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Abstract
In this paper the authors present a framework for supplier evaluation in a global environment. Global supply chains may involve very different relationships, from strategic/long term to tactical/short term relationships in which data necessary for evaluation are often unavailable, ambiguous, and difficult to measure. Given the wide range of purchasing situations and the different types of supply relationships it does not seem practicable neither to identify a single and optimal solution to the problem of defining a suitable evaluation method, nor to reduce evaluation to a simple one-stage data aggregation process.  To cope with such complexity, companies can adopt a learning organization approach to supplier selection, here intended as a long term, strategic and ongoing process through which companies can learn how to better manage their global supply chain and effectively select their suppliers on a worldwide scale.  By assuming the learning organization perspective and through the integration of methodologies drawn from knowledge engineering and soft computing, the proposed framework is intended to support supply chain managers in supplier selection both in the problem setting and in problem solving stage. It represents a systematic approach for supplier assessment using data related to the strategic characteristics of the supply chain relationship, supplier performance, and local characteristics.
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Supply Chain Management in a Global Environment
Supplier screening and evaluation have received considerable attention in the literature (Shore and Venkatachalam, 2003). Prior research has tended to focus on both the criteria necessary to evaluate suppliers and the techniques useful in processing the data necessary to make these decisions (Albino and Garavelli, 1998; Barbarasoglu et al., 1997; Choi and Hartley, 1996; De Boer et al., 2001; Ghodsypour et al., 1998; Li et al., 1997; Kraljic, 1983; Ng and Skitmore, 1995; Sarkis and Talluri, 2002).  Recent trends have changed the way in which suppliers fit into the extended enterprise.  The extended enterprise is a network of firms dispersed and characterized by high interdependency, intensive knowledge transfer, strategic collaboration, and increasing integration through information and communication technologies (Dosi and Marengo, 1994; Lieberman, 1991; Kinder, 2003). Accordingly, the criteria and techniques used to evaluate suppliers in this extended environment need to be reconsidered (Lau et al., 2003; Ip et al., 2000). 

Three Trends
Three recent trends have contributed to the complexity of this process and include:

· Global sourcing

· Outsourcing

· Collaboration

The first trend is global sourcing where market internationalization and the availability of large amounts of data and information, facilitated by Internet-based collaborative systems have made it possible and often competitively necessary for organizations to search for suppliers on a global scale (Magretta, 1998; Doz et al., 2002).

The second trend is the increasing role that outsourcing, both in manufacturing and service activities, has played as organizations emphasize their core competencies and outsource those activities that can be performed more effectively and economically by suppliers, or outsource those activities that do not contribute to their competitive position. The result of the first two trends is an increasingly complex value chain extending across continents in which many of the links among members are based on strategic relationships and focus on core competencies. In these complex and articulated inter-organizational networks, information systems play a major role in linking activities to ensure a smooth and economic flow from suppliers to customers.

The third trend is collaboration. New forms of interorganizational cross-boundary alliances have emerged that focus on collaboration from the sharing of product research and development to the sharing of ordering, manufacturing and logistics processes. Collaboration is not only intended to improve efficiency or to enforce a company’s strategic position in world markets, but it also serves to enhance inter-organizational learning and the continuous improvement of core competencies for both suppliers and their customers (Kraljic, 1983; Sabath and Fontanella, 2002; Sarkis and Taluri, 2002).

Supplier Selection in Turbulent Environments

To address this new complex environment, companies must reevaluate and change the process through which suppliers are evaluated.  This paper separates supplier selection into three stages—problem setting, problem solving, and control.  Furthermore, we suggest companies must become learning organizations (Argyris and Schon, 1978; Choo, 1998; March, 2001) to protect their competitive positions in turbulent, competitive, and ambiguous worldwide markets.  

One of the most disrupting consequences of globalization is high market turbulence, both strategic and technological. Strategic consequences include balancing a focus between regional and global customers, responding to the deregulation of commerce, and the ability to remain competitive within and among trading blocks. Technological consequences include the role of technology in effectively managing operational data, shrinking communication barriers, and linking value chains through  web-based technologies..  

A turbulent environment not only threatens a company’s survival but it also presents it with new business opportunities. These changes have led to the creation of strategic alliances, the ability to effectively serve both regional and global customers, and the possibility to consolidate global market positions (PriceWaterhouse Coopers, 1998).  Competing in global market means challenging the complexity of this new environment, in which seemingly contradictory responses must be balanced.

Organizations can survive in a turbulent environment only if their internal variety and learning rate are higher than the environmental change rate (Ashby,1956). Globalization forces organizations to produce seemingly contradictory responses and manage organizational paradoxes (Cameron and Quinn, 1998).  This includes: competition vs. partnership, global culture vs. national culture, global efficiency vs. local responsiveness, and standardization vs. customization. The capacity to manage complexity within an ambiguous environment, one that is also burdened with paradoxes, is one of the main characteristics of a learning organization (Argyris and Schön, 1978, Choo, 1998; March, 2001).

This paper proposes an integrated framework for supplier selection. It is a framework that responds to the turbulence and ambiguity in the supply chain environment.  Shown in Figure 1, it is comprised of three main stages including: problem setting, problem solving and control. It is adapted from Argyris and Schön’s double-loop learning model (Argyris and Schön, 1978; Choo, 1998).

Supplier Selection Criteria
In the traditional purchasing process the emphasis in supplier evaluation has been on price, delivery, quality and service (Dickson, 1966; Ellram, 1987). But the recent trends described earlier suggest that new variables and techniques be considered to handle the large amount of data that are available and that must be analyzed before supplier decisions can be made.

To address this additional complexity, companies must learn from past experience, utilize available data, and rely on knowledge before they can evaluate and select suppliers in an effective way. Many critical questions need to be answered:

Globalization of screening. How can large amounts of data and information be managed when organizations must contend with large numbers of suppliers operating in different countries? How might country risk affect the evaluation process? How might national culture affect collaborative relationships?

Emphasis on the role of organizational issues and collaboration potential. How can qualitative criteria be established and measured, especially for long term/strategic relationships where collaboration and organizational factors play major roles? How can new variables be incorporated to evaluate qualitative or intangible factors and methodologies to address the inherent ambiguity associated with these variables?

Customization depending on characteristics of specific purchasing situation. How can this high number of evaluation variables concerning localization, performance, collaboration etc. be used to construct reliable methods for supplier evaluation in specific and different purchasing situation?

Organizational learning orientation. How can suppliers be re-evaluated according to a dynamic approach in which evaluation is an ongoing process intended to monitor the overall quality of the relationship?

Current Approaches:  Shortcomings

Notwithstanding the methods for supplier evaluation that have been proposed (De Boer et al., 2001; Albino and Garavelli, 1998; Li et al., 1998; Morlacchi, 1999; Ng et al. 1995), globalization issues have not been considered extensively in the literature (Magretta, 1998).

While intangible evaluation criteria such as collaboration, culture and trust have been addressed in previous research (Choi, 1996; Ellram, 1990; Fisher; 1997; Kraljic, 1983; Lee et al., 2001; Sabath and Fontanella, 2002), it is difficult to establish reliable evaluation procedures and metrics to accommodate the vagueness and imprecision associated with these and other selection criteria.

Current evaluation methodologies are difficult to customize to the specific needs of a user and lack sufficient flexibility to be applied in a variety of supply relationships, especially those with extensive worldwide supplier networks.  Further these methodologies are static and do not provide for the revision of the evaluation procedures using performance feedback from current suppliers.

There are several ways to organize the review of supplier evaluation in the supply chain literature. De Boer et al. (2001) classify the evaluation process into phases and purchasing situations. In this paper we classify research into two categories: criteria for screening and selection and decision support approaches. Criteria can be further classified into quantitative, qualitative and a combination of quantitative and qualitative. Decision support approaches can be classified into data-based methodologies and experience-based methodologies. Data-based approaches are those in which measurable data are employed. They are appropriate for well-structured problems. Experience-based approaches rely on knowledge and past experience of human experts.  Data-based approaches usually employ well-known statistical and operations research techniques whereas experience-based approach tend to employ hybrid techniques such as expert systems, neural networks, and case-based reasoning as well as qualitative methodologies for problem definition and formulation of criteria such as brainstorming, cognitive mapping, and interpretive structural modeling (Mandal and Deshmukh, 1994).

In summary, many shortcomings may be identified with current supplier selection models. These include:

· Excessive focus on problem solving support related solely to the evaluation and assessment phase;

· Lack of integration between data-based (hard) methods and experience-based (soft) techniques into a coherent framework;

· Excessive focus on performance;

· Less emphasis on strategic issues;

· Shortcomings in dealing with qualitative, imprecise and ambiguous data;

· Local focus rather than global;

· Static analysis;

· Difficulty to customize for specific situations.

In this paper an evaluation framework is proposed in an attempt to provide a new perspective to the supplier selection process in which we argue that many of the above mentioned problems could be faced in a more effective way.  In particular, the focus here is on the general architecture of the evaluation framework in order to describe the building blocks of the model and to identify critical methodological issues in its implementation.
Proposed Methodology

The evaluation framework proposed in this paper, as shown in Figure 1, comprises three stages: problem setting, problem solving and control.
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Figure 1: Supplier selection in the learning organization perspective

The proposed framework is an adaptation of the Argyris and Schön’s double-loop learning model (1978).  Single-loop learning occurs when the mismatch between expected and actual result motivates a change in organizational action.  In the supplier selection process this may involve making changes to the criteria used in the evaluation process. 

Double-loop learning requires a deeper change of theories and cognitive schemata that guide action. In supplier selection such a change may concern the definition of the meaning of evaluation criteria, the identification of new selection strategies, a change in the company vision of core competencies or of the strategy adopted for competition.

Problem Setting and Organizational Memory
Most of the methods for supplier selection primarily focus on the problem solving rather than on the problem setting stage, apart from some exception (De Boer et al., 2001). In our framework the problem setting stage supports the decision-making process in which managers must first identify an appropriate selection model within the context of a specific purchasing situation.

In this stage it is necessary to start with the analysis of formal processes used by the organization for supplier selection (espoused theory following Argyris and Schön’s terminology) and the actual ways in which these processes are implemented (theory in use). The espoused theory and the theory in use do not always coincide.  The espoused theory is often considered an explicit description of the procedures that should be followed whereas the theory in use describes actual behavior, often tacit and difficult to capture and formalize.

According to some contributors, organizations store their knowledge in collective memory made up by several retention facilities (Levitt and March, 1988; Nelson and Winter, 1982; Walsh and Ungson, 1991). Retention facilities allow organizations to store information and knowledge and to retrieve it when needed. Among such facilities Walsh and Ungson identify external archives and internal memory bins such as individuals, organizational culture, and procedures for the transformation of input into output, organizational structures, and the physical setting of the workplace (ecology).

Analogous to Walsh and Ungson’s concept of transformation is the concept of organizational routine formulated by Nelson and Winter (1982). Memory is constructed through the accumulation of past experience by encoding inferences from history into routines that guide behavior (Levitt and March, 1988). 

Whether organizational knowledge is stored in routines or other retention facilities, it can be evoked through a retrieval process activated by organizational members when they are requested to make a choice or solve a problem. The presence of an organizational memory induces individuals to interpret new facts in the light of pre-existing knowledge and schemata contained in the memory.

Supplier selection is a challenging and complex decision making process.  It is influenced by the existing theory in use and espoused theory about “how to select a good supplier.”  Both the theory in use and the espoused theory about how the organization selects its suppliers should be analyzed.  Therefore both must be studied.  This analysis can be done by investigating organizational memory and its retention facilities.  Useful implications for the design of the “right” selection methods can be drawn from such an analysis.
Problem Setting Stage
Through a case-based strategy and a decision tree methodology (Kolodner, 1993), which may be dynamically updated and constructed according to the needs of the company, the problem setting stage helps decision makers identify the right set of evaluation criteria for a given situation. Case Based-Reasoning assigns a central role to memory in learning processes. A possible way to solve new problems is to adapt solutions that proved to be successful in similar cases in the past (Schank, 1986). Mapping organizational knowledge that supports supplier selection through a case-based approach suggests the identification of a schemata, or pattern of action guiding the selection strategy implementation.

The identification of the selection criteria can be obtained by constructing a decision tree like the one showed in figure 2.  In this example, the selection strategy begins with the product for which a component has to be purchased from a supplier.

Figure 2 illustrates an example of this mapping process in which the possibilities for outsourcing a component part are considered. The main purchasing driver is related to the overall strategy that must identify the overall goal in outsourcing. This may include, but is not limited to, pressures on ‘cost squeezing’ from the competitive marketplace, the need to reduce order cycle time, or the necessity to gain access to appropriate manufacturing or information technology. The second factor that establishes the problem setting is the life cycle stage of the product or component part. These stages include new products, those undergoing growth and development, mature products and those in decline near the end of their life cycle. Component category is also a consideration. Is it a strategic component that differentiates the product from those of competitors? Is it a bottleneck component that may create serious problems if supply is interrupted or quality is undependable (Kralijc, 1983)? Or is it a commodity product that can be purchased from one of several suppliers?  Not all suppliers are equal. Some can be placed in a strategic category. They represent those suppliers with whom collaboration on many issues including the transfer and sharing of information is critical in maintaining a relationship that insures a seamless link between suppliers and customers. It is not enough to require that two organizations collaborate. The extent of the collaboration must be addressed. With some suppliers it is only necessary to collaborate on transaction data. Exchange of purchasing orders, bills, and invoices is all that is necessary. With other suppliers, collaboration must extend to the sharing of knowledge and may include a supplier’s manufacturing control databases, logistics databases, research and development knowledge, manufacturing management knowledge, and even extend to the sharing of cost data.  The term of the relationship in problem setting influences the effort expended in problem setting.  If the expected term of the relationship is long, considerably more effort can be directed at the problem setting stage. Short-term relationships usually require less emphasis. Finally, the scope of the search, local or global, must be identified. 
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Figure 2.  Problem Setting Stage

The decision tree depicted in fig. 2 is only an example. Other configurations are possible. Furthermore, it has to be constructed together with company managers in order to understand which drivers and paths identify meaningful problem setting environments for that company.

What is really important is that for each of the several hundred paths through such a decision tree different problem setting environments emerge and require a very different approach to the problem solving stage in supplier evaluation.

The purpose of this knowledge-base is to emphasize the importance of an appropriate match between the characteristics of the purchasing situation and the identification of a suitable set of evaluation criteria. For example, a strategic knowledge-based relationship may require the evaluation of criteria related to the organizational compatibility between a company and its supplier, whereas commodity inputs may require a more limited evaluation centering on cost and logistics criteria alone. Thus, the kind and the number of selection criteria depend upon the purchasing situation, and on the characteristics of a specific supplier relationship.  This criteria set must ensure meaningfulness, accuracy, completeness, timeliness, and cost effectiveness.

Problem Solving Stage

Once selection criteria have been identified, it is necessary to structure them through a systematic methodology for supplier assessment and ranking. This is called the problem solving stage.  This methodology should support decision makers in structuring these criteria, assigning them different importance, assessing supplier performance on each criterion, aggregating evaluation for each supplier and ranking suppliers.

Analytic Hierarchical Process models have been suggested as one methodology to rank suppliers (Saaty, 1978).  AHP-based methods have been used in supplier evaluation and provide a systematic approach to the evaluation problem (Ghodsypour and O’Brien, 1998; Sarkis and Talluri, 2002; Shore and Venkatachalam, 2003). 

In the problem solving stage a fuzzy multi-attribute evaluation model shows considerable promise in the process of ranking suppliers depending on their performances related to the criteria selected in the problem setting phase (Chen and Hwang, 1992; Zadeh, 1973; Yager, 1993; Cannavacciuolo et al., 1999; Shore and Venkatachalam, 2003).  Fuzzy logic is more effective than traditional procedures because it can cope imprecise information, whenever precise data are not available or too costly and difficult to obtain.

Considering the expanded set of factors expressed in Figure 2, it is quite common that a supplier’s performance cannot be assessed precisely for many reasons: unquantifiable information, incomplete information, non-obtainable information, partial ignorance (Chen and Hwang, 1992). This is the case both for quantitative criteria, for which one may not have precise estimations, and, above all, for qualitative criteria, which are intrinsically ambiguous and imprecise. The application of Fuzzy Logic to supplier evaluation can be inscribed within the methodological framework of the Linguistic Decision Analysis (Zadeh, 1996; Herrera and Herrera-Viedma, 2000). Linguistic decision analysis is applied to solve decision-making problems under linguistic information. Its application in decision analysis permits the representation of information in a more adequate way when one is unable to express it precisely for semantic or practical reasons.

Fuzzy evaluation models can deal with both fuzzy as well as crisp data. Nonetheless, methods proposed in the literature to elicit and represent qualitative uncertainty through fuzzy sets usually introduce additional computational burden (Bonnissone, 1982, Dubois and Prade, 1982, Dubois et al., 1988, Efstathiou, and Rajkovic, 1988).

The evaluation model suggested here is a hierarchical model containing a “library” of evaluation criteria organized in clusters that might be or might not be used in the evaluation depending upon the results of the problem setting stage. Clusters of criteria are related to localization, cultural aspects, collaboration, organizational factors, and operational performance (fig. 3).

In practice, by using the case-based strategy illustrated in fig. 2, the output of the problem setting stage is the identification of a specific path associated with a purchasing situation. The challenge is thus to identify a correspondence between the characteristics of the situation and the set of evaluation criteria that best fit those characteristics. While an optimal fit could be a rather hard task to be accomplished in practice, one can solve this problem through the application of heuristics derived from managers’ experience (theory in use), in order to look for ‘satisficing’ solution in the Simon’s sense (1961).

In other words, the positioning of a particular component obtained from the problem setting stage determines the strategy and depth of the problem-solving process. This process illustrated in Figure 3 has several levels. 
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Figure 3: Problem Solving Stage

The first level, country enablers, is appropriate when the search for suppliers is global and may include such factors as: national culture, economic indicators, educational infrastructure, logistics infrastructure, technical infrastructure, and political stability and currency exchange rates.
The second level, organizational enablers, addresses organization-specific factors central to the screening process. These factors can include: organizational culture, information infrastructure, organization size, manufacturing capabilities, and knowledge transfer capability.  The purpose of this level is to assess the long-term potential of suppliers. Depending on the type of collaboration category selected, the metrics used to measure organizational enablers will have different weights. For example, transactional collaboration will assign lower weights to organizational culture whereas knowledge collaboration will require larger weights for organizational culture.
The third level, performance enablers, evaluates candidate suppliers based on their performance. The traditional factors include cost, quality and time (Barbarosoglu and Yazgac, 1997; Choi, 1996; Sarkis and Talluri, 2002), assets and service (Hausman, 2003). A wide range of analytical techniques are used in the performance evaluation process including analytical hierarchy process, analytical network process, statistical models, multi-criteria decision making methodologies, optimization techniques, and fuzzy logic. In general the variables measured in this stage measure quantifiable information and the models have a well-defined structure.
Control Stage
The control stage should help the organization improve the robustness and validity of the evaluation process by providing feedback that compares expected and actual performance of suppliers.

As showed in Figure 1, the results provided by the evaluation model should be compared with the actual performances of suppliers in order to improve model’s capability to predict and identify the best suppliers within a given set of alternative. Improvements in evaluation are needed if the difference between expected and actual performance is high. According to the learning organization framework, such improvements might concern both a first order modification (single loop learning) and a second order change (double-loop learning).

A first order change involves the “tuning” of the model (single loop learning) such as slight changes in the weights of criteria or in the aggregation procedure (more or less compensative). Those changes and refinement can be obtained using training data and through advanced computational techniques, such as neural networks (Albino and Garavelli, 1998). For instance (see Figure 3), changes might concern relative importance of country, organizational and performance related criteria or modification in the criteria aggregation method.

However, these changes do not challenge the values and assumptions on which the organizational strategies and procedures for supplier selections are based. Consequently, first order improvements may not be sufficient to reduce the gap between predicted and actual supplier’s performance and second order changes might be necessary. 

A second order change involves the modification of the problem setting stage (double loop learning).  It addresses the difference between what is actually followed (theory in use) and what should be followed (espoused theory).  Second order changes involve changes in values, assumptions, and beliefs about how to select a good supplier.  This process requires the use of a variety of techniques such as cognitive maps, decision trees, or causal maps (Huff, 1990; Weick, 1976). 
Conclusions

The framework proposed in this paper suggests that outsourcing, globalization, and new models of interorganizational collaboration, together with turbulent environments have increased the burden on supplier selection process.  Consequently, supplier selection in a global environment has to be supported with procedures and tools designed to enhance learning and knowledge creation. Choices are only the final results of a complex process that is based on knowledge elaboration and creation. While most of the contribution in the literature focuses on the choice step, we argue that a more comprehensive and integrated approach should be implemented in order to map, monitor and support the entire selection process. We also claim that such an approach can be implemented through the integration of several techniques ranging from knowledge engineering and management to advanced computation in order to design decision support systems able to effectively support decision makers in all the phases of the selection processes.

The objective of this paper has been to develop an overall framework for the supplier selection process.  Among the most critical issues at this stage of the research we identified the following challenges:

a) How to identify a reliable set of rules linking the characteristics of the purchasing situations to the choice of a suitable set of evaluation criteria;

b) How to construct and update the library of criteria starting not only from the literature but also considering the tacit knowledge of human experts of the organization in order to transform it into organizational knowledge and to encode it into a decision support tool; and

c) How to design the control stage in order to update dynamically the evaluation procedures starting from actual results.
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