Analysis X

Composite Priorities I Sensitivity Analysis I

Goal Segments Bars

|1 Selection ~| |2 criteria 1 ~| |5 Arernatives ~|
0.5

H Product
D Structure
Hinteraction

0.4

0.3

0.2

0.1

I Show Values

Results as Text...

Supplier 1 Supplier 2 Supplier 3

OK

Figure 5. Overall priorities for suppliers

Once overall ratings are obtained, it is analysed how changes in the local weights of one of the criteria,
attributes or alternatives affect the overall priorities previously obtained (Phase 4). Figure 6 shows the
sensitivity analysis for the product criterion with respect to the overall objective. It has been selected this
criterion because it is the one that has higher impact on the overall objective with a local priority value of
0.430. As can be seen, supplier 2 is the preferred supplier although supplier 3 is gaining attention. In
addition, repeting this process for the other two criteria, it is observed that supplier 2 continues being the
one with highest overall priority. These results have been validated by the decision makers so that
supplier 2 has been finally selected.



MJ. Verdecho, JJ. Alfaro, R. Rodriguez/ Supplier Selection for CNPD process: an Application to the Automotive
Industry

Analysis

Composite Priorities  Sensithity Analysis |

Criteria

0.5
b & —Supplier 1 0.302
12 Product X
12 Structure Supplier2  0.388

iZImemction 04 —— —Supplier 3  0.310
3 Qualiy
3 Cost b

K 5 03 l“‘——_;-ﬁf

Subcriteria

[nteraction S02
|Structure

Product 1

0.00 1.00
0.43

OK ‘

Figure 6. Sensitivity analysis for product criterion with respect to overall objective
5. Conclusions

In the current environment, customers demand products with high specifications, quality and competitive
costs. In many industries such as the automotive industry, new product development is one of the core
processes due to the fact that the success of this process will determine future market position within the
industry. In the last years, many first-tier suppliers have been focusing on their core competencies and
developing collaboration partnerships with other enterprises as a means to remain competitive. Supplier
involvement results in many benefits, e.g. faster development process, access to new technologies, etc.
For that reason, selecting suppliers for collaborative new product development is an essential process.

Supplier selection involves considering both qualitative and quantitative criteria as final performance will
rely not only on the classical performance measures of the resulting products such as cost and quality but
also on the effectiveness of the new product development process which is sustained by qualitative
criteria. Thus, selecting suppliers for CNPD can be defined as a multi-criteria decision making problem
involving both qualitative and quantitative factors. The AHP method is a useful method to select suppliers
as it deals with both types of criteria. Concretely, this paper present three core dimensions to be
considered when selecting suppliers for CNPD: product, structure and interaction dimensions. These core
dimensions are further decomposed into seventeen attributes for approaching the selection process. Then,
the AHP model is composed to select the best supplier.

The developed AHP model has been applied to the selection of a CNPD supplier for an injection-
moulding first-tier manufacturer within the Spanish automotive industry. The manufacturer has been
working with three different suppliers delivering one main component for one of its current leading
products. The market needs of this product demands more attention in technological and R&D practices.
Therefore, the company has decided to select one main supplier to establish a collaborative relationship
for the NPD process. Although all three suppliers currently delivering this component are potential
candidates for the selection, the best supplier has been selected with the aid of the AHP method. AHP
method has proved to provide an adequate solution for the selection process as decision makers agree
with the solution delivered.
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