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XI
The final conclusions of the thesis comprise four dimensions


In the previous chapter we presented in detail the evaluation of the application of the toolbox in four supplier selections cases. In this final chapter we draw conclusions from these evaluations and the research as a whole. 


Our first and main conclusion is that the toolbox developed and discussed in this thesis may offer useful and comprehensive support to the purchaser when it comes to selecting suppliers. More specifically, we conclude that this applies to all phases in supplier selection processes and in different purchasing situations. Furthermore, we conclude that the toolbox offers decision models that may be useful in a variety of ways and in different types of organisations.


In addition, we conclude that the toolbox can be further improved through a few specific redesign steps. Also, limited training of purchasers and investment in software is recommended.


Finally, we discuss the scientific by-products that result from this thesis. 

The toolbox may offer useful and comprehensive support for supplier selection decisions

The general conclusion we draw from the experiments is that in many ways the toolbox may be useful to the purchaser. In this section we discuss this conclusion in more detail in the following three subsections. First, we discuss the usefulness of the toolbox in relation to the different phases in supplier selection processes. Secondly, we address the different ways in which the decision models may be useful. Finally, we pay attention to the scope of the conclusion in terms of different types of organisations and purchasing packages.

The toolbox may be useful throughout the whole supplier selection process and in different purchasing situations

In the construction of the toolbox, we distinguished between four supplier selection strategies, which are based on different purchasing situations (new task, modified rebuy and straight rebuy). The four main compartments in the toolbox represent the four supplier selection strategies.


The design of the toolbox also led to the distinction between four basic phases in supplier selection processes: (1) problem definition (2) formulation of criteria (3) qualification of suppliers and (4) final selection of suppliers. The four subcompartments in each main compartment represent these phases. Within each strategy, the characteristics and nature of these phases differs and consequently different (appropriate, groups of) decision models were assigned to the subcompartments in each main compartment.


Subsequently, we tested decision models from each subcompartment (i.e. phase of the supplier selection process) in different main compartments (i.e. supplier selection strategies). The evaluations in the previous chapter did not indicate fundamental differences between the usefulness of the decision models in the different subcompartments and main compartments. In each experiment, we found that for each phase the toolbox contains decision models that in many respects proved to be useful to the purchaser. Therefore, from the experiments we conclude that the toolbox may prove useful throughout the whole supplier selection process and across fundamentally different purchasing situations.

The decision models in the toolbox may be useful to the purchaser in various ways


In this subsection, we draw conclusions about the various ways the toolbox may be useful to the purchaser in a certain situation. The conclusions are based on the detailed evaluation of the empirical testings as described in the previous chapter.

The toolbox may aid the purchaser in generating and evaluating alternatives for supplier selection


Selecting a supplier is a means to an end. The decision models in the first subcompartments of the toolbox offer the purchaser a way to systematically and explicitly analyse the need to select one or more suppliers in the first place. In this way, the purchaser may avoid choosing a supplier for the wrong reasons (i.e. solving the wrong problem). In addition, the purchaser can use the models in the toolbox to generate alternative or additional solutions for the problem that needs to be solved. This may not only strengthen the purchaser in his professional, critical role towards internal customers when they request to purchase a certain item or service but also it may also assist the purchaser in carefully considering and analysing the need for and the purpose of (re) selecting suppliers (e.g. when considering second sourcing) in the framework of the purchaser’s responsibility for managing the supplier base. If however selecting a supplier is indeed the best way of solving the problem, then still the purchaser will be able to better justify, explain and communicate this.

The toolbox may aid the purchaser in generating and evaluating supplier selection criteria

The toolbox offers the purchaser a way of generating an explicit list of appropriate, acceptable criteria for the qualification and selection of suppliers. Apart from the advantage of being able to record this knowledge, the decision models in the toolbox may also enable the purchaser to generate additional criteria (covering new different aspects) which may lead to a more complete evaluation of the suppliers. At the same time however, the toolbox also contains decision models that assist the purchaser in carefully investigating the criteria used and identifying possible redundant and/or non-discriminating criteria. This may not only increase the efficiency of supplier selection and evaluation processes (because fewer criteria need to be evaluated) but may also lead to a more sound evaluation due to the elimination of redundant criteria.

The toolbox may create a more transparent, objective and consistent decision making process


The toolbox contains many decision models that enable the purchaser to achieve a more objective, transparent and consistent supplier selection process. The explicit character of the models assures the visibility of the criteria (and information) used in evaluating the suppliers and consequently enhances the objectivity of the decision. Subsequently, the high degree of transparency of the models enables a full analysis of how the qualification and selection was reached (e.g. which trade-off’s have been made). Also, the robustness (i.e. sensitivity to missing, imprecise or wrong data) of the qualification and selection can be analysed which may further contribute to the acceptance of the decision. Finally, the toolbox offers decision models that may aid the purchaser in avoiding inconsistent judgements regarding suppliers, which is especially useful in case of many suppliers and evaluation criteria.

The toolbox may aid the purchaser in effectively utilising the available information

Taken together, the decision models in the toolbox enable the purchaser to incorporate all forms of relevant information into the qualification and selection process. This can be done by eliciting a purchaser’s experience, opinions and intuition as well as accommodating quantitative, financial and qualitative data about suppliers. In this way, all available information considered relevant to the selection process can be effectively incorporated. 

The toolbox enables the purchaser to improve the supplier selection process against justifiable efforts and costs

Ultimately, the decision models in the toolbox do not do more than the purchaser would do already. The fundamental difference is that by using decision models, the process becomes more structured and explicit. This implies that the decision models as such do not require additional information to be gathered. On the contrary, application of the toolbox might lead to using fewer criteria, resulting in lower costs of evaluation and information gathering. Furthermore, due to their flexibility, the model building effort can be kept in accordance with the significance of the situation and existing models can be easily adapted (by only changing some parameters) to serve in a new decision process (if such an adaptation is necessary at all). Finally, application of the full contents of the toolbox requires only a limited investment in software.  

The toolbox enables the purchaser to improve justification of and communication about the supplier selection

In several ways, the toolbox may aid the purchaser in justifying and communicating supplier selection decisions. First, the models can not only be used for justifying the decision to others within the organisation (e.g. senior management, internal customers) but also towards suppliers. Secondly, not only the final choice can be clearly justified and communicated but also the preceding steps, i.e. the reason for the selection, the criteria used etceteras. Besides, apart from the strict informational aspect, the use of the toolbox can also be used to positively influence other parties’ (especially within the organisation) perception of the level of professionalism of the purchaser and/or the purchasing department.

The toolbox may be applied to different purchasing packages in different sectors

In the construction of the toolbox we did not specifically distinguish between the purchasing of different categories of items or services nor did we specifically focus on certain sectors or types of organisations. The main reason for this is that from a perspective of supporting a decision making process, differences between technical aspects (e.g. quantitative versus qualitative criteria, one-off versus repeating decisions) are more relevant than subject-related differences (e.g. whether or not price is more important than quality). Still, we tested the toolbox in different sectors (manufacturing, government and service) and for different purchases. However, the experiments confirmed the relevance of technical aspects (decision theory-wise) rather than subject-related aspects. Therefore, we conclude that the toolbox may be useful to purchasers irrespective of the sector of industry or the particular item or service purchased.

Limited redesign can further improve the toolbox


In the previous section we concluded that in many ways the toolbox may offer useful and comprehensive support to the purchaser when selecting suppliers. The evaluation by the purchasers as well as by us (in our role as facilitators) also indicated areas for further improvement, attention and research. In this section we discuss these areas in more detail.

Some decision models for problem formulation could be made more structured

During the evaluations (see chapter X) the purchasers indicated that some decision models for supporting problem definition (like WWS-analysis and Cognitive Mapping) might easily be taken ‘too far’ as there is little formal structure present or a formal ending-procedure. One way of creating more structure would be to develop specific checklists and questionnaires for using these models in supplier selection situations. The checklists may provide the desired demarcation when using these models, for example by fixing the number of questions to ask in a WWS-analysis. The questionnaires may provide more structure by aiding the purchaser in transferring very generic questions in a model (e.g. “What do you want to achieve?”) into questions which are more specific and recognisable to the purchasers (e.g. “What do you want to achieve by changing this supplier?”). Further research could be directed at this and thereby contribute to further improvement of the toolbox.

Additional recommendations concerning the practical use of the toolbox can be included


In addition to the toolbox as such, several recommendations concerning the practical use of it can be included. In particular, and based on our observations and experiences during the empirical tests, we propose a manual (see appendix I) for determining how and in which sequence the supplier qualification and selection criteria should be evaluated. This decision determines to a large extent the structure of the qualification and selection phases and the planning of these phases. Next, we suggest a flow-chart-like manual (one for each supplier selection strategy) which guides the purchaser in a detailed fashion through each step in the supplier selection strategy chosen. The manuals are shown and discussed further in Appendix II.

Decision models within subcompartments can be grouped further into subgroups


During the application of the toolbox in the experiments, opportunities arose for creating a more detailed allocation of decision models within some of the subcompartments. This especially concerned subcompartments that in the design in chapter VII contained a considerable amount of decision models. One way of realising such a more sophisticated allocation of decision models in the subcompartments is presented in Appendix III.

Limited training of purchasers and investment in software is recommended

Effective self-sufficient utilisation of the toolbox requires a (limited) training or introduction program for purchasers. The experiments showed that all purchasers involved were unfamiliar with the vast majority of the contents of the toolbox. In addition, we also observed and experienced that the purchasers were dependent on us in actually using some of the models and the software. This will also affect the perceived user-friendliness of the decision models. 


A brief, general training on some basic decision making concepts (e.g. criteria, alternatives and different ways of aggregating scores on criteria) will suffice for the majority of the decision models.


A specific training on how to use the available PC-software packages for the various decision models could then follow the general training on decision making concepts. To a large extent, this is similar to the introduction of any new (standard) software package in an organisation. Besides, we emphasise that mastering two programs like Expertchoice and Promcalc combined with knowledge on how to use standard spreadsheet software already covers a significant part of the whole toolbox. Without the support of such packages, the application of many of the decision models in the third and fourth subcompartments (especially in case of many suppliers) will not be practical. Therefore, some investments in software must be made. An overview of possible packages is shown in table 11.1.

Position in toolbox
Relevant software

1st subcompartment
COPE (Cognitive Mapping)

2nd subcompartment
Rosetta (Rough Sets)

3rd and 4th subcompartments
ExpertChoice (AHP), Winchoice and Visa (Various linear weighting models), Promcalc (various outranking models), Microsoft Excel (spreadsheet)

Table 11.1: Relevant software for decision models in the toolbox


The costs associated with purchasing and maintaining these packages may vary but will rarely exceed 3,000 Dutch guilders. Besides, programs such as Excel are standard software and will often already be available. Also, more and more decision support software is available from the Internet, e.g. Rosetta, although these programs are meant for scientific use and may not be as user-friendly as commercial software like Expertchoice. A highly advantageous characteristic of especially the standard packages is that many ‘new’ decisions can be supported with only limited effort required in terms of model building. Often, especially in MR and SR-strategies, decision models used previously can be used again. Only a few parameters (e.g. criteria weights) will have to be changed. Of all decision models, the mathematical programming models will require most building (programming) effort. In addition, external support may be necessary for this. As indicated in the toolbox, these models will only pay off in relatively stable, high volume supply situations.

More specifically, based on our observations and experiences, we would propose the following stepwise approach towards full and effective implementation of the toolbox.

1.
A brief, plenary training or workshop on basic concepts and elements of decision making and supporting decision making. Representatives of those disciplines that are usually involved in supplier selection should preferably attend this workshop.

2.
Categorisation of the organisation’s purchasing packages (i.e. the various items, components, raw materials, services, capital investment goods purchased) according to the toolbox structure. This means that for each purchasing package a basic supplier selection strategy is formulated and the accompanying decision models are identified (Appendix III can be used for this).

3.
Identification of a certain package to be used for a series of pilot-projects. Packages with a MR or a SR-routine strategy might be most appropriate to start with.

4.
Identification of one or two decision models from the compartments in the toolbox which match the strategy chosen in the previous step (e.g. from the SR-routine compartment). To start with, a model from the third and/or fourth subcompartment could be chosen. The reason for this is that these subcompartments represent the steps in the supplier selection process that are usually most recognisable and visible for purchasers: qualification (bidderslist, approved vendor lists) and final selection (e.g. tender evaluation).

5.
A focused and specific instruction-session on how to use the specific models (as well as the related software) chosen in the previous step. Subsequently, the purchasers (and representatives of other disciplines usually involved) acquire experience and experiment with the models in several qualification and selection cases (for suppliers of the pilot-package) during a period of for example six months. After evaluation of the pilot-period, a limited follow-up training may be carried out.

6.
After having gained experience with using some models for qualification and final selection of suppliers of the pilot-package, the application of the toolbox can be extended further. First, applications for this pilot-package could be expanded to decision models for the first two phases in supplier selection: problem definition and formulation of criteria. The application of some decision models for problem definition in large and/or strongly heterogeneous groups may require specific attention as these models under these circumstances require an experienced facilitator. Secondly, after all four steps have been covered for the pilot-package, another purchasing package can be chosen and the whole process starts again from step 3. 


In addition to the steps described above, we close this section with briefly summing up some factors which we feel might have an impact on the ease and speed of implementation. 


First, we mention the level of education and training of those who are to work with the models in the toolbox. Although the majority of the decision models does at most require some basic mathematics (if any, e.g. decision models for problem definition and formulation of criteria do not require calculations at all) people with higher levels of  education might a priori feel more familiar with the decision models. Consequently, the level and amount of training (in step 1) would also depend on this.


Secondly, the size of the organisation and the importance assigned to purchasing may also be relevant factors. It may simply be easier for bigger organisations with corporate purchasing and/or (staff-) departments to organise and facilitate the stepwise approach outlined above. This is also reflected by our observation that in the Netherlands the relatively few organisations, which so far have started working with (prescriptive) purchasing decision models (and software) are relatively large organisations with corporate purchasing and staff departments.


Finally, we mention the decision making style and culture within an organisation. Although we argue that in general the need to justify purchasing decisions increases, there may be relative differences between organisations and between sectors. For example, purchasers in government organisations, may consider the aspect of formal and public justification of supplier selections more important than purchasers in small private firms operating under a very informal decision making style in a flat and flexible organisation. Purchasers in the latter type of organisation, who are used to an informal decision making style (characterised by brainstorm meetings and workshops) might already feel rather familiar with many of the decision models in the first and second subcompartments (e.g. brainstorming, cognitive mapping). Therefore, depending on the decision making style and culture within an organisation, the decision makers may a priori feel more familiar with certain subcompartments in the toolbox.

The research also results in several useful scientific by-products and general insights 


In addition to the primary objective of this thesis to deliver useful decision models for supplier selection, we conclude that ‘along the way’ a number of useful by-products were developed as well. 

The thesis provides a comprehensive and state-of-the-art overview of supplier selection models in purchasing literature


In chapter V of this thesis we presented an overview of decision models for supplier selection in the purchasing literature. At the end of the chapter we positioned the contributions found in a framework for prescriptive decision making. The most recent (and as far as we know the only) comprehensive overview before our research was carried out by Weber et al. (1991) seven years ago. Apart from covering work that has been published since then we believe that our overview is of particular use in some other respects as well.


First, in our overview, we not only consider the choice phase in supplier selection (as Weber et al. do) but we also consider the phases of problem definition and the formulation of criteria. 

Secondly, Weber et al. ultimately categorise the articles on supplier selection  with regard to (1) the particular criteria used or mentioned in the article and (2) the OR or mathematical technique used. In our opinion, this approach is not the most relevant one from the point of view of aiding the purchasing profession. First, when looking at decision models for supplier selection, distinguishing between different  types of criteria is more relevant than looking at the subject or practical meaning of the criteria as the latter as such does not make a particular decision model technically usable or unusable. In addition, Weber et al do not recognise some other highly relevant situational factors such as the number of suppliers to select, the amount and nature of uncertainty present etceteras. In our discussion and overview we take these situational factors as the starting point for categorising and evaluating the decision models in the purchasing literature.

The thesis contributes a novel way of modelling purchasing processes and decisions

In chapter IV of this thesis we presented an alternative way of modelling purchasing activities. We argue that this approach constitutes a useful complement to the established process-models of purchasing. First, the approach developed in this thesis permits (and thereby recognises) a variety of sequences of purchasing activities like specifying, selecting, contracting and ordering. Traditional process models of purchasing assume a strict order of these activities. For example, selection of a supplier is supposed to take place after the specification has been formulated. However, in our approach, it is also possible to model the sequence where restructuring the supplier base (which also involves selecting suppliers) may lead to (require) a change in the specification. The fundamental point in our approach is that it recognises the ongoing, evolutionary nature of many purchases and purchasing activities. In addition, unlike traditional process models of purchasing, in our approach different actors like suppliers, internal customers and management are explicitly recognised. Using our alternative approach for modelling purchasing activities also offers a new way of defining decision making in purchasing. For example, rather than simply speaking of supplier selection (as is done in the mainstream purchasing literature) our approach offers a more subtle classification of supplier selection decisions depending on their trigger, initiator and their purpose.

The Supplier Selection Decision Decoupling Point-concept introduced in this thesis may prove useful in other fields as well


In chapter VII of this thesis we introduced the Supplier Selection Decision Decoupling Point (SSDDP) concept, based on the customer-order-decoupling-point concept developed in the field of production control and logistics management. In our research the SSDDP proved extremely useful in not only analysing supplier selection processes but also in subsequently defining basic supplier selection strategies (depending on the specific position of the DDP). Next, these decision strategies constitute a very useful framework for developing and allocating appropriate decision models in the various phases in each strategy. Naturally, this approach is not restricted to purchasing decision making. Principally, it could be used in any field of (management) decision making.

The experiments carried out in this thesis constitute a useful complement to the established research traditions in OR and particularly MCDM


In several respects we believe the thesis provides some additional useful insights specifically for the field of Operations Research and more in particular Multi-Criteria Decision Making. 


First, some of the decision models studied in this thesis (like WWS-analysis and FFA-analysis) have hardly been tested in practice before. In that respect, the thesis provides useful insights in their practicality and usefulness. Besides, the insights are gathered independently from the developers of these models.


Secondly, we believe that our approach in which we consider and test combinations of decision models (in order to cover all phases in the decision making process) is uncommon to the typical approach in OR and MCDM research which usually focuses on testing a decision model in one phase (usually the choice phase).


Furthermore, we argue that also in terms of the type of decisions and the attention for the decision situation studied, this thesis provides useful complementary insights. We usually observe that research on the practical application of (especially MCDM-) decision models concerns large scale and/or one-off-like decisions (e.g. the location of a nuclear power plant) and/or pays little attention to the organisational and practical aspects of using the model. In this thesis however, we (also) consider the application of decision models for repetitive decisions of minor to moderate importance and we clearly consider the practical and organisational aspects of the models in such situations.


As far as we know, the approach used in the experiments in which actual decision making processes are reconstructed by using decision models has not been used so far in MCDM-research. All in all, we believe that the insights gained from the experiments (especially regarding the practicality) may prove to be useful for the further development of MCDM models in general.

Summary


In this chapter we drew final conclusions about the research. 


First of all, we concluded that the toolbox developed in this thesis may offer useful and comprehensive support for supplier selection. More specifically, the toolbox may be useful throughout the whole supplier selection process and in different (typical) purchasing situations. The usefulness of the toolbox comprises several dimensions. The box may aid the purchaser in generating and evaluating alternatives for supplier selection as well as the criteria to be used. The toolbox may also create a more transparent, objective and consistent decision making process and aid the purchaser in effectively utilising the information available to him. Also, the purchaser may use the toolbox to improve the justification of and the communication about the supplier selection. Furthermore, the toolbox enables the purchasers to achieve all this against justifiable efforts and costs. Also, we concluded that the use of the toolbox is not restricted to specific purchasing packages or sectors of industry.


Secondly, we concluded that limited redesign could further improve the toolbox in some aspects. Some decision models for problem definition could be made more structured and additional recommendations concerning the practical use of the toolbox could be included. Also, in some subcompartments, the decision models could be grouped further into subgroups. Besides, we outlined a possible way of doing this.


Thirdly, we concluded that (limited) training of purchasers in order to familiarise them with basic decision making concepts and a modest investment in software is required for effective, self-sufficient use of the toolbox.


Finally, we concluded that the thesis ‘along the way’ developed some useful scientific ‘by-products’. The thesis provides a comprehensive and state-of-the-art overview of supplier selection models in purchasing literature and contributes a novel way of modelling purchasing processes and decisions. In addition, the so-called Supplier Selection Decision Decoupling Point (SSDDP)– concept introduced in this thesis may prove useful in other fields of management decision making as well. At last, the experiments carried out in the thesis constitute a useful complement to the established research traditions in OR and Multi-Criteria Decision Making.
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