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VIII
Empirical testing of the decision models requires three
basic methodological issues to be addressed


In the previous chapter we described the process of constructing a toolbox for supplier selection. In this chapter we discuss how to carry out the empirical testing of this toolbox. As set out in the objectives of this research (see chapter II), the toolbox should make it possible to link a purchasing decision making situation to useful means (tools) for support of these decisions. 


In this chapter we deal with the question how to measure the actual usefulness of the tools provided by the toolbox. The position of this chapter in the overall step-wise planning is shown in figure 8.1.



Figure 8.1: Position of this chapter in the thesis

The organisation of the chapter is as follows. First, we look at the criteria to consider when evaluating supportive decision models. Secondly, we treat the issue of how to carry out the evaluation with regard to these criteria.

We need to define evaluation criteria for the decision models


In chapter IV we argued that there are basically two criteria for assessing the usefulness of a decision model in a given situation, namely (a) the degree to which the decision model deals with the complexity of the situation (as perceived by the decision maker) and (b) the degree to which the costs of using the decision model are justified by the gains. A first assessment of (groups of) decision model with respect to these criteria took place in the previous chapter. This a priori assessment (based on theoretical reasoning) was part of building a tentative, first version of the toolbox and served the purpose of assigning (groups of) decision models to the various compartments and subcompartments of the toolbox. In addition to this theoretical assessment, we also want to empirically assess the appropriateness and usefulness of a decision model in a particular situation (i.e. subcompartment). We do this because the theoretical, a priori assessment only partly allows us to assess the degree to which a particular decision models in a certain subcompartment sufficiently deals with the complexity and seems reasonable from a cost/benefit perspective. 


For a further breakdown of the overall criteria ‘dealing with complexity’ and ‘cost/benefit’ we turn to the literature on this subject. Especially the latter aspect really (also) requires empirical testing. These empirical tests as such are discussed in detail in the next chapter.

The criteria mentioned in the literature comprise several dimensions

Despite the vast amount of literature on methodology in general, relatively little attention has been paid to methods for researching prescriptive decision models and tools. In our discussion we use the work of Timmermans (1991) and Rohrmann (1986).

Timmermans distinguishes between outcome, process and practical criteria


After an extensive survey of the literature, Timmermans summari​zes the criteria for evaluating decision models into three categori​es, namely outcome criteria, process criteria and practical criteria. 


Outcome criteria refer to the ultimate goodness of a decision and as Timmer​mans states 'this is ofcourse practically impossible to do'. We agree with this argument (see also our contemplation on the use of decision models in chapter V and the discussion on substantive rationality versus process rationality in chapter III). However, an ex post comparison of the actual outcome with the outcome from the experiment may still lead to a valuable disussion on the goodness of the decision. For example, the decision makers may indicate whether or not possible unexpected, negative aspects of the actual decision could have been avoided by using the decision model. So we will still consider any input on the goodness of the decision in evaluating the decision models.


According to Timmermans, process criteria can be subdivided as follows:

-
formal criteria, e.g. the validity of the model;

-
cognitive criteria, e.g. the use of the information available;

· attitudional criteria, e.g. the acceptance and satisfaction with the decision


procedure;

-
interaction criteria, e.g. the degree of equitable participation or ease of expressing opinions.


Practical criteria are subdivided as follows:

-
adaptability of the model to changes in the situation;

-
time, money, personell and effort required;

-
user-friendliness.

Timmermans’ listing of criteria already seems to cover a wide range of aspects relating to the way a model deals with the complexity of a situation as well as a model’s practicality.

Rohrmann suggests similar dimensions and identifies different evaluators

Rohrmann (1986) suggests the following categories of evaluation criteria: decision quality, indirect benefits, practicality, user satisfaction and economy.


Although Rohrmann’s listing is more elaborate than the one suggested by Timmermans, the two authors essentially suggest the same areas of evaluation, namely ‘technical’ or complexity-related criteria as well as cost/benefit criteria. In addition to Timmermans, Rohrmann suggests that different criteria may require different evaluators (or judges as he calls them).


In that respect, Rohrmann distinguishes between the person that ultimately has to make the decision (the decision maker), a consultant (counselor) who usually suggests and explains the decision model to the decision maker and acts as a process facilitator and a decision scientist who is supposed to be responsible for developing the decision model. 



Evaluation item
Decision maker
Decision counselor
Decision scientist

Decision Quality

· theoretical foundation

· ability to elicit goals and preferences

· utilization of information

· ex-post goodness of decision
X

X
X

X

X

X


X

X

X



Indirect benefits

· problem clarification

· facilitation of communication

· improvement of decision skills
X

X

X
X

X




Practicality

· flexibility for application

· simplicity

· comprehensibility of tasks

· dependency on assistance
X

X


X

X

X

X


X

X



User satisfaction

· contentment with results

· reduction of decisional stress

· acceptance of procedures
X

X

X
X

X




Economy

· time requirements

· need for personnel

· monetary costs
X

X
X

X




Table 8.1: Evaluation criteria and evaluator-roles for supportive decision models (Rohrmann, 1986)


Obviously, in our research we take the point of view of the decision maker (i.e. the purchaser), in the sense that we are not primarily interested in knowing to what extent the couseler and scientist consider a certain decision model useful. However, we also recognise and assume that in the longer run, the decision maker may also become his own counseler. As to the role of the decision scientist we feel it is sensible to not only rely on the purchaser’s assessment of the model but also to complement this with our observation as ‘neutral’ scientists and most of all analyse the purchaser’s comments regarding the consistency and the logical content of the model. 

We propose to use thirteen criteria covering the dimensions mentioned in the literature

In the evaluation of the decision models we will combine the contributions of Timmermans and Rohrmann in order to assess the degree to which the models fit the complexity of the situation and seem useful from a cost/benefit perspective as well. The criteria are shown in table 8.2.

Dimensions
Criteria

Complexity-fit 
- Does the model aggregate information in a proper way?

- Does the model sufficiently utilise available information?

- Is it (to a satisfactory extent) possible to incorporate opinions and beliefs?

- Is it (to a satisfactory extent) possible to achieve a fair participation of 

individual members in case of a group decision 

- Is the model sufficiently flexible for changes in the decision situation?



Cost/benefit
- Is the outcome of the decision model useful?

- Is the outcome of the decision model acceptable?

- Are the required investments justifiable?

- Is the model sufficiently user-friendly?

- Is the way the decision model works sufficiently clear?

- Does the decision model increase the insight in the decision situation?

- Does the decision model contribute to the communication about and the justification of the decision?

- Does the decision model contribute to your decision making skills?

Table 8.2: Criteria for evaluation of the decision models for supplier selection


The way the evaluation of the criteria should actually be carried out will be discussed in the next section of this chapter.

We need to choose a research strategy


Now that we have specifically defined the criteria for the empirical evaluation of the decision models, the question remains how to (practically) carry out the process of evaluation. From the various possible research strategies (methods) we have to determine which one(s) suit(s) our purposes best. In addition, once a strategy has been chosen, a more detailed research design has to be determined.

The literature on methodology suggests several research strategies


In the table below some characteristics of various basic research strategies such as the surve​y, archival analysis, history, experiment and the case study are shown (Yin, 1989). 

Strategy
Form of research question
Requires control over behavioural events?
focuses on contemporary events

Experiment

Survey

Archival analysis

History

Case study
how, why

who, what, where, how many, how much

who, what, where, how many, how much

how, why

how, why
yes

no

no

no

no
yes

yes

yes/no

no

yes

Table 8.3: Basic research strategies (Yin, 1989)


Table 8.3 indicates that depending on the form of the research question, the required control over events and the time-wise focus of the research, an appropriate research strategy can be chosen. We can now investigate how this applies to our research.

The purpose of our research requires the use of experiments


For our purpose of empirically testing the usefulness of (new) decision models for supplier selection the experiment seems an appropriate strategy.

Other decision strategies do not offer the required control over events


The survey, archival analysis and case-study do not offer us the opportunity to control the choice of a decision model in a certain case. This is essential as we want to test models in different subcompartments. Therefore, the experiment is an appropriate strategy.


Also, the experiment seems an appropriate strategy because in using these decision models in prac​tice, we (as the researcher) require control over some 'behavioural events and actors'. After all, we cannot just present the decision model to some purchasers and expect them to instantly understand such a model and use it. During the process we will have to act as decision maker facilitator in order to assure proper execution of the decision models. In addition, we want to choose the specific decision models to be applied in certain situations (i.e. the subcompartments). 

Existing cases of purchasers using supportive decision models are exceptional


Besides, as we already pointed out in Chapter II, the use of supportive decision models among purchasers is still very exceptional. Even though some purchasers might be  using some form of supportive decision models independently from our research (which could be studied through a case-study), it is unlikely that together these cases would cover the situations (subcompartments) and decision models in our toolbox. In the next section the research design of the experiments is discussed in more detail.

A multiple pre-test post-test approach is an appropriate design for this research

There are many ways of using the experiment as a research strategy. In this subsection we come to a more detailed design of the research strategy for the empirical testing of the decision models.

The decision making literature advocates a pre-test post-test design


Various experimental research designs are possible. An overview based on Lewis-Beck (1993) of different designs is given in table 8.4.

Experiment designs

One-group designs
Multiple group designs

- pretest-posttest (O1X O2)

- Interrupted time series (O1..On X On+1..On+m)

- Correlational designs (O, O1O2, O1..On)
- two-group design (X1 O1
                              X2 O1)

- multiple-group posttest design (X1 O1
                                                  X2 O1
                                                  .     .

                                                  .     .

                                                  Xn O1)

- multiple-group pretest-posttest design

- expost facto design

- multiple group time series design 

O = observation  X = treatment, intervention

Table 8.4: Overview of experiment designs (based on Lewis-Beck, 1993)


Only a few authors have explicitly discussed the specific problem of choosing an appropriate design when evaluating supportive decision models. Rohrmann (1986) suggests that the following requirements apply when evaluating decision models:

-
a priori definition of evaluation criteria;

-
explicit distinction and treatment of intended and unintended effects;

- 
use of control groups;

-
involvement of different groups and individuals relevant to the application and evaluation of the decision models;

-
control of moderator variables and context effects;

-
evaluation by independent scientists;

-
use of at least one of the following reference values: (a) normative target value (b) outcome and/or effects of other decision models and (c) outcome and/or effects of an unaided decision process.


In line with these requirements, Rohrmann (1986) argues that a longitudinal pretest-posttest design should be used.

Most requirements for a pre-test post-test design can be met

It seems that in our case almost all requirements can be met. As to a priori definition of criteria, based on the work of Timmermans (1991) and Rohrmann (1986) evaluation criteria can be defined before applying decision models in purchasing situations (see table 8.2). Longitudinal observations covering several years are however not possible because of the limited time and resources available. Such observations could have shed light on how purchasers over time gain experience with using decision models (themselves) without needing a facilitator for this.


Secondly, there does not seem to be a reason why intended and unintended effects cannot be explicitly reported on and analysed (although it may always be difficult to recognise these effects). 


Furthermore, by using more than one organisation, control groups can be established. Also, evaluation of the decision models can be carried out by both the decision makers themselves as well as the researcher, thereby referring to the requirement of involving the relevant individuals. 


Moderator and context effects are automatically taken into account through our concept of situational dependent decision strategies. As described in the previous chapter, the specific purchasing context is the very starting point for designing such decision strategies. Designing a decision strategy starts with describing the situations in terms of explicit variables, e.g. the ’newness’ of the purchase, the importance of the purchase and the number of available suppliers. 


The scientists who carry out the evaluations may be considered independent as all decision models involved are developed by other scientists from outside the University of Twente. 


Referring to the start of this chapter, normative or ’ultimate’ values as to the goodness of the decision are practically impossible to acquire.


However, reference values can still be established through observing the outcome and effects of actual decision processes. Although it is possible to a priori define evaluation criteria it may not always be possible to carry out a complete pretest evaluation on these criteria. This is due to the often highly implicit, unrecorded, and unstructured nature of purchasing decision making processes. For example, if in the actual decision making process criteria were not made explicit, it becomes difficult to retrospectively assess the ’performance’ of not using an explicit decision model with respect to the evaluation criteria. In other words: not using an explicit decision model may be considered a model as well, yet its performance is difficult to assess because the decision makers did not consciously conceive of it as a model at the time of the decision process. Nevertheless, a partial pretest seems possible. First, some evaluation criteria are still measurable, e.g. time, personnel used, costs of the decision process. Secondly, the problem does not occur when in the original decision making process already some kind of explicit decision model was used. Therefore, following the aforegoing contemplation, we opt for a multiple-group pretest-posttest design. 

Multiple experiments lead to stronger conclusions through replication

The basic underlying logic in using multiple experiments is the notion of replication. Literal replication involves choosing two or more experiments that are expected to generate the same results whereas theoretical replication consists of the careful selection of experiments that are expected to generate different or contrary results but for predicted reasons (Yin, 1989).


Let us now see how these replication concepts may be used in our research. First, we need to define the meaning of results in our experiments. In Chapter VII, we constructed provisional decision strategies (compartments in the toolbox) for various, typical purchasing situations. The results of an experiment in our research consist of the scores of such a decision strategy, i.e. a coherent set of one or more supportive decision models, on a set of evaluation criteria (see table 8.2 in this chapter). 


Now, for similar purchasing situations, the toolbox will suggest similar decision strategies which are expected to yield similar results. For different purchasing situations, the toolbox generates different decision strategies which however are expected to generate similar results, i.e. they both are expected to be useful. In addition, similar decision strategies for similar purchasing situations in different organisations are expected to generate similar results. Therefore, a literal replication design should involve experiments in several organisations and these experiments should apply to several similar purchasing situations as well as several different purchasing situations.


Theoretical replication then consists of applying similar decision strategies to two or more different purchasing situations or by applying different decision strategies to several similar purchasing situations. The use of the replication logic in our research is visually elucidated in figure 8.2.




Figure 8.2: Literal and theoretical replication in this research


Following this design, four organisations from different sectors were approached for participating in the experiments, see table 8.5.

Organisation 
Sector

Grolsche Bierbrouwerij Nederland B.V.
Semi-process industry

Honeywell Combustion Control Center Europe
Discrete manufacturing

Facilitair Bedrijf (Facility Services) Universiteit Twente
Government/education

Centraal Militair Hospitaal (Central Military Hospital)
Healthcare

Table 8.5: Organisations participating in the experiments


A more elaborate description of these organisations follows in the next chapter. Following the replication logic, several purchasing decision making cases in these organisations were used for the experiments. Again, the next chapter contains more detailed information about these cases.

Interviews, document analysis and participant observation are used to generate pre-test and post-test data

The pretest observation consists of evaluating the actual supplier selection cases on the evaluation criteria shown in table 8.2 in this chapter. In this way, reference values are obtained. These reference values can then be compared to the values obtained from applying a particular decision strategy to this case. Naturally, in order to carry out the pretest observation as well as the experiment that follows, we need a description of the case. Referring to the beginning of this section, it becomes clear that in principal there are several ways of arriving at such a description, e.g. through a survey, archival analysis or a case-study. For our purposes, we consider the case-study the most appropriate research method because of the high level of detail that is required in describing the cases. The information will be obtained through focused interviews with the decision-makers involved as well as analysis of possible documents, e.g. quotations or supplier visit reports.


Based upon the detailed information obtained from the case study and according to the decision strategies that were developed in Chapter VII, one or more decision models will be applied to some or all parts of the supplier selection process In some cases, one decision model may be suited to cover the whole process. In other cases, several decision models may be required to cover different parts of the process. 


The application of the decision models involves active partici​pation of the decision makers, e.g. many decision models require judgments expressed by the decision makers. The researchers will serve as facilitators in this process, i.e. they will explain the decision models and assist the decision makers in applying the models. It will probably not be necessary to always arrange meetings for these activities. Instead, in some cases the decision maker's input can be obtained through telephone conversations or by fax, email etceteras.

After application, evaluation (post-test observation) of the decision model(s) can take place. Again, this will be done through an interview in which the decision models are evaluated with respect to the criteria shown in table 8.2 in this chapter. In addition, visual observation of the interviewees may also be included in the evaluation.

Phase in the experiment
Pre-test
Post-test

Method and data-gathering techniques
Case-study using focused interviews and document analysis
Interviews, document analysis and participant observation

  Table 8.6 Purpose of experiments and case-studies

The purpose of the experiments, the case studies as well as the data gathering techniques used, are summarised in table 8.6.

We need to assure the validity and reliability of the research design

In the previous subsection we discussed the process of arriving at the research design for this thesis. Before we present the results of the case-studies and the experiments in the next chapter, we should discuss how the research design relates to the four basic and universal requirements for experiments and case-studies (Yin 1989): internal validity, external validity, construct validity and reliability.

Internal validity requires a number of measures to be taken


Internal validity is concerned with the quality of conclusions drawn within an experiment, e.g. “This particular decision model is useful in this particular purchasing situation because the interviewee says so”. There are several potential threats to internal validity. Based on Lewis-Beck (1993), we now address these potential threats with regard to our research design.

We have to be aware of additional ex-post information in the experiment

The first threat is often referred to as the effect of ‘history’ on the outcomes of experiments. This effect may also be present in our research design. By definition, the experiment participants have more (ex post) information when actually performing the experiment (and applying a decision model) than they had when they had to make the decision originally.This might make it easier to (afterwards) use a particular decision model and the participant’s perception of the usefulness of this decision model may be affected by this. Therefore, as researchers we have to be aware of this potential problem and try as much as possible to keep ex-post information out of the experiment. This problem once again stresses the need for an additional evaluator of the decision model apart from the decision maker himself. In the final judgment of a decision model we may have to ‘correct’ for the presence of aditional ex-post information.

We have to be aware of the test-effect

Another possible threat is the so-called test-effect. The pre-test observation gives the participant a detailed insight in the evaluation criteria the researcher apparently considers important. Depending on the participant’s attitude towards the experiment, he may actively use this insight to influence the expressed performance of the decision model. Therefore, it is important to ask the decision maker for further elucidation to his initial answers and comments.

The questions in the post-test evaluation should be clear to the decision maker


Furthermore, unreliable (measurement) instruments may pose a threat to internal validity. In our case, this problem might occur if the criteria used in the evaluation of the decision models are not immediately clear to the experiment participant(s). Therefore, it is important to construct a clear evaluation questionnaire, first test this questionnaire in a case and record the final version that is going to be used for the other cases and experiments. In addition, in case the participant clearly expresses hesitation, he should be asked to explain his hesitations. 

A systematic order in the experiments should be avoided 


Also, the instrument used to measure the results of experiments may change over time, thereby possibly reducing internal validity. The typical example of this problem, which could also arise in our case, consists of the researcher improving his interview skills during the series of experiments resulting in later observations being more valid than earlier observations. The best way to overcome this problem in our research, is to be sure that evaluation of different decision strategies and purchasing situations is not carried out in a systematic order, i.e. evaluation should not take place first for new task, then for modified rebuy etceteras. Periodically, checks could be made on the evaluation procedure to be sure its characteristics have not changed (Lewis-Beck, 1993).

We should be aware of the existing relationship between the researchers and the participants

Finally, bias in the assignment of subjects to treatments may cause some loss in internal validity. In our case, there exists a certain bias in the decision to approach (purchasing) officials in Grolsch, Facilitair Bedrijf and Honeywell and ask them to participate in the experiments. The purchasing management at Honeywell and Facilitair Bedrijf knew the researchers. It is fair to say that they are interested more than average in developments in purchasing theory and the purchasing research that is carried out in the University of Twente. Although we should be aware of this effect, the direct effect on the outcome of the experiments is expected to be negligable. 


Besides, the purchasers from Grolsch and CMH who participated in the experiments, did not have prior contacts with the researchers.

External validity is assured through multiple experiments and pre-test post test design

This aspect of research validity concerns the extent to which results from an experiment may be generalised. Both through a pre-test post-test design and the use of multiple experiments, the concern of external validity is addressed. The generalisations of the results of the experiments are discussed in Chapter X.

The requirements for construct validity are accommodated in the research design 


This aspect of validity concerns the extent to which operationalisations and/or observations really measure the values of the variables or cover the concepts we are interested in (Den Hartog and Van Sluijs, 1995). Ways of improving construct validity are (1) the use of multiple sources of data (2) paying attention to the consistency in the reasoning that is based on the research findings and (3) confront informants with the results of the research. The use of multiple sources is already incorporated in the research design, i.e. several experiments are carried out in different organisations. In addition, it seems useful to confront the experiment participants with the direct results of their contribution. Therefore, a written report is made of each interview and this report is subsequently sent to the participant(s) along with the request to add comments and mark errors. Confrontation with the results of the participants’ contribution to the actual testing of decision models is already incorporated in the design by involving the participants in the evaluation of the decision models. Obviously, in order to be able to evaluate the performance of the decision models, the participants need to have insight in the outcomes of these models.

Reliability requires a precise and comprehensive documentation of all procedures used throughout the experiments


Ideally, another researcher using these procedures should arrive at the same results. The following measures are taken to guarantee a sufficient level of reliability. The aim of the experiments, the procedures and the evaluation criteria to be used are recorded in a so-called ‘Project plan’. This plan is sent to all participating organisations.

The issues to address during the case-study interviews are recorded in a checklist. All interviews are taped and a written summary is made of each interview. Furthermore, based on each case study, a so-called ‘experiment preparation report’ is written. This report includes an outline of the experiment, the identification of possible decision models and a detailed description of the tasks required for testing the decision models.

Summary


In chapter VIII we dealt with the question how to measure the actual usefulness of the toolbox and the decision models in it. Basically, three methodological issues were addressed.


First, after studying the literature, we defined the criteria to be used when evaluating the decision models.


Secondly, we considered the various research strategies available. Given the purpose of the research, we concluded that a (pre-test post-test) experimental strategy is most appropriate.


Finally, we addressed the assurance of the validity and reliability of the research design.
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