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Abstract. Selecting suppliers is a multi-criteria decision-making problem 

involving both qualitative and quantitative factors. The aim of this paper is to 

propose a multi-criteria approach that aids to select suppliers based on two 

interrelated inputs: overall system performance and supplier performance. With 

this model, enterprises that are collaborating will have a tool to select suppliers 

not only based on supplier performance but also aligned with their own strategy 

increasing the quality of the supplier selection process and, therefore, 

improving the sustainability of the partnership and their competitiveness.  
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1   Introduction 

One of the strategies most used to increase/maintain enterprise competitiveness is to 

establish collaboration relationships with suppliers. Congruent with the need to 

integrate multiple linked processes in the supply chain, theoretical research advocate 

that early and extensive supplier involvement results in many benefits, e.g. faster 

development process, reduced costs, etc. [1]. In this context, selecting suppliers 

becomes a crucial process for manufacturers. 

Various studies about customer-supplier relationships point out the importance of 

considering the performance measurement of the entire supply chain in order to 

provide products and services that meet the expectations of end customers and 

promote improvement and innovation of the whole processes. In [2], Mentzer defines 

supply chain collaboration (SCC) as „a means by which all companies in the supply 

chain are actively working together towards common objectives, and is characterized 

by sharing information, knowledge, risk and profits‟. For that reason, it is important to 

define common performance indicators for all the enterprises that are collaborating as 

they will aid to focus their efforts towards strategic aspects of their business and, 

therefore, they will support their competitiveness. In fact, it is acknowledged that the 

way enterprises measure performance shows the organizational culture and the 

formulation and deployment of their strategy [3]. Thus, it is important for those 

enterprises to define and use a structured performance measurement framework that 



allows managing performance under various perspectives or dimensions that provide 

a relevant overview of their performance status. One of the most important 

performance frameworks developed in the academic literature and business 

applications is the Balanced ScoreCard (BSC) by Kaplan and Norton [4]. In fact, 

possibly due to this acceptance, the BSC developed initially for managing 

performance of enterprises has been extended by different authors for 

interorganizational performance management such as the works by Brewer and Speh 

[5], Bititci et al. [6], Folan and Browne [7] and Alfaro et al. [8].  

In addition, the muti-criteria 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-criteria 

techniques to pass from the initial criteria to an overall ranking of suppliers [9]. 

Besides, supplier selection involves considering both qualitative and quantitative 

criteria [10]. Therefore, selecting suppliers can be defined as a multi-criteria decision-

making (MCDM) problem involving both qualitative and quantitative factors. 

In this context, it seems reasonable that enterprises that desire to select suppliers 

need to make their decision based on two main inputs: performance of the enterprises 

that are collaborating and supplier performance. On the one hand, the enterprises that 

are collaborating pursue the improvement of the overall system. For that purpose, 

they should define performance elements (such as performance objectives, 

performance indicators, etc.) for the whole interorganizational context and select the 

new supplier that better match those performance elements. In addition, these 

performance elements are better managed under a structured framework such as the 

BSC. On the other hand, enterprises need to identify relevant criteria for supplier 

assessment based on supplier performance as not all the suppliers excel at the same 

characteristics.  

The purpose of this paper is to propose a multi-criteria decision-making approach 

that aids to select suppliers according to both inputs: overall system performance and 

supplier performance. With this model, enterprises will have a tool to select suppliers 

not only based on supplier performance but also aligned with their own strategy 

increasing the quality of the supplier selection process, its long-term partnership and 

improving the competitiveness of the whole enterprise association.  

The structure of this paper is as follows. First, a literature review of multi-criteria 

decision analysis methods applied for supplier selection is presented focusing 

attention on the Analytic Hierarchy Process (AHP) method. Then, the multi-criteria 

approach to select suppliers is described. Finally, conclusions are exposed.   

2   Literature Review 

Several methods have been proposed for solving the supplier selection problem such 

as vendor profile analysis (VPA), multi-objective programming (MOP), data 

envelopment analysis (DEA) and analytic hierarchy process (AHP) [10]. 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 



partnerships and are not directly quantifiable, e.g. trust and commitment [11]. 

Therefore, the AHP method developed by Saaty [12] 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 [13].  

The AHP method has been previously used for supplier selection under a wide 

variety of applications [14]. In [15], it is presented an integrated AHP and linear 

programming method for choosing the best suppliers and placing the optimum order 

quantities among them. In [9], it is proposed 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. In [16], it is proposed an AHP model for casting supplier 

assessment based on four groups of criteria: product development capability, 

manufacturing capability, quality capability, and cost and delivery. In [17], it is 

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. In 

[18], a multi-criteria group decision making model for supplier ranking based on AHP 

is developed 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. In [19], 

an AHP model to structure SCOR (Supply Chain Operations Reference) model 

metrics to evaluate overall supplier efficiency is proposed. In [20], it is developed a 

selection model for supplier selection process using AHP. In [21], a multi-criteria 

supplier selection procedure using AHP is presented. The first level criteria used to 

compare suppliers involve: supplier, product and service criteria. In [22], it is 

developed an AHP approach for virtual enterprise partner selection using the SCOR 

model and the AHP method. In [10], it is presented an AHP approach to select global 

suppliers according to five criteria: cost, quality, service performance, supplier profile 

and risk factor.  

Regarding the combination of AHP and BSC, in [23], it is developed a model to 

implement a BSC framework. In [24], it is proposed a model to align the BSC and a 

firm's strategy using the AHP. In [25], a model for long-term vendor selection based 

on vendor performance is presented. In [26], a model for selecting performance 

indicators for supply chain management is presented. In [27], an approach for 

evaluating performance of IT department in the manufacturing industry in Taiwan is 

exposed. In [28], it is proposed a decision support system for selecting ERP systems 

in textile industry by using the BSC.  

However, there is not a specific model developed for selecting suppliers that 

integrates performance information of suppliers as well as the overall system 

performance. For this reason, the purpose of the remaining of this paper is to present a 

multi-criteria BSC-AHP model for supplier selection that fills this research gap. With 

this approach, enterprises that are collaborating and have defined a BSC framework 

(or desire to do it) will have a tool to select suppliers based not only on specific 

performance data of suppliers but also aligned to their common strategy and, 

therefore, have a tool to improve their competitiveness. In addition, supplier 

performance and overall performance are interrelated as there is probably a supplier 

that can contribute more than the other suppliers to enhance overall efficiency. With 



this approach, both inputs are connected to provide an overall rating of suppliers for 

decision-makers.  

3   The proposed Multi-criteria Approach for Supplier Selection 

3.1   Description of the Model  

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, it is defined the ultimate goal of the decision problem. Then, the criteria 

that contribute to achieve the goal stand in the second level. In the next levels, 

intermediate subcriteria and attributes that compose the hierarchical structure are 

located. Finally, in the last level, the decision alternatives are established. Using 

levels allows decision makers to focus on a small set of decisions [12]. By making 

pairwise comparisons and using the fundamental scale of Saaty [12], 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.  

In order to apply AHP, we have defined four phases. In the first phase, the criteria 

and attributes to improve overall efficiency are defined and the AHP model is 

composed. Once the AHP model is obtained, the second phase consists of making 

pairwise comparisons within each level and obtaining the relative priorities. 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. It has to be noted 

that this paper deals with the description of the phase 1.  

     The multi-criteria model developed for selecting suppliers is founded on two main 

interrelated inputs: overall performance and supplier performance. Figure 1 shows the 

hierarchical structure of the BSC-AHP model. The main goal is to select a supplier to 

improve overall interorganisational efficiency so that this goal stands on the top of the 

hierarchical structure. In order to manage this goal, different performance indicators 

are defined. The performance indicators that are to be monitored by the partners are 

the main criteria of the model as the achievement of the objectives related to these 

performance indicators will benefit the overall performance. Thus, at this phase, it is 

suggested to define performance objectives and indicators according to the four 

performance perspectives of the BSC [4]: financial perspective, customer perspective, 

internal business process perspective and innovation & learning perspective. In order 

to support these performance indicators, supplier performance information has to be 

evaluated under different supplier dimensions. Therefore, there is a direct link 

between the performance of the supplier and the performance of the overall system. 

That is the reason why supplier dimensions stand on a layer below overall 

performance indicators as the performance of the supplier has to contribute to the 

consecution of the performance of the overall system. In order to define the supplier 

performance data, the model uses the conceptual framework by Croom [29] for 

supplier involvement which considers both operational and relational competencies 

and comprises three dimensions: product, structure and interaction dimensions. 



Finally, the last level is composed of the potential suppliers (1, 2, … n). Suppliers will 

be pairwise evaluated to know which one best performs on the performance 

dimensions previously defined. Thus, the BSC-AHP model is composed by these four 

main components: overall goal, performance perspectives, supplier attributes and 

potential suppliers.  

 

 

Fig. 1. BSC-AHP model: main components 

Figure 2 shows an example of a detailed BSC-AHP model for partner selection. As 

can be observed, the second level (performance perspectives) is further deployed to 

show their performance indicators within each performance perspective. Similarly, 

the supplier attributes within each dimension are also shown. Based on Croom’s 

work, the attributes comprising the dimensions (product, structure and interaction) are 

described as follows.  

The product criterion comprises the main attributes that are to be addressed when 

assessing the product dimension of the supplier. Some relevant attributes of the 

product dimension include [10, 16, 21]: 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. It also 

considers deviations from the specified quantities or delivery dates in the customer 

order. The second attribute is the price of the product as it affects to the bottom-line. 

Development time refers to the competence of the supplier to design, develop and 

launch products within the agreed period of time according to the product 

specifications. Flexibility involves the response time of the supplier when product 

changes are needed. 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 [29]. The first attribute within the structure criterion is 

dedicated cross-functional team which assesses the human compromised capabilities 

of the supplier into the relationship. 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 rest of enterprises. The third attribute is 

quality methodologies. 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 with the rest of enterprises. The role of the technology is 

an important attribute as effective collaboration 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.” [30]. The sixth attribute is complementary capabilities. It 

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 [10]. 

 

 

Fig. 2. BSC-AHP detailed model. 

The third criterion is the interaction criterion which deals with the relational side 

of collaboration. Based on [11], 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. 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 fulfil 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.  

4   Conclusions 

This paper introduces a multi-criteria approach to select suppliers for collaborative 

relationships based on two types of performance information: supplier performance 

information and overall performance of the collaborating enterprises. Performance 

data of the suppliers is the common performance information considered in the 

literature for supplier selection problems. In addition, we have introduced the BSC of 

the whole collaborative enterprises as it is important that the supplier selected should 

contribute the most to the overall efficiency improvement. Therefore, in our approach, 

supplier performance information is linked to the common performance indicators 

defined by all the enterprises that are collaborating. With this approach, enterprises 

will have a tool to select suppliers aligned with their own strategy increasing the 

quality of the supplier selection process, its long-term partnership and improving the 

competitiveness of the whole enterprise association.  
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