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ABSTRACT
The approach described in this paper relies on a radical and innovative approach to enable a management
system to demonstrate conformity to the requirements of an unlimited number of management system
standard requirements, at the cost of performing a single mapping exercise. This unique approach relies on
interposing a ‘process reference model’ between the process evidence of the enterprise management system
and the normative requirements of various management systems standards of interest. This approach
requires that the process evidence of the enterprise management system is mapped to the process reference
model elements – a once-off exercise. The mapping of the process reference model elements to the various
management system requirements is also performed as a ‘once off’ exercise, and is completely independent
of the enterprise management system. By quantifying the judgements made when creating these various
links, and by appropriately aggregating the data to derive quantitative results for the extent of the coverage
of process reference model (by the management system process evidence) we can derive the extent of the
coverage of the requirements of the various management system standards of interest. This leads to a novel
result that the question ‘how much ISO 9001 have you got?’ can be expressed in meaningful, quantifiable
and accurate terms, based on objective evidence.
Keywords: ISO 9001, ISO/EIC 15504quantitive process improvement, process reference models

1.0

Introduction

The conventional approach to demonstrating conformity of the processes of a management system to the
requirements of a management system standard relies on a one-to-one mapping of process evidence in the
management system to a sub-clause of the conformity standard. The obvious drawback of this arrangement
is that when there is a need to demonstrate conformity to multiple standards then separate mappings have to
be created – one for each management system standard.
In contrast to this, a radical and innovative approach is described in this paper which has major governance
advantages. The key feature of new approach is to interpose a ‘process reference model’ between
management system process evidence and the requirements of the management system conformity standards.
In this arrangement a single set of mappings is required between the management system process evidence
and the process reference model elements. Requirements from one or more conformity standards are then
‘mapped to’ or ‘associated with’ the outcomes of the various processes in the process reference model. This
approach allows an enterprise to identify and implement the processes that make sense to the business, and
to evolve these processes in line with business needs.
When evidence of conformity is required to be demonstrated to one or more stakeholder driven requirement
standards, this is implemented by means of a mapping table (or matrix) that identifies which conformity
requirements are associated with which items of ‘process evidence’ in the enterprise management system.
The analyses of the requirements of conformity standards have been facilitated by the development of a
software tool for requirements management and analysis by the SPI Laboratory. This tool (known as MAP)
has been assembled as a multi-user client-server application using a relational database. This technology
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allows powerful and comprehensive reports to be produced regarding the links between management system
process evidence, process model elements, and the requirements of various conformity standards.

2.0

Key features of the mapping approach

The familiar approach to demonstrating conformity of a management system to the requirements of a
management system standard relies on a one-to-one mapping of management system informational items (i.e.
process evidence) to sub-clauses of the conformity standard. This approach is illustrated in Figure 1.
The obvious drawback of this arrangement is that when there is a need to demonstrate conformity to the
requirements of multiple management system standards – separate mappings have to be created – one for
each management system standard.

Figure 1: Conventional approach – direct mapping of management system elements to conformity standard
requirements
The distinctive approach described in this paper is to ‘map’ or ‘associate’ requirements from one or more
conformity standards to the outcomes of the various processes in a process reference model. This approach
allows an enterprise to identify and implement the processes that make sense to the business, and to evolve
these processes in line with business needs. The key elements of this approach are shown in Figure 2.

Figure 2: A new approach – direct mapping of management system elements to process model elements, and
process model element links to conformity standard requirements
The major advantages of this approach are:
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The mappings between process model elements and requirements of conformity standards is performed
‘offline’, and when completed, remains valid until either (or both) the process model elements need to
be revised, or when new editions of the management system conformity standards are published.
The technical content underlying the process model elements tends to be highly stable. They represent
‘domain knowledge and best practice’. For example, the technical expectations of the practices
associated with Configuration Management have not altered in the past 30 years! (The methods of
implementation have – but these have to do with ‘how’ of a process is performed, not the ‘what’ of the
process model elements.)
The mapping of process evidence (arising from the enterprise management system) to elements of the
process reference mode is performed once.
Through the use of database technology and structured queries, reports showing the relationship of
conformity requirements and process evidence can be presented.
By rating the quality of the links between the process evidence and the process model elements,
quantitative results can be presented for the extent and quality of the coverage of the conformity
requirements and the linked process evidence, thus yielding aggregated data that leads to a quantitative
determination of the extent of coverage of the conformity requirements of the associated process
evidence.

Requirements analysis methodology

These benefits are achieved only if the underlying data and assumptions are satisfied. Conformity
requirement standards (e.g. ISO 9001, ISO 14001 etc), as presented in the published documents, are not
suitable for a detailed analysis of requirements.
A key need to be satisfied in order to perform a requirements analysis is that:
a)
Each requirement is identified, and
b)
Each requirement is unique.
To gain insight into the type of challenge faced in this area in conducting requirements analysis, consider an
example from ISO 9001 [2]. A cursory review of the clause descriptions in this standard indicates that some
clauses have multiple sentences, each with distinct implications and need for requirements traceability. The
following clause fragment highlights the nature of the ‘deconstruction’ work that has to be performed.
ISO 9001 clause
4.1 The organization shall
establish, document, implement
and maintain a quality
management system and
continually improve its
effectiveness in accordance with
the requirements of this
International Standard.

Clause unpacked
4.1.1 The organization establishes and documents a quality management system in
accordance with the requirements of ISO 9001:2000.
4.1.2 The organization implements and maintains a quality management system in
accordance with the requirements of ISO 9001:2000.
4.1.3 The organization continually improves the effectiveness of the quality management
system in accordance with the requirements of ISO 9001:2000.

The key issue is that one clause from the published standard may contain a number of implications that
require demonstrations of conformity, each of which warrants individual attention, and traceability.
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Rationale for mapping requirements to process outcomes

The key issues in Figure 2 may be summarised as:
Process
Capability
Attributes

Provides the
foundation for

Work
Products
Performance
evidence

Process
Reference Model
Outcomes

Demonstrates process
effectiveness & efficiency

Conformity
Standard
Requirements

Provides the foundation
for satisfying

Figure 3: Relationship between process outcomes, process capability attributes, conformity requirements,
and process evidence based on work products
a)
b)

c)
d)

5.0

There is a single process reference model representing the process needs of the enterprise management
system, with potentially a large (and unbounded) set of processes;
The model format associated with the process reference model (i.e. process name, process purpose,
process outcomes) is matched by the process capability model elements (i.e. process attribute name,
definition, achievement results) as defined in ISO/IEC 15504-2 [4];
There may be many conformity standards whose requirements need to be mapped to the outcomes of
various processes;
There will be a unique mapping for each conformity standard to the process reference model outcomes,
and to the capability model process attribute achievement results.

An approach to rating of links

In order to provide an answer to the question ‘How much ISO 9001 have I got’, several quantitative
decisions have to made regarding:
a) the ‘strength of association’ or ‘validity’ of the links between process outcomes and work products (i.e.
process evidence) , and secondly, between the requirements of a conformity standard and process
outcomes; and
b)
the ‘quality’ of the process evidence provided when called upon to make a judgement as to whether
the intent of a process outcome has been satisfied.
As items of process evidence are linked to process outcomes, two judgements have to be made:
a)
the strength of association of the item of process evidence to the scope of the process outcome, and
secondly, the quality of the technical content of the item of process evidence in regard to satisfying the
intent of the process outcome.
b)
the rated values of the item of process evidence to process outcome links are then aggregated up to
represent ratings of process model outcomes, and secondly, ratings of the processes.
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Each process outcome link to conformity requirement requires two judgements to be made: a) a judgement
of the strength of association of the scope of the process outcome to the conformity requirement, and b) the
determination of the aggregated value of the rating representing the process model outcome.
The rating values of the process outcome links to the conformity requirements are aggregated to represent a)
ratings of individual conformity requirements, and b) ratings of clauses.
The approach to aggregating data is based upon the process evidence rating model described in ISO/IEC
15504-2. [3]

6.0

Steps to measure the extent of coverage of conformity requirements in a
management system

In this example, a single process is used to demonstrate the features and the analysis method, namely the
Audit process. For sake of space, only ISO 9001:2000 (Clause 8.2.2) is considered.
Step 1: Identify the process model
Process models are described in terms of process names, a process purpose statement, and a list of process
outcomes [5]. The process title summarizes the scope of the process. The purpose of the process is stated as
a high level, overall goal for performing the process. Outcomes are observable results of the successful
achievement of the process purpose. The elements for the Audit process are listed in Figure 4.

Figure 4: Elements of the process model
Step 2: Establish the links between the work products (process evidence) and the process outcomes
ISO 9000 [1] defines a process as ‘a set of interrelated or interacting activities which transforms inputs into
outputs’. A sample listing of inputs and output work products (i.e. instances of process evidence) for the
Audit process is listed in Figure 5 [Wahid, 5].
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Figure 5: A mapping from process outcomes to process evidence (work products)
Step 3: Establish the links between the process outcomes and the conformity standards
A sample fragment for the ISO 9001 requirements associated with clause 8.2.2 linked to the outcomes of the
Audit process is shown in Figure 6.

Figure 6: Links between ISO 9001 conformity standard requirements and process outcomes
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Step 4: Rate the links between the process outcomes and work products
Figure 7 shows the rating values and the aggregation of results to a) the process outcome level, and b) to the
process level. The ratings alongside the items of process evidence are the result of human judgement being
made by inspecting the item of evidence in the light of the technical requirement of the process outcome of
interest.
Note: The implications of the terms used for ratings are as follows [3]:
Not achieved: There is little or no evidence of achievement of the process outcome.
Partially achieved: There is some evidence of an approach to, and some achievement of, the process outcome.
Largely achieved: There is evidence of a systematic approach to, and significant achievement of, the process outcome.
Fully achieved: There is evidence of a complete and systematic approach to, and full achievement of, the process outcome.

Figure 7: Ratings of links between process outcomes and work products

Step 5: Aggregate the process outcome ratings
Figure 8 is a summary report focussing upon the overall rating of the selected processes, and a summary
computation of the overall aggregated result. (i.e. in this instance, 100%).
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Figure 8: Aggregated result of process coverage
Step 6: Aggregate the links data between the process outcomes and the conformity standard
requirements
Figure 9 shows the ratings of process outcome – process evidence results carried forward from the results
listed in Figure 7. The validity rating is applied to the process outcome – process evidence rating to yield a
rating for that conformity requirement. The ratings of the conformity requirements associated with a
sub-clause are then aggregated to yield a rating for that subclause.

Figure 9: Aggregated results of ratings of links between conformity requirements and process outcomes
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Step 8: Rate the extent of conformity standard coverage of the selected processes
So the question ‘How much ISO 9001 have I got?’, would be answered by the response ‘For the Audit
process selected in the process model, and for the selected the ISO 9001 subclause 8.2.2, the result is 100%’.

Figure 10: Aggregated result of extent of coverage of ISO 9001 requirements

7.0

Discussion

The ability to quantify the extent of coverage of the requirements of a selected standard is very powerful. It
provides means for managing quantitative process improvement. The early questions usually raised at the
start of a process improvement initiative - where are we now? And 'What do we need to do to improve our
coverage of process/requirements' - can now be answered in a tangible way.

Nang Yan Business Journal – 1.1 – 2012

Paper #: 2 - 10

P- 152

References
[1] ISO 9000, Quality management systems — Fundamentals and vocabulary, 2000.
[2] ISO 9001, Requirements – Quality Management Systems, 2000.
[3] ISO/IEC 15504-2, ‘Information Technology – Process Assessment – Performing an Assessment’,
2003.
[4] ISO/IEC 24774, System and software engineering - Life Cycle Management - Guidelines for process
definition, DTR, December 2006.
[5] Wahid, Roslina, “Beyond Certification: The Maintenance of ISO 9000 in Malaysian Service
Organisations”, in Sustainable Development through Innovation, 15th International Conference on
ISO & TQM, Malaysia, 26-28 July 2011, APBEST Academy & UNITEN, pp 51-52 & CD, available at:
www.hk5sa.com/icit , 2011.

Author’s Background
Dr. Alastair Walker is the founder and chief executive officer of the Software Process Improvement
Laboratory, which was established in January 2001. He is a member of the Standards South Africa
Information Technology Committee (TC 71) and chair of StanSA National Committee for Software and
Systems Engineering Standards (SC 71C). He chairs the StanSA task group that developed and maintains
the South African National Standard 10055 'ISO 9001:2000 Process Auditing’ - a multipart part series
addressing practical issues related to the conduct of process auditing from an ISO 9001:2000, process
performance and process capability perspective. Alastair is a Competent Certified Process Assessor
(CCPA) registered with the Southern African Auditor and Training Certification Association (SAATCA). As
a member of the SAATCA Advisory Board he advised on issues related to training of process capability
assessors. He is the project leader for the recently established SAATCA certified process assessor (CPA)
personnel registration programme. He is the South African representative on the international ISO/IEC
JTC1/SC7 Software and Systems Engineering Standards Committee Advisory Board since 1994, and
member of the SC7 Business Planning Group since May 2003.

