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ABSTRACT

Conceptual models representing data and business processes bridge the gap between requirements specified by end-users and software systems specifications used to fulfill these requirements. More often than not, the entire systems development methodology is driven by a specific conceptual model used in a given situation. For example, a well-known database system development methodology uses the Entity-Relationship conceptual data model to capture end-user requirements and to drive the development of the ensuing database application.

Several models have been proposed and some have been used as front-end inputs for automated tools to help in systems development. The question facing systems development managers is: which conceptual model to adopt? One important criterion for the effectiveness of a model is its completeness. The completeness of conceptual models has been widely accepted as an important attribute for efficient development of an effective system. Our survey of existing work on evaluating and comparing existing conceptual business process models indicates that almost no work has been done on empirically evaluating completeness of the models in real business situations. The primary contribution of this research is the development of a metric to measure the level of completeness of conceptual business process models (CBPMs). A case study demonstrates the use of this metric to evaluate the completeness of a CBPM - the Integrated Definition Standards Model. 
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INTRODUCTION

Over a hundred conceptual models have been proposed to model information systems (Olle, 1986). Recently, there has been growing interest in modeling business processes, in order to either manage them or reengineer them (Scholz-Reiter & Stickel, 1996). Current methods to conceptually model business processes generally involve creating separate data and process models of the business process, and also attempting to capture some additional aspects, such as organizational structure (e.g., the Architecture of Integrated Information Systems model (Scheer, 1992)). However, the domain of business processes represents several new concepts such as space, time, physical artifacts, humans, etc. While some attempts have been made to define an ontology
 of business processes (Bajaj & Ram, 1996), it is our contention that the domain of business processes still contains concepts that are ill understood, and not adequately captured using current data and process models. 

Conceptual models are important, because they are the bridge between end-user requirements and the software specification. Most systems development methodologies stem from one or more of these models. For example, a well-known methodology to create database applications (Korth & Silberschatz, 1991) stems from the Entity Relationship Model (ERM) (Chen, 1976), where ERM schema are mapped to commercial database management system abstractions. Another well-known methodology (Batini, Ceri, & Navathe, 1992) involves using the Data Flow Diagram Model (Gane & Sarson, 1982) and the ERM to create applications. 

Recently, several researchers (e.g., (Zukunft & Rump, 1996)) have proposed methodologies to construct workflow applications, all of which stem from conceptual business process models (CBPM). Even though business processes have several new concepts like physical artifacts, transactions by humans, space and time, current CBPMs involve significant usage of data and process models, with little attempt to capture the new concepts present in real business processes. 

The completeness of a conceptual model is important for managers of systems development teams, because it determines the extent to which it represents end-user requirements. This, in turn, determines the extent to which the final software system will meet end-user needs. In the emerging domain of business processes, where no standard ontology exists, real-life cases can be used to evaluate the completeness of CBPMs. In order to allow comparison across multiple cases, the cases studied to evaluate completeness must be rigorous and replicable. Our survey of existing literature on the empirical evaluation of completeness reveals that artificial, small-scale cases have been traditionally used, and that no standard empirical metrics or methodologies exist that would allow a comparison of completeness across multiple studies. 

The primary objective of this work is to propose a metric we call COBPM (Completeness Of Business Process Models). COBPM is a case study based metric to evaluate the completeness of CBPMs. The methodology we propose to evaluate this metric is both rigorous and replicable, and hence allows comparison of COBPM values (for a given CBPM or a given set of CBPMs) across multiple studies. We provide a roadmap for the rest of the paper in figure 1. 

· Description of previous attempts to evaluate completeness both empirically and non-empirically. 

· Proposal of the COBPM metric, and description of the algorithms and psychometrically validated questionnaires that accompany its measurement in a case study. 


- Definition of completeness


- Justification of a case study methodology to evaluate COBPM



- Justification for the unit of analysis used for the case study 



- Justification for the format of data required in the case study 


- Development of controls for validity threats in the case study


- Description of data analysis in the case study. 


- Description of psychometric validation of measures used in the case study

· Description of a pilot case study and a real world case study that were conducted to evaluate the COBPM value for a well known business process model. We highlight the validity checks needed for future replication case studies to measure COBPM values. 


- List of lessons learnt from  the pilot study. 


- Description of the real-world case study


- Development of formulae to aggregate COBPM values across multiple studies

· Conclusion with contributions, limitations and directions for future research.

Figure 1: Roadmap of the Paper

Is Completeness Important?

Many desirable attributes for conceptual models have been proposed in previous research. Kramer & Luqi, (1991) list adequacy, ease of use, hierarchical decomposability and amenability to formal analysis and reasoning as desirable characteristics for conceptual process models. Batra & Davis (1992) and Batra, Hoffer, & Bostrom, (1990) propose that correctness of representation, ease of use and the ability to represent complex situations are desirable characteristics of conceptual data models. Several studies have examined how easy it is to represent end-user requirements in a business case, using a given conceptual model (e.g., (Bock & Ryan, 1993; Kim & March, 1995; Shoval & Even-Chaime, 1987)). Other studies have examined how easy it is to read a conceptual model schema and understand its contents (e.g., (Hardgrave & Dalal, 1995; Shoval & Frummerman, 1994). Batra & Srinivasan (1992) and Kim & March (1995) both present excellent summaries of past studies concerning the evaluation of conceptual data models using different criteria. 

One attribute of conceptual models whose desirability has been accepted widely is completeness. Batra & Davis (1992) state “Fundamental to performance ... is the notion of mapping elements of the problem to constructs in the domain. The quality of solutions generated ... is a function of ... the ability of the modeling environment to facilitate such a process.” Shoval & Frummerman (1994) state, “... a semantic model provides constructs that allow designers to grasp more of the semantics of reality than that which was formerly obtained by classical data models (e.g., the relational model).” In their study, “...users judge if the conceptual schema is correct, consistent and complete, and only then validate it.” Olive & Sancho (1996) define the validation of conceptual models to be the process of checking whether a model correctly and adequately describes a piece of reality or the user’s requirements. 

Amongst conceptual data models, the Entity Relationship Model (ERM) popularized a three-phase design approach: translating verbal, unstructured user requirements to a conceptual model (such as the ERM), translating the conceptual model to a logical design (such as a relational schema) and translating the logical design to a physical design (Kozaczynski & Lilien, 1987). The usage of the ERM for capturing user requirements, instead of directly using the relational model, implies that the ERM has greater descriptive power than “logical models” like the relational model when capturing user requirements. This implication is widely accepted in the conceptual data modeling literature. 

An important motivation for developing new conceptual models has been that they offer a more complete view of the users’ requirements. The Semantic Data Model (SDM) was proposed because “it was designed to capture more of the meaning of an application environment than is possible with contemporary data models” (Hammer & Mcleod, 1981). Extensions of conceptual data models have also been motivated by the need to more completely model user requirements. For example, the concepts of aggregation and generalization (Smith & Smith, 1977) extended the ERM to model new aspects of reality. 

Many extensions to conceptual process models aim at improving the level of completeness. For example, Ward (1986) proposed extending the Data Flow Diagram Model by introducing sequencing / control flow and the time dimensions into the framework. Opdahl & Sindre (1994) incorporated the explicit modeling of predicate conditions in the same model, in order to make it more complete. 

Based on this past work, we conclude that completeness is indeed an important criterion for conceptual models. Next, we present a survey of previous methods used to evaluate completeness. 

PREVIOUS ATTEMPTS TO EVALUATE COMPLETENESS

Previous work on evaluating the completeness of conceptual models can be broadly divided into two methods: non-empirical and empirical. 

Non-Empirical Methods 

There are two approaches when evaluating completeness non-empirically. First, a taxonomy or specification is built for the class of models under consideration. This is then used to evaluate the completeness of the models. Using this approach, Bajaj & Ram (1996) specify a content specification for conceptual process models and use it to analyze the Data Flow Diagram Model and the Integrated Definition Standards Model. Similarly, Amberg (1996) specifies a guiding set of principles that can be used to evaluate conceptual models. Wand & Weber (1995) use an ontology of systems proposed by Bunge, (1979) to analyze information systems. 

A second method of non-empirical evaluation involves mapping the conceptual models to a formal framework, which is different from a specification or ontology. For example, Hofstede (1996) proposes a formal framework, based on category theory (Barr & Wells, 1990), and use this framework to analyze conceptual data models. Similarly, Olive & Sancho (1996) propose a formal execution model founded on deductive logic, that can be used to analyze the behavior of conceptual models that combine data and processes. 

One advantage of non-empirical approaches to evaluating completeness is that less time and effort are required. Another advantage is that they yield absolute answers about completeness that are independent of a particular empirical situation.

However, they have several disadvantages. First, there is no guarantee that the particular specification being used is not biased in favor of one or more models in the target set
. If one conceptual model in the target set is based on the particular content specification being used to evaluate completeness then it will certainly conform more completely to the specification and, hence be more complete as measured by that specification than other models in the target set. Second, it may not be possible to create a satisfactory framework that can measure the degree of equivalence of models that model reality in different ways. For example, it would be difficult to build a framework that can effectively establish whether the Data Flow Diagram Model is more or less complete than, say, the Integrated Definition Standards Model. Third, for a new domain (such as business processes), a standard ontology or content specification to allow the non-empirical evaluation of completeness of CBPMs, will usually not exist. 

Empirical Methods

Empirical approaches to measure the completeness of conceptual models do not use an ontology or a content specification. Instead, a specific empirical situation, representing end user requirements, is used. However, empirical approaches also have some disadvantages. First, the specific empirical situation that is used as “input” to the CM needs to be realistic, since the aim is to model reality. An artificial situation, where no attempt has been made to validate its representativeness of real-life, can often be biased. For example, the artificial case may be too simplistic, or may over emphasize certain elements not usually found in real-life situations. Second, the empirical methodology that is used needs to be rigorous. Unlike non-empirical approaches, the rigor of empirical studies is often harder to measure. Cook & Campbell (1979) present an excellent classic work on summarizing possible biases which can arise in empirical work and should be overcome in a rigorous study. Third, the empirical study needs to be replicable. This is to allow duplication by other researchers, and to allow greater external validity of the findings of the study. Keeping these requirements in mind, we next survey past empirical work in evaluating the completeness of conceptual models. 

The majority of previous empirical work that evaluates conceptual models has used quasi-experiments (Cook & Campbell, 1979) with artificial cases. Brosey & Schneiderman (1978) compared the relational and hierarchical data models for completeness, using an artificial business case, given to undergraduate subjects. Mantha (1987) used a quasi-experimental methodology to measure the completeness of data structure models versus data flow models. Completeness was defined to be the degree to which the model contained the elements needed to represent the elements of interest in the problem domain. A case was developed artificially and a standard (i.e., a list of all the elements of interest in the case) was developed. This was important because “...what is of interest will determine the extent to which a specification is complete…” (Mantha, 1987). Twenty professional systems analysts were given a textual description of the case. The schemas that they submitted were compared to a standard ERM schema. The subjects were also asked to verbalize their thoughts as they created the schema. The differences between their schemas and the standard ERM schema were used to see which of the two models (data structure or data flow) were more complete.

Batra & Davis (1992) compared the relational data model and ERM for completeness. MIS graduate students were the research participants and were presented with a natural language description of a business case. The subjects had to model the case, and were graded by three independent graders, based on a grading scheme that classified errors into minor, medium and major errors. 

A significant portion of the process of validating conceptual models developed by Kim & March (1995), required that users point out discrepancies between a model and their own (incomplete) view of reality. The discrepancy construct was measured based on the number of errors and types of errors identified (e.g., errors in entities, relationships or attributes). However, no attempt was made to measure whether one model captured more aspects of a reality than another. They improved on previous studies by using a realistic business case. Twenty eight graduate business students were given a textual description of the case, and also semantically incorrect conceptual schemas for each case. The number and types of errors identified by the subjects served as a measure for how well the conceptual models were validated by end-users. 

In a study conducted by Moynihan (1996), business executives were shown a natural language description of an artificial case. They were then asked to evaluate an object-oriented and a functional model of the case. The dependent construct was critique of content. It was measured by having the subjects state whether some content was missing from the analysis; either the overall strategic implications of the model, or certain actual omissions that should have been modeled.

Based on the above survey of past work, we make the following conclusions. First, past empirical work that evaluated the completeness of conceptual models has used artificial cases, with little attempt to validate the representativeness of these cases to real-life situations. Second, in most studies, quasi experiments were used with little attempt to address the issues of bias usually associated with such studies. For example, in several cases, students were used as subjects. The training provided to the students in using the conceptual model was often far less than would be available to professional systems analysts. In several studies, the measures that were used were not checked for psychometric stability or inherent bias. Third, no attempt has been made to compare the findings across multiple studies, except in a qualitative sense (Batra & Srinivasan, 1992). This is primarily because each study has used different measures, so that comparing across studies is extremely difficult. There is a lack of a structured empirical methodology that can be used across replicated studies, and that will allow values of a metric to be aggregated across studies. Thus, no conclusive evidence about the comparative completeness of conceptual models exists. 

Having described the current status of the evaluation of the completeness of conceptual models, we next propose COBPM, a case study based metric to evaluate the completeness of CBPMs. 

COBPM: A METRIC TO EVALUATE THE COMPLETENESS OF CBPMS

Defining the Completeness of CBPMs

As the survey of past work shows, completeness has been evaluated in many ways. Similar to Mantha (1987), we define the completeness of a CBPM to be the degree to which the CBPM can represent real-world business processes, as perceived by the humans who enact those processes. 

Note that this definition assumes that completeness is dependent on the perception of the humans engaged in real-world business processes. This assumption is not unreasonable, since any information system built to support business processes is presumably built to support the humans involved. In the next section, we show how the replicability of the methodology proposed in this work will allow analysis of COBPM values (for a given CBPM or set of CBPMs) across multiple empirical situations. 

Why a Real-World Case Study Based Metric?

As described, the past research in this area has emphasized either the data or the process aspects of artificial situations. To overcome the general problem of lack of external validity with past approaches, this paper proposes a real-world case study based methodology to empirically evaluate the completeness of CBPMs.

There has been some criticism of the case study research method in the past (Gilgun, 1994; Yin, 1994). However, as Yin (1994) points out, much of this criticism appears to be directed towards the way case studies are implemented, and less towards the methodology itself. Indeed, researchers with a strong nomothetic bias such as Cook & Campbell (1979) have endorsed case studies as a legitimate and necessary methodology. Benbasat, Goldstein, & Mead (1987) point out that the case study approach is suitable for capturing the knowledge of practitioners. The case study approach has seen extensive use in other IS research studies such as by Gupta, Nemati, & Harvey (1999) and Grembergen (1999). Yin (1994) states that case studies, experiments, simulations, histories, etc. are all different research strategies, leading to equivalent generalizations or external validity. A case study distinguishes itself from these other strategies by examining contemporary phenomena in a real-life context, especially when the boundaries between phenomenon and context are not clearly evident. He also classifies case studies into exploratory (used for theory building), explanatory (used for theory testing) and descriptive (used to collect a set of facts). A descriptive case study method is appropriate here, since the goal is not to build or confirm a theory, but to capture real-life business processes.

Research Methodology

This section briefly summarizes the different phases in the proposed methodology, which are shown in figure 2. In the first phase, a natural language description (NLD) of the business processes is captured using a descriptive case study approach. The end-users who actually perform these processes are the research participants and together they constitute the unit of analysis; the terms are used interchangeably in this paper. In the second phase, the NLD is modeled, and schemas are created for each of the CBPMs whose completeness needs to be evaluated. The schema creation is done by the researchers conducting the study; in this study the two authors were the researchers who conducted the study. In the third phase, for each CBPM, the researchers identify the elements that are present in the NLD, but not in the model. In the fourth phase, the end-users determine how important each of these identified elements is. This allows the computation of the completeness metric, COBPM, that is proposed in this paper. It is important to note that a) end users determine that the initial NLD is complete and b) end-users determine the values of COBPM for each model. The measures administered to the end-users for both a) and b) have been developed and psychometrically validated in this paper. 
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Figure 2: A Summary of the Proposed Case Study Based Methodology 


Next, we describe in detail the unit of analysis, the format of data required, the method of data analysis, how to control validity threats in the proposed research methodology and the psychometric validation of the measure developed in the proposed methodology. 

Requirements of an Appropriate Unit of Analysis 
There are three requirements for the unit of analysis to be used in the methodology proposed in this paper. First, it should be a real-world organizational unit. Second, all business processes of the unit should be considered since we are measuring completeness with regard to that unit. Third, all the people in the unit should be familiar with the business processes since we are measuring their perceptions regarding completeness. 

Format of Data Collected During the Case Study

Miles & Huberman (1984) present an excellent overview of presentation formats for qualitative data, including pattern coding, contact summary sheets, role ordered matrices, time ordered matrices and conceptually clustered matrices. We considered all of these as possible formats for data collection in the case study. In past work, there is widespread agreement that a natural language textual description of user requirements is an appropriate input to a conceptual model. Most studies that have required subjects to create conceptual model schemas such as Batra et al. (1990), Bock & Ryan (1993), Hardgrave & Dalal (1995), Moynihan (1996) and Shoval & Frummerman (1994), have supplied textual descriptions as input to the subjects. In the study by Kim & March (1995), the discrepancy construct was measured by asking subjects to compare a natural language description with the conceptual model. Batra et al. (1990, pp. 127, pp. 400) state that a conceptual model translates information requirements, expressed in a natural language, into a formal representation. Finally, Grosz & Rolland (1991) claim that system analysts generally use a natural language description as a first draft, and continually refine this draft during the process of arriving at a conceptual schema. 

Since the goal of the case study is to provide an input to the CBPMs in the target set, the past research indicates that a natural language description should be used to completely and unambiguously describe the business processes of the unit of analysis. Also, to the best of our knowledge, NLD is the most flexible format we know for the specification of users’ requirements. Any attempt to structure this NLD a certain way could potentially bias the description in favor of a specific CBPM. For example, a description that lists entities and actions (that entities perform on each other) will favor a conceptual model based on the ERM, as opposed to some other data model like the SDM. 

In conclusion, we need an NLD of the actual business processes practiced by the participants in the unit of analysis. 

Controlling Threats in the Data Collection and Analysis Process

Extensive work has been done on identifying potential threats to nomothetic studies (Cook & Campbell, 1979). Many of these threats are also applicable to idiographic studies (Lee, 1989; Yin, 1994). Since the interpretation by Yin (1994) of the framework proposed by Cook & Campbell (1979) regarding threats to internal, external, construct validities and reliability, is fairly comprehensive, we use this framework.

The data collected during the case study should be an unambiguous, non-redundant NLD of all the significant business processes of the unit of analysis. A threat to construct validity translates to a threat that a business process is either being inadequately represented or incorrectly represented in the NLD. There is widespread agreement in the literature that multiple sources of evidence control threats to construct validity. The rationale for this is based on the ideas of replication and convergence proposed by Cronbach & Meehl (1955)
Data for case studies can be collected in several ways. Yin (1994) provides a fairly comprehensive list that includes documents, archival records, interviews and direct observations; and a discussion of each data source’s strengths and weaknesses. Since different sources are appropriate for different settings, we do not stipulate a particular source, or even that triangulation of data collection, by using multiple data sources, is essential. Instead, we propose controlling for construct validity in the following way. The research study participants have to reach a consensus that a particular NLD is both complete and unambiguous. There is support for this in the area of requirements engineering, where it has been proposed that a system specification on which all end-users have achieved consensus is desirable (Boehm, 1984). Pohl (1994) identifies 3 dimensions of the requirements engineering process: the specification, the representation and the agreement dimensions. The agreement dimension involves obtaining consensus amongst end-users on a final view of the requirements.

We developed measures for estimating the degree of consensus between the participants in the unit of analysis. These measures are shown in Appendix 1. As part of the methodology to evaluate COBPM, we arbitrarily stipulate that the mean score (across the two measures and across the unit of analysis) should be at least a 5.0 (on a Likert scale of 1-7) in order to achieve consensus. 

We have not developed explicit measures to measure ambiguity, but require, as part of the methodology, that the researchers should be explicitly aware of different possible interpretations amongst end-users for a natural language wording. They should guard against it by periodically clarifying the meanings of NLD segments with the participants.

A threat to reliability translates to a threat that the methodology may be difficult to replicate in other studies. Yin (1994) suggests that threats to reliability can be controlled by using a case study protocol: a document listing all the activities during the case study. This allows different researchers to conduct similar case studies in multiple settings, and to compare results across case studies.

Threats to reliability are controlled in two ways. First, the methodology in this paper serves as a case study protocol, to be followed when evaluating COBPM for a given set of CBPMs. To ensure reliability, the researcher should carefully follow and document the steps in our checklist. This will allow the comparability of COBPM values for the same set of CBPMs across different case study settings. Second, the measures we use in our methodology are psychometrically validated here. Hence, they will allow the comparison of results obtained from different units of study across multiple settings. 

Internal validity is generally not applicable in descriptive case studies (Yin, 1994). However, it is applicable in our methodology because the NLD collected from the case study serves as input to the remainder of the methodology. When evaluating COBPM, a threat to internal validity translates to the question: is there any spuriousness in the input NLD that biases the results in favor of one CBPM over the other? We check for internal validity by requiring that researchers make a deliberate, documented effort not to bias the natural description with words that would favor one conceptual model over another.

Finally, a threat to external validity translates to a threat that, for a given set of CBPMs, the values of COBPM obtained in one case study may not be extensible to a larger domain. External validity is controlled in two ways in our methodology. First, any analysis of the data obtained from the case study must be performed by multiple researchers. This controls bias due to a single researcher. Second, the replicability of our methodology allows the comparison of multiple case studies, performed by different sets of researchers with different case study participants and leading to different values of COBPM for the same set of CBPMs. We next describe the data analysis phase of our methodology. 

Analyzing the NLD

Once a complete, unambiguous NLD representing a set of real-life business processes is obtained, the next step is to create schemas of each CBPM, from the NLD. To promote external validity, at least two researchers must independently create schemas of the NLD
. Each researcher creates a schema using each CBPM in the set. Next, for each CBPM, the researchers compare the independent schemas and reach a consensus on one schema for that CBPM.

Once the schemas are created, the researchers independently determine for each CBPM the elements that are present in the NLD but not in the CBPM schema of the NLD. These are the elements in the NLD that the CBPM cannot model. After this, they compare their lists and arrive at one list, for each CBPM, by consensus
. 

Next, the perceived importance of these elements to the participants is measured using the perceptions questionnaire shown in Appendix 2. As part of this work, this questionnaire has been psychometrically validated. The validation process is described later in this section.

The completeness of each CBPM is measured by the algorithm shown in figure 3. A brief explanation of the algorithm follows. The score for each CBPM is calculated from the perception questionnaires. The score measures the total importance given by the end-users to each of the elements that are in the NLD but not in the model. Hence the score indicates the degree of incompleteness of the model, as perceived by the end-users. The scores are sorted in ascending order. A low score translates to a perception by end-users that the elements present in the NLD, but not in the model, are not important. Hence, the model with the lowest score is perceived to be the most complete by the participants. 

For each CBPM mj 



Set scorej  =  0  /* scorej  is score of CBPM mj */



For each element identified by the researchers as being in the NLD of the 
 
business process but not in the model




Set scorej = scorej + score of mj from perceptions 




questionnaire for that element



sort_ascend (the set of scores scorej )

Figure 3: An Algorithm to Measure the Perceptual Completeness of a Set of CBPMs
As a numerical example of using the algorithm, let us assume that four elements have been identified as belonging in the NLD, but not in a CBPM m1. Let the mean scores given by the end-users to each element be 5, 4, 3.1 and 4.9 respectively. There are two measures for each element (see table 2 and appendix 2). The mean score for each element is computed based on taking the mean for each measure across end-users, and then further taking the mean across the two measures. The mean scores are then added up. So, in this example, the score for the model m1 is 5 + 4 + 3.1 + 4.9 = 17. Similarly, we can imagine another model m2 with a score of, say 27. If we arrange the scores in ascending order, we get the most compete model first. So, in this example, m1 is more complete than m2. 

We next describe how we psychometrically validated the measures included in Appendix 1 and Appendix 2. Note that these measures can be used by other researchers / practitioners who apply our methodology without further validation. 

Psychometric Validation of Measures Used in the Methodology

In order to psychometrically validate the measures in appendices 1 and 2, we created an artificial case, which dealt with how to organize an industry trade conference. Thirty seven MIS undergraduate junior students were asked to read the case overnight. The measures in appendices 1 and 2 were then administered to the participants. Of the thirty seven responses, two were dropped for incompleteness, leaving a sample size of thirty five respondents. 

For psychometric validation, we use the framework proposed by Straub (1989). Content validity is usually checked by having a panel of experts review the measures. In our methodology, completeness is clearly defined. An inspection of the measures shows that they fall out of the definition of completeness, and hence content validity is preserved. 

One technique often used to measure construct, convergent and discriminant validities is confirmatory principal components factor analysis (CFA) (Long, 1983). CFA restricts the number of factors a-priori to the number of constructs. CFA with varimax rotation and restriction to two factors was performed on the four measures. The first factor represents the two measures in appendix 1, that ask the end-users whether the NLD is complete or not. The second factor represents the measures in Appendix 2, that ask the end-users how important is an element that is the NLD, but not in the model. Table 1 shows the factor loadings for each factor. For high convergent, discriminant and construct validities, all the measures for a particular construct should load heavily on one factor, and less on other factors. As table 1 shows, the measures in appendix 1 load heavily on factor 1, while those in appendix 2 load heavily on factor 2. According to Hair (1992), factor loadings greater than 0.5 are significant. They also suggest a sample size at least 5 times the number of factors, which would translate to a sample size of ten or more in our case. Our sample size was thirty five, and the loadings are > 0.9 in each case, signifying excellent convergent, discriminant and construct validities.

The Cronbach alpha is a popular technique used to assess the reliability of instruments. Table 2 shows the Cronbach alpha for the two instruments. A measure > 0.7 is considered sufficient (Nunnally, 1978). As table 2 indicates, the Cronbach alpha for the 2 measures was >= 0.80, signifying good reliability.

The different validity and reliability checks embedded in the proposed case study methodology to evaluate COBPM values are summarized in figure 4. Note that, while it was necessary to psychometrically validate the measures when developing the methodology, it is not necessary to do so any more. We next illustrate an application of the methodology to evaluate the COBPM value of the Integrated Definition Standards Model using a pilot study and a real-life case study. 

Measures
Varimax Loading on Factor 1
Varimax Loading on Factor 2

Measure 1 in appendix 1 (is the description complete?)
0.949
-0.034

Measure 2 in appendix 1 (does the description omit important elements?)
0.95
0.071

Measure 1 in appendix 2 (is the element important?)
-0.04
0.94

Measure 2 in appendix 2 (if the element were omitted, how complete would the workflow management system
 be?)
0.08
0.948




Sample size = 35
Table 1: Confirmatory Factor Analysis (Varimax) Loadings on the Measures

Measures
Cronbach Alpha

Measure 1 in appendix 1 (is the description complete?)
0.80

Measure 2 in appendix 1 (does the description omit important elements?)
0.803

Measure 1 in appendix 2 (Is the element important?)
0.801

Measure 2 in appendix 2 (If the element were omitted, how complete would the Workflow management system be?)
0.801




Sample size = 35
Table 2: Cronbach Alphas for the Measures


Internal Validity
External Validity
Construct Validity
Reliability

Phase 1
-NLD not biased in favor of any model

- NLDs of “manageable” size”
- Ensure Unit of analysis is part of a real organization with real business processes

- Analytic Generalization Applies to whole Study
-End-users reach consensus on the NLD being complete (measured using validated questionnaire in Appendix 1) 
- The methodology proposed here is the case study protocol

- High Cronbach Alpha of measures used to end-users’ perceptions

Phase 2
- Researchers independently create models first and only then reach consensus
- Multiple researchers are used
- Researchers reach consensus on the model schemas, developed from the NLD
- The methodology proposed here plays the role of the case study protocol

Phase 3
-Researchers identify elements independently first, and only then reach consensus
- Multiple researchers are used
- Researchers reach consensus on elements not supported by the models
 -The methodology proposed here plays the role of the case study protocol

Phase 4
NA
- Analytic Generalization Applies to whole Study
- Measured using validated questionnaire in Appendix 2
- The methodology proposed here is the case study protocol

- High Cronbach Alpha of measures used to end-users’ perceptions

Figure 4: A Summary of the Validity and Reliability Checks in the Methodology 

APPLYING THE METHODOLOGY TO THE INTEGRATED DEFINITION STANDARDS MODEL

In order to get a better understanding of potential difficulties that could arise when collecting the NLD in a real-life case, we first conducted a pilot study on a group of MIS doctoral students. This study clarified several operational issues, which helped us implement the actual case study more successfully. We first describe the lessons learned from the pilot study. Next, we describe a real-life case study that measures the COBPM value of the Integrated Definition Standards Model
. Note that our aim in the case study is not to criticize this model, rather to present a demonstration of usage of our methodology. 

Lessons Learned From the Pilot Study

The unit of analysis for the pilot study was a group of four Management Information Systems (MIS) doctoral students. The process selected for our study is the process undergone by doctoral students in the first two years of the Ph.D. program. Elements of this process include the application procedures to enter the Ph.D. program, enrolling in courses, passing comprehensive examinations, and getting forms signed by faculty. All the group members were very familiar with the process. A group meeting was conducted for four hours as part of the pilot study. The pilot study revealed the following caveats applicable when collecting an NLD:

1. We thought the data collection process (to determine the NLD) would be facilitated if we asked the members of the unit to first create a top-down definition of the process. However, the pilot study participants showed a tendency to spend the first hour listing detailed steps in the process, in no apparent order. These steps were then used to actually create a sequence of broad phases, with each phase describing a section of the process. In addition, the participants also identified several steps that did not fit into any one phase, but were nevertheless necessary for the overall process. Thus, one lesson learned was to avoid insisting on a top-down framework at any point in the data collection process, but to let the participants adopt a mixed approach, as they felt comfortable. 

2. The pilot study helped us determine a reasonable size of the unit of analysis and a reasonable length of time for group meetings. The rationale for unit size was to stay below a size that would yield unreasonably complex and large business processes, and above a size that would yield processes that were too simplistic. Our pilot study confirmed that a unit size of four participants was reasonable, and led us to conclude that up to six participants can be managed realistically. We also established that each group meeting with the unit should range from half an hour to two hours. A length of time beyond that was counterproductive, in that the members became bored and fatigued. 

3. The pilot study showed that it is unwise to collect data only through group meetings, since some members did not participate sufficiently in the discussion. They indicated that they would have preferred to write the narrative for a phase of the process themselves. 

4. There was a tendency amongst the unit members to talk about what the processes should be. Since the aim was to obtain an NLD of the actual processes, as opposed to prescribing what should be, we explicitly mentioned this several times in order to control for it. 

5. In the pilot study, the choice of display device, used to record and display the meeting discussion notes, was important in terms of saving time and reducing boredom. We tried a chalk and black-board and a flip chart, both of which did not work well. The best choice was an overhead computer display, that offered a scrollable display, where the NLD could be edited as the discussion progressed. 

6. Since participants were describing processes with which they were very familiar, we found that the researcher needs to guard against the use of local acronyms or slang in the NLD, otherwise the NLD will not be intelligible to non users.

An Application of the Methodology

For the real-life case study, we created a short list of corporations and university departments locally that were potential case study candidates. A group of four end-users, who worked together, was identified in the quality control (QC) department of HospiSoft
 a healthcare information systems provider, based in Southwestern U.S.A. The four members of the unit were all largely familiar with the activities of one another. At the first interview, it appeared that a NLD of the group’s business processes could be collected in a three to five week span. This group was selected as the unit of analysis for the case study because it satisfied the requirements for a unit of analysis (described earlier), and because of the willingness of the organization to participate in the study. 

The data collection process: The lessons learned from the pilot study helped immensely in planning for the data collection process, a significant portion of the case study in our methodology. An initial group meeting was held for about two hours. An overhead display word processor was used to obtain a first draft of the NLD. We observed that the participants followed a behavior similar to that of the participants in the pilot study. They first went in to a lot of detail and then automatically decided to abstract their description into different phases. Based on our experience, we believe this will be a common occurrence, and should be expected. Another point we noted was that there was no political agenda on anyone’s part, since the aim was to collect all the activities of the group. Also, the group selected was very close-knit. At the end of the meeting, there was reasonable agreement on what the broad business processes were. The participants identified eight business processes as being relevant and consuming over 90% of the resources. Before the next group meeting, we, the researchers, embellished the initial NLD into a fairly coherent list of high level activities that constituted each business process. This list was then reviewed and corrected at a second group meeting a week later.

At this stage the data collection technique was changed to individual interviews and document collection. Group meetings did not appear to be conducive towards collecting descriptions of activities at more detailed levels. The next two weeks were spent interviewing each member of the group for several hours, and collecting and perusing some documents. This allowed us to construct a fairly detailed description of each business process and combine it into a business process manual that was approximately thirty five double spaced pages in length. This was then given to each member, who returned it with individual feedback. 

Next, another group meeting was held. One member of the unit had dropped out at this stage because of medical reasons. In the meeting, an hour was spent discussing the manual, and the questionnaire in Appendix 1 was administered to test for consensus that the NLD in the manual was complete and unambiguous. In our case study, it was easy to tell that the users were well satisfied with the NLD collected thus far. Table 3 shows the results of three responses, based on a 7 point Likert scale, to the questionnaire. Based on these results, we decided that the NLD was adequate for further analysis. 

Completeness Measure
Mean Score

Measure 1 in appendix 1 (is the description complete?)
6.67

Measure 2 in appendix 1 (does the description omit important elements?)
7

Measure 3 in appendix 1 (list of elements to make the description complete?)
Blank (no suggestions)

Table 3:  Results Indicating the Completeness of the NLD

Data Analysis: The next phase of our methodology requires that the NLD be modeled using each CBPM (in our case we have one CBPM). We arrived at a consensus on an Integrated Definition Standards Model schema for the business processes (or workflows) in the manual. This phase took three weeks. A lesson learned here is the necessity of identifying a unit of analysis whose business processes are of a manageable size. As the number of participants, and hence the number of business processes increases, the time taken for this phase can easily become unreasonably long for a research study.

Next, we reached consensus on a list of elements that were in the NLD, but not supported by the model. When implementing the methodology, it was clearly impossible to isolate every single element in the NLD that was not supported by the model. Instead, we had to abstract to a higher level and identify concepts that modeled many of these elements. For example, there were many instances in the NLD that required the concurrent execution of activities. We identified the concurrent execution of activities as one concept and gave an example of this concept to the end-users in the question that checked for perceptual completeness. The list of questions is shown in Appendix 3. 

Note that there is a potential for bias here. The choice of example that accompanies each concept in the question can strongly influence the perception of importance to the end-user. Based on our (by now) fairly intimate knowledge of the group’s activities, we selected examples that, in our opinion, would be of moderate importance to the group, so that they would not be biased. 

The results of the three responses (on a 7 point Likert scale) are shown in table 4. If more than one CBPM is in the target set, the data analysis provides two answers. First, it provides an ordering of all the CBPMs, in ascending order of importance (see figure 3 for the algorithm that calculates this). Second, it also provides an ordering of the concepts in each CBPM, in increasing order of perceived importance. 

Measure Number
Mean Score for Measure & Overall Construct

1 a  (is concurrency important?)
6.33

1 b (if concurrency were omitted, how complete would the support be?)
6.33

1. Overall Perceived Importance of Concurrency
6.33

2 a (is conditional execution important?)
6.33

2 b (if conditional execution were omitted, how complete would the support be?)
6.33

2. Overall Perceived Importance of Conditional Execution
6.33

3 a (is conditional repetition of activities important?)
7

3 b (if conditional repetition of activities were omitted, how complete would the support be?)
6

3. Overall Perceived Importance of Conditional Repetition
6.5

4 a (are spatial constraints important?)
4

4 b (if spatial constraints were omitted, how complete would the support be?)
3.67

4. Overall Perceived Importance of Spatial Constraints
3.835

5 a (are temporal constraints important?)
6.33

5 b (if temporal constraints were omitted, how complete would the support be?)
6

5. Overall Perceived Importance of Temporal Constraints
6.165

OVERALL SCORE FOR THE MODEL
29.16

Table 4:  Perceived Importance of Concepts in NLD not supported by the Model

Table 4 ranks the perceived importance of the concepts that are present in the NLD, but are not supported by the model. The results indicate that not all abstract concepts identified by the researchers are perceived to be equally important. Concepts 1, 2 and 3 (concurrence, conditional execution and conditional looping respectively) are approximately equal in importance. Concept 5 (temporal constraints) is less important than 1,2 and 3. Concept 4 (spatial constraints) is the least important. Note that the scores in table 4 are the average scores of all four participants in the study.
 

Performing aggregation on multiple implementations of our methodology

As we discussed earlier, there is no conclusive evidence on the empirical completeness of conceptual models. However, COBPM values can be compared across case studies. This is because a detailed case study protocol has been presented here, and the measures used in the study have been psychometrically validated using a statistically significant sample size. The formulae in figure 5 allow us to make conclusions about the comparative completeness of different CBPMs in a target set in the aggregation analysis. As figure 5 shows, the rank of each CBPM is simply its mean rank across all case studies. 

For each CBPM mj 



Total_rankj =  
[image: image2.wmf]å

n

i

rankij    /* rankij  is the rank of CBPM mj in study i*/



rankj= Total_rankj / n

Figure 5:  Formulae to Measure the Completeness of CBPMs Across Studies  

To demonstrate how an aggregation analysis across multiple studies can be performed, let us assume that twenty COBPM values (using our methodology) are available on the completeness of the Data Flow Diagram and the Integrated Standard Definitions models
, performed by twenty different sets of researchers using twenty different real-life NLDs. If the mean rank of the latter is, say, 1.2, while that of the former is 1.8, then this allows us to say, that across these studies, the latter is more complete than the former. Thus, by aggregating COBPM values across multiple real world case studies, conclusive evidence about the relative completeness of a target set of CBPMs is possible.

CONCLUSION

Implications of this work

As discussed in this work, current approaches to evaluating the completeness of conceptual models have drawbacks when applied to the domain of business processes. In this work, we have proposed and demonstrated usage of a real-life case study based metric called COBPM, that can be used to evaluate the completeness of CBPMs. Our work makes contributions to both theory and practice. We have proposed a rigorous and replicable case study based methodology that allows an aggregation analysis across studies. Thus, COBPM answers the shortcomings of current empirical approaches to evaluating completeness, as identified in this work. The methodology was implemented using a pilot and a real-world case study. The implementation provided valuable lessons for rigorous data collection for future studies. The implementation also provided a COBPM value for the Integrated Definition Standards model, which is a commonly used CBPM. As shown in this work, an aggregation analysis of COBPM values across multiple studies can lead to conclusive answers about the completeness of CBPMs. On the practical side, this information can be of value to system analysts and developers, faced with the task of selecting from different system development methodologies based on different CBPMs. 

Limitations and directions for future research

The methodology proposed here is different from past empirical work, which has almost exclusively concentrated on using artificial cases in a quasi-experimental setting. While a case study approach, which is a cornerstone of our methodology, has significant advantages for evaluating a construct such as completeness, it has limitations. First, its validity is highly dependent on the researchers, the real-life setting, and the interactions between them. In our methodology, we attempt to introduce validity checks wherever possible. However, it is widely accepted that the case study approach is not as controllable as a quasi-experimental approach. Second, a case study approach requires significantly greater resources than many other methodologies. This can conceivably limit the number of replications for a set of conceptual models across different case studies.

The research presented here can be extended in several ways. First, a direct extension of this approach could lead to a more efficient field study methodology to evaluate COBPM. The application of our methodology took approximately two months of fieldwork. It may be possible to modify the methodology so as to reduce the fieldwork involved, and to still retain the advantages of a case study. Second, the data collected using our methodology is ordinal, since the scales used are ordinal (Fowler, 1993). Measures that constitute interval or ratio data need to be created in order to measure absolute magnitudes of completeness. Third, our work can be extended by proposing metrics for criteria other than completeness, such as usability and parsimony of conceptual models. It will be interesting also, to measure the degree of tradeoff between these criteria and the completeness of conceptual models. Finally, this work will make an impact only if we see COBPM values for popular CBPMs, in an effort to get conclusive answers about their completeness. 
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APPENDIX 1
For each business process description:

1. This business process description is:

extremely 

quite
slightly

neither

slightly

quite
extremely

incomplete

incomplete  incomplete
complete

complete

 complete  complete






nor incomplete

2. This business process description leaves out elements that are important.

extremely 

quite
slightly
 neither

slightly

quite
extremely

agree

agree
agree
disagree

disagree

disagree
disagree





nor agree

3. The following is a list of elements that I think are important but have been omitted from the natural language description:

APPENDIX 2
Questionnaire 2

The <natural language description> that we came up with describes all the business processes performed by <unit name>. Assume for the rest of this questionnaire that you are in charge of overseeing all the business processes in the <natural language description>.  To help you in your work, you have been charged with selecting a Workflow Management System (WFMS) that will help you keep track of all the business processes described in the <natural language description>, and maybe even automatically execute some parts of of the business processes. Since the WFMS is a program, it will be able to provide limited support. As an example, consider a simple database system. If your WFMS were based on a system such as Access, it would only be able to keep track of data. It would not be able to keep track of many facts that are implicitly accepted by you, such as <examples from description>. On the other hand, there may be another WFMS that may recognize these facts, and keep track of them automatically for you. 

Each question below describes one such element, and then asks you to rate how important it will be to you that your WFMS support this element. 

1. This element deals with <give description and example of element>. One WFMS may understand and support <element name>, while another may not. 

1 a. I would rate <element name> as being

extremely 

quite
slightly

neither

slightly
   quite

extremely

unimportant
unimportant unimportant
important
  
important
   important
important






nor unimportant

1. b. If the following concept: <element name> were left out, then the support provided by the WFMS would be

extremely 

quite
slightly

neither

slightly

quite
   extremely

complete

complete
complete

incomplete 
incomplete

incomplete
   incomplete






nor complete
APPENDIX 3
The Business Process Manual that we came up with describes all the business processes performed by HospiSoft Quality Control (along with the participation of other departments). Assume for the rest of this questionnaire that you are in charge of overseeing all the business processes in the manual. To help you in your work, you have been charged with selecting a Workflow Management System (WFMS) that will help you keep track of all the business processes described in the manual, and maybe even automatically execute some parts of the business processes (e.g., code movement from one area to another, or, the checking of documentation in the PMR phase). Since the WFMS is a program, it will be able to provide limited support. As an example, consider a simple database system. If your WFMS were based on a system such as Access, it would only be able to keep track of data. It would not be able to keep track of many facts that are implicitly accepted by you, such as: a development machine has to belong in the development department, or, the PMR activity comes after the Functional / Integrated testing activity, etc. On the other hand, there may be another WFMS that may recognize these facts, and keep track of them automatically for you. 

Each question below describes one such element, and then asks you to rate how important it will be to you that your WFMS support this element. 

1. This element deals with the WFMS understanding and supporting the concurrent execution of activities that make up a workflow. E.g., in an enhancement workflow, the design specification phase and the coding/unit testing phase can occur concurrently (at the same time). One WFMS may understand and support the concurrent execution of activites, while another may not. 

1 a. I would rate the concurrency element as being

extremely 

quite
   slightly

neither

slightly

quite
 extremely

unimportant
unimportant  unimportant
important

important

important    important






nor unimportant

1. b. If the following concept: concurrent execution of activities were left out, then the support provided by the WFMS would be

extremely 

quite
slightly
   neither

slightly

quite

extremely

complete          
complete 
complete  
incomplete

incomplete

incomplete 
incomplete





nor complete

2. This element deals with the WFMS understanding and supporting the conditional execution of an activity within a workflow. E.g., a product can become ready for alpha testing only if the number of bugs left is below an acceptable limit. One WFMS may understand and support the conditional execution of activites, while another may not. 

2. a. I would rate the conditional execution element as being

extremely 

quite
    slightly

neither

slightly
          quite
extremely

unimportant
unimportant  unimportant
important

important
           important 
 important






nor unimportant

2. b. If the following concept: conditional execution of activities were left out, then the support provided by the WFMS would be

extremely 

quite
  slightly

neither

slightly
              quite
extremely

complete

complete
   complete

incomplete

incomplete
             incomplete
incomplete






nor complete

3. This element deals with the WFMS understanding and supporting the continual repetition of performing an activity, until a condition is fulfilled. E.g., a product has to be functionally tested and recoded repeatedly, until the number of bugs drops below an acceptable limit. One WFMS may understand and support the repeated execution of activites until a condition is met, while another may not. 

3. a. I would rate the repeated execution of activities based on a condition element as being

extremely 

quite
    slightly

neither

slightly

quite
extremely

unimportant
unimportant   unimportant
important

important
            important
important






nor unimportant

3. b. If the following concept: repeated execution of activities based on a condition were left out, then the support provided by the WFMS would be

extremely 

quite
    slightly

neither

slightly

quite
extremely

complete

complete
   complete

incomplete

incomplete
            incomplete
incomplete






nor complete

4. This element deals with the WFMS undertanding and supporting the spatial constraints inherent in a workflow. E.g., a client machine has to exist in the client’s department and cannot be moved out. One WFMS may understand and support spatial constraints, while another may not. 

4. a. I would rate the spatial constraints element as being

extremely 

quite
     slightly

neither

slightly

quite
extremely

unimportant
unimportant    unimportant
important

important
            important
important






nor unimportant

4. b. If the following concept: spatial constraints were left out, then the support provided by the WFMS would be

extremely 

quite
   slightly

neither

slightly

quite
extremely

complete

complete
   complete

incomplete

incomplete
            incomplete
incomplete






nor complete

5. This element deals with the WFMS understanding and supporting the temporal constraints inherent in a workflow. E.g., a level 1 bug pointed out by a client has to be fixed within a week. One WFMS may understand and support temporal constraints, while another may not. 

5. a. I would rate the temporal constraints element as being

extremely 

quite
    slightly

neither

slightly

quite
extremely

unimportant
unimportant   unimportant
important

important
            important
important






nor unimportant

5. b. If the following concept: temporal constraints were left out, then the support provided by the WFMS would be

extremely 

quite
   slightly

neither

slightly

quite
extremely

complete

complete
   complete

incomplete

incomplete
            incomplete
incomplete






nor complete
� We use the term ontology to mean a definitive listing of the objects and relationships of an underlying reality.


� The target set is the set of conceptual models whose completeness is being evaluated.


� Clearly, the researchers need to have reasonably uniform expertise in using the CBPMs. 


� In the interests of keeping the methodology simple and easy to apply, we do not develop explicit measures to measure consensus amongst the researchers. 


� In this work, the phrases “business process” and “workflow” are synonymous.


� This model is commonly known as the IDEF0 model. It is used widely to model business processes or workflows. It thus serves as a CBPM for the construction of a workflow management system. . 


� A pseudonym is used to protect the identity of the real organization.


� See the section entitled “Lessons Learned From the Pilot Study” to see why the number of participants is small in an implementation of our methodology. 


� This is a hypothetical discussion, of course. 
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Figure 2: A Summary of the Proposed Case Study Based Methodology 
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