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Abstract

In recent years, two elements have been considered extremely important in organizations, namely the capacity of information technology to transform their competitive powers, and the market openings generated by the abolition of trade barriers. SMEs have limited ability to acquire, process and use information, and the intelligent decision support system discussed in this paper offers owner-managers a way of assessing the performance of their firms by means of a comparison with other similar firms. The demonstration prototype was developed on the basis of actual human resources management practices and the expertise of acknowledged experts in the field. Initial testing suggests that the technology may be able to help SME owner-managers. The results also show that the prototype needs to be enriched by the addition of other managerial fields.

1. Introduction and problem situation
Information is a vital support tool for operations, management and decision-making in all firms, regardless of size. SMEs in particular, if they are to remain competitive, must face the challenges presented by new information and communication technologies (ICT), market globalization and rapid social change. Competitive capacity can be improved in a number of ways, including the use of ICT, and it is therefore highly desirable for SMEs, operating as they do in an increasingly complex and uncertain environment, to understand the importance of controlling ICT, which have become critical success factors for organizations (Blili and Raymond, 1993). SME owner-managers, if they are not sufficiently well-versed in managerial techniques, are obliged, when making decisions, to juggle large amounts of information, a task that often forces them either to call on external resources, which can be both costly and inefficient, given that consulting services are generally not adapted to the small business context, or to leave aside information that could be key to the survival of their firms (Riemenschneider and Mykytyn, 2000).

The research takes as its basic premise that SMEs are limited in their ability to acquire, process and use information, and that there is a relative lack of control over the environment on the part of both the decision-maker and the organization. Accordingly, it begins by examining the conceptual basis of the decision-making process, and goes on to consider the development of an expert decision support system. The system’s purpose will be to support owner-managers, helping them improve their decisions by providing a graphic-based diagnosis. It should also allow them to compare their firms with other similar firms.

2. Theoretical and Empirical Considerations

This section will begin by examining the decision process in SMEs, and will go on to present the role decision support systems and expert systems can play in the decision-making process.

A review of the literature on the characteristics of SMEs and the various problems they face led to the identification of a number of factors impacting upon decisions, including the owner-manager’s profile in terms of using, processing and sharing information. The contribution of performance assessment practices, including benchmarking, has also been identified in many organizational functions or disciplines (Cassell, Nadin and Gray, 2001). The empirically significant determinants or factors can be divided into six groups, namely human resources development, production and technology management, product/service/market development, management and control, effectiveness and the firm’s vulnerability.

In addition, SME owner-managers do not usually delegate their decision-making power, and their primordial role has a direct impact on the success of their firms (Julien, 1997). For example, they often have fairly sketchy knowledge of managerial techniques, and lack the time to analyze every aspect of company management. As a result, their decisions are generally based on their intuition, personal values and experience, rather than on a rigorous analysis of available data (Raymond and Blili, 1998). When this process is placed in the SME context, it becomes even more difficult to conceptualize, due to the impact of other factors over and above the decision-maker’s personality – for example, the organizational environment and the quality of the information at hand (Powell and Johnson, 1995). 
SME owner-managers need timely and relevant information for decision-making. They must also have access to analysis capabilities to sort through the information and derive a fair, representative diagnosis of their firm’s situation. An analysis, assessment and control tool for use with the firm’s managerial practices would enable owner-managers to identify the strengths and weaknesses of their organization, along with the opportunities and threats present in their external environment. Decision support systems and expert systems are used to help company officers to make decisions, providing quick and effective recommendations for solving complex problems. They offer at least the same level of competency as most consultants and other experts in the field (Shao, 1998).

Expert systems have long been viewed as a way of overcoming SME deficiencies in human resources and managerial expertise (Denton, 1997). Among other things, they have been regarded by managers as a way of reducing the need for external consultants, who are expensive and often out of touch with entrepreneurial issues (Martin et al., 1991). A range of expert systems applications have therefore been developed and tested empirically in areas such as strategic analysis (Houben, Lenie and Vanhoof, 1999), technology acquisition (Bayraktar and Gozlu, 1994), production management (May et al., 1991) and marketing planning (Borch and Hartvigsen, 1991).

2.1 Decision support systems and expert systems

Many different types of systems can be used to help company leaders with the management and making of decisions. Decision support systems (DSS) and expert systems (ES) are of considerable interest to SME owner-managers. DSS are computer systems that provide users with access to data and models on which to base their decisions (Edwards, 1992). They are used to process the more structured elements of a problem, leaving users free to rely on their intuition, knowledge of the sector and personal goals in formulating the problem, modifying and controlling the solution process and interpreting the results. Expert systems, for their part, are software packages designed to replace or assist humans in fields where human expertise, although insufficiently structured to allow for definitive, accurate working methods, can nevertheless be easily transposed onto a computer, and reviewed or added to as further experience is gained (Farreny, 1985).

These two types of systems do, however, have a number of deficiencies that can be overcome by building the latter into the former. Turban et Watkins (1986) refer to the resulting systems as intelligent DSS, defining them as model-based systems that support every step of the decision process and have their own databases. The system developed during the research described here is an intelligent decision support system (IDSS) designed to diagnose enterprise performance. It will be referred to throughout this paper as IDSEDS (intelligent decision support enterprise diagnostic system).

A specialized decision support tool such as an IDSEDS must be tailored to the specific features of the SME and its owner-manager (Blili and Raymond, 1993). It must not assume that the owner-manager’s behaviour and working habits will change, but should be designed to adapt to and complement the strengths and weaknesses of the owner-manager, such as his or her capacity to innovate and high level of independence and autonomy. SMEs are characterized by their simple structures, low level of specialization and lack of administrative resources, a situation that is conducive to the concentration of leadership in the hands of the owner-manager (Julien, 1997). This can lead to conflicts of roles with employees, generating stress, anxiety and even a decline in performance (Sullivan and Shively, 1989).

With regard to IDSEDS development, the most commonly used method is prototyping (Connell and Shafer, 1989). Prototyping allows for flexibility in development, along with better projected outputs and greater user satisfaction. It also speeds up the development process (problem identification and knowledge acquisition) while focusing directly on the experts and the system to be developed.

3. Research Methodology

This section of the paper presents the research methodology, examines the method used to design a demonstration IDSEDS prototype, and describes the knowledge built into the system.

3.1 Type of research

The research described in this paper used ES technology to improve decision-making in SMEs. An ES demonstration prototype, referred to as an IDSEDS, was developed. The system presents a comparative diagnosis of human resources management practices tailored to the specific features of SMEs and their multi-organizational context.

The research can be described as action research. In this approach, the principal actor is a researcher, and the principal researcher is an actor, thus ensuring that the research is focused on action, and that the action is based on research considerations. The cognitive process depends on the social interaction that occurs between the observers and the actors in the context studied (Hughes and Wood-Harper, 1999). The ES design method selected for the research is prototyping, which is itself a form of action research (Baskerville and Wood-Harper, 1998). Prototyping allows for a solution to be developed gradually and iteratively; in other words, it allows for progressive validation and modification of the prototype (Connell and Shafer, 1989).

3.2 IDSEDS development method
The IDSEDS structure is fairly complex, and is divided into two environments, namely development and consulting. The development environment consists in the acquisition and representation of knowledge from human experts. The knowledge acquired is modelled by a knowledge engineer and is used to develop a fact base representing everything that is known about the field in question, along with a rule base to establish new facts from known facts. The knowledge engineer then selects the ES development software best suited to the project, and the rules are coded and then operated by an inference engine to produce the conclusions that constitute the diagnosis (Lévine and Pomerol, 1990). The consulting environment, for its part, comprises the inference engine and the interface for the user who “consults” the system (Turban and Aronson, 1998). Interactivity takes place through dialogue interfaces that ask questions, display information on a specific incident, propose recommendations following diagnosis, and explain the diagnosis. There is also a process of feedback to the knowledge expert, who can then refine his or her expertise from the system’s recommendations.

When designing an ES, the most difficult and crucial steps are the acquisition, representation, checking and testing of the knowledge. Of these steps, knowledge acquisition is perhaps the most vital, since the system’s behavioural efficiency depends on the quality and consistency of the information it contains. During this phase, the knowledge engineer identifies and defines the problem. Once the problem has been understood and defined, the concepts and their connections are established (Hayes-Roth et al., 1983). When the knowledge has been acquired, it is represented and organized – in other words, translated into symbolic form so that it can be used by the inference engine. The fact base and rule base must then be validated to ensure the system’s credibility (O'Leary, 1993). Validation involves checking the inference logic in the knowledge base, i.e. making sure the expert system produces the anticipated results by simulating test cases. It is a key process whose goal is to ensure that the expert system properly represents the expert’s knowledge. The emphasis is on the system and on the expert himself or herself. Validation also provides confirmation that the problem, as formulated, truly represents the problem identified, and is sufficiently structured for a solution to be derived.

3.3 Description of the IDSEDS knowledge base 

The knowledge used for the IDSEDS base was obtained from human experts, primarily professors and researchers in a university small business research centre. The experts in question are recognized internationally by their peers as experts in their respective fields, due to their research achievements (publications) and practical HRM experience, especially in SMEs. The experts worked in collaboration with the owner-managers of manufacturing SMEs who were acknowledged to be experienced managers. 

The experts identified performance indicators that could be used to explain and produce comparative organizational diagnoses. For example, they could serve to produce a report on SME performance known as the PDGTM report (an acronym for Performance-Development-Growth). The indicators identified by the experts and in the scientific literature included human resources management, production and technology management, product/service/market development, management and control, efficiency and vulnerability of the firm. 

When developing a demonstration prototype, it is important to use only one functionality when validating the choice of instrument and project feasibility (O’Leary et al., 1990; Waterman, 1986). For the IDSEDS prototype, the human resources management (HRM) function was selected for modelling. There were three reasons for this. First, HRM is representative of managerial complexity through the use of digital and symbolic data. Second, problem solving demands a mainly heuristic research method. And third, HRM practices are relatively new in expert system development, compared to the finance function, for example.

The human resources management function was divided into five sub-themes, each with its own relative importance as defined by the human experts: training (22%), employee motivation and participation (44%), performance appraisal (11%), recruitment (11%) and HRM watch (11%). For instance, training was assessed by budget, the hours of training received by employees and the type of training given. Figure 1 below shows part of the inference tree.

The fact base, and especially the inference tree described above, illustrate the links between the various themes of the HRM function. The components of the diagnostic comment were developed so as to target the firm’s HRM strengths and weaknesses, and to be easily understood by the owner-manager.
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As shown in Figure 2, the IDSEDS is a subsystem of an enterprise performance diagnostic system that also includes an executive information support subsystem (EISEDS).

4. Analysis of the IDSEDS Demonstration Prototype

This section will begin by presenting the tool used to develop the IDSEDS, and will go on to describe the principal functions of the prototype and analyse the results of the system validation and verification process.

4.1 Choice of development tool

In recent years, a number of affordable and user-friendly ES software development tools known as shells have been produced, allowing small and medium-sized businesses to take advantage of artificial intelligence. These tools all have rule managers that allow them to modify and compile decision rules, along with a pre-programmed inference engine. The Visual Rule Studio shell was selected for this research because its inference engine uses an approach that is strongly object-oriented. It also offers a high level of flexibility in terms of data handling and user interface creation, and is able to communicate with other software packages (data extracted from the Oracle database management system, and models and graphs taken from the Excel spreadsheet program).
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4.2 Description of the IDSEDS prototype

The intelligent decision support enterprise diagnostic system (IDSEDS) is a demonstration prototype able to generate a diagnosis from a set of data relating to a firm’s HRM practices. The data set from the firms was first stored in a relational database. A data dictionary was built using variables taken from the questionnaire sent to the firms. A data model was then produced, in the form of an entity relationship diagram.

The rules base is composed of all the knowledge extracted by the knowledge engineer from meetings with the experts consulted. Creating the rule base is a crucial and extremely difficult step, due to the complexity involved in the transmission of knowledge and experience; in SMEs, the entrepreneur’s knowledge and experience are often highly intuitive. The knowledge, transcribed onto paper, is then rewritten by a programmer in a coded language acceptable to the inference engine. The user-friendly and visual aspects of the HRM diagnosis were taken into consideration when developing the user interfaces. The prototype’s functions are divided into four sections, namely selection of the firm and its control group, data downloading and analysis, formulation of the HRM diagnosis and changes to the weighting of the various practices to repeat the diagnosis. As far as user interfaces are concerned, the prototype starts by displaying an introductory page that allows users to access the database and select a firm and control group using the desired selection criteria.

Once the control group has been constituted, the user can import and process data. The data, once processed, are used by the inference engine to enter them into the knowledge base of facts and generate an HRM function diagnosis. To make the system easier to understand, the HRM function diagnosis is presented in the form of an indicator that can be one of three colours, namely red, orange or green (the “traffic light” concept), depending on the general comparison with the control group. This diagnosis is divided into three parts, namely an appraisal of the firm’s various HRM practices, a comparison with the control group, and an assessment of the impact of these practices on productivity and staff rotation, together with one or two recommendations.

4.3 Evaluation of Prototype

Prototype evaluation is an ongoing, gradual process (O’Leary, 1993). It can take place at every stage, resulting in the feedback cycle typical of action research system development. Three methods were used to verify and validate the system constructed for this research: first, validation of the inference tree by the human experts consulted; second, application of test data for semantic validation; and third, the results analysis methodology including a comparison of results obtained from human experts, i.e. the level of expertise of one “junior” expert and two “senior” experts, and a comparison of the performance diagnoses issued by the human experts and by the expert system.

First, when validating the inference tree, the knowledge engineer met with the senior experts to test the “human resources management” theme on three different occasions. Each time, the experts refined their problem solving methodology by defining more precise sub-themes and identifying additional variables. At the second meeting, supported by new references, they also assigned a relative weighting to each theme and sub-theme of the function being appraised. The outcome of this iterative process was the inference tree used to develop the IDSEDS knowledge base (see Figure 1).

The next step was to submit hypothetical test data sets to the expert system (Prerau, 1987). Normally, the human expert should know what results IDSEDS will produce, along with the questions the system will ask the final user, the order of the questions, the explanations the system should provide for the user, how it devises its response, and every other possibility. The purpose of the test data is to identify and comply with the system’s limitations in terms of problem solving, and to provide a way of comparing the solution produced by the system and that produced by the human experts. 

It then remained to carry out a semantic validation, i.e. validation of the intrinsic value of the results generated by the system or the logical consistency of the rules. To ensure the semantic validity of the rules, Hayes-Roth et al. (1983) propose the creation of test cases that can be used throughout the system development process to test each module separately (training, motivation and participation, watch, performance appraisal and recruitment). When the prototype tests were complete, the results were compiled and analyzed by the designer, the human experts and the knowledge engineer to identify any changes required to the system, and make development recommendations for the final system.

The method used to analyze the results was designed to ensure the prototype’s validity and effectiveness. In the next step, two case studies were given to the human experts for analysis. Their analysis was then compared against the diagnosis produced by the system. A number of steps were identified in the process used by the human experts to formulate their diagnosis, and of these, the following were retained to orient the results analysis: (1) a pre-analysis of the case study; (2) an analysis of the case study; (3) the methodology and conditions stipulated at the outset; and (4) the recommendations for the firm in the case study. The two “senior” experts were internationally-known professors and researchers with extensive consulting experience in the field of human resources, and the “junior” expert was an HRM practitioner in the process of completing a Master’s degree in small business management.

As far as the diagnosis methodology was concerned, the human experts were informed of the required comment structure, namely an appraisal of the firm’s own practices, an appraisal based on a comparison with the control group, plus one or two recommendations to help the firm improve its results. The experts received two questionnaires containing all the data from the firms studied, i.e. the same data processed by the IDSEDS; codification of the questionnaire and the results of the calculated variables (performance indicators).

The case studies were selected at random from the research centre’s enterprise bank, and the researchers made sure they covered all the sub-themes of the human resources management function. The first firm had 41 employees, and 72% of its sales were in Québec. The control group for this case was composed of 36 firms with an average of 43 employees. The second firm had 36 employees and 75% of its sales were in Québec. Its control group was composed of 50 firms with an average of 43 employees.

4.3.1 Pre-analysis of the case studies

The pre-analysis stage involved identifying the elements characteristic of the type of firm (e.g. size, activity sector, type of production and so on). The “senior” experts carried out a pre-analysis of both cases, but the “junior” expert did not. Because the senior experts had more consulting experience, they produced a description of the firm before analyzing the problem. The expert system does not do this. It does not need to define the firm’s physiognomy because it already has a set of variables from which it can make its diagnosis.

4.3.2 Analysis of the case studies

The human experts’ case analysis was based initially on the identified characteristics of the firm (e.g., no. of employees = 50, training budget = 1.5% of turnover, etc.), followed by an exhaustive analysis of the firm’s practices and the impact of each practice on the HRM function. The results revealed some similarities in the process of identifying the firm’s situation, and were comparable to the results of the pre-analysis. In addition, the consulting experience of the two “senior” experts led to the identification of another significant step in the process, namely the description of the firm.

The methodology and preliminary conditions were established so as to obtain a basis for comparison with the comments made by the expert system. Although there were some slight differences, among other things with regard to the layout and order of presentation, the human experts applied the original methodology and conditions when producing their diagnoses.
4.3.3 Recommendations for the firms

Generally speaking, there were no differences between the recommendations made by the human experts, except that those of one of the senior experts were more general in nature. A comparison of the human diagnoses with the IDSEDS diagnosis revealed that the latter was much less extensive (in terms of detail and personalization for the owner-manager) than the former. Overall, the results produced by the system were similar to those produced by the junior expert.

These findings will enable the prototype to be improved by personalizing the diagnosis (language) to the specific context. A number of strong points also emerged from the experience, in particular with regard to the calculation capacity required for certain variables (payroll, staff turnover, etc.). The system is much quicker and more accurate, leaving less room for error. It is also able to incorporate the opinions of several human resources management experts, as well as other fields such as marketing and operations management, to solve decision-making or managerial problems. The IDSEDS also offers easy, user-friendly access to firm-related data.

Some of the weaker results may be explained by the generic limitations of expert systems. For example, human resources management knowledge is not always available. At the same time, human expertise is extremely difficult to extract, and modelling the knowledge derived from several experts can be a complex task. As an example, two experts may arrive at the same diagnosis in a completely different way. On the other hand, this does tend to confirm that “expert myopia” does not apply in this case (O’Leary, 1993). Lastly, the language used by the experts is not always easy for the knowledge engineer to interpret, and additional validation is often needed.

5. Conclusion

Given the aims of this research, the IDSEDS prototype development process described here clearly shows that the use of information technologies can be extremely useful in producing and understanding an organizational diagnosis. A comparison with the analysis produced by the three human experts revealed that the IDSEDS prototype diagnosis was based on a full and valid analysis of the various human resources management practices in the firms studied, thus fulfilling the first of the two research objectives. The IDSEDS knowledge base needs to be enriched so that the system can produce a more detailed and more personalized diagnosis. The IDSEDS report also includes diagrams of the firm’s practices and comparisons with the control group. It is certainly a valuable tool for managers who must make decisions regarding the HRM practices to be changed or adopted by the firm.
The research also offered some additional information on the application of expert systems in a specific context, namely the small and medium-sized enterprise. A number of benefits were observed when producing the IDSEDS demonstration prototype – for example, storage of organizational data and the ease with which the knowledge base can be updated and refined. The IDSEDS prototype exhibited an ability to store a large volume of knowledge relating to several fields and derived from several human experts. 

The prototype has also some limitations. It does not assess political, economic and social changes, and is not able to consider the nuances and interpersonal dynamics at work in meetings with experts or clients. Similarly, it does not learn independently, and new knowledge sources must be provided so that it can take new developments into account. In view of these limitations, the demonstration prototype will need to be improved so that it provides more interactive support for the owner-managers of manufacturing SMEs. It will be tested using more cases submitted to both the system and the human experts, and “meta-analyses” of the firms in question will be produced. It will then be necessary to incorporate the other organizational functions into the IDSEDS, and retest the knowledge acquisition and representation process along with the overall problem-solving model (organizational diagnosis).
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Figure 2 : Functional architecture of the enterprise performance diagnostic system 
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