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We present the PDG system, a decision support tool meant to evaluate SMEs from an external perspective in order to produce a diagnosis of their performance and potential, complemented with relevant recommendations on which owners-managers can base their decisions such as hiring new personnel or reinvesting in the company, for instance. We relate the PDG system to decision support systems and expert systems, and provide evidence showing how and why the PDG system exploits benchmarking in an original and valuable way for SMEs. Our research results show that benchmarking allows SMEs to improve their operational performance thus confirming the usefulness of benchmarking as a decision support tool, especially since traditional performance models for large enterprises do not apply well to SMEs. These results also confirm the value of the recommendations included in the PDG report concerning short-term actions to be undertaken to modify management practices.

INTRODUCTION

Our work takes place within the context of the Research Institute for Small and Medium-sized Enterprises (www.uqtr.ca/inrpme/anglais). The Institute's core mission is to support fundamental and applied research to foster the advancement of knowledge on Small and Medium-sized Enterprises (SMEs) to contribute to their development. Our lab, the LaRePE (in French, www.uqtr.ca/inrpme/larepe), is mainly concerned with the development of scientific expertise on the study and modeling of SMEs' performance, including a variety of interrelated subjects such as finance, management, information systems, production, technology, etc. All research projects carried out at the LaRePE involve both theoretical and practical aspects, always attempting to provide practical solutions to real problems confronting SMEs, often necessitating in-field studies.

We here describe an expert diagnosis system we have developed for SMEs. The system, called the PDG ("Performance, Development and Growth") system, evaluates manufacturing SMEs from an external perspective and on an inter-enterprise basis in order to produce a diagnosis of their performance and potential through the use of benchmarking [START_REF] Cassell | The Use and Effectiveness of Benchmarking in SMEs[END_REF][START_REF] Yasin | The Theory and Practice of Benchmarking: Then and Now[END_REF]). The PDG system performs a multidimensional evaluation of a SME's production and management activities, and assesses the results of these activities in terms of productivity, profitability, vulnerability and efficiency. This system is fully implemented and operational, and has been put to use on actual data from some 450 SMEs mostly from Canada, USA, and France. By academic standards, it clearly is a successful real-life application.

The PDG system is considered a decision support tool because it not only identifies the evaluated enterprise's weaknesses, but also makes suggestions to the owner-manager on how to address these weaknesses in order to improve the enterprise's performance. In the next sections, we relate the PDG system to decision support systems (DSSs) and expert systems, and provide evidence showing how and why the PDG system exploits benchmarking in an original and valuable way for SMEs.

DSS AND COMPUTATIONAL INTELLIGENCE

Since results produced by the PDG system can be used by SME owners-managers to make decisions regarding the management of their business, the PDG system acts as a kind of DSS [START_REF] Shim | Past, Present, and Future of Decision Support Technology[END_REF][START_REF] Turban | Decision Support Systems and Intelligent Systems[END_REF] that uses benchmark data to compare SMEs against their peers-a group of peers constitutes a reference group for benchmarking purposes. We now look at various aspects of expert systems (ESs), DSS, and Artificial Intelligence (AI) that are relevant to the conceptual background of the PDG system.

DSSs exist to assist someone in making a choice, rendering a judgement, or drawing a conclusion. Their operation is subordinated to the human user, who remains central to and in control of the decision-making process. Because ESs however (attempt to) emulate the human reasoning process, they typically operate automatically until they reach a conclusion which is then communicated to their user. This observation is supported by [START_REF] Forgionne | An AHP Analysis of Quality in AI and DSS Journals[END_REF], who adopt the same fundamental division of decision support mechanisms into autonomous or assistive systems. ESs and DSSs are applied, driven by exigencies encountered in the real world, rather than a working-out of some conception of a theoretical model. [START_REF] Levy | Information Systems Strategy for Small and Medium Sized Enterprises: An Organisational Perspective[END_REF] study strategies for SME information systems. One of the main benefits identified of adopting strategic information systems is "obtaining information to manage the business more effectively and competitively", the goal of DSSs. The same authors [START_REF] Levy | Assessing Information Systems Strategy Development Frameworks in SMEs[END_REF]) also found that although many of the lessons learned in large firms remain valid for small ones, there are a number of key differences, such as a dependence on external environment and the absence of formal information system departments in SMEs. These differences are pertinent to DSSs because they presume the existence in the organization of an information system able to produce operational data on which decisions are based.

Although ESs and other AI techniques are often used in DSSs, we are unaware of any implementation in which a DSS assists an ES save that proposed by [START_REF] Plenert | Improved Decision Support Systems Help to Build Better Artificial Intelligence Systems[END_REF], which would use a DSS for a period of time to capture decisions which could subsequently be codified to produce the rules of an ES. A quite substantial literature on the other hand discusses the use of AI in DSS. While it would be generally agreed that symbolic ES approaches are the AI techniques used most often in DSSs, it should be noted that non-symbolic decision-making methodologies such as neural nets [START_REF] Leung | Providing Embedded Proactive Task Support for Diagnostic Jobs: A Neural Network-Based Approach[END_REF] and genetic algorithms [START_REF] Wong | A Flexible Knowledge Discovery System Using Genetic Programming and Logic Grammars[END_REF] are also employed in certain situations. [START_REF] Houben | A Knowledge-Based SWOT-Analysis System as an Instrument for Strategic Planning in Small and Medium Sized Enterprises[END_REF] argue for the use of a knowledge-based DSS to make strategic decisions in DSSs. Although their system for identifying and assessing organizational strengths, weaknesses, opportunities and threats ('SWOT') appears not to have actually been put to use, the authors report that the "general opinion of the experts about the validity of the system was quite positive and encouraging" and that "only about 10% of the output of the system was doubted by the experts". [START_REF] Rosca | Towards a Flexible Deployment of Business Rules[END_REF] survey the study and use of business rules, which are natural language statements expressing the policies of an enterprise in a manner akin to the antecedentconsequent syntax commonly used in an expert system. Business rules thus separate out the rulebase from the ES and treat it as an object of study in itself.

Only limited research has been done into the particular area that interests us, the use of ESs in DSSs which benchmark small and medium-sized industrial enterprises. [START_REF] Muhlemann | A Computer Based Approach for Enhancing Manufacturing Decision Making in Smaller Manufacturing Enterprises: A Longitudinal Study[END_REF] report on the adoption and evolution of a generic production management DSS in two SMEs. They found that the system acted as a "change agent", evolving to encompass decisions of greater scope, and that this evolution was facilitated by the good production management practices embodied in the software. [START_REF] Price | A System to Support the Enhancement of Strategic Flexibility in Manufacturing Enterprises[END_REF] describe a DSS for manufacturing enterprises which has the goal of supporting more frequent changes in corporate strategy, an emerging business requirement the authors identify. The nature and number of DSS inputs approximate those involved in benchmarking efforts.

BENCHMARKING AS A TOOL TO SUPPORT DECISION

Benchmarking is often adopted by an industry sector through the mechanism of a club, whose members share information about practices and data on operations to a greater or lesser degree. Some clubs are open and free, while others restrict association and charge significant fees (which act to preclude SME membership). In a very general way, the degree to which proprietary internal data is shared is inverse to the openness of the club. Although research into benchmarking is a fairly small and new area within management science, the field supports the specialist Benchmarking: An International Journal, and many universities sponsor research activities into benchmarking and allied techniques such as Total Quality Management, quality circles etc.

The criteria on which the PDG system bases its decisions are a firm's performance relative to its peers in terms of a variety of commonly-used measures of enterprise operation. The action of assessing a firm in such terms is called benchmarking, an activity we have defined elsewhere as "compar[ing] the firm's business practices and performance with those of a group of similar firms" [START_REF] St-Pierre | Performance Effects of the Adoption of Benchmarking and Best Practices in Manufacturing SMEs[END_REF]. [START_REF] Monkhouse | The Role of Competitive Benchmarking in Small-to Medium-Sized Enterprises[END_REF] distinguished between financial benchmarking, whose application is generally most advanced, and benchmarking in other areas of business activity. Her study found that most smaller enterprises, while voicing a readiness to adopt non-financial benchmarking, had not yet done so. This condition has a counterpart in the research community, which either did not address differences of enterprise size or did not adapt the results of their studies on large firms to the different circumstances of SMEs except in the most general way. Monkhouse found that these differences include: an absence of staff trained in the most up-to-date management methods, the relatively high cost of joining benchmarking clubs (which exchange data and results), and greater exposure to and understanding of other spheres of the business. [START_REF] Cassell | The Use and Effectiveness of Benchmarking in SMEs[END_REF] echo these findings in a 2001 study: "Where benchmarking was used it was found to be very effective across all of the measures used, though low levels of interest in using benchmarking were shown by companies not already using it. Thus, whilst companies appear hesitant about using benchmarking data, where they do so, they are pleased with the results".

In a paper investigating the adoption of Total Quality Management in SMEs, [START_REF] Ghobadian | Total Quality Management in SMEs, Omega[END_REF] report the opinion that "a small business is not a 'little' large business", arguing that "management concepts appropriate to the needs of large organizations may prove ineffective in SMEs". The authors identify 33 dimensions in which SMEs differ from large organizations and go on to list ten advantages and eight disadvantages that the smaller organization will have in implementing Total Quality Management. Although Total Quality Management is a quite different undertaking, many of the differences due to size Ghobadian and Gallear identify are also pertinent to benchmarking.

But how does benchmarking fit into the general paradigm of DSSs? Is benchmark data well suited to the decision-making process? To decide the question, consider once again its operational definition: the comparison of a firm's business practices and performance with those of a group of similar firms. While this definition makes benchmarking exclusively a descriptive operation, in practice producing a set of benchmark results invites the onlooker interested in the well-being of the profiled firm to address its instances of under-performance. "This datum is below the group mean" immediately suggests "correct it" to the owner-manager. And prescription, the action of laying down authoritative rules or directions, is the heart of decision-making. Benchmarking therefore seems to fit quite naturally within the decision-making process as an alternative very good means of collecting the data on which decisions are based.

THE PDG SYSTEM

The objective of the PDG system is to assist SMEs by identifying problem areas in their operations and proposing general courses of action to rectify the cause of the situation, and the approach employed is that of benchmarking. While nothing in the concept of benchmarking per se requires a great deal of data, in practice to model an entire manufacturing enterprise in any way that gives rise to meaningful and accurate observations does require relatively large volumes of data. However which single items and constellations of items send signals that the client firm's managers must recognize and respond to for the well-being of their enterprise? And once these telltale items have been identified, what response is called for? Some way must be found to bridge the distance between the data description of the firm and the plan of action that it calls for. This is the role that expert knowledge plays in the PDG system. And it is this knowledge that is potentially so precious to support some of SME owners-managers' decisions.

The SME performance evaluation performed by the PDG system first requires to gather detailed information about the client enterprise through a standardized 18-page questionnaire-the latter was developed in collaboration with owner-managers at the very beginning of the PDG project. This fairly lengthy form is composed of four sections, each directed to a different senior manager: the owner-manager (often the president) and its general, production, and human resources managers. Below, we provide an indication of the sort of data each is asked to provide. It is quite heterogeneous, including both quantitative and qualitative values; exact counts as well as estimates of populations and proportions; and in addition to facts, predictions of future values and conjectures about hypothetical situations:

 Owner-manager: The entrepreneur's strategic orientation: (technological and marketing strategies, financial projections for the next year, actions under various what-if scenarios), its management structure (departmental organization, board of directors), his or her own business and personal background.

 General manager: Specific items of general information which classify the business or which have been shown to be good predictors of enterprise performance: key product lines and their geographic sales distribution, working relationships with other firms (suppliers, sub-contractors, distributors etc), degree of computerization, corporate ownership structure, customer relations policies, and financial data on production equipment capitalization, research and development, and the use of and granting of credit.

 Production manager: Type of production process and utilization rates, subcontracting relationships, quality (control and improvement; quality certification), operations improvement practices, degree of production computerization and systems integration.

 Human resources Manager: Breakdowns of the present and forecast staff by occupational category; human relations practices on training, evaluation and motivation, remuneration; how information is shared in the organization; the corporate culture (unionization, turnover, morale).

This snapshot of the client enterprise provided by the questionnaire is augmented by facts about its historical performance taken from financial statements for the last five years. The data constituting the SME's profile is then manually entered into the PDG system and thoroughly verified, after which it is added to the database of profiles of other firms. We are now ready to begin benchmarking the firm. Notice that the PDG software is not sold to SMEs; they provide the necessary data (questionnaire and financial statements), we enter and validate the data at our site, where we perform the evaluation and, afterwards, send back the results to the enterprise via an intermediary agency to protect privacy.

The first step of benchmarking is to select a peer group. The client enterprise initially chooses the criteria on which this peer group is made up when filling out the profile questionnaire. The criteria currently available are the following nine: age (of company), exporting, ratio of production / total employees, sales, sales growth rate, sector, size, subcontracting, and type of operation-the client enterprise often trusts our lab to select the most judicious criteria for the evaluation. These criteria were defined by experts and validated by owners-managers who considered that such criteria were relevant in a benchmarking exercise and had a significant influence on SME development. The process of developing a relevant peer group may require a few iterations. The set of selected SMEs must contain at least ten individuals so as to constitute a population large enough for significant conclusions to be drawn, and also large enough to fully conceal the identity of each of its members through the agglomeration of data. Of course, this number of ten SMEs could be considered inadequate to constitute a normal population. However, we must emphasize that the goal here is not to benchmark a specific SME relative to a normal population but, rather, to a sample of SMEs that have as many similarities to this SME as possible. This number of ten allows us to calculate a relevant "central value" to measure on which dimensions the evaluated SME sets itself apart from the "average behaviour" of similar SMEs [START_REF] Fridson | Financial Statement Analysis: A Practitionner's Guide[END_REF]. If we were to use looser criteria in order to constitute a larger peer group, we would in fact go against the PDG's "personalized" approach since the evaluated SME's characteristics would be lost in such a comparison group. The number of 10, which is accepted in finance as a critical threshold [START_REF] Fridson | Financial Statement Analysis: A Practitionner's Guide[END_REF], is thus neither too large (in order to ensure we use a relevant peer group) nor too small (in order to guarantee confidentiality to the client SME). A peer group that meets this threshold of ten must then next satisfy the PDG system staff, who judge its pertinence to the enterprise.

If the client enterprise leaves selection of the criteria entirely up to us, we usually select one or more that lead to the production of relatively useful benchmarking results in order to provide stimulating, realistic feedback to the SME. Indeed, since the peer group selection has a determining impact on the benchmarking evaluation, the expert can select other peer groups after an initial attempt-the owner-manager can also ask for another per group after she/he has received the PDG report. This trial-and-attempt approach allows us to better understand the client SME: it is however only needed for very particular SMEs for which we have less accumulated expertise.

Given the profile of an enterprise and a specification for a group of its peers, the fully automated subset of the PDG system requires approximately only three minutes to benchmark the enterprise in terms of these peers, evaluate the benchmark results, and produce recommendations highlighting benchmark data that may indicate problems. The report produced by the system is mostly graphic by nature: see Figure 1 next page. As with the questionnaire, the PDG report, both in terms of contents and presentation, was developed in collaboration with owners-managers: this explains why they trust the PDG benchmarking process and report. Available in English or French, the ten-page document summarizes:

 The client firm's practices in 28 areas of management activity;

 Its outcomes on 20 performance measures; and  Its particulars for 22 items of general information, relative to its peers.

It begins with a one-page executive summary that presents two salient recommendations on which the enterprise should act to improve its performance. The summary includes a bar diagram synopsis of the client firm's relative status on the five general areas of business function (i.e. enterprise management and control, human resources, production operations, production management, sales and marketing), plus two pages of integrated results expressed in terms of efficiency (operational effectiveness) and vulnerability (competitive risk). The firm's performance benchmarks are organized under these seven functions and presented one per page following a twopage description that sets out key features of the client firm's peer group.

For instance, here is an (actual) example recommendation on practice evaluation of human resources:

"Your human resources management practices are generally more advanced than those of your reference group. You could improve your performance, in particular by implementing participative management to involve employees in the growth of the business".

And here is an (actual) example comment on human resources results:

"Your overall effectiveness at managing human resources is comparable to that of your reference group. You should pay attention to why certain managerial jobs have a high rate of voluntary departure, with the objective of lowering hiring and training costs". As Figure 1 attests, the presentation is designed to be as accessible as we can make it, with numerous tables and graphs to convey the benchmark results. What the figure does not show very well here is the substantial role that colour plays in the presentation. It is used to link similar items and contrast dissimilar ones and to communicate A B C non-verbally using commonly understood colour conventions. The system's evaluation of these results and any recommendations that it makes are communicated by text composed from a vocabulary of stock phrases using templates. The composition process is controlled by a set of rules embedded in the software that fire when their conditions are met. These rules contribute to the expertise of the PDG system: expertise is located in the questionnaire and in the benchmarking results interpretation module. Besides an Oracle database, the PDG system uses the SAS statistical package, and Microsoft Excel. More technical detail on the PDG system and its benchmarking process are provided in [START_REF] Delisle | Two Expert Diagnosis Systems for SMEs: From Database-only Technologies to the Unavoidable Addition of AI Techniques[END_REF] and St-Pierre & [START_REF] St-Pierre | An Expert Diagnosis System for the Benchmarking of SMEs' Performance[END_REF].

Human beings must remain involved to monitor operations and ensure that level of quality is achieved on each and every production run of the PDG system. Tasks to ensure this are: extracting, consolidating, verifying and entering profile data; assessing and guiding the choice of criteria to select the most suitable peer group; monitoring the content of the benchmark report and correcting it as necessary; and ranking the importance of the system recommendations to identify the two most significant for the executive summary. PDG clients are guaranteed permanent anonymity in the system. To accomplish this, all dealings between the client and the system staff pass through an intermediary. Finally, the domain experts and operations staff take advantage of the anomalies they catch to improve the system, which continues to be an active research project.

DECISION SUPPORT USEFULNESS

How useful is the PDG system for owners-managers? To date the PDG system has been evaluated in three ways; by collecting owners-managers' comments after they have received their report, though an analysis of usage data, and by experiment. Because this project has been conducted in partnership with an association of 900 ownersmanagers with whom we have regular contacts, we have been able to constantly monitor their degree of satisfaction with the PDG report and its utility. Here is a typical comment: "Our PDG report showed that we suffered from a technological gap compared with our peer group. We then decided to hire an engineer and we reconfigured the plant and made various other improvements.".

The number of first time users and the number of second time or more, i.e. repeat users, provides an indication of the quality and relevance of the PDG system and, more specifically, of the benchmarking reports which the system produces. However attracting SMEs to benchmarking activities is no easy task. Most SME ownersmanagers are extremely worried about the possibility of confidential strategic information eventually being disclosed, especially to their competitors. Throughout the last four years, 459 SMEs have used the PDG system more than 600 times, with 159 using the benchmarking system twice or more; and in the last 8 months, the demand for PDG reports from new SMEs, i.e. the number of first time users, has surpassed that of the previous two years. We believe these numbers represent a relatively satisfactory participation rate, given the constraints mentioned above and considering the fact that benchmarking itself is a relatively new management practice which was relatively unknown even two years ago, especially by small enterprises. Thanks to these hundreds of user evaluations we have been able to assemble an important database on manufacturing SMEs, one which is useful in scientific research on small and medium enterprises at our lab and institute.

An experimental evaluation was also performed by [START_REF] St-Pierre | Performance Effects of the Adoption of Benchmarking and Best Practices in Manufacturing SMEs[END_REF] on the inventory of reports produced to that date for 307 clients, 258 first-time and 49 second-time users. The authors hypothesized that the use of benchmarking would have a positive effect on enterprise operational and financial outcomes, and tested this by comparing the results involved for the first-time and second-time populations as reported in their profiles.

Although not all differences are significant, non-parametric statistical analysis (t-and z-scores) showed general support for the hypothesis. Further examination of the analysis indicated that the 49 second-time users "showed marked improvement in their financial performance from the first to second year". An attempt was then made to gain insight into the relationships between the factors in play using structural equation modelling (partial-leastsquares). It suggested that benchmarking has a positive effect on operational performance (=0.13) and financial performance (=0.08), and tends to lead to the implementation of best practices ( =0.16). The authors explain the lower gamma for financial performance as reflecting the time required for increases in productivity to show up on the bottom line. Eventually, a more elaborate and decisive evaluation scheme would involve empirical validation of how exactly the SMEs used their PDG report and how they applied the recommendations in the specific context of their organization.

BENCHMARKING-BASED DECISION SUPPORT VERSUS TRADITIONAL ES

We believe that the intelligent dimension of the PDG system improves on traditional expert system (ES) in a number of ways. But let us first enumerate a few key features of ES and contrast them with the particulars of the PDG software. A traditional ES attempts to capture best practice in a field of domain. The PDG system resembles an ES in also incorporating a great deal of detailed quantitative and qualitative information whose content is dictated by the system being modelled. In both cases this knowledge is stored internally in some representation that can be interpreted as antecedent-consequent relationships, or if-then rules. Once facts are provided by the user, both systems draw from them whatever conclusions these rules warrant. ESs often incorporate an explanation facility which the user can invoke to show the sequence of inferences the system has drawn from the provided facts to reach its conclusions. The PDG system has a similar facility: each conclusion appearing in a PDG benchmark report comes accompanied by pie and bar charts and tables which, together with explanatory text, present the data that supports it, making the recommendation self-explanatory.

We now list seven salient characteristics of the PDG that, in our situation, represent improvements over the traditional ES implementation. In our opinion when these characteristics are taken together, they justify the claim that the PDG system takes enterprise decision support to a new level:

 Assistance role: a key recommendation for traditional ES is their capacity to replace a human expert in some roles. Because the PDG system is a decision support tool which supports the decisions the owner-manager makes to run his business, the expert knowledge embodied in it is subordinated along with the rest of the system to support a human user and not to act alone.

 Automatic knowledge growth: most traditional ES do not record each session's data and fewer improve their performance as a consequence of use. The PDG system does both. Its knowledge base grows as more user enterprise profiles are input, more users repeat their profiling, and the team of domain experts identifies additional data items of interest in the enlargened knowledge base.

 Broad vs. narrow scope: the inferences drawn by traditional ES are usually quite exact: given these particular facts, perform these particular actions. The reverse of extreme precision is an inability to deal with the broad picture, a perspective which most managers agree is the more important of the two. Benchmarking may not tell the business manager exactly how to cut material costs, but it will indicate that that particular factor is a problem, which may be more important to the enterprise in the long term.

 Generalized vs. general: ES by definition make inferences about instances that satisfy the specific criteria of their rules. Some may go beyond this to generalize conclusions from a set of instances. While these conclusions do abstract principles from individual instances, the generalizations produced remain tied quite closely to the level of the instances. The general conclusions that arise from benchmark data are quite different. These employ the commonly-accepted concepts and relationships of management science identified over the years by practitioners and researchers and apply to the entire enterprise rather than a particular task.

 Inter vs. intra: ES are generally intra-organizational. They 'drill down' to deal with a fairly small and distinct area of practice within a single organization. The type of benchmarking performed by the PDG is interorganizational. Bringing together comparable data from different enterprises in a commercial environment is uncommon because of the possibility it might provide advantage to a competitor. Benchmarking clubs, companies in the field, or labs such as ours address this problem by acting as go-betweens so companies that want to benchmark do not need to hand over key data to one another.

 Long term relevance: the advice the PDG provides is not particular to one product or process but addresses the operation of the entire enterprise. So long as the enterprise exists, the questions addressed by the PDG system will remain crucial to it. The information stored in the knowledge base is pertinent to the management of almost any SME. Data added to the PDG database retains its value. It may be particularly useful to the authoring enterprise as a diachronic record.

 The nature of data: the PDG system gathers values for the same data items from each user (SME). This large amount of data constitutes a profile of the enterprise and is added to the system knowledge base. Retained between sessions-it is the most valuable feature of the system-this knowledge base provides the context for reasoning about the current enterprise profile, as well as invaluable data for SME-related research.

THE CHALLENGE OF DECISION-SUPPORT KNOWLEDGE ENGINEERING

A good deal of multi-domain expertise and informal knowledge engineering was invested into the design of the PDG system. In fact, at the early stage of the PDG project, it was even hoped that a traditional (symbolic) expertsystem approach would apply naturally to the task we were facing. Using an off-the-shelf expert system shell, a prototype expert system was in fact developed for a subset of the PDG system dealing only with human resources. However, the knowledge acquisition, knowledge modelling, and knowledge validation/verification phases turned out to be too demanding in the context of our resources constraints, especially in a multidisciplinary domain such as that of SME for which little formalized knowledge exists. Indeed, many people were involved, all of them in various specialization fields (i.e. management, marketing, accounting, finance, human resources, engineering, technical, information technology, etc.) and with various backgrounds (researchers, graduate students, research professionals and, of course, entrepreneurs). One of the main difficulties that hindered the development of the prototype as a traditional expert system was the continuous change both the questionnaire and the benchmarking report were undergoing during the first three years of the project. So at the same time the research team was trying to develop a multidisciplinary model of SME performance evaluation, owners-managers' needs had to be considered, software development had to be carried out, and evaluation reports had to be produced for participating SMEs. This was a rather complicated situation, especially since the human-resources prototype expert system was developed in parallel with the full version of the PDG system. The modelling of such rich, complex, and vast information, especially for SMEs, was an entirely new challenge both scientifically and technically. Indeed, because of their heterogeneous nature, and contrary to large enterprises, SMEs are much more difficult to model and evaluate. For instance, the implementation of certain management practices may be necessary and usual for traditional manufacturing enterprises, but completely inappropriate for a small enterprise subcontracting for a large company or a prime contractor. These important considerations and difficulties, not mentioning the consequences they had on the project's schedule and budget, lead to the abandon of the traditional expert system approach after the development of a simple human-resources prototype.

As far as the questionnaire is concerned, the first version was developed by a multidisciplinary team of researchers in the following domains: business strategy, human resources, information systems, industrial engineering, logistics, marketing, economics, and finance. The questionnaire development team was faced with two important challenges. First, find a common language (a shared ontology) that would allow researchers to understand each other and, at the same time, would be accessible to entrepreneurs when answering the questionnaire. And second, identify long-term performance indicators for SMEs, as well as problem indicators, while keeping contents to a minimum since in-depth evaluation was not adequate. The team was able to meet these two goals by the assignment of a "knowledge integrator" role to the project leader. During the 15-month period of its development, the questionnaire was tested with entrepreneurs in order to ensure that it was easy to understand both in terms of contents and question formulation, and report layout and information visualization. All texts were written with a clear pedagogical emphasis since the subject matter was not all that trivial and the intended lectureship was quite varied and heterogeneous. Several alternatives were presented to entrepreneurs and they showed a marked interest for graphics and colours.

The researchers' expertise was vital in the identification of information that would allow the PDG system to rapidly produce a general diagnosis of any manufacturing SME. The diagnosis also needed to be reliable and complete, while being comprehensible by typical entrepreneurs as we pointed out before. This was pioneering research work that the whole team was conducting. Indeed, other SME diagnosis systems are generally financial and based on valid quantitative data. The knowledge integrator mentioned above played an important part in this information engineering and integration process. Each expert had to identify practices, systems, or tools that had to be implemented in a manufacturing SME to ensure a certain level of performance. Then, performance indicators had to be defined in order to measure to what extent these individual practices, systems, or tools were correctly implemented and allowed the enterprise to meet specific goals-the relationship between practices and results is a distinguishing characteristic of the PDG system. Next, every selected performance indicator was assigned a relative weight by the expert and the knowledge integrator. This weight is used to position the enterprise being diagnosed with regard to its reference group, thus allowing the production of relevant comments and recommendations. The weight is also used to produce a global evaluation that will be displayed in a synoptic table. Contrary to many performance diagnostic tools in which the enterprise's information is compared to norms and standards, the PDG system evaluates an enterprise relative to a reference group selected by the entrepreneur. Research conducted at our institute seriously questions this use of norms and standards: it appears to be dubious for SMEs as they simply are too heterogeneous to support the definition of reliable norms and standards.

CONCLUSION

Although benchmarking has proven to be valuable for large businesses and organizations for quite some time, serious doubts existed as to its usefulness for smaller businesses until recently. In this paper we presented the PDG system, a decision support tool meant to evaluate SMEs from an external perspective in order to produce a diagnosis of their performance and potential, complemented with relevant recommendations. As far as we know, our system is unique. A somewhat similar system is presented in Dekena et al. (2003). However, their system was especially developed for SMEs that produce goods in relatively small volumes and in batch. It is based on a specific benchmark focusing on manufacturing and assembly processes. Moreover, the system they describe is mostly semi-automatic (if not mostly manual), whereas ours is mostly automatic, let alone a final revision of the final wording of the main recommendations which usually takes between five to ten minutes.

Our research results show that benchmarking allows SMEs to improve their operational performance thus confirming the usefulness of benchmarking as a decision support tool, especially since traditional performance models for large enterprises do not apply well to SMEs. These results also confirm the value of the recommendations included in the PDG report concerning short-term actions to be undertaken to modify management practices. We think the PDG system proves that, if the benchmarking approach is tailored to SMEs' characteristics, an adequate tool can be devised and used to help them improve performance. However, our experience shows that this is no easy endeavour. SMEs are a multifaceted reality to which established ES and DSS methodologies cannot be made to apply without substantial adjustments. When we take into account all the difficult problems that had to be solved during the last six years to develop the PDG system successfully, within a 2-million-CAN$ budget, and considering the wide variety of constraints that had to be dealt with to do so, we cannot help but conclude that this original project would not have been possible outside an academic environment such as ours. The importance of decision support tools such as the PDG system is getting more and more attention nowadays. The PDG system has already received official acceptance by certain Quebec and Canada government agencies. Moreover, we recently developed for the Government of the province of Quebec an Internet-based introductory benchmarking tool called Balise (www.balise.ca)-in French only for the time being but soon to be translated in English. Balise is an entirely different decision-support tool clearly designed as a first step in benchmarking-based SME performance evaluation. This introductory tool, it is hoped, will allow more SME owners-managers to get acquainted with benchmarking and eventually move up to an intermediate tool such as the PDG system.

The PDG system is now at a stage where we can consider the introduction of AI techniques in new developments.

Here are three examples. First, the huge number of database attributes and statistical variables manipulated in the system is overwhelming. A conceptual taxonomy, coupled with an elaborated data dictionary, has now become a necessary addition. This work is in progress. Second, augmenting the PDG system with case-based reasoning seems a promising avenue. Evaluation of the problem at hand could be facilitated if it were possible to establish relationships with similar problems (cases) already solved before-e.g. see [START_REF] Stamelos | Decision Making Based on Past Problem Cases[END_REF].

Determining the problems' salient features to support this approach would also offer good potential to lessen the users' burden during the initial data collection phase. This is part of our future work. Third, the development of data warehouses and data mining algorithms to facilitate statistical processing of data and extend knowledge extraction capabilities is a priority. This is the main focus of our current work. Indeed, we have recently activated a new data warehouse and are about to start our first experimentations with data mining techniques. Data warehousing has many practical uses in our SME-oriented context and it will, along with data mining techniques, positively affect the way researchers use the rich data we have collected and continue to collect on SMEs. We hope to significantly extend our knowledge on SMEs, and further improve our evaluation model of SME performance and thus be able to better support owners-managers' decisions.

Figure 1 :

 1 Figure 1: A typical page of a PDG report contains an evaluation of a SME's management practices (section A above: which generate 4 to 6 results for each main business function), and results (section B above: 2 to 5 results, depending on the business function, and relative to its reference group), plus comments and recommendations (section C above: which are formulated relative to their situation compared to the reference group).
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