


APPENDIX B. Software Process Assessment Methods�xe "Software Process Assessment:methods"�


This appendix enumerates and describes three software process assessment methods that support the Assess/Understand the Process activity presented in Section 4. The methods covered in this section are:


•	SPA by the SEI


•	Process Advisor by R.S. Pressman & Associates, Inc.


•	ISO 9000 by the International Organization for Standardization


B.1 Software Process Assessment Method�xe "Software Process Assessment:methods:SEI SPA"�


The SEI, a federally funded research and development center of the Department of Defense, has refined a method for assessing an organization's process maturity and an underlying framework, the CMM.


The Software Productivity Consortium is a licensed vendor of the SPA method.


Capability Maturity Model�xe "Capability Maturity Model"�


Most engineers and managers are quick to identify problems within their organization, but get mired in heated debates about what improvements to make and in which order. For those people looking for lasting results, not just quick fixes, it is best to proceed in an evolutionary manner, with successive stages building on previous ones. 


	


Levels of Software Process Maturity


The CMM is a conceptual framework, based on state–of–the–art software practices, that guides organizations through five levels of process maturity, supporting the premise that continuous improvement occurs in small, evolutionary steps (Imai 1986). The CMM framework allows organizations to characterize their process maturity, establish strategic goals for process improvement, set priorities for immediate actions, and strive to establish and achieve a culture of software engineering excellence. Figure B–1 shows the five levels of maturity.


Software process maturity is the degree to which a software process is explicitly and effectively defined, managed, measured, and controlled (Imai 1986). The implication of software process maturity is that organizations can improve their software process from one that is ad hoc and chaotic to one that is disciplined and consistent.


Immature organizations constantly operate in a fire–fighting, reactionary mode. They rarely meet schedules or budgets since they lack sufficient management planning of and visibility into software development activities. Lacking an organization–wide software process, immature organizations have no basis to predict or measure quality or to guide process improvement activities. Success, when it occurs, depends on the heroic efforts of individuals. Operating an organization in this manner leads to low employee morale and high burnout, possibly leading in turn to high attrition rates. The most costly effect may be the inability to meet customers' expectations.


Mature organizations have the capability to manage software development and maintenance activities successfully since these activities are based on an organization–wide software process. Roles and responsibilities within the software process are clearly defined, thus facilitating better communications among staff. Activities within the software process are measurable, providing a way to improve predictability of schedules, cost, and quality. Management can see progress and understand the effects of proposed changes, which results in informed decision–making.


Organizations at the Initial Level typically do not have sound management practices in place, thereby compromising the benefits of any software engineering practices that may exist. When a crisis occurs, any hint of a formal process is abandoned. The successes that do occur in organizations at the Initial Level are typically due to the efforts of dedicated individuals, without whose efforts the organization would founder.


Organizations at the Repeatable Level have established policies and procedures for managing a software project. Realistic project schedules are based on past experiences and project requirements. Project costs, schedules, and functionality are tracked. Level 2 organizations typically have a disciplined project management process that provides a basis for project planning and tracking.


At the Defined Level, an organization–wide standard software process exists for developing and maintaining software. This process is documented and covers both software engineering and management activities. Level 3 organizations have a dedicated team focused on software process activities. Projects may tailor the organization's software process to account for project–specific characteristics. Level 3 organizations are typically stable and consistent due to the effectiveness of the underlying organization–wide software process.


At the Managed Level, organizations begin to improve the predictability of projects by setting measurable quality goals for both the product and process. These measurements provide the organization with insights into better control of process variations. Level 4 organizations are best called predictable because of rigorous process measurement, and they operate within statistical control limits. 


At the Optimizing Level, organizations focus on continually improving the efficiency of their software process. Defects in both the product and the process are prevented, and opportunities for technology innovations are identified and transferred throughout the organization. Level 5 organizations thrive on the culture of controlled change and improvement.


Software Process Assessment Method


The SPA is the primary activity for understanding an organization's software capability. The assessment activity is accomplished by performing four separate tasks:


•	Assessment team selection


•	Assessment team training


•	Assessment participants briefing (APB)


•	On–site period (OSP)


	


Assessment Team Selection


The general criterion for selecting team members is that they should have a minimum of 10 years of experience in one or more of the following:


•	Software development


•	Project management


•	Quality assurance (QA)


•	Testing


•	Configuration management


•	PG experience


The individuals selected should be well respected in the organization and be credible with management. One ground rule should be that the individual is not currently responsible for managing a project or personnel that will be included in the discussion sessions of the assessments. This relationship could hinder the flow of information. The Assessment Team Leader (ATL) should have the same qualifications, plus have experience in making presentations to peers and management. All members of the assessment team should be team players and should be interested in helping the organization improve its capability to develop software.


	


Assessment Team Training


Training is typically conducted by a team of two professionals, both of whom have extensive SEI assessment experience, during a three–day period. Typically, the assessment training is facilitated by an individual authorized to lead an SPA.


The specific objectives of the SPA training course are to:


•	Begin team building within the assessment team


•	Provide understanding of the concept of a software engineering process


•	Provide understanding of the framework of the SEI assessment process


•	Provide hands–on experience in the assessment process through role playing using a detailed case study 


•	Provide a practical introduction of the SEI CMM into the assessment process


Training follows an agenda of lecture and student participation exercises. The training emphasizes the activities that are the most difficult to perform during the actual assessment. This is especially true of the use of role plays for project leader (PL) discussions and functional area representative (FAR) discussions, which are an important part of the assessment.


Toward the end of training, planning for the subsequent APB and OSP tasks is conducted. The planning involves:


•	Defining the organization to be assessed


•	Defining a project within that organization


•	Selecting four to six projects to be assessed


•	Determining the characteristics of a PL within the organization


•	Defining requirements of and selecting the FAR groups


•	Assigning the role of ATL and team coordinator


•	Describing the related logistics that need to be considered for an assessment


•	Outlining the structure and contents of the APB


The list of candidate projects typically should include at least five to seven projects. Typical considerations include:


•	Size of project


•	Assigned PL


•	Length of project


•	Number of developers on the project


•	Current life–cycle phase that the project is working on


•	Application domain


	


Assessment Participants Briefing


The APB occurs during a two–day period. The events associated with the APB are shown in Figure B–2.  


•	Participants Briefing. This briefing includes a schedule of assessment events, including locations and times of these events, the designated participants, and an explanation of the importance of the free flow of information. Two potential concerns may inhibit the free flow of information:


-	The organization may be concerned that sensitive information about its software engineering capabilities may become known to its competitors or customers.


-	Assessment participants may be concerned that information may be attributed to them by project or name. 


Accordingly, the following rules, sometimes referred to as the confidentiality rules, are abided by the assessment team:


1.	Only composite results are given to management.


2.	The assessment team and assessment participants agree to keep confidential all information disclosed during the course of an assessment.


3.	Since SEI collects the assessment data, it will not release or otherwise identify the results of any organization's assessment.


4.	The SEI is free to use assessment data and conclusions to be derived for statistical, analytical, or reporting purposes, provided that the confidentiality requirement can be honored and that the information can be used without attribution to its source, either directly or by inference.


5.	The SEI will not publish collective data externally unless such data is based upon information from not less than ten different organizations.


6.	Project–specific data is retained by the SEI.


•	SEI Questions. The assessment team explains some of the key terms used in the questionnaire, and then the PLs respond to the questions. 


•	Response Analysis. The responses are transcribed to a response matrix. The assessment team analyzes the response matrix.


•	Develop Exploratory Areas. The team develops exploratory questions, based on the analysis. The questions are then ranked and a script developed for each project.


•	Final Planning for OSP. The team reviews and verifies the logistics for the OSP in terms of the time and place each person or group will meet. Requests are made for any materials that may be required for the OSP, such as overhead projectors, whiteboards, paper, pencils, tape, etc.


	


On–Site Period


The OSP, shown in Figure B–3, is the most critical activity of the assessment and requires the complete involvement and commitment of all team members. Because of the limited time available during the OSP, it is essential that the time is used effectively. Each event during this week is discussed below.


•	Opening Meeting. This briefing includes a schedule of the week's events, including locations, times, and designated participants.


•	Final Review of Exploratory Areas. The assessment team verifies that the scripts developed during the APB are correct and properly ranked. 


•	Project Leader Discussions. These structured discussions are held individually with each designated PL and are guided by the script of exploratory questions developed during the APB period.


•	Functional Area Representative Discussions. These discussions are somewhat different from the structured discussions with the PLs. A functional area is typically a group of working professionals who come from a representative functional area of a project. Usually there are four functional area groups, with eight to ten software professionals in each:


-	Quality assurance and release


-	Software integration and test


-	Code and unit test


-	Requirements and design


•	Develop Preliminary Findings. The assessment team shifts its focus from data gathering to data interpretation by analyzing the data and developing preliminary findings. The role of the findings is to represent the assessment team's view of the most important software process issues currently facing the organization. The findings represent the starting point for formulating recommendations on how the organization needs to improve with regard to software process.


•	Project Leader Feedback Sessions. A session is held with each of the PLs to review the preliminary findings. 


•	Develop Final Findings Draft. The final findings are a result of all the previously collected data, the team input, and the PL feedback to the preliminary findings. The structure of the draft final findings is different from that of the preliminary findings; the assessment team identifies the associated causes of each finding and resultant consequences.


An annotated outline of the final findings presentation can be found in Appendix C.


•	Dry Run Findings Presentations. Before making a presentation to senior management, it is important for the ATL to perform dry runs of the presentation. The value of this is for the ATL to become completely familiar with the presentation material and also for the assessment team to receive feedback from the PLs and FARs to determine whether the findings are accurate and complete. 


•	Final Findings. This allows the assessment team to make any changes, based on the feedback from the dry runs, and to finalize the presentation.


•	Final Findings Presentation and Executive Session. The ATL presents the final findings to senior management and the assessment participants. After making the findings presentation to management, an optional executive session is held. This session is conducted if senior management would like to gain some further insight into the assessment or findings. 


•	Draft Recommendations. The assessment team begins developing recommendations associated with the assessment findings while the week's activities are still fresh in their minds. 


•	Assessment Debrief. This debrief captures lessons learned to improve the assessment process, including the assessment team training, the APB, and the OSP.


•	Next Steps. The purpose of this activity is for the assessment team to understand and plan the next steps, which are:


-	To develop a findings and recommendations report and briefing


-	To present a briefing to senior management on the recommendations


-	To begin planning process improvements


Additional Sources of Information


Humphrey, W.S., and W.L. Sweet. A Method for Assessing the Software Engineering Capability of Contractors. Technical Report CMU/SEI–87–TR–23. Pittsburgh, Pennsylvania: Software Engineering Institute, Carnegie Mellon University, 1987.


Software Process Assessment Team Members' Guide. Version 1.2. Pittsburgh, Pennsylvania: Software Engineering Institute, Carnegie Mellon University, September 1992.


B.2 Process Advisor�xe "Software Process Assessment:methods:Process Advisor"�


R.S. Pressman & Associates, Inc., has developed a systematic approach to software engineering process improvement that is reflected in its product, Process Advisor. This multimedia product guides an organization through six technology transition cycle segments: 


•	Process Assessment. Before an organization can worry about the nuts and bolts of technology transition, it must take a hard look at current software development practices. Process assessment refers to both qualitative and quantitative information gathering that enables an organization to determine the maturity with which it develops software. To do this, a series of questions must be asked, answered, and correctly interpreted.


•	Education. Most software managers and developers know relatively little about software engineering. To increase the level of software engineering knowledge, an organization must develop an effective education strategy that (1) is tied to the results of the process assessment, and (2) coordinates training content and timing with immediate project needs so that maximum benefit can be attained.


•	Selection. Selection defines specific goals and criteria for selection of software engineering procedures, methods, and computer–aided software engineering (CASE) tools, and leads to the development of a rational mechanism for choosing, costing, justifying, and acquiring these important elements of software engineering technology.


•	Justification. Expenditures for software engineering procedures, methods, education, CASE tools, and associated support activities must be shown to provide a return on investment before money is committed. A justification model is used to demonstrate the bottom–line benefits of process improvement.


•	Installation. In order to install software engineering technologies successfully, a transition plan must be devised and then executed. The plan defines tasks, responsibilities, milestones, and deliverables, and specifies a schedule for getting the work done.


•	Evaluation. Some managers make changes to improve the development process, select and install new technology, and then stick their heads in the sand, not spending nearly enough time evaluating whether the technology is working. The evaluation step performs an ongoing assessment of the CASE/software engineering installation process.


In the sections that follow, the first step—process assessment—is considered in more detail.


Process Assessment Approach


The term process assessment refers to both qualitative and quantitative information gathering. When process assessment is properly conducted, it satisfies the following objectives:


•	Provides a framework for an objective examination of an organization's software development practices


•	Indicates technical and management strengths and weaknesses in a way that allows for comparison to industry norms


•	Establishes an indication of the relative software development maturity of an organization


•	Leads to a strategy for process improvement and, indirectly, to the improvement of software quality


In order to accomplish these objectives, the process assessment relies on a set of questions that inquire about an organization's process attributes. By interpreting the answers correctly, an organization takes the first step toward improving its practices.


	


Structure


Although there are many different process assessment approaches, all have the same basic structure:


•	Assessment Questions. The questions are designed to enable an assessor to gather enough information to gain an understanding of the software organization, the application of technology within it, and the relative sophistication of the project management framework for applying the technology. The questions are of three types: qualitative questions requiring a narrative response, boolean questions requiring a yes/no response, and quantitative questions requiring a numerical response.


•	Response Evaluation. Responses to the questions are evaluated to determine the process maturity level by following these steps:


-	Responses to boolean questions are used to derive a maturity value.


-	Responses to quantitative questions are compared to industry averages, when available.


-	Responses to qualitative questions are used to provide additional insight into the current process.


•	Interpreting the Results. The maturity values computed from the responses to boolean assessment questions can provide a means for developing a transition plan for process improvement. Ideally, maturity values are assigned to one of a number of process attributes (e.g., organizational policies, project management approach, software quality assurance). Based on the maturity value, an organization can rank process attributes in order of their importance and impact on local efforts to improve process.


Once process attribute areas have been ranked, interpretation begins. Trained staff members with technology transition experience or expert outside consultants evaluate the results of the assessment and develop an organizationally specific set of findings and recommendations. Findings describe specific areas of strength or weakness and recommendations define the actions that will be required to improve the software development process.


Process Advisor Assessment Model


The Process Advisor assessment model has been designed to enable self–directed assessment by those organizations that want to begin software engineering technology transition activities without incurring substantial initial expense.


Responses to the qualitative and quantitative questions are assessed using a quasi–expert system that is built into the model. Each response to the questionnaire is compared to a set of typical responses. The quasi–expert system provides a set of inferences that help an organization to develop findings and recommendations based on the response.


Boolean questions address eight process attributes: 


•	Organizational policies that guide the use of software engineering practices


•	Training that supports the use of procedures, methods, and tools


•	Framework (procedural model) that has been established to define a software engineering process


•	QA activities for software


•	Project management tasks that plan, control, and monitor software work


•	Software engineering methods and techniques that enable technical staff to build high–quality applications


•	CASE tools that support the methods


•	Software metrics and measurement that provide insight into the process and its product


Responses to the boolean questionnaire portion of the Process Advisor model generate process attribute “grades" for each of the eight attributes, as shown in Table B–1. 


Table B_1. Grade Interpretation for Each Process Attribute





Grade Range�
Identifier�
Description�
�
Below 1.65�
	E�
Rudimentary practice: Common in even the most undisciplined organization�
�
1.65 to 2.25�
	D�
Improved practice: Representative of those software development organizations that have begun to improve their software engineering approach�
�
2.26 to 2.75�
	C�
Advanced practice: A discipline and relatedactivities that are to be found in the top 5 to 10% of all software developers�
�
2.76 to 3.25�
	B�
Excellent practice: The best possible approach to a particular software engineering activity, given commercially available technology�
�
Above 3.26�
	A�
State–of–the–art practice: Idealized practice that is currently unattainable in industry�
�



These process attribute grades form an organization's process maturity “footprint," as shown in Figure B–4, thus providing an indication of relative strengths and weaknesses in the process attribute areas.


Developing Findings and Recommendations


Findings and recommendations are derived from the results of the assessment. It is sometimes difficult to interpret the assessment results, however, in a manner that will lead to pragmatic recommendations for change. To assist in this activity, this approach provides a set of inference–based guidelines that are tied to different maturity levels for each of the process attributes under assessment. Once the assessment has been completed, the maturity grade for each process attribute is determined. The grade range provides a solid indication of both finding and recommendations.


As an example of inference–based guidelines, consider the following findings and recommendations that are reproduced from the Process Advisor Workbook:


THE SOFTWARE DEVELOPMENT PROCESS


Questions in the Software Engineering Process section of the process assessment questionnaire explore the emphasis on the software engineering process as it is defined for your organization. The questions focus on standards as a way to determine whether you have codified your approach. Examine your grade and place it in the context of the grade ranges in Table B–2:


Table B_2. Grade Range Mapping





Grade Range�
Identifier�
�
Below 1.65�
E�
�
1.65 to 2.25�
D�
�
2.26 to 2.75�
C�
�
2.76 to 3.25�
B�
�
Above 3.26�
A�
�



Here's how to interpret the results:


E and D: It is unlikely that you have developed a written description of your process. In fact, it is unlikely that you have defined a process in any explicit manner.


Action: Begin by creating a skeletal framework for software engineering—that is, a set of activities, deliverables, milestones and QA actions that can be applied as software is being developed. Write a description of the framework and solicit comments and recommendations from managers and technical staff. Over time, rework the framework, adding more detail, until it evolves into a standard.


C and B: Your organization has codified many of the activities associated with software development. It is likely that the same approach is applied across different projects and that project planning, control and QA are easier to achieve as a result. But a word of caution is necessary here: just because standards exist does not mean that the process is effective or properly characterized.


Action: Each of the standards should be reviewed to determine if: (1) they reflect modern software engineering practice; (2) there are aspects that can be streamlined; (3) there are aspects that just don't work very well. Time should be spent polling development staff to get their feelings on the standards and to determine whether the standards are being used as widely as these grade ranges imply. Specific technical areas without standards can be determined by reviewing responses to individual questions. It may be worthwhile to develop a framework approach for a specific technical area (e.g., testing) in a manner similar to that described in the action paragraph for E and D ranges.


Additional Sources of Information


Pressman, Roger S. A Manager's Guide to Software Engineering. New York, New York: McGraw–Hill, 1993.


Process Advisor Tool:�R.S. Pressman & Associates, Inc.�620 East Slope Drive�Orange, CT 06477�(203) 795–5044


B.3 ISO 9000�xe "Software Process Assessment:methods:ISO 9000"��xe "ISO 9000"�


This description provides an overview of the ISO 9000 standards, their application to software, and an overview of a framework against which to conduct an audit of your processes against ISO 9000. For more detail on ISO 9000 and how to apply it to your own processes, refer to Section , Additional Sources of Information.


	


Overview of ISO 9000


ISO 9000 is a family of standards that covers the requirements for quality management systems (QMS) for manufactured products and services. Quality is defined as the totality of features or characteristics of a product or service that bear on its ability to satisfy stated or implied needs.


The purpose of ISO 9000 is to:


•	Clarify the distinctions and interrelationships among the principal quality concepts


•	Provide guidelines for the selection and use of a series of international standards on quality systems that can be used for internal quality management purposes (ISO 9004) and for external QA purposes (ISO 9001, 9002, 9003)


ISO 9000 follows the principle that quality system standards provide a framework for management control. The standards lay down specific requirements, but they do not tell an organization how to structure itself, how to perform activities, how to document the system, or even what procedures to write. In addition, quality system standards such as ISO 9001 are industry independent. Because of its wide application and general approach, however, the standard requires interpretation for specific industries. For example, ISO 9000–3 is the interpretation of the ISO standard for software development.


ISO 9000 comprises a series of quality system standards models and associated guidelines. Each is introduced briefly below:


•	ISO 9001, 9002, and 9003 are the models for quality system standards. ISO 9002 and ISO 9003 are subsets of ISO 9001.


-	ISO 9001 is the QA model for organizations that control their quality in the whole manufacturing process, from design/development and production to installation and servicing.


-	ISO 9002 is the QA model for organizations that control their quality only in production and installation. 


-	ISO 9003 is the QA model for organizations that control their quality only in final inspection and test.


•	ISO 9000–2 and ISO 9000–3 provide the guidelines for how to apply ISO 9001, 9002, and 9003.


-	ISO 9000–2 is the guide to the application of ISO 9001, 9002, and 9003.


-	ISO 9000–3 provides the guidelines for the application of ISO 9001 to the development, supply, and maintenance of software.


Figure B–5 shows the relationships among the ISO 9000 standards related to software.


ISO 9001 was designed to establish and assess QMS for a variety of industries. The structure and terminology of ISO 9001, however, is more applicable to hardware manufacturing than to software development. To address this concern, ISO developed ISO 9000–3 as the standard guide for applying ISO 9001 to software development, supply, and maintenance.


To audit against ISO 9001, the TickIT scheme was set up by the United Kingdom (UK) software industry under the stewardship of the British Computer Society. TickIT is an accredited quality management certification system tailored to meet the needs of the software and information technology industries. The main objectives of TickIT are to raise awareness of what is quality and how it may be managed, and to provide a QMS certification scheme that is recognized by purchasers and users, and which commands the respect of the information technology professional.


TickIT focuses mainly on software development because of its power and flexibility, its key role in information systems, and its propensity to be the source of many problems. TickIT guidance relates to the construction and formal assessment of software quality systems for registration to the requirements of ISO 9001 through the application of ISO 9000–3 guidance.


The result of a successful ISO 9001 audit is a certificate of compliance.


Performing an ISO 9001 Audit for Software


This description provides a summary of the TickIT certification process for assessing an organization's quality systems against the requirements of ISO 9001 through the application of ISO 9000–3.


A quality audit�xe "ISO 9000:quality audit"� is defined as 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. A quality audit is not an alternative to an inspection operation; it is a fact–finding process used to determine the suitability of and conformance to the organization's quality systems to the documented requirements.


The following lists three types of quality audits.


1.	Internal or First–Party Audit. The audit is performed by the organization itself to determine the degree of compliance against the standard.


2.	External or Second–Party Audit. The audit is performed by a customer or third party to determine the degree of compliance of the suppliers' quality system against the standard selected by the customer or third–party.


3.	Extrinsic or Third–Party Audit. The audit is performed by an external, impartial body or regulatory authority to determine the degree of compliance against the standard. The external, impartial body must be accredited by a recognized national accreditation authority if the organization is to receive a certificate of compliance.


This method uses the following role definitions: The auditor is the person or group possessing the qualifications to perform quality audits; the auditee is the organization being audited; the auditor managing the audit is the lead auditor.


There are three phases in performing an ISO 9001 audit for software development: pre–audit, audit, and post–audit. These phases are discussed in the following sections. 


	


Pre–Audit


The pre–audit process includes the following steps. Each step provides guidance for both the auditee and the auditor, as appropriate.


•	Scope. The auditee must define the scope of its organization to be audited. When drafting the scope, the auditee needs to keep the following in mind: Software development work must form part of the activities of the scoped area; the definition of the scope must broadly reflect the business functions, services, and typical products supplied to its customers; the scope must cover not just the software in isolation, but also the surrounding systems areas; and the scope should reflect any particular market niches of the organization. The objective of the auditee is for the audit to cover all aspects of the quality system within that scope. In the scope, the auditee also identifies which standards the organizations wishes to be compliant against.


The statement of scope is used by the lead auditor to plan the audit, which includes selecting projects and functions to demonstrate the audited organization's capability, estimating the duration of the audit, and selecting auditors with the appropriate background.


•	Auditor Team. The auditee typically requests quotations from two or three certified auditors, based on the scope of the audit. The auditee then selects the desired auditor and issues a contract.


The members of the audit team should have technical expertise in the methods, techniques, and tools used in the auditee's organization; leadership qualities, experience in team management, and the ability to deal with difficult interpersonal relationships; and be independent of the auditee's organization (i.e., not have any current work assignments with them). Auditors who perform a third–party audit must be certified by a national accreditation authority. Both the size of the team and the time needed for the audit depend on the scope of the audit, the number of locations to be audited, and the organization's complexity. An audit of a small organization can be conducted by one person; a major audit of a large organization should be conducted by several auditors.


•	Pre–Audit Information. The auditee provides information about its company to the auditors so they can adequately prepare for the audit. The needed information is usually included in the auditee's quality manual, a requirement of the quality systems standard. Other information the auditee provides includes policies and procedures, marketing information, organizational structures, and any other information that can offer insight into the business and activities of the auditee's organization.


The lead auditor requests in detail the information needed. After receiving the information, the lead auditor evaluates the content of the documentation against the quality system standard and proposed scope.


•	Preliminary Auditor Visit. The auditors may visit the auditee organization prior to the audit and review the auditee's quality management systems. This may be necessary if the information provided in the previous step did not provide enough information for the auditor to adequately plan for the audit. The preliminary visit can offer the following benefits: The auditor can make sure the auditee completely understands the audit process; the auditor can notify the auditee of any significant omissions or deviations from the ISO 9001 requirements that need to be addressed prior to the audit; and the auditor has the opportunity to review as much of the documented quality system as possible before the audit.


•	Audit Program. It is impossible for an auditor to investigate all of the quality activities within an organization during one audit period. Therefore, the auditor makes sure the team looks at a representative sample of activities or evidence. By defining ahead of time the areas to be audited, and knowing how much time is allocated for the audit, the auditors can plan and prepare how the audit will be conducted. The audit program includes:


-	Location to be audited


-	Purpose and scope of the audit


-	Dates, including starting time for the opening meeting and starting time for the closing meeting


-	Timed program of visits


-	Names of the audit team members


The auditor forwards the audit program to the auditee before the audit so that the auditee can make the necessary arrangements. Negotiations often take place between the auditor and the auditee on the final program.


The auditors also indicate the extent of coverage of the ISO 9001 standard that will be achieved by the audit program, detailing the coverage by area within the auditee's organization if possible.


•	Audit Team Briefing. If there are more than two auditors, the lead auditor holds an audit team meeting to review the scope and objectives of the audit, plan preparation of checklists (see next step), and share any information.


•	Checklists. The auditor develops checklists to be used to audit each area of the auditee's organization. These checklists should be developed by the entire audit team. They provide a well–balanced, well–paced structure to the audit, and are especially beneficial if auditors are reassigned from area to another.


In preparing the checklists, the auditors define which quality system standards will be audited in each work area. Guidance for preparing checklists include:


-	The auditors should be fully knowledgeable of the objectives and scope of the audit and the ISO 9001 standard.


-	A minimum of one checklist per work area being audited should be used.


-	The number of items on the checklist depends on the complexity of the audit and the amount of time available for the audit of that work area.


-	The amount of detail needed in a checklist is at the discretion of the auditor performing that part of the audit.


-	The auditor should not be afraid to stray away from the checklist if information arises that will provide insight into that work area's quality system practices. The auditor must ensure, however, that enough time remains to cover all checklist items.


From the initial decision to audit the organization throughout the audit, the auditee must ensure that the organization is aware of the forthcoming audit, review all projects and groups prior to the audit, prepare a list of all projects currently active, ensuring that all different types of projects identified in the scope are clearly identified; and ensure that the administrative needs of the auditor (e.g., work space) are met.


	


Audit


The audit process includes the following steps:


•	Start–Up Meeting. The start–up meeting is chaired by the lead auditor. The auditee organization's management must attend to show the organization's commitment to the audit. In this meeting, the objectives and scope of the audit are explained to the auditee organization's management, all arrangements are confirmed, responsibilities for the audit are confirmed (see next step), the general rules of the audit are established, the audit process is reviewed, and auditee questions are answered.


•	Audit Responsibilities. Auditing groups are formed to conduct the audit. There may be one or more groups, depending on the number of auditors. Each auditing group should consist of the auditor(s), a guide from the auditee organization, a manager from the area being visited, and other observers witnessing the audit. Each role is described briefly below:


-	The auditor is responsible for auditing the assigned area of the auditee's organization.


-	The guide escorts the auditors from one department to another and introduces them to the involved staff of the area being audited.


-	The manager answers any questions and provides any information in support of the audit.


-	Observers learn from, but do not take part in, the audit.


•	Perform Audit. The auditor performs an in–depth appraisal of the auditee's procedures and the overall management structure for compliance with ISO 9001, using applicable guidance material from ISO 9000–3. The auditor looks at a representative sample of projects to perform the audit.


The auditors compare the auditee's organization quality manual and standards to ISO 9001, using the checklists to discover any nonconformities. The auditee representative is asked to confirm any nonconformity. The auditor is responsible for identifying and justifying any nonconformities that are found.


Before the closing meeting, the lead auditor meets with the auditors and collects all of the nonconformities. The audit team decides which nonconformities to combine, ignore, or declare as a nonconformity, and the lead auditor decides which of the nonconformities to declare as a major or minor nonconformity. A major nonconformity occurs when there is an absence and/or breakdown of a quality system element. A minor nonconformity occurs when there is an occasional instance of failure in a quality system element.


The lead auditor then prepares a summary statement, the auditors prepare a nonconformity statement, and, optionally, the full report is prepared.


•	Closing Meeting. The closing meeting is the climax of the entire audit. At the closing meeting, the lead auditor restates the audit process that was followed, stressing the fact that only a sample of the auditee's organization was visited, and then presents the summary report and the noncompliance statement. The auditee representative signs acknowledgment of the nonconformities. The closing meeting is chaired by the lead auditor.


If the audit was done by a third party, then recommendations for certification are not made at the closing meeting. For second–party auditors, recommendations are announced at the closing meeting only if this is agreed to by both parties. First–party audits usually present the recommendations for certification at the closing meeting.


The organization uses the closing meeting to start the next cycle of improvement, based on the findings of the audit.


	


Post–Audit


If a certificate of compliance was awarded, then a third–party certification body will make regular surveillance visits, typically twice a year, to ensure that the company is still following the agreed practices.


In order to retain its certification and maintain quality, an organization must continually improve its documented quality system.


Additional Sources of Information


International Organization for Standardization, ISO 9000–3, 1st ed., 1991–06–01, Geneva, Switzerland, 1991.


TickIT Project Office, Guide to Software Quality Management System Construction and Certification, EN 29001/BS 5750 Part 1 (1987), Issue 2.0, (London, England: TickIT Project Office, 1992).


Excel Partnership, Inc., and Georgia Institute of Technology Center for International Standards and Quality, ISO 9000 Software Lead Auditor (course taught in Atlanta, Georgia, 10–14 May 1993).


Registrar Accreditation Board, Guide to Software Quality System Construction and Registration, Issue 0.1, Milwaukee, Wisconsin: Registrar Accreditation Board, 1993.
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