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�ISO 9001 and Management Standards for Product Design



Abstract



ISO 9000 has recently emerged as an important quality management system standard. The ISO 9001 version of this standard contains important provisions affecting the management of product design. However, ISO 9001 is not alone. It is part of a much broader movement toward the application of standards for management systems. This paper explores how the design-related provisions of ISO 9001 are related to this broader movement. The results strongly suggest that most product design managers will have externally audited, formally planned management systems in their future.�Introduction

By this time, most companies are probably familiar with the ISO 9000 phenomenon. Many companies, especially those making industrial products, are already demonstrating their conformance to the standard. As they gain experience with it, these companies are also finding that ISO 9000’s provisions can significantly affect the way that they manage their product design process.

Many executives and academics are less cognizant of the fact that ISO 9000 is not an isolated event. A number of similar management system standards have recently been published across a broad range of activities, from legal liability to internal financial controls. These standards typically have provisions that require companies to install formal management systems in the hope of preventing the types of mistakes and failures that hurt customers, shareholders, employees, or neighbors. Since design mistakes pose a threat to all of these constituencies, even seemingly unrelated standards may have important ramifications for the design management process. 

This paper examines the broader phenomenon of management system standardization and examines its potential impact on the process of product design. This discussion is organized into three stages. First, the paper proposes that ISO 9000 belongs to a new class of management system “metastandard.” The “metastandard” differs significantly from the numerous technical and product standards that are familiar to most designers and managers. Put simply, rather than prescribing specific management systems designs, metastandards contain general rules to guide the design of a broad class of management systems. 

Second, the paper uses the metastandard definition to identify standards, past and present, that contain formal design rules for key management systems. Fifteen candidate standards were identified and examined for commonalties and for evidence that similarities might be increasing over time. The results support suggest that these metastandards have a number of common provisions that may have a strong impact on the future evolution of the product design process. 

Finally, the paper discusses the two levels on which these impacts are likely to occur. The first involves the direct effects that will stem from specific provisions that relate to management of product design. In particular, ISO 9001 is likely to have an immediate and far-reaching effect. However, in the long run, subtler provisions from a broader spectrum of metastandards may have the most long-lasting effect. The paper concludes with a discussion of these provisions and their potential effects.

Defining Management System Metastandards

ISO 9000 is the newest and most prominent member of an increasingly important subgroup of published standards. For the first time, standards-writers are making a credible attempt to achieve a consistency in the way organizations manage key business processes. This category of standard, which this paper terms a “management system metastandard,” (or simply metastandard for brevity) is relatively new. The most influential examples have only been published since 1985. However, their effects are beginning to be felt around the world and across a wide range of functional activities, companies, and industries. 

In order to discuss the implications of metastandards, one must first define criteria for recognizing them. Accordingly, the study applied the following tests to determine if a given published standard belonged to this new category. 

The standard is a model of high-level management “systems”, rather than simply a list of specific procedures or practices.

The standard adopts a tone that says “what” management systems are required, rather than “how” they are to be implemented.

The standard provides for third-party compliance auditing. There should also be evidence that auditing systems are available to organizations pursuing the standard, or that the sponsoring body is actively working to develop such a system.

The standard must be published or championed by an authoritative body. Suitable sponsors include governments, major industry associations and major standards publishing organizations such as the American National Standards Institute (ANSI) and the International Standards Organization (ISO).

The heart of the definition is stated in the first and second criteria. However, the specific provisions that make this possible are quite subtle and it is important to understand how they work in order to accurately recognize them. To illustrate this, it is helpful to look at an example - "ISO 9001 Quality Systems--Model for Quality Assurance in Design, Development, Production, Installation, and Servicing." � As its title suggests, ISO 9001 is a “model” of a quality management system that is deemed adequate to safeguard customers’ interests in consistent product quality. The ISO 9001 document is designed to be incorporated into sales contracts between suppliers and customers for virtually any type of product or service.

To write a universal model of a quality management system, the ISO 9001 standards-writers had to resolve two conflicting goals. First they had to eliminate all requirements that might tie the standard to a specific company, product, procedure, system design or service. Simultaneously, they had to impose requirements that were demanding enough to make the standard credible with customers. To achieve this, the standards-writers wrote a set of general rules for designing any quality management system. It is this set of abstract rules that lies at the heart of the "metastandard." In ISO 9001, the rules are essentially a list of the twenty management subsystems that are deemed essential to effective quality management. � REF _Ref327717186 \* MERGEFORMAT �Table 1� lists and briefly paraphrases each those subsystems.

Clause�Required Management Subsystem��4.1�A system of management for the quality system, including a policy, organization, assigned responsibilities, and a review mechanism that involves senior management.��4.2�A documented plan for the quality system.��4.3�A system to ensure that customer and supplier clearly understand and agree to their contract.��4.4�A system to control and verify the design to ensure that it meets specified requirements.��4.5�A system to prevent errors due to inadequate or out-of-date documentation.��4.6�A system to ensure deliberate purchasing decisions and the use of qualified suppliers.��4.7�A system to safeguard any materials that are entrusted to the supplier by the customer.��4.8�A system to trace units of product through production (if required by the sales contract).��4.9�A system to ensure that the product is made in a known, planned and repeatable fashion.��4.10�A system to ensure that any necessary inspections and testing are diligently performed.��4.11�A system to ensure that key measuring equipment is properly maintained and calibrated.��4.12�A system to keep track of which material has been tested.��4.13�A system to prevent the inadvertent sale or use of nonconforming material or product.��4.14�A system to make sure that corrective action is taken whenever a quality problem is discovered and a system to try to prevent future quality problems from occurring.��4.15�A system to make sure that the right items get to the right place safely and on time.��4.16�A system to maintain and safeguard documents and records that relate to product quality.��4.17�A system that conducts periodic internal audits to verify the integrity of the quality system.��4.18�A system to ensure that employees have received the appropriate training for their jobs.��4.19�A system to ensure that servicing is carried out (if required by the sales contract).��4.20�A system to ensure that statistical techniques are used where appropriate and are properly applied.��Table � SEQ Table \* ARABIC �1� - The ISO 9001 Metastandard�

It is important to stress that ISO 9001 requires suppliers to install all of these subsystems in a way that achieves effective closed-loop control over the activities in question. ISO 9001 implicitly assumes that reasonable versions of these subsystems will protect the supplier from the most common quality problems. This is the essence of a standard that defines what it means to be "good enough". Since the product design process is an integral part of producing a product that is “good enough”, ISO 9001 contains a number of provisions that directly address the design management system (see � REF _Ref340981783 \* MERGEFORMAT �Table 5�).

The following excerpt from Clause 4.3 (contract review) illustrates the subtle combination of power and generalizability that this approach achieves. This clause tries to safeguard the informational basis for the sales transaction, without dictating how the item or service should be made or sold. To do this, it requires that the supplier install a system to ensure that all transaction outputs are understood and agreed to by both the supplier and the customer:

“The supplier shall establish and maintain documented procedures for contract review and for the coordination of these activities.”�

and;

“Before submission of a tender, or at the acceptance of a contract or order (statement of requirement), the tender, contract, or order shall be reviewed by the supplier to ensure that: a)  the requirements are adequately defined and documented; where no written statement of requirement is available for an order received by verbal means, the supplier shall ensure that the order requirements are agreed before their acceptance; b)  any differences between the contract or accepted order requirements and those in the tender are resolved; c)  the supplier has the capability to meet the contract or accepted order requirements.”�

The supplier must implement a system that reviews all contracts to verify that both parties have a arrive at a “meeting of the mind.” The supplier must also implement a system that verifies that its promises can be kept if it accepts the order. To comply, one supplier might equip its salespeople with notebook computers and cellular modems to confirm orders directly with the factory. Another supplier might publish a daily list of in-stock items, and require sales representatives to make telephone confirmations of any other orders. A small business with an owner-salesperson might get by with a well-organized notebook that summarizes orders, available inventory and production schedules. Despite the different approaches, all of these firms are compliant as long as they systematically plan and document their methods. 

At the same time, the metastandard’s flexibility makes harder to assess compliance. To make this determination, an auditor must decide whether or not the required systems exist. Since acceptable management systems can be implemented in many different ways, this raises the threat of inconsistent interpretation. As a result, finding a consistent way to verify compliance is as much of a technical challenge as writing the metastandard itself. Typically, the compliance system follows the approach used in auditing annual financial reports. The supplier engages an independent “registrar” to conduct the audit. The registrar employs accredited auditors who carry out the audit process. If the audit is successful, the registrar issues a certificate that the company can use as proof of compliance for the world at large.

For ISO 9001, compliance begins when the supplier's management uses the metastandard as a model for the design of its quality management system. According to ISO 9001, this system must be formally documented in a "quality manual" that describes each subsystem and the criteria that the supplier will use to judge its effectiveness. Working from this manual, the supplier's organization implements all of the the required subsystems and submits to a “quality audit.” ISO defines this audit as follows:

“a systematic and independent examination to determine whether quality activities and related results comply with planned arrangements and whether these arrangements are implemented effectively and are suitable to achieve objectives.” [emphasis added]�

To determine compliance, the outside auditor typically begins by reading the quality manual to understand the structure of the company’s “planned arrangements.” If the specific management system design accords with the design rules in the metastandard, the auditor can accept the system design in principle. Once the design is approved, the auditors examine ongoing operations for objective evidence that the planned system is actually being followed. The auditors will usually sample documents and records to see whether the system produces the day-to-day records required in the company’s quality manual. The auditor will also interview employees and conduct physical inspections.

By cross-checking the results of the various documents, records, interviews and tests, a skilled auditor can determine fairly quickly if the system is actually being used. Sloppy adherence to the quality system will almost certainly produce inconsistencies and gaps in the paper trail and interview responses. As a final step, the auditor will examine operating records to see if the system is achieving the performance objectives that the supplier has set for itself.� 

Two subtleties in ISO 9001 simplify the audit process. First, the standard focuses on "effective implementation" rather than "effective performance". The auditor basically decides if the required subsystems exist according to the supplier’s own, predefined criteria. Thus, customers who see a compliance certificate do not know how well the twenty subsystems work. They only know that they exist and that they work "well enough". The second subtlety is ISO 9001's emphasis on documentation. The supplier must document the overall system design and keep adequate records be kept of key day-to-day decisions. While this apparent obsession with documentation often irritates suppliers, ISO's standards-writers defend it both as good quality management practice and as a way to create a paper trail that simplifies the audit process.

Proliferating Metastandards

From the example of ISO 9001, it is evident that an effective metastandard must be a subtle combination of a carefully written document and an equally well-crafted compliance system. As the following sections will illustrate, standards-writers have only recently mastered this recipe. However, they are beginning to apply it in several important areas of standardization and regulation. The applications are expanding in at least three different directions. First, they are spreading geographically across the international economy. Second, they are rapidly penetrating  specific industries, to the point that it may soon be impossible to manufacture chemicals, electronics or automotive parts without conforming to at least one of these standards. Finally, the concept of metastandards is being applied across a range of management system types. Whereas the ancestors to modern metastandards were almost limited to the quality management arena, credible metastandards are now being introduced in environmental management, financial management, safety management and the prevention of criminal behavior. 

A Metastandard for Quality - The ISO 9000 Phenomenon

Currently, the processes of geographic spread and industry penetration are best illustrated by the history of ISO 9000. The standard was conceived in 1980, when the International Organization for Standardization (ISO) established a technical committee to write a general standard for judging suppliers' quality assurance systems.�,� Building on earlier quality management standards, the committee created the ISO 9000 family of standards, which first appeared in 1987 and was revised in 1994. In the seven years since its introduction, ISO 9000 compliance has spread at an astonishing rate. 

By March 1995, nearly 100,000 sites around the world had been successfully audited, including the US facilities of such well known companies as ALCOA, Allen-Bradley, AT&T, Caterpillar, John Deere, Exxon, Federal Express, GE, Georgia Pacific, IBM, Motorola, NCR, Texas Instruments, 3M, Unisys and Xerox.�  In a recent survey of medium to large-scale US manufacturers, more than half expressed a strong desire to seek certification.� The standard is also being applied to a wide variety of organizations, including manufacturers, distribution services, consulting services, software developers, public utilities, and even a few financial and educational institutions.�

More than 100 nations have added ISO 9000 to their national standards portfolios. The European Community provided an initial impetus with regulations that made its adoption extremely attractive for suppliers of safety-related products.� More recently, the pressure for compliance has come from large corporate and institutional purchasers. In the early 1990s, several large US companies (e.g., DuPont, General Electric and Eastman Kodak) began to pressure their suppliers to achieve ISO 9000 certification.� Since then, other large customers, industry associations and government agencies have rewritten their supplier certification criteria to acknowledge compliance with  the new standard.� These organizations increasingly recognize certificates of compliance that are being issued by independent quality "registrars."

The demand for ISO 9000 compliance has grown despite its considerable cost. In a recent survey, the out-of-pocket expense and internal labor cost to prepare a medium-sized plant to pass an ISO 9000 audit ranged from $50,000 to more than $1 million, with a typical cost of $250,000. The time required varied from six months to two years, with a year being typical.� The precise mix of reasons for the growth in ISO 9000 compliance remain a subject of debate. However, one thing is clear. The market pressures driving compliance are very powerful and internationally pervasive. Tens of thousands of companies around the world are being motivated to change their management systems to conform to a single written document - the ISO 9001 metastandard.

Metastandards in Other Fields

While the experience of ISO 9001 illustrates the geographic spread and market penetration of a single metastandard, it is potentially far more significant that metastandards are being applied to different types of management systems. To identify the principle examples of this trend, experts were consulted at government agencies with strong regulatory mandates (e.g., the US Department of Commerce, US Occupational Safety and Health Administration, and US Environmental Protection Administration). Experts were also contacted at industry and professional associations (such as the Association of Independent Certified Public Accountants, Chemical Manufacturers’ Association, and Institute of Internal Auditors). 

Experts were asked if they knew of standards that fit the metastandard profile. To view so that evolutionary trends, a conscious effort was made to find standards for a cross-section of issues, industries and history. � REF _Ref317604573 \* MERGEFORMAT �Table 2� lists the candidates that were identified, together with a summary of their respective contextual factors. Although the full population of metastandards is almost certainly larger, the standards in � REF _Ref317604573 \* MERGEFORMAT �Table 2� are commercially important and affect a number of major segments of the US economy.

�Date�Standard or Regulation�Content�Usage�Audit��1959�DOD MIL-Q-9858A�Criteria for designing the quality assurance programs that defense contractors had to use while supplying products to the military.�C�Rr��1964�FAA Production Certification�Criteria for designing the quality assurance programs required of companies engaged in aircraft or aircraft parts manufacture.�L�Rr��1970�QA for Nuclear Plants�Criteria for designing the quality assurance programs required of companies that supply equipment for use in nuclear reactors.�C�Rr,2p,3p��1967�HACCP�Guidelines for designing a food safety management system to analyze hazards, and them from compromising food safety.�L�Sef,Rr��1978�FDA Good Manufacturing Practices�Criteria for designing the quality assurance programs required of companies that manufacture medical devices.�L�Rr��1978�FDA/EPA Good Laboratory Practice�Regulation requires study managers to design and implement a quality management system to assure data integrity in non-clinical tests.�L�Rr,3p��1983�Ford Q1�Criteria for designing the quality programs required of companies that wish to supply auto parts to Ford Motor Company.�A,C�2p��1986�Malcolm Baldridge Award�Judging criteria used in scoring participants in the annual Malcolm Baldridge Award Competition.�A�Sef,3p��1987�ISO 9001 (original)�First version of the International Standard for the design of a quality management system.�C�Sef,2p,3p��1988�CMA Responsible CareÔ�Six “Codes of Management Practice” for systems to manage distribution, pollution prevention, process safety, employee health and safety, community awareness and emergency response, and product stewardship. The industry is looking for ways to audit against this standard.�M�Sef,3p��1988�JCAHO�The JCAHO Accreditation Manual for Hospitals contains a quality assurance system metastandard that determines JCAHO membership and may determine eligibility for Medicare payments.�M.L�3p��1992�US Federal Sentencing Guidelines�Judges use these criteria in determining whether or not  an organization has exercised “due diligence. While not routinely audited, criminal prosecution remains a threat.�L�Sei,3p��1992�COSO Framework - Internal Controls�The COSO Framework’s metastandard addresses not only management systems, but a number of inputs and outputs, including human resource policies, customer relations and regulatory compliance.�L�Sef,3p��1992�OSHA Process Safety Management�This regulation requires firms to install hazardous material management systems where “OSHA tells you what to do, not how.”�L�Rr��1994�ISO 9001(Revised)�Revision to the 1987 version of ISO 9001. Most of the changes are minor, although the new version places more stress on defect prevention.�C�Sef,2p,3p��1995�Draft ISO EMS Standard�Guidelines for designing an environmental management system to assure that the organization effectively meets all of its environmental obligations. This standard is still only a proposal, but many experts consider its publication to be inevitable.�V,L�3p��Meaning of Column Entries:

L - Law or government regulation

M - Condition of association membership

V - Voluntary guideline �A - Competitive award 

C - Designed to incorporated into contracts

Sei - Informal self-evaluation

Sef - Formal self-evaluation�2p - Audit by customer

3p - Independent third party audit

Rr - Regulatory audit or review��Table � SEQ Table \* ARABIC �2� - Summary of Metastandards examined in this Study

�The publication dates for these standards and regulations suggest that metastandards were first applied to quality assurance for high-risk products like airplanes, nuclear reactors, and medical devices. As the metastandard technology has matured, the standards increasingly fall into two broad categories: a) standards and regulations to ensure competent management of quality and safety, and b) standards to help organizations prevent civil or criminal liability for environmental crimes, fraud by employees or the maintenance of unsafe work environments.

The Search for Generic Requirements

As the study assembled dossiers on the various metastandards in � REF _Ref317604573 \* MERGEFORMAT �Table 2�, a picture began to emerge of generals overlap among the different initiatives. The various metastandards dealt with similar concerns and demanded similar management subsystems to deal with those concerns. This led to an important question: are these metastandards similar or different? If they are different, managers can deal with them one at a time. If there is significant overlap, managers may have to consider them in an integrated way. 

The anecdotal evidence and expert opinion strongly suggests that significant overlap exists. However, this view has not been empirically tested. If it can were found that these standards had important similarities, and that these similarities were growing, managers would face a very demanding future. To explore this issue, an two-step analysis was carried out. 

In the first stage, a qualitative review of the standards identified thirteen generic requirements. These are listed in � REF _Ref316877064 \* MERGEFORMAT �Table 3� and their definitions were synthesized from a variety of sources. Some were inspired by the writings of experts and others came from commentaries supplied by regulators or standards-making bodies. Most, however, were gleaned directly from the texts of the fifteen standards and, while ISO 9001 strongly influenced this list, it was not the only source.�Definition of Generic Requirement�Examples��Management Responsibility:  Senior management personnel are responsible for designing the system, setting system operation policies and conducting periodic reviews of system effectiveness.�The supplier’s management with executive responsibility shall review the quality system at defined intervals sufficient to ensure its continuing suitability and effectiveness in satisfying the  requirements of this American National Standard and the supplier’s stated quality policy and objectives (see 4.1.1). Records of such  reviews shall be maintained. [ISO 9001, §4.1.3, 1994]��Written System Policy and Plan:  The management system design must be formalized in a written policy statement and plan. By forcing managers to commit the design of the management system to paper, the standards accomplish two objectives: a) managers must resolve inconsistencies in the system design, and b) the system’s requirements are more easily communicated to all participants.�The organization must have taken steps to communicate effectively its standards and procedures to all employees and other agents, e.g., by requiring participation in training programs or by disseminating publications that explain in a practical manner what is required.  [Federal Sentencing Guidelines Manual, §8A1.2. Commentary 3(k)(4), 1992]��Defined Authority and Responsibility:  Participants in the management system must know who is responsible for each part of the system and who to inform if there is a problem. No one should be able to claim: “I didn’t know who is responsible for that. Some standards state this in positive terms while others stress the need to prevent employees from exercising unaccountable authority.�The assignment of responsibility, delegation of authority and establishment of related policies provide a basis for accountability and control, and set forth individuals’ respective roles.  [COSO Framework - Internal Controls, Evaluation Tools, p15, 1992]��Management of Training:  A management system is only as good as the skills of the people that apply it. There must be system that can ensure that employees have the necessary skills (as defined by management).�The supplier shall establish and maintain documented procedures for identifying training needs and provide for the training of all personnel performing the activities affecting quality. Personnel performing specific assigned tasks shall be qualified on the basis of appropriate education, training, and/or experience, as required. Appropriate records of training shall be maintained. [ISO 9001, §4.18., 1994]��Documented Procedures: This requirement embodies the belief that activities do not constitute a management “system” unless they have been formalized and documented in some fashion.�The supplier shall identify and plan the production, installation and servicing processes which directly affect quality and shall ensure that these processes are carried out under controlled conditions. Controlled conditions shall include the following: a) documented procedures defining the manner of production, installation and servicing, where the absence of such procedures could adversely affect quality; ... [ISO 9001, §4.9, 1994]��Internal Auditing: Internal auditing keeps the management system alive and functioning. It also protect the organization against nasty surprises from external auditors.�The organization must have taken reasonable steps to achieve compliance with its standards, e.g., by utilizing monitoring and auditing systems reasonably designed to detect criminal conduct by its employees and other agents and by having in place and publicizing a reporting system whereby employees and other agents could report criminal conduct by others within the organization without fear of retribution.  [Federal Sentencing Guidelines Manual, 1992, §8A1.2. Commentary 3(k)(5), 1992]��Table � SEQ Table \* ARABIC �3� - Common Themes in Management System Standards



Definition of Generic Requirement�Examples��Record-keeping:   Careful record-keeping provides data to resolve problems and gives internal and external auditors a cost-effective way to evaluate compliance.�The supplier shall establish and maintain documented procedures for identification, collection, indexing, access, filing, storage, maintenance and disposition of quality records. [ISO 9001, §4.16, 1994]��Corrective Action:  The system must track each defect or problem to its source and correct the cause of the problem. This is a “reactive” form of system improvement�Internal control deficiencies should be reported upstream with certain matters reported to top management and the board. ... For example, consider whether: The transaction or event identified is corrected. The underlying causes of the problem are investigated. There is follow-up to ensure that the necessary corrective action is taken.  [COSO Framework - Internal Controls, Evaluation Tools, p40, 1992]��Continuous Improvement: Some standards are demanding that organizations adopt a proactive approach that emphasizes the anticipation and prevention of potential problems and for making systematic improvements to the operation and its management system.�There is a planned, systematic, and ongoing process for monitoring, evaluating, and improving the quality of care and of key governance, managerial, and support activities. [JCAHO Quality Assessment, §QA.3, 1988]

The organization shall establish and maintain documented procedures for handling and investigation of  non-conformance and for initiating corrective and preventative action, including defining authority and responsibility. [Draft ISO 14000 EMS standard §4.7.3, 1994]��Controlling Procedural Changes:   The management system must support change by tracking and controlling any alterations to procedures or required system outputs. �Existence of mechanisms to anticipate, identify and react to routine events or activities that affect achievement of entity or activity-level objectives (usually implemented by managers responsible for the activities that would be most affected by the changes) [COSO Framework - Internal Controls, Evaluation Tools, p25, 1992]��Controlling System Changes:  The management system may contain provisions that allow for controlled changes to the structure of the management system itself. �Existence of mechanisms to identify and react to changes that can have a more dramatic and pervasive effect on the entity, and may demand the attention of top management. [COSO Framework - Internal Controls, Evaluation Tools, p25, 1992]��Employee Participation:  Some standards require organizations to set up formal systems to ensure employee  participation.�1) Employers shall develop a written plan of action regarding the implementation of the employee participation required by this paragraph. (2) Employers shall consult with employees and their representatives on the conduct and development of process hazard analyses and on the development of the other elements of process safety management in this standard. [OSHA Process Safety Management §1910.119 ©, 1992].��Risk Analysis:   When the management environment is  uncertain, it may be difficult to anticipate all of the challenges.  Some management system standards require that the organization periodically scan their technical and operating environment for new threats.�Conduct a hazard analysis. Prepare a list of steps in the process where significant hazards occur and describe preventative measures. [HACCP §4.6: Principle No.1, 1967]��� REF _Ref316877064 \* MERGEFORMAT �Table 3� (cont’d) - Common Themes in Management System Standards

�Testing for Generic Requirements

To assess the validity of these qualitative conclusions, three experts were asked to independently read the standards listed in � REF _Ref317604573 \* MERGEFORMAT �Table 2�. They were asked to evaluate whether the thirteen generic requirements listed in � REF _Ref316877064 \* MERGEFORMAT �Table 3� could be found in the standards’ text, using the protocol described in Appendix A. This evaluation was modeled as a search process. The experts were asked to read each standard and look for evidence that specific target requirements were present. If the reader found a matching provision in the text, the search was deemed a success, otherwise a failure.� The search model dealt with measurement error by using multiple searchers and comparing their results against those of a credible, independent source. This comparison was found in a study published by the Total Quality Council and Engineering and Operations Committee of the Chemical Manufacturers Association. This study contained a table comparing four of the standards in this study (Chemical Manufacturers Association, 1993) and provided an external reference point for determining the validity of the search results.�

The evaluation exercise produced three ratings for each combination of generic requirement and metastandard - a total of 585 separate ratings. With the 36 ratings obtained from the CMA assessment (9 requirements in 4 standards), this produced a final data set that contained 621 measures of success or failure. A logistic regression model was used to test the possibility that the requirements were increasing over time and to check interrater reliability:

�EMBED Equation.2���           (1) 

The probability of a success (p) is related by the parameters (, bt, bd, and br to a vector of indicator variables for the thirteen target requirements (T), to the date of publication for each standard (D) and to a vector of three indicator variables R that identified the three experts and the CMA “pseudorater”. As long as the fitted br does not contain a significant value, interrater differences can be treated as random error, in which case, a significant positive sign on bd  would provide support for the hypothesis that these requirements are more common in the more recent standards. The results and the fitted model are summarized in � REF _Ref317666001 \* MERGEFORMAT �Table 4�. The metastandards in the study appear to have requirements in common, and these requirements appear to have become more prevalent with the passage of time. 

Incidence of Generic Requirements in 15 Standards���No.

Searches�Incidence of

Requirement�Fitted Model

Coefficient��Intercept���ns��Basic Generic Requirements�����Documented Procedures�49�.92a�1.722**��Internal Auditing�49�.88�0.962*��Record-Keeping�45�.87�0.905��Training�49�.86�0.777��Written System Plan and Policy�49�.84�0.694��Management responsibility�49�.84�0.622��Improvement (composite)b�45�.84�n/a��Corrective Action�49�.76�with intercept��Continuous Improvement�49�.61�-0.6375��Defined Authority�45�.74�-0.0427��Contingent Generic Requirements�����Risk Analysis�49�.57�-0.815*��Employee Participation�45�.53�-0.949**��Change Control (composite)b�45�.51�n/a��Control of System-Level Changes�45�.44�-1.36***��Control of Process-Level Changes�49�.43�-1.49***��Year of publication (since 1900)���0.0350***��Rater 1���-1.496��Rater 2���-0.528��Rater 3���-0.375��CMA Pseudo-rater���with intercept��a The incidence is the total number of successes for all four experts, divided by the sum of all successes and failures. In this cell,  the experts found requirements for documented procedures 45 times in 49 (i.e., 15x3+4 for CMA) attempts.

b The composite categories took the value success if any of their components were successes

* significant at p<0.1   ** significant at p<0.05   ***significant at p<0.01    n/a - not in model��Table � SEQ Table \* ARABIC �4� - Prevalence of Generic Requirements by Type

The incidence rates in the first column show that the proposed generic requirements are quite common. � Moreover, they appear to fall into two groups. The “basic” group deals with issues common to most management systems. There is apparently widespread agreement among the standards-writers that formal processes are essential to effective management. The standards refer frequently to the need for plans, defined roles, documented procedures, careful records and regular internal audits. One would expect to find frequent references to these elements in any standard. The second set of requirements appeared less often and are concerned with employee participation, risk analysis and the management of change at both the process and the system level. These systems deal with environmental uncertainty, which suggests that some standards-writes are more concerned about change than others. 

The results are reassuring with respect to the reliability and validity of the search model. The model fit did not change significantly whether R was included or excluded from the model.� � REF _Ref317666001 \* MERGEFORMAT �Table 4� shows the results when R is included in the model and the coefficients for the three experts showed no significance difference from one another or from the CMA assessment.� Since the CMA assessment is a credible external reference, the results in � REF _Ref317666001 \* MERGEFORMAT �Table 4� should further allay concerns about validity.

The publication date for the standard proved significant in fitting the model. The positive parameter coefficient suggests that these requirements are more common in later standards. At the same time, the study does not guarantee that the chosen themes are an exhaustive set, nor does it suggest that the chosen definitions are the most elegant statements of those themes. However, it does support two important hypotheses: a) that emerging metastandards have important requirements in common and b) that some of those requirements are converging over time. 

Metastandard Pressures on Product Design

The converging themes in the previous section suggest that a complex system of interwoven metastandards is rapidly being constructed. The system is built around a small set of shared concerns that dictate remarkably similar management subsystems. Most importantly, as shown in � REF _Ref342198517 \* MERGEFORMAT �Figure 1�, the design process is one of the key concerns that reside at the center of this process.
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Figure � SEQ Figure \* ARABIC �1� - Forces Driving Management System Standards

Product designers will likely feel the impact of metastandards on two levels. The most direct effects will come from standards that directly address the product design management process, especially the design clauses in ISO 9001 summarized in Appendix A. Given ISO 9001’s current intensity of application, these provisions are likely to limit the freedom of design managers to create non-traditional design management systems. Eventually, however, the requirements in other standards for control of the change process and anticipation of environmental and safety hazards will be added to the list of design management concerns.

Fortunately, these provisions are generally well-understood by companies and design managers. Moreover, the requirements are, by and large, consistent with mainstream ideas about the structure and operation of design management systems. There is little that is controversial about insisting that customer requirements be known, that key decisions be reviewed and that design processes be managed in a consistent and repeatable manner. Finally, the standards-writers who craft specific design management provisions are specialists in product design. This suggests that the detailed requirements will continue to be developed and interpreted in a reasonable manner. 

Therefore, if metastandards pose any threat to the design management process, it is likely to come from the broader  forces depicted in � REF _Ref342198517 \* MERGEFORMAT �Figure 1�. Beyond the specific design management clauses, the design process will feel the general impact that metastandards have on the overall organization. This will be driven strongly by the existence of generic requirements such as those listed in � REF _Ref316877064 \* MERGEFORMAT �Table 3�. As with most aspects of quality management, these requirements will have to be interpreted and applied in pragmatic and creative ways if they are to avoid inhibiting design creativity. The challenge for designers will be to create design management systems that satisfy auditors, yet safeguard the conditions that encourage creativity and innovation. In this respect, each of the requirements in � REF _Ref316877064 \* MERGEFORMAT �Table 3� will pose its own set of challenges and tradeoffs:

Management Responsibility: The design process will have to follow a formal system of authority and accountability that is connected directly to senior decision-makers. The challenge will be to establish this system authority without having it turn into a ponderous bureaucracy.

Documented Procedures: The design management system will have to be fully documented and the design organization will have to be convinced to follow those procedures. Design managers will have to tread a fine line between empowering individuals and enforcing a systematic design process.

Written System Policy and Plan: The design management system will have to follow a pre-defined, documented plan. Unfortunately, the accelerating changes that are being witnessed with many contemporary products will put pressure on managers to take occasional short-cuts. Either the company will have to take the risk of offending the external auditor, or they must develop a design management system that is both formal and flexible.

Training: The design management system will have to track and control the relationship between designers’ responsibilities and their training and qualifications. The theory, no designer should make design decisions over issues or characteristics that they do not adequately understand. However, while it is easy to visualize companies meeting this requirement for incremental innovations, it is hard to see how it will apply to designs involving totally new technologies. What constitutes adequate training to decide design issues that have never previously been encountered? One hopes that the auditors will resolve these concerns by being pragmatic in drawing interpretations and making assessments.

Record-Keeping: Good design practice already dictates that careful records be kept of all important design decisions. The emerging metastandards will simply reinforce the need to be meticulous in this respect.

Internal Auditing: � REF _Ref317666001 \* MERGEFORMAT �Table 4� indicates that virtually every metastandard considers formal internal auditing to be an indispensable part of an effective management system. This means that standardized design management systems will be subject to periodic reviews by auditors from outside that design team or department. Thus, designers are likely to find that they are facing increasing demands for accountability with respect to the design process.

Continuous Improvement: The most recent management system standards place a strong emphasis on continuous improvement in all aspects of operation. This will require designers and design managers to continually review not only their design outputs, but the design process itself. Moreover, these reviews will have to be performed in a formal manner and fully documented. 

Active Environmental Scanning: Several of the newer metastandards demand that organizations set up systematic mechanisms to scanning the environment for potential design hazards or concerns. As technology advances, many products will face a growing number of standards, regulations, and legal requirements. The design management system will have to be designed to ensure that the organization becomes aware of these requirements in a timely fashion and ensures that they are fully considered in the design process.

Control of Change: Virtually all metastandards voice a strong concern for the consequences of unplanned, or uncontrolled change and the standards in this study try to control design on at least two levels. First, they require that senior management review and approve changes to the design management system. Second, the design management system must strictly control any changes to the individual product designs. On the lower level, they implicitly assume that ad hoc designs will create more adverse consequences than designs that have been formally planned and managed. However, this assumption may betray the metastandards historical links to large, well-structured companies. It remains to be seen whether this requirement can be interpreted and effectively applied to small, entrepreneurial firms. 

While these provisions were not written with the design process specifically in mind, they cannot help but affect the way it is managed. As the likelihood of external auditing increases, design managers will increasingly be aware that their structural and operational decisions will be periodically reviewed. For ISO 9001, full audits will occur every three years and interim surveillance audits frequently occur every six months. This makes it increasingly likely that design managers will find themselves asking the question “what will the auditor say?” as they consider making changes to the design management system. It is too early to tell whether the scrutiny and the enforced soul-searching are good or bad. There is no question, however, that they represent a new and different climate for the management of design.

Conclusion

This paper provides an exploratory description and analysis of the emerging phenomenon of management system standardization and its implications for product design. The results of this study suggest that many corporate design processes will face a two-pronged process of external scrutiny. The most direct impacts will come from the design management provisions in quality and environmental standards such as ISO 9001 and ISO 14000. However, these demands will exist in a broader context where outside stakeholders demand formal management systems to safeguard a broad range of interests. Since product design is central to those stakeholders’ concerns, both the specific and the general initiatives are likely to place new demands on the management process for product design.

The dramatic success of ISO 9001 demonstrates that it is technical feasible to apply management metastandards on a global scale. Beyond this, it demonstrates that metastandards perform functions that the marketplace recognizes and values. However, the overall breadth and depth of the metastandards initiatives suggest that demands for more design management formality will go far beyond ISO 9001. This, in turn, suggests an stronger hypothesis:

The totality of emerging management system metastandards will impose formality on the design process, whether or not ISO 9001’s design provisions are strictly enforced.

Even if companies somehow dodge the ISO 9001 bullet, there is another broadside just on the horizon. Ironically, this is happening as many organizations are trying to eliminate as much design bureaucracy as possible. Initiatives such as team-based design, concurrent design, and design outsourcing are designed to break down the walls that have been built up in the past. Since many of these walls were enforced with bureaucratic procedures, it remains to be seen whether metastandards will cause these barriers to be rebuilt. 

Since many of these new standards are so recent, it remains to be seen whether and how design managers will reconcile their varied requirements. One hopes that the flexibility afforded by the metastandard concept will make it possible for companies to develop cost-effective compliance strategies. Clearly, the ultimate effects will depend on the way that auditors choose to interpret the various standards. If the standards are treated as “existence” standards, companies should have adequate leeway to design “planned arrangements” that are “implemented effectively and are suitable to achieve objectives.” As the standards proliferate, however, many companies are likely to find that their design operations must satisfy more than one auditor’s interpretation. Since formality is implicit in all of them, there is a strong risk that companies will begin to value formality, not because it helps to organize an inherently confusing design process (which it does), but because it serves to insulate the company from the pressures of outside auditors. 

Even if this does not happen, however, the nearly universal requirement for documentation and change control and the growing demands for systematic hazard analysis are likely to create important new expectations of the design management process. This is especially likely to the extent that several standards have potentially serious legal ramifications for American manufacturers. If environmental and safety regulations demand formal management systems for hazard identification and change control, any design flaw that reflects a failure of those systems is likely to produce severe legal consequences for the company involved. Given the sudden appearance of these new standards, these and similar questions should be major research priorities in the coming years.

�Appendix A - ISO 9001 Requirements

Clause �Requirement��4.3 Contract Review�The company must have a management system to ensure that the customer and the company have reached a “meeting of the minds” and that the company has good reason to believe that it can meet its contractual commitments.��4.4.1  Design Control - General�The company must have a management system to control its product design process. These procedures should ensure that all agreed-upon customer requirements are met before the design is released.��4.4.2  Design and Development Planning�A management system must ensure that each design project is adequately planned. The system should assign designers who have the requisite qualifications and should ensure that the designers understand their responsibilities. This project planning information should be updated on an appropriate and regular basis.��4.4.3 Organizational and Technical Interfaces�The company must have a management system that formally manages the interfaces between design and any other parts of the organization that are affected by design decisions.��4.4.4 Design Input�They company must have a management system to ensure that product/project requirements are defined and documented at the outset of each design effort. This must be coordinated with the Contract Review process (clause 4.3)��4.4.5 Design Output�The company must have a management system to ensure that: a) design outputs are clearly documented, b) design outputs are compared with design inputs, c) design outputs are checked against safety and usage requirements, and d) design outputs are fully checked before they are released��4.4.7 Design  Verification�The company must have a management system to periodically check its interim design outputs against the requirements set out in its design inputs.��4.4.8 Design Validation

�The company must have a management system to periodically check that the product design is responsive to the stated user needs and requirements.��4.4.9 Design Changes

�The company must have a management system that ensures that design changes are approved before they are implemented. This system must also ensure that no unauthorized changes are made and that all changes are properly recorded.��4.5.1 Document and Data Control�The company must have a management system that controls all of its quality-related documents and records, including those of external origin such as product standards and customer drawings.��4.5.2 Document Approval and Issue�The company must operate a management system to ensure that key documents are identified and controlled. This system must identify the people responsible and curve peoples’ ability to make unauthorized changes. It must also ensure that obsolete documents are promptly removed from circulation to prevent their inadvertent usage.��4.5.3 Document Changes/Modifications�The company must operate a management system that ensures each document change is reviewed and approved by the units that issued the original version. The system should ensure that decision-makers know why the changes are necessary and it should maintain a master list of all revisions.��4.16 Control of Quality Records�The company must have a management system to identify, collect, index, file, store, and dispose of its quality-related  records.  ��Table � SEQ Table \* ARABIC �5� - Key Design-related provisions of ISO 9001

Appendix B - Study Protocol

The three experts all had least 5 years of industrial work experience, with at least 3 years in a job where standards interpretation was a key requirement. One was a financial auditor specializing in fraud investigations, one an Equal Employment Opportunity compliance officer, and one did subcontractor supervision in military procurement.

A morning was devoted to training the group. Each individual was given a binder containing a set of instructions and a photocopy of each of the 15 standards documents. Before beginning the exercise, the author explained each proposed generic requirement at length and provided an example (marked with an asterisk in � REF _Ref316877064 \* MERGEFORMAT �Table 3�) to serve as an anchor for the top of the rating scale. 

The participants were encouraged to ask clarifying questions and did so frequently. When questions of interpretation arose, they were discussed until all participants expressed agreement concerning the author’s definition. If the author’s initial definition required change, each participants made a dictated note on their copy of the instruction sheet. Once the training was completed, the experts were asked to read the standards in a pre-defined, but randomly-chosen order. � 

For each of the fifteen standards, the experts were asked to assess the presence of each of the thirteen generic requirements in � REF _Ref316877064 \* MERGEFORMAT �Table 3�. Thus each made 195 distinct qualitative assessments. Each expert assigned a value from the five-point scale in � REF _Ref317605226 \* MERGEFORMAT �Table 6� to each standard, based on his or her best judgment and experience. These values were subsequently simplified into binary success/failure variables as shown in the third column. 

Rating�Criteria�Outcome��5�The standard contains a focused, unambiguous requirement �success��4�The requirement is fully stated, but the requirements are diffused across several clauses in the standard.�success��3�A reasonable person would infer that this requirement must be met if other, more formal provisions of the standard are to be met.�failure��2�The standard hints at this requirement, but does not really address it.�failure��1�There is no indication that the standard requires this.�failure��Table � SEQ Table \* ARABIC �6� - Rating Scale for Generic Requirements
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