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Abstract

This work in the domain of quality management and business process design looks at how
the requirements of the ISO 9001 standard for quality management systems are designed
and implemented in business. It is the aim of the research reported in this thesis to support
manufacturing companies when modelling a Fulfil Order Process by identifying the links to
the ISO 9001 quality standard and highlighting potential impact from any changes in the
process or the standard during a redesign project. It does so by presenting a modelling
technique, named IDEFag49, which will enable companies to take a systemic perspective of a
Fulfil Order Process identifying all relevant links to ISO 9001.

A research strategy based around the experiences of companies when designing business
processes with links to ISO 9001 was adopted. In-depth case studies carried out by the
author showed that simply documenting what an organisation does to satisfy the various
elements of ISO 9001 is still one of the most common approaches adopted. This results in a
process-oriented character only at the documentation stage. It is the result of limited
guidance on how to integrate the requirements of ISO 9001 in business processes. The
work proceeded by exploring the domains of business processes, the use of systems thinking
to explain business processes and the relevance of ISO 9001 requirements from a process-
based viewpoint. A set of criteria was developed to identify activities, information and other
flows controlled by ISO 9001 to design a Fulfil Order Process in a manufacturing company.
This provided the context for the development of the modelling technique IDEFgq09, Which
is an enhanced version of IDEF, and its validation by review and by use in two
manufacturing companies.

The originality of this work lies in the identification and emphasis by the author of the need
to take a systemic view of business processes when designing or redesigning a process-
based 1SO 9001 quality management system. Also, criteria for a technique to address the
modelling of a Fulfil Order Process were identified. Furthermore this contribution to
knowledge includes the identification of links between ISO 9001 requirements and a holistic
Fulfil Order Process. This led to the development of further criteria for modelling such a
business process showing the links to ISO 9001. IDEFgq0, represents an improved modelling
approach that fulfils the identified criteria and permits the systemic design or redesign of a
Fulfil Order Process while establishing the links controlled by the ISO 9001 quality
standard.
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Chapter 1 — Introduction

1 Introduction

The work reported in this thesis was carried out during a five-year research project with the
objective of developing an approach that supports the design and redesign of business proc-

esses with links to ISO 9001.

During the first half of this part-time research project the author was employed as a senior
consultant at TQU — Transferzentrum fiir Qualitit und Umwelt (part of the Steinbeis-Foun-
dation, Germany) and conducted industrial projects in the field of quality and production
and operations management. In the remaining stages of this research the author was work-
ing on a part-time basis in the motor industry for Cooper-Standard Automotive UK Sealing
Ltd. as a Lean Enterprise Co-ordinator. The Manufacturing and Business Systems research
group (MABS) and the Department of Mechanical and Marine Engineering at the Univer-

sity of Plymouth supervised this research.

The objective of this chapter is to introduce the development of this research work entitled
“Modelling of business processes with links to ISO 90017, It describes the background to
the current situation in the domain of quality management systems and business process de-
sign with the focus on the ISO 9001 quality standard. The research question will be intro-
duced together with the subsequent objectives and the concepts which support this re-
search. These concepts lie in the domains of business processes, systems theory and the
ISO 9001 quality standard. The chapter concludes by presenting the contribution of this
work to knowledge and a summary of the structure of this thesis that describes the research

undertaken by the author.



Chapter 1 - Introduction

1.1 Background

As organisations are increasingly focusing on flexibility, innovation and processes there
appears to be a need to assess current approaches to the implementation of the ISO 9000
requirements. The ISO 9000 series is an international standard that can be used by organi-
sations to develop and document their quality management system. An effective quality
management system allows an organisation to ensure that its products and services consis-
tently conform to customer’s requirements. The actual requirements for a quality manage-
ment system are described in the standard ISO 9001:2000 (Quality management systems —
Requirements) (ISO, 2000b) and organisations can be audited against these requirements to

become ISO 9001 fegistered.

With over 400,000 certificates granted by the end of December 2000 (ISO, 2001) even its
keenest supporters were surprised how quickly this standard achieved world-wide
acceptance. However ISO 9000 has had some very bad press. Much of the work undertaken
in the field of ISO 9000 quality management has focused on complying with 1SO 9000
requirements to get or maintain a certified quality management system which in many cases
has resulted in very high levels of record-keeping and form-filling. Critics such as Seddon
(1998) reported it as being an expensive and in many cases, an irrelevant and inappropriate
system for many busineéses. The commonest criticism is excessive bureaucracy .and the
inflexibility it generates (Karapetrovic ef al. 1998b). Jonker ef al. (1998) further argue that

due to the lack of a proper methodology, the integration of such models remains difficult.

Much of the development in the field of quality management has tended to focus on the de-
sign and documentation of quality management systems without taking the business

processes of an organisation into account. A business process can be described as a chain of
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events or activities which are independent of departmental structures of an organisation to

provide a desired output its customers. This concept will be examined in a later chapter.

Harrington ef al. (1997), Mertins et al (1999), Tranmer (1996), Renfrew (1997),
Hesterwerth (1998) and others have emphasised the need for quality management systems
to be built around the business processes to keep the system efficient and lean. Hoyle
(1998a) and Karapetrovic (1998a) have also stressed the importance of understanding
ISO 9001 quality management systems from a systems viewpoint. The domain of business
process design/redesign has recognised the need for process-based quality management
systems and it was argued that during the design of business processes greater consideration
to the requirements of the 1SO 9001 standard was needed. This would resuit in quality
management systems becoming more of an integral part of the business. Therefore, despite
the thorough understanding of business processes, the author contends that work needs to
be carried out to help organisations to design/redesign their business processes with an

emphasis on the requirements of ISO 9001.

The research is restricted to an investigation of the design of quality-based business
processes that support the product and/or service cycle. It does not consider the implemen-
tation stage or the documentation of a quality management system. Exceptions are made
where the quality of the design can only be properly evaluated after the implementation
stage. This limitation wall allow the author to focus on improving the way to design and re-

design business processes.

This thesis refers to the ISO 9000 series, which is still the most widely used term for this
standard. However organisations which seek registration to the 2000 version of this stan-

dard need to address the quality management systems requirements published in ISO 9001.
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The term ISO 9000 is also used in cases where no further indications are given as to which
of the 1994 criteria (ISO 9001, ISO 9002 or ISO 9003) were applied. Throughout this
thesis reference to ISO 9000 indicates the standard in general, whereas the use of ISO 9001

refers to the specific requirements.

1.2 The Research Question

With the focus on developing the current theory of the design of business processes taking

into account the requirements of 1ISO 9001, the following research question has been raised:

How can a process model be best drawn to establish links between business
processes and ISO 90017

This research is firmly embedded in the management of production activities that transform
inputs into products to fulfil customer orders. The research will concentrate on an operating

business process. To answer the research question the following also need to be addressed:

¢ to define a business process, in particular a Fulfil Order Process, and describe it from a

systems viewpoint;

¢ to identify and characterise the requirements of the quality standard 1SO 9001:2000,

* to develop a set of criteria which need to be addressed by an appropriate modelling

technique to model a business process to show the links to ISO 9001:2000.
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1.3 Research aim

The aim of this research is to support manufacturing companies in modelling a Fulfil Order
Process showing the links to the ISO 9001 quality standard. By using the proposed model-
ling technique practitioners should be able to take a systemic perspective of a Fulfil Order
Process and identify all relevant links to ISO 9001. The links should highlight any potential
impact from changes in the process or the standard and should be given special attention
during a redesign. As it is important that the production and operations management practi-
tioners are provided with a set of concepts, tools and techniques, the outcome of this
research must provide a contribution beneficial to them. The research methodology applies
the five key needs described by Thomas and Tymon (1982) to guide this work and

contribute to new knowledge. The research outcome should therefore:

e be generally applicable to allow practitioners designing/redesigning a Fulfit Order
Process within an organisation to show the links to the ISO 9001 quality standard

(Descriptive Relevance);

o help the practitioners to successfully design/redesign a Fulfil Order Process and maintain
the links to the requirements of ISO 9001. When introducing ISO 9001 the findings of
the research should aid the practitioners in establishing the links between ISO 9001 and

the activities of a Fulfil Order Process (Goal relevance),
¢ be easy to operationalise and implement (Operational validity),
e be more than simple common sense to the practitioners (Non-obviousness),

¢ be available at a point in time when the practitioners are required to design/redesign a
Fulfil Order Process or when introducing ISO 9001 (Timeliness).

5
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1.4 Contribution to knowledge

A first contribution to knowledge of this research has been the identification of a need to
take a systemic view on business processes when designing/redesigning a process-based
ISO 9001 quality management system. This led to the definition of a business process and
the identification of criteria required for a modelling technique to address the modelling of a
Fulfil Order Process from a systemic perspective. This was followed by the identification of
links between ISO 9001 requirements and a Fulfil Order Process from which the criteria for
a technique to model such a process systemically were identified. The proposed modelling
technique and its method of use have been validated and were found applicable to the

design/redesign of a Fulfil Order Process with links to ISO 9001,

1.5 Structure of this thesis

Chapter 1 introduces the field and background situation in which the research is embedded
and leads to the research question. It describes the evolution of this project leading to the

work’s contribution to knowledge.

Chapter 2 describes the research methodology used to structure this work. An appropriate
research methodology has been identified based upon the objectives of this research which
focus on the need practitioners might have from this research as discussed by Thomas and
Tymon (1982) and on the author’s philosophical stance. The Meredith ef al. research cycle
(1989) has been applied and the Descriptive Phase starts with a literature survey and
empirical case studies. This is followed by an Explanation Phase during which the modelling
technique was conceptualised and developed before it was validated by review and by

conducting case studies during the Testing Phase.
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Chapter 3 presents a literature survey and describes the empirical research undertaken to
investigate current literature concerning ISO 9001 quality management systems and
business process design. This chapter explores the major findings and identifies issues of
relevance to the research subject area. Two empirical studies during this research recount
the findings of the author first whilst observing an organisation operating its ISO 9001
quality management system and secondly participating in the design of a process-based
quality management system in a different manufacturing company. The experiences from
these case studies are combined with the issues identified during the literature survey to

outline the research problem and formulate the research question.

Chapter 4 summarises the common themes of business processes to extend the knowledge
considerations for a process-based ISO 9001 quality management system. A definition is
given for a business process. The use of systems thinking is explored and the concepts and
principles investigated. These are then applied to describe a business process from a systems
perspective using the systems parameters proposed by Churchman (1971) and Checkiand
(1981). This results in the consideration of the concept of a business process as an embodi-

ment of systems thinking.

Chapter 5 considers how the concept of a business process from a systems perspective can
be used during the design/redesign of a process-based 1SO 9001 quality management sys-
tem. As this research is situated in the field of production and operations management, the
systems parameters for a Fulfil Order Process are discussed. The chapter concludes with the
development of a set of critenia that need to be addressed by a modelling technique to
successfully describe a process model of such a business process. To support this objective,
the concepts of business process design with an emphasis on business process re-engi-

neering (BPR) are investigated.
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Chapter 6 describes the evaluation of the current version of ISO 9001:2000 and identifies all
requirements of the standard which affect the activities of a Fulfil Order Process. This
recognises that for design/redesign the process model needs to be able to show which
activities and tasks are linked to ISO 9001 Based on these requirements, a further set of
criteria has been developed which address the modelling of a Fulfil Order Process from an

1SO 9001 viewpoint.

Chapter 7 describes various modelling techniques and their functionality together with the

subsequent selection of the most appropriate based on the criteria discussed in Chapter 5.

The modelling techniques discussed are those generally used for modelling processes in

manufacturing systems. This chapter continues with a further evaluation of three selected

modelling techniques to identify how well they address the criteria as discussed in

Chapter 6. For the links of ISO 9001 in a Fulfil Order Process no existing modelling
'

technique explicitly supports the criteria. The modelling technique called IDEF, has been

selected on the grounds of its easily adaptable syntax and semantics to the criteria.

Chapter 8 looks at the development of an extended version of IDEF,, named IDEFou, by
the author, to model a Fulfil Order Process identifying the links to ISO 9001 and addressing
‘the two sets of criteria. The name IDEFq0 refers to the ISO 9000 series, which is still the
most widely used term for this standard even though organisations which seek registration
to this standard must address the quality management systems requirements published in
ISO 9001. This chapter concludes with a description of how IDEFs may be used and

provides a set of guidelines.

Chapter 9 describes the work undertaken to validate the proposed modelling technique

IDEFso00 and its method of use as part of an approach to meet the needs of practitioners.
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Practitioners reviewed the concept of IDEFsg before it was validated using a case study
approach and during application to design/redesign ISO 9001 quality management systems

at Teignbridge Propellers Ltd. and WeldcraftServices.

Chapter 10 concludes by evaluating the work undertaken and the contribution to knowledge

that has been developed from this thesis.

The work has generated new knowledge by identifying the need to take a systemic view of
business processes when designing/redesigning a process-based I1SO 9001 quality manage-
ment system. This leads to the identification of criteria which a modelling technique needs
to address if being used to model a Fulfil Order Process. A second contribution to knowl-
edge has been the identification of relevant links between the requirements ‘of ISO 9001 and
a holistic Fulfil Order Process. This formed the solid foundation for the development of cri-
teria which a modelling technique needs to address when being used to model a Fulfil Order

Process which shows the links to ISO 9001. This final chapter identifies potential areas for

future research and proposes ways in which they may be developed.

1.6 Summary

Thas first chapter introduces the work reported in this thesis by describing the background
to ISO 9001 quality management systems. The overall aim of this research is to contribute
new knowledge to support the design/redesign of future process-based 1SO 9001 quality

management systems and to address some of the requirements of manufacturing companies.

In the following chapters the author describes the research undertaken, with the next

chapter describing the research methodology used to structure this work.
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2 Research Methodology

This chapter will describe and justify the research methodology used in this research. In
identifying an appropriate research methodology the- objective of this research will be
discussed focusing on the needs that practitioners might have. The philosophical stance of
the researcher within this work is described. Based on the researcher’s paradigm and the
nature of the research problem a research methodology will be described applying a three-
phase research cycle of Description, Explanation and Testing. The remainder of this
chapter will explain the research cycle in greater detail together with the research methods

used during each phase.

2.1 The objective of this research

The research is intended to support practitioners in modelling a Fulfil Order Process show-
ing the links to the ISO 9001 quality standard. With the proposed modelling approach the
practitioners should be able to take a systemic perspective of a Fulfil Order Process and
highlight all relevant requirements of ISO 9001 so that any potential impact from changes in

the process or the standard become apparent.

The research work is related to the field of Production and Operations Management (POM).
Production and Operations Management is concerned with the way organisations produce
goods and services and with the management of people, processes, technology and other
resources (Armistead ef al. 1996, Armistead ef al. 1997). Considering operations as trans-
formation processes, they can be seen as converting sets of resources (inputs) into goods
and services (outputs). Transformed resources may be raw materials or information which

are converted into final goods or services by transforming resources such as facilities or

10
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staff (Armistead et al. 1996). Filippini (1997) and Sower (1997) are among those who re-
port that recent developments in POM show an increasing interest in quality and in particu-
lar quality control, ISO 9000 and Total Quality Management (TQM) when compared with a
previous study carried out by Meredith ef al. (1989). Assuming that a Fulfil Order Process
is essential to a manufacturing organisation and that POM interacts with other disciplines
such as quality and ISO 9000, the research outcome must provide a contribution beneficial
to this field. The research findings will therefore need to be assessed for usefulness to prac-
titioners. This objective needs to be supported by an appropriate research methodology that
guides the researcher through the entire research project. For the selection of an appropnate
research approach an initial understanding of what practitioners consider useful and practi-

cally relevant is required.

2.2 The needs of the practitioner

The following five key needs which any useful POM research should satisfy are described
by Thomas and Tymon (1982). Their framework describes the practitioners needs as
descriptive relevance, goal relevance, operational validity, non-obviousness and timeli-

ness. These five key needs will be addressed in the validation of the new knowledge.

Descriptive relevance will assess how well the findings of the research have addressed the
problems encountered by the practitioners in a particular context. The research needs to
consider whether it is relevant to any practitioner with a specific type of organisational
problem. Descriptive relevance is often referred to as external validity (Campbell ez al.

1963) and can be generally described as how well something reflects and fits reality.

Goal relevance will assess how successfully the practitioners can apply the findings of the

research and meet their organisation’s objectives. It should also answer how relevant the

11
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new knowledge is to supporting these practitioners when applying the outcome of any

research work.

Operational validity will evaluate how easy it is for the practitioners to use and implement

the new knowledge in their specific circumstances.

Non-obviousness will question how “meaningful” the research outcome is. Non-obviousness
will assess to what degree the “contribution to knowledge” was an improvement on the

method or knowledge that is already used by the practitioners.

Timeliness will question the research with reference to the applicability of new knowledge
at a particular point in time. New knowledge should be available and relevant to the practi-

tioners at the time of generation.

The framework of Thomas and Tymon (1982) as described above will be used to assess the
research project to meet the key needs of practitioners. The research outcome should

therefore

e be generally applicable to practitioners designing/redesigning a Fulfil Order Process
within an organisation focusing on showing the links to the ISO 9001 quality standard

(Descriptive Relevance),

* help the practitioners to successfully design/redesign a Fulfil Order Process and maintain
the links to the requirements of ISO 9001. When introducing ISO 9001 the findings of
the research should help the practitioners in establishing the links between ISO 9001 and

the activities of a Fulfil Order Process (Goal relevance),

e be easy to operationalise and implement (Operational validity),

12
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e be more than simple common sense to the practitioners (Non-obviousness),

® be available at a point in time when the practitioners are required to design/redesign a

Fulfil Order Process or when introducing ISO 9001 (7imeliness).

Before selecting an appropriate research methodology that will support the research work
that fulfils these needs, the following sections explain the philosophical position of the

researcher.

2.3 Research Philosophy

To answer the research problem an appropnate research methodology needs to be chosen.
The research methodology that comprises the complete research process is dependent on
the chosen outlook of the researcher (Hussey e a/. 1997). The term paradigm is referred by
Hussey ef al. (‘1 997) as

“...the progress of scientific practice based on people s philosophies and
assumptions about the world and the nature of knowledge.”

The research paradigm impacts on how the research should be best conducted. The personal
paradigm of the researcher and their belief will determine the entire research design. This
design includes a plan explaining the information sources used to answer the research

question and also outlines a strategy for methods used to collect and analyse the data

(Emory, 1985).

The two alternative research paradigms positivism and phenomenology which are described
by Hussey ef al. (1997), Easterby-Smith et al. (1991), Gummesson (1991) and many others

refiect the two extremes of a continuum. Morgan and Smircich (1980) classify the following

13
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six stages of the continuum from extreme objectivity to extreme subjectivity (see Figure

2-1).
Approach to social sciences
Positivist Phenomenologist
reality as a reality as a | realityasa reality as a reality as a reality as a
concrete concrete contextual realm of social projection of
structure process field of symbolic construction human
information discourse imagination

Figure 2-1: Different assumptions about the nature of reality (Morgan et al. 1980)

The work of Hussey ef al. (1997) and Creswell (1994) was used to classify the two main
research paradigms (see Table 2-1) and should simplify the different terminology used by

various authors.

Positivistic Phenomenological
Quantitative Qualitative
Objective Subjective
Rationalism Existentialism
Scientific Humanistic
Experimental Interpretive
Realism Nominalism
Determinism Voluntarism

Table 2-1: Classification of the positivistic and phenomenological research paradigm

Creswell (1994) identifies five assumptions which can be used to explain research in general
and to distinguish between the different paradigms. The ontological, epistemological,
axiological, rhetorical and methodological assumptions relate to the entire rescarcl\l and
need to be addressed by the researcher at the beginning of a research study. Ontology is the

most important of the five assumptions as the remaining ones follow from the initial percep-

tion of what is meant by reality.

14
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To be able to argue which paradigm the researcher will adopt for this research work, the
following criteria about the researcher’s preunderstanding, training and experience must be

addressed.

2.3.1 Preunderstanding of the research project

Preunderstanding is the researcher’s knowledge, insight and experience prior to engaging in
a research project (Gummesson, 1991). Gummesson uses the term preunderstanding in a
wider sense than just knowledge. Knowledge is usually obtained from intermediaries such as
literaturé, reports, lectures or the experience of others. Preunderstanding also includes the

researcher’s attitude, commitment and personal experience.

The preunderstanding for this research problem comes from two main aspects of the
researcher’s previous responsibility in a company which included consultancy work for
other companies implementing ISO 9001 quality management systems in their organisations.
During this time the researcher was involved with a large number of quality management
systems which were developed with only loose consideration of the organisation’s structure
and its business processes. Furthermore the documentation of the quality management
system did not reflect the unique business situation of the organisation and the structure
chosen for the quality manual was often identical to the one in the ISO 9001 standard. With
ISO procedures and policies written in a generic ménner the workforce perceived the
quality manual as being “out of touch” and not reflecting what really matters in the
company. In many cases the approach to the quality management system did not allow the
identification of which documents were relevant to whom and who had to consider what to

comply with the standard. Both, company officials and their workforces often got frustrated

15
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with an ineffective quality management system leading to disillusionment and increased

bureaucracy.

The implementation of ISO 9001 quality management systems further developed the
researcher’s preunderstanding in systems thinking and the concepts of business process
modelling. By taking a system’s view, the quality management system was understood as
part of an overall system within the organisational environment. The interrelationship of a
quality management system with other systems includes the exchange of information and
objects in the form of inputs and outputs. The design of quality procedures and working
instructions was mapped showing the flow of activities and information address-ing some of

the concepts of business process modelling.

Additionally the researcher’s involvement in an activity-based ISO 9001 environment with a
previous employer included ownership of 1SO 9001 controlled business activities and
conducting regular audits of the quality management system. To continuously improve the
quality management system, the researcher was responsible for maintaining one section of
the standard by keeping track of to whom a particular section was relevant and who might
require training or support. The training and support aspect also included the teaching of
methods or techniques which were defined by the company as necessary to comply with the

standard.

Observations and direct participation during these projects led the researcher to conclude
that organisations do not adequately address the links between their business processes and
the requirements of the quality standard. There seems to be a need to implement the quality
standard in such a way that the links between [SO 9001 and the business processes can be

established to maintain compliance to the requirements if changes occur in the process or

16
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the standard. The perception about the situation prior to the research study itself

contributed to the researcher’s paradigm about the subject.

2.3.2 Ontology

According to Gummesson (1993) the researcher must take a stance on the ontological and
epistemological assumptions on which the research is founded. The two extreme positions
of ontology, which can also be referred to as realism (objective) and nominalism
(subjective), are about;

“Whether the object of investigation is the product of consciousness (nominalism)
or whether it exists independently (realism)”. (Remenyi et al. 1998)

Ontology deals with either a reality out there which is independent of the researcher
{(quantitative view) or a reality that is constructed by the individuals involved in the research
situation (qualitative view) (Creswell, 1994). With a quantitative view an observer maintains
his objectivity of the subject under study by separating what is being studied from its
context and its environment. This results in an objective and singular reality external to the
observer and is experienced by everyone in the same manner. To maintain objectivity

quantitative observations, records or measurements must be obtained.

The opposite end of the ontological continuum refers to reality as being subjective and not
absolute. Individuals involved in the research study form a personal construct about what
happens in any given situation. People construct their own worlds and give meaning to their
own realities (Easterby-Smith ef al. 1991). This leads to multiple realities amongst those
involved as the way they perceive information does not usually follow a common structure.
Knowledge and understanding which are in the constructs of the researcher can not be

independently verified or transferred.

17
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An extreme subjective ontological stance would exclude any contribution towards the
research by others as it only reflects the individual’s perception of the subject. Similarly an
extreme objective stance would seem to deny any direct involvement of the researcher in the
study as personal interpretation and perception is not scientific and therefore not valid for

the research.

An organisation and its business processes are perceived as a complex system which under-
goes constant change. Due to the human interventions of the workforce, a business process
is also called a Human Activity System. This type of system only exists through the percep-
tions of the people involved in it and represents an intellectual construct of reality rather
than real-world activities (Checkland, 1981). Such social settings lead to difficulties in
controlling variables which is why the control of effects is seldom relevant in a non-

positivist research approach (Remenyi et al. 1998).

Based on the preunderstanding and the nature of the problem, the paradigm adopted by the
researcher for this work therefore takes a qualitative position but also accepts some external
reality. It assumes that there is an external reality in which people and businesses operate.
This reality needs to be understood by observations and requires an understanding about the

subject gained from applying a qualitative research approach.

2.3.3 Epistemology

The epistemological question deals with the nature of the relationship between the knower
or would-be knower and what can be known. The answer to this question is constrained by
the answer already given to the ontological question (Denzin ef al. 1994). Both the episte-
mological and the ontological stance will affect the research methods and tools that the

researcher can apply to answer the research problem.
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Positivists believe that only those phenomena that can be measured and explained by causal
relationships between their elements can be accepted as being valid knowledge. Therefore
the researcher should remain distant and independent of that being researched. On the other
hand phenomenologists attempt to understand the world by interacting with those they
study (Creswell, 1994). The two extreme positions of epistemology can also be referred to

as positivism (objective) and anti-positivism (subjective).

This research is concerned with observing and explaining situations involving people and
activities. To better understand the business processes with regards to the ISO 9001
standard the research is based on people and their perceptions rather than on hard facts.
Meredith ef al. (1989) explain this type of study as interpretivism as the researcher focuses
on meanings and interpretations rather than behaviour. It is relativistic in nature, as facts are

not considered independent of the theory or the observer.

2.3.4 Axiology

The distance between the researcher and what is being researched is governed by the onto-
logical and epistemological assumptions. Taking an objective stance about the subject under
study the quantitative researcher needs to remain independent from the actual research
domain. By applying appropniate methods for data gathering and analysing, results can be
obtained that are value-free and unbiased. The development of causal relationships often
leads to the deduction of theories, valid explanation and axiomatic conclusions. Qualitative
research on the other hand keeps the researcher close to, deeply involved and playing an
integral part of the research domain. The results from such an approach are value-laden and

biased as they are due to the researcher’s observations and interpretations obtained in the

field.
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With the qualitative position of this research the researcher becomes an integral part of the
field. As some bias is inevitable in observations the interpretation of the gathered data needs

to be validated.

2.3.5 Rhetoric

The rhetoric assumptions deal with the language used in the research. There is a distinction
between the formal, impersonal style used by the quantitative researcher and the more
informal, personal style applied in qualitative research. The quantitative approach uses
value-free data and accepted defimtions for developing concepts and conclusions.
Qualitative studies take a narrative and personal approach to describe observations that

evolve during a study and explain a phenomena (Creswell, 1994; Creswell, 1998).

This research is firmly embedded in qualitative research but also accepts some external
reality in that the rhetoric style will reflect both stances. The observation and interpretation
in this research leads to discussion of the findings more from an informal and personal
viewpoint. The use of models and questionnaires to develop and validate the findings

follows a formal and impersonal style.

2.3.6 Methodology

The research methodology which comprises the entire process of a research study needs to
reflect the four assumptions about the ontological, epistemological, axiological and rhetoric
stances (Creswell, 1994). With a quantitative paradigm the researcher takes a deductive
approach testing theories and hypotheses which are set at, or before, the beginning of a
study (Gill et al. 1991). A qualitative approach uses the reverse of deduction as it discusses

the meanings and understanding of the subject in order to explain a phenomenon. Contrary
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to the deductive logic that moves from a general stance to a particular instance in order to
support existing theory, induction moves from a particular case to a general statement by

providing a rich picture of information about a particular phenomenon.

The first part of this research is seek to explain the phenomena by observing and interpret-
ing the domain to gain a thorough understanding (induction). Findings will be used for the
development of an improved approach to resolve some of the problems encountered during
the observations and validated in a particular case (deduction). This research process can

therefore be described as an induction-deduction sequence.

The following two sections discuss the Meredith ez a/. (1989) research cycle and framework

for selecting research methods in order to develop a soundly based research approach.

2.3.6.1 The Research Cycle

The research process is about organising the investigation, collection, interpretation and
analysis of data and information. This is influenced by many variables and situations that are
not foreseeable. Emory (1985) states that even though clearly laid out stages in the research
design might be skipped and/or need revisiting at a later stage, the concept and sequence of

a research process is helpful when planning research.

Meredith ef al. (1989) suggest that all research investigations within the field of Production
and Operations Management can benefit from using a repetitive ongoing cycle of
Description, Fxplanation and Testing. The three stages might be seen as the main elements
of a research process which need to be continuously revisited and Meredith ef al. (1989)
point out that in practice the stages are rarely as clear as proposed. During the research

process the stages might be addressed in a different order or activities from different stages
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objectives of the research problem. Depending on the outcome of the validation, this phase
may be the point for starting further cycies with refined knowledge and/or a modified

problem definition (Meredith ef al. 1989).

In this case, the researcher understands the research as a continuous learning process about
the phenomenon itself and about the special knowledge of theories, methodologies,
techniques and other skills which are required to enable him to satisfactorily complete the
research. This is similar to the Kolb ef al. (1979) experiential learning cycle of concrete
experiences, observations and reflections, formation of abstract concepts and
generalisations and testing implications of concepls in new situations. As learning can start
at any point, Kolb ef al. (1979) suggest that the individuals might emphasise particular
elements of the cycle depending on particular circumstances. For this research such an
iterative but informal process of learning supports the researcher in the principle of under-
standing. This allows the acquisition of additional knowledge about the phenomena from
different viewpoints and learning about different research methods through repetitive

literature studies or other means.

2.3.6.2 Selection of an appropriate research method

To be able to find the right answers for the research problem, a research method which is
one part of the overall research methodology must be selected. Writers such as Gill and |
Johnson (1991) and Meredith ef al (1989) have put forward frameworks for research
method identification to support the process of selection from the range of methods avail-
able. The selection of appropriate research methods is constrained by the epistemological
and ontological stance of the researcher and the research problem itself (Denzin e/ al.

1994).
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The framework constructed by Meredith ef al (1989) distinguishes between two
dimensions. The first dimension describes the epistemological structure of the research
process from rational to existential and the second dimension indicates the origin and

nature of information gathered from natural to artificial shown in Figure 2-3.

A purely rational viewpoint assumes any generated knowledge is independent of the
observer, while with an extreme existential view the distance between the observer and
what is being observed is reduced. In the latter case, knowledge generated is the
individual’s experience from interacting with the subject and its environment. The second
dimension differentiates reality between a natural extreme, where information is derived

empirically and an artificial extreme where reality is interpreted and reconstructed.

ONTOLOGY
NATURAL ARTIFICIAL
Direct observation | People’s perceptions Artificial reconstruction of
of object reality of object reality object reality
Axiomatic reason/logic/theorems

normative modelling

descriptive modelling

RATIONAL

Logical field studics prototyping
- Positivist/ field experiments physical modelling
8 Empiricist laboratory experimentation
g ' simulaticn
E Interpretive | action research historical analysis conceptual modelling
é case studies delphi hermeneutics

intensive interviewing

3 expert panels

E futures/scenarios

E Critical introspective reflection
{j| theory

Figure 2-3: A framework for identifying research methods (Meredith e al. 1989)

24



Chapter 2 — Research Methedology

Together with the philosophical assumptions made earlier, the research methods which are
proposed by the Meredith ef al. framework (1989) addressing the natural and existential
end of the continuum are seen as appropriate methods to form part of the research method-
ology for this work. Information generated from such an approach cannot be independent
and unaffected by the researcher’s interpretation and others involved in the study. This
research will therefore focus from an ontological viewpoint on both the direct observation
of object reality and people s perceptions of object reality and on the inferpretive perspec-
tive from the epistemological stance. The primary research methods will be case studies,

Action Research and interviews.

2.3.7 Conclusion

The qualitative stance that has been chosen by the researcher stems from the description of
a personal interest, the philosophical assumptions and the research domain itself. The
researcher does not deny the value of the positivist approach when studying natural
philosophy such as physical science but it is necessary to go beyond positivism when
explaining problems of people and organisations. This leads to the ontological assumption
that there is an existing reality which can be discussed providing that each individual
involved has a construct about it. The philosophical assumptions for this research are

summarised in Table 2-2.
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Assumption Question Positivistic versus This researcher’s
phenomenological viewpoint position
Ontological What is the nature of | Assumption whether the world is | Nominalistic and
reality? objective and external 1o the qualitative position
researcher or socially constructed
and subjective
Epistemological | What is the Concerned with the study of Observing and
relationship of the knowledge and what is accepted | explaining situations
researcher to that as being valid knowledge rather than objects;
being researched? being involved in what is
observed
Axiological What is the role of Concerned with values; differs Some bias inevitable in
values? between a value-free/unbiased observations; validation
and a value-laden/biased nature of research to reduce bias
Rhetorical What is the language | Concerned with the language of | Rhetoric style will reflect
of research? research which varies from a each stance; Formal and
formal and impersonal style to impersonal for models
informal and personal and questionnaires;
Informal and perscnal
for interpretations and
observations
Methodological | What is the process Concerned with the process of Induction-deduction
of research? research which varies from a sequence; explaining a
deductive view (testing theories phenomenon by
and hypotheses) to an inductive observing, understanding
form (observation and and interpreting
explanation of a phenomenon) {inductive) the rescarch
domain before validating
{deductive)

Table 2-2: Quantitative and qualitative assumptions as identified by Creswell (1994)

The remainder of this chapter explains the research methodology used in this research and
describes in detail the research process and the methods applied. It is there to structure and
support the research study, to produce. the new knowledge that will fulfil the needs

discussed in Section 2.2 and is aligned with the philosophical position of the researcher.
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2.4 Research Methodology used during this research

Following on from the previous sections that described the researcher’s preunderstanding
and understanding about the subject, the philosophical position and the needs of the practi-

tioners, the objectives of the research can be summarised as:

e to review the current work undertaken by organisations with reference to the
implementation of the requirements of the ISO 9001 quality standard into their organi-

sation (Chapter 3),

e to identify the current approaches available to the implementor of the ISO 9001 quality
standard and to cntically evaluate those approaches with reference to a business

process-oriented organisational structure (Chapter 3),

e to identify the cniteria for a modelling technique to reflect the requirements 1SO 9001 in

a Fulfil Order Process (Chapter 4-6);

¢ to develop a useful modelling approach to implement the findings derived from the

research (Chapter 7-9).

To address the above research objectives, the chosen structure of the research methodology

is based on the research cycle as described in Section 2.3.6.1 and shown in Figure 2-4.
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included information gained from the experiences reported by practitioners working in the

field.

From this initial understanding further investigations were carried out in the form of partici-

patory observation using the case study approach.

2.41.2 Use of Case Study

The case study approach has been chosen to complement findings from the initial literature
study by observing the phenomenon in its real-life context and concentrating on specific
instances to create proposals for further studies. Case studies are seen as a useful research
method to provide a rich data source of the observed allowing Aow and why questions to be
addressed (Meredith ef al. 1989; Yin, 1994). Gummesson (1991) describes the case study
approach as a general research tool to add value to the body of knowledge while Meredith

(1998) and Eisenhardt (1989) concentrate on case studies for theory building.

The principal concern is to establish the case study design that will define the phenomena
under study (Yin, 1994). This case study concentrates on the implementation approach of
the ISO 9001 quality management system within the organisation of the case company to
better understand the phenomenon of this research. The main objective for this case study
was to obtain evidence on how the organisation designed and implemented its ISO 9001
quality management system. The adopted field role can be characterised as a participant as
observer which focuses on gaining access to the subject in the form of social intervention
(Johnson ef al. 1999). This allowed the researcher to gain knowledge about the structure of
the quality management system itself as well as about its effectiveness by observing the

workforce as they operated the system. The researcher could observe the daily issues
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experienced by the people and their actions and interactions which an external observer

might have missed.

The advantage of using close observations to gain a full understanding leads to potential
bias and subjectivity and needs to be addressed in order to satisfy the standards of
competent research (Meredith, 1998). The use of multiple and independent measures is
known as friangulation and improves the validity of the research and minimises bias.
Easterby-Smith ef al. (1991) distinguish between four categories of theoretical, data,
investigator and methodological triangulation. Validity for this case study has been
improved by using muitiple sources of evidence and different methods of data gathering.
Vanous kinds of evidence such as documents, records, manuals and interview transcripts
which belong to the category of data triangulation have been evaluated, while the
application of different methods such as semi-structured interviews and participant

observation can be referred to methodological triangulation.

The literature survey and case study provided information and observations about ISO 9001
quality management systems, the design and implementation of such systems and the
problems faced by practitioners. During the next phase the research concentrated on
reflecting on the information and observations gathered in order to provide new knowledge

to support practitioners linking the requirements of ISO 9001 to a business process.

2.4.2 Explanation Phase

The understanding gained from the Description Phase was reflected upon. The current
approaches revealed issues that affected the effectiveness of the design and implementation
of ISO 9001 requirements in organisations. A further literature survey discussed in

Chapter 3 was carried out and investigated current thinking on 1SO 9001 from a business
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process viewpoint. In addition to the literature survey the researcher was directly involved
in a project to design and implement an ISO 9001 quality management system in another

manufacturing based organisation. The research method used was Action Research.

2.4.2.1 Use of Action Research

This research method was used to further the knowledge about the design and
implementation of ISO 9001 quality management systems in a process-based context.
During a period of eight months the researcher was involved in the project on a part-time

basis.

Action Research can be seen as a variant of case study research (Gummesson, 1991;
Westbrook, 1995). With Action Research however the researcher not only takes an active
part in the subject but the findings will also be used for theory building and generating new
knowledge. This approach requires the role of a full participant rather than that of an

independent observer.

Meredith ef al. (1989) and Gill and Johnson (1991) identify Action Research as an
important approach to research in business and management which serves both the concerns
of the practitioner and the contribution to knowledge. By combining research and practice
very valuable and relevant research findings can be generated. The main objective for
conducting Action Research is being involved in a specific problem which is relevant to the
organisation, making changes and monitoring the effects. Such a close relationship enables
the Action Researcher to learn about the organisation and gain a thorough understanding
based on different perspectives and interpretations of the changes that are occurring. This

arrangement makes it important for the researcher to be aware of the impact of his own
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presence. Rapoport (1970) reported three dilemmas a researcher faces when conducting

Action Research.

The three dilemmas relate to ethics, goal and initiatives. Ethical dilemmas hit the Action
Researcher in a number of ways during the project. There might be issues with the type of
product or service an organisation provides (products for warfare, products tested on
animals etc.) or the principle of confidentiality between management and its workforce or
competitors. With the statement made earlier that an Action Research project needs to serve
the purpose of producing something useful and relevant for the organisation and at the same
time lead to the contnbution of knowledge, thg Action Researcher faces the goal dilemma
of coping with this joint responsibility. The initiative dilemma refers to the role the Action
Researcher needs to play when using this type of research. Gummesson (1991) argues that
many projects labelled as Action Research do not fulfil the requirements of research and
should be associated more with consultancy work. Gill (1986) refers to the consultancy
approach as where the client usually presents a problem which is diagnosed by a consuitant
who then applies a definitive approach or packaged method to solve the problem. With an
Action Research project both parties usually present a problem statement and mutually
agree goals. A joint diagnosis stage leads to an increased involvement and commitment of
both parties which follows on to the implementation stage which is primarily carried out by
the client with the support of the Action Researcher. Another major difference between the
two approaches is that the Action Research leads into an evaluation stage where the work is
jointly reviewed if new problems occur. This is followed by the publishing of the approach

undertaken.

The dilemmas of role and goal were particularly important in this case as the researcher

supported an organisation in its quest to establish a process-based I1SO 9001 quality
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management system. A mutual agreement about the outcome of this project was settled
between the organisation and the consultancy where the researcher was employed at the
time. The consultant’s approaches would only be used if the company found them
appropriate. In all other cases, recommendations by both parties would be taken into
account and mutually agreed to achieve the desired outcome of the project. Dun'né the
" entire project the researcher/consultant and the client were jointly involved in the project.
This way the researcher/consultant and the practitioners could learn from each other and
develop their competence. With this arrangement the role of the researcher as a consultant
was reduced to only providing specialist knowledge about ISO 9001 and business processes
and avoiding entering the situation with a preconceived set of theories suggesting é pre-

defined solution.

The observations made during the project were recognised by the researcher as being
subjective. To understand whether specific observations had a wider interest in other
situations the researcher often exchanged his experiences with colleagues and others who
were not part of the client company. As part of the validati(;n the practitioners involved in
the project approved the transcripts of all meetings and workshops as part of the data

triangulation.

2.4.2.2 Development of new knowledge

The information gained from the Description Phase and the set of issues identified after
completing the Action Research approach provide the focus for the next part of this
research. It required undertaking a further literature search to uncover ideas that could be
applied to the problem situation. In-depth knowledge had to be gained about systems theory

and business processes (Chapter 4) before developing a set of criteria for modelling a Fulfil
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Order Process (Chapter 5). Further criteria were developed to allow ISO 9001 requirements
within a Fulfil Order Process to be shown (Chapter 6). This was followed by selecting an
appropriate business process modelling technique (Chapter 7) based on those criteria. These
criteria led to the development of an enhanced approach for modelling ISO 9001 links in a

Fulfil Order Process as discussed in Chapter 8.

The proposed modelling technique was developed from direct observations during the
Action Research activities, the conducted case study and other cases in literature. The next
phase of the research methodology was to determine whether the new knowledge satisfied
the five needs of practitioners as well as the specific criteria that had been defined for the

modelling technique.

2.4.3 Testing Phase

The modelling technique developed in the Explanation Phase was validated in two stages.
The principal aim of the Testing Phase was to establish whether the proposed new
knowledge met the needs of practitioners and the specific criteria set for this research. The
five needs of the practitioners were described above in Section 2.2 and the specific criteria
for the modelling technique are discussed in Chapter 5 and 6. The two stages during which
the modelling approach was validated can be dt;,scribed as a review by practitioners and by

use of the modelling approach in two manufacturing companies.

2.4.3.1 Validation by review

During this stage of validation the researcher was particularly interested in a general feed-

back on improving the modelling approach. Practitioners were presented with a manual on

how the modelling approach should be applied including an explanation about its general
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purpose. The practitioners who carried out the review were independent of the research
project. The validation by review included academics involved in the field of POM,
managers and practitioners from industry. They were asked to work through the manual and
give their feedback about the concept éf the modelling technique without actually applying
the modelling approach itself. The review was carried out in several steps to allow
improvements to be included with each version of the modelling technique. This allowed the
researcher to get useful information and opinions on how the proposed approach met some

of the needs of practitioners before validating its use.

2.4.3.2 Validation by use

During this stage of validation practitioners who had not been participants in the develop-
ment stages of this research applied the proposed modelling approach dunng the imple-
mentation of their 1ISO 9001 quality management system. In order to keep an independent
stance, case studies were initiated to ensure that the modelling approach was tested without
significant influence by the researcher. Apart from an initial introduction and explanation of
the modelling approach there was no interference in the actual application of the technique.
This should ensure that all knowledge was derived from the use of the modelling technique

and not from the researcher directly.

The practitioners’ experiences of using this modelling approach were recaptured as part of
the case study research. This information was then used to establish whether the five needs
of practitioners which derived in Section 2.2 were met, to support establishing the links
between ISO 9001 and a Fulfil Order Process as well as the specific set of criteria defined

for the modelling technique.
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2.5 Chapter Summary

This chapter has described the research methodology applied when conducting this
research. The research methodology was developed to satisfy the five needs of practitioners

and was grounded in the ontological and epistemological stance of the researcher.

Within the continuum of the quantitative and qualitative paradigm, the viewpoint for this
research work is towards a nominalistic perspective. This is based on the assumption that
while there is an external reality in which people and businesses operate it is difficult to
control, repeat or predict situations within such a Human Activity System from a positivistic
viewpoint. It is therefore necessary to understand and explain the situation using the
perceptions and observations of the people involved. This is supported by qualitative
research. From an epistemological stance it can be described as interpreting the situation,
which is best researched by participatory observations, direct involvement, qualitative data

and tnangulation.

Based on this philosophical position the research methodology was developed around a
three-phase research cycle. During the Description Phase of this research a literature survey
and case study findings relating to the design and implementation of ISO 9001 quality
management system provided a solid background knowledge which was also supported by
the researcher’s preunderstanding about the subject. The first part of the Explanation Phase
reflected upon the findings from the previous phase and led to the use of Action Research
during which a quality management system focused on a process/activity context was
implemented. This was followed by the development of a modelling technique to help
practitioners in their efforts to establish and show the links between ISO 9001 requirements
and business processes. The Testing Phase involved the validation of the proposed

modelling technique and was carried out in two stages. While during the first stage the
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concept to develop the modelling technique was reviewed, the second stage validated the
modelling approach by use in manufacturing companies. The practitioners’ observations and
experiences with the modelling approach were evaluated in respect of the discussed needs

of practitioners and the criteria set for the modelling technique.
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3 Quality standards and their implementation

As part of the research project, a literature survey was undertaken. This was to investigate
current literature concerning 15O 9000 quality management systems and business process

design.

The literature survey encompasses the development of quality from quality control to
quality management and the role of the ISO 9000 quality standard. The approaches used
by organisations to design their quality management systems to comply with the require-
ments of the ISO 9000 standard will also be examined together with an initial empirical
analysis using case studies. This chapter explores the major findings of the literature

survey and identifies issues of relevance to the research subject area.

The design of an effective quality management system goes beyond merely complying with
the 1SO 9000 standard to allow an organisation to achieve, sustain and improve quality

economically. The following are considered in this literature survey:

e Design of quality management systems — fulfil order process 1SO 9000

implementation;

* Business Process Design — quality-oriented business processes.

The investigation is restricted to the ways of designing quality-oriented business processes
that support the product and/or service cycle. It does not consider the implementation
stage or the documentation of a quality management system. Exceptions are made were the
quality of the design can only be properly evaluated after the implementation stage. This

limitation permits the researcher to focus on improving the way to design and redesign
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business processes. The research question that evolved from this part of the research will

be stated at the end of this chapter.

3.1 Design of quality management systems

What becomes apparent to practitioners when reading literature about ISO 9000 for the first
time is the vast number of different quality terms. In fact the quality standard is supported
by a separate part (ISO 9000 “Quality management systems — Fundamentals and
vocabulary”) (ISO, 2000a) which explains the many terms used in the field of quality
management. While the 1987 version of the ISO 9000 standard used the terms quality
system and quality management system, only the former term was adopted in the 1994
update. The year 2000 version of the standard introduces the quality standard, and used the

term quality management system.

In 1994 a quality system was defined in ISO 8402 (Quality Management and Quality Assur-

ance — Vocabulary) (1SO, 1994) as

“the organisation structure, procedures, processes and resources needed to
implement quality management”.

Furthermore ISO 8402 states that quality management incorporates

“all activities of the overall management function that determine the quality

policy, objectives and responsibilities and implement them by means such as
quality planning, quality control and quality improvement within the quality
system” (IS0, 1994).
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The newly introduced ISO 9000:2000 “Quality management systems — Fundamentals and
vocabulary” (ISO, 2000a) which supersedes ISO 8402 does not include a definition for a

quality system but defines instead a quality management system as

“a management system to direct and control an organisation with regard to
quality”

and a management system as

“a system to establish policy and objectives and to achieve those objectives”.

From the definitions above a quality system can be described as a means which allows an
organisation to achieve and improve quality. The quality system enables the organisation to
implement the quality policy and to accomplish its quality objectives. This is, in principle,
what a quality management system accomplishes in the 2000 version of the quality
standard. Hoyle (1998b) argues that the two terms quality system and quality management
system have been used interchangeably throughout the literature. Authors including
Harmington (1997), Adams (1995), Ho (1995) and Gupta (1996) have consistently used the
term quality management system over the years. The term quality management system as
defined in ISO 9000:2000 is used throughout this research work including the discussions

which refer to the previous version of the ISO 9000 standard.

3.1.1 From quality control to quality management

What is known today as quality management is the combined efforts of quality control,
quality improvement and quality assurance (Hoyle, 1998a). The current ISO definition

states that quality management incorporates
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“coordinated activities to direct and control an organisation with regard to
quality. Direction and control with regard to quality generally includes
establishment of the quality policy and quality objectives, quality planning,
quality control, quality assurance and quality improvement” (Quality
management systems — Fundamentals and vocabulary), (IS0, 2000a).

In the 1960s and 1970s when industry was predominantly technically oriented, quality was
very much restricted to production, inspecting product quality, with little consideration of
the importance of quality from an economic point of view (Seghezzi, 1998). This gradually
began to change during the mid 1960s as the importance of quality to other departments,
particularly research and development, became apparent and led to the evaluation of what
we today call quality assurance. The definition in ISO 9000:2000 “Quality management
systems — Fundamentals and vocabulary” (ISQ, 2000a) states that quality assurance is

“part of quality management focused on providing confidence that quality
requirements will be fulfilled”.

Quality assurance activities do not control quality but establish the extent to which quality
has been controlled. The corresponding ISO definition (ISO, 2000a) refers to quality

control as the

“part of quality management focused on fulfilling quality requirements”.

During the 1970s quality was usually the domain of a few specialists working in the quality
department of the company. The specialists received their training from courses offered by
specialist quality institutions such as the British Institute of Quality Assurance (IQA), the
American Society for Quality (ASQ) or the German Society for Quality (DGQ), attendance
at quality conferences or through membership of one of the many quality associations. This

produced a very introverted quality community.
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Seghezzi (1998) describes the great upheaval from quality assurance to quality manage-
ment in the 1980s, as the inspection of product quality was no longer considered to be
sufficient. Customers asked increasingly for capable processes and Adams (1995) reports
how technical departments began to recognise the opportunity for further development in
terms of organisation and leadership. It has been argued that this development was a turning
point for quality as it was no longer solely a technical task but clearly a management
responsibility requiring a holistic approach. Seghezzi (1998) defines the following four

factors for driving the change to quality management:

Just-in-time which no longer allowed companies the time to sort out deliveries but

required defect free goods;

o Internationalisation of trade which resulted in unknown quality behaviour by new

suppliers;

o Regulations by the EU-Commission to remove technical, non-tariff related trade

obstacles to create a common EU internal market;

e Removal of non-tariff trade barriers world-wide as proposed by GATT (General

Agreement on Tariffs and Trade) and later the WTO (World Trade Organisation).

The newly acquired instruments (see list below) facilitated this change (Seghezzi, 1998):

e Harmonised models, such as ISO 9000 systems for both quality assurance and quality
management needed to be comparable and transparent to support the development of

transparent management systems;

®  Quality Audit for monitoring, a new form of assessment was needed;
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The following summary by Voehl et a/. (1994) shows the relationship between the terms

discussed:

Quality control concerns the operational means 1o fulfil quality requirements.
Quality assurance aims at providing confidence in this fulfilment, both within the
organisation and externally to customer and authorities. Quality management
includes both quality control and quality assurance, as well as the additional
concepts of quality policy, quality planning, and quality improvement. Quality
management operales throughou!t the quality system. These three concepls —
quality control, quality assurance, and quality management — can be applied in
all parts of an organisation.

3.1.2 The origin of ISO 9000

The ISO 9000 series provides a recognised standard for a quality management system for
most organisations. One principle of the standard is that a quality management system
provides a sound basis for an organisation to demonstrate its ability to consistently provide
products and services that meet customer requirements. The standard ISO 9001:2000 is
used for certification/registration and contractual purposes by organisations seeking recog-
nition of their quality management systems. As ISO 9001:2000 has a close relationship with
ISO 9004:2000 (Quality management systems — Guidelines for performance improvements)
(ISO, 2000b) they were both revised together (2000) by the International Organization for
Standardization (ISO) as a consistent pair. 15O 9004 focuses on guidelines for those
ofganjsations whose management wants to go beyond the requirements of ISO 9001 and
make improvements on a continual basis. Organisations cannot get certification for working

to ISO 9004 guidelines.

Progress in the field of quality was originally dominated by the military and in 1959 the
American Department of Defense issued the first national standard for quality programs,
MIL Q 9858-A. This was followed by the Allied Quality Assurance Publication (AQAP) of
NATO in 1968 and a Bnitish defence standard Def Stan 05-08 in 1970. The British Standard
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Institution (BSI) published BS 5750 in 1979 based on the UK and NATO standards. In

1984 BSI revised its BS 5750. Growing commercial and international interest in the subject

led ISO to adopt BS 5750 with minor syntactic differences as a full international standard,

the ISO 9000 series. This was first available in 1987. The second edition of ISO 9000 was

published in 1994. This version which 1s now superseded by ISO 9001:2000 can be grouped

into the following four main categories:

1.

ISO 9000-1/2/3/4 - “Quality management and quality assurance standards”; these
supporting documents provided an introduction to the standard and guidelines for the

selection, use, and application of the ISO 9001/2/3.

ISO 9001/9002/9003 — “Quality systems”; these models were the “heart” of the quality
system standard and applied to organisations which seeked I1SO 9000 registration for
“contractual” purposes. Depending on the nature of the business the organisation would

apply the most appropriate of the three models.

ISO 9004-1/2/3/4 - “Quality management and quality system elements”; also provided
guidance for the organisation wishing to implement an ISO 9000 quality system for its
inherent benefits. They supported implementation of a quality system and were not

subject to any assessment.

ISO 10011-1/2/3 — “Guidelines for auditing quality systems™; the continuous evaluation
of the performance of the quality system is another essential element of the ISO 9000.

These guidelines incorporate documents for auditing and assessing a quality system.

A full harmonisation of the main standards within the ISO 9000 series was introduced in the

year 2000. The three standards ISO 9001, ISO 9002 and ISO 9003 were revised and
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integrated into ISO 9001:2000. The consistent pair ISO 9004:2000 and 1SO 9001:2000 can
be used by an organisation for the continual improvement of its quality management system.
Both standards are based on the same process-based quality management system which also
allows an easier alignment with the EFQM Excellence Model (European Foundation for
Quality Management) (Green, 2000). ISO 10011 is currently under development and will be
superseded by ISO 19011 (Guidelines on Quality and/or Environmentai Management
Systems Auditing) and will also include guidelines for auditing both types of management

systems.

This research work refers to the ISO 9000 series, which is still the most widely used term
for this standard. However organisations which seek registration to the 2000 version of this
standard need to address the quality management systems requirements published in
ISO 9001. The term 1SO 9000 is also used in cases where no further _indications are given
about which of the 1994 criteria ISO 9001, 1SO 9002 or ISO 9003 were applied. Through-
out this thesis, the reference to ISO 9000 indicates the standard in general whereas

ISO 9001 is used when actual requirements are referred to.

3.1.3 International acceptance and distribution of ISO 9000

The introduction of the ISO 9000 series in 1987 was a success from the start. There being
no official database of certified companies the ISO Central Secretariat undertakes an annual
survey called “The ISO survey of ISO 9000 and ISO 14000 certificates”. It gives an over-
view of two of its most popular standards, the quality standard 1SO 9000 and the environ-
mental standard ISO 14000. Excerpts of the Tenth cycle up to the year 2000 (ISO, 2001)
are shown in Figure 3-2 and includes the three countries with the highest number of granted

certificates. The survey backs up an earlier statement by Harrington et al. (1997) that
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Option 1 An informal quality management system.

Option 2 Their own documented quality management system based on their past experience and
their present needs. ’

Option 3 A quality management system that reflects the requirements imposed on them by their
customer.

Option 4 A quality management system that meets the requirements defined in the 1SO 9000 series.

Option 5 A quality management system certified to the 1SO 9000 specification.

Option 6 A complete quality management system that meets the needs and expectations of all the
stakeholders and includes the minimum requirements defined in [SO 9000, allowing the
organisation to be certified to the ISO specification.

Table 3-1: Different types of a quality management system (Harrington ef al. 1997)

In addition Hoyle (1998a) summarises the following four approaches to ISO 9000 imple-

mentation.

Simply foliowing what the standard dictates;

¢ Documenting what you do in response to the requirements of ISO 9000;

e Limited documentation of the business processes to meet the requirements of ISO 9000,

e Creating an integrated management system that covers all processes and where relevant,

addresses the requirements of ISO 9000.

The following sections address each of the above in turn.

3.1.4.1

“Following the standard” method

This method documents the activities that are required by the standard and generates a

quality manual that addresses each element of the standard in the sequence in which they are

presented, regardless of their relevance to the business. Many companies gain no real

benefits from this type of quality management system and unsurprisingly remain
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unconvinced of the potential benefit obtained from a strict compliance with the requirements
of this standard (Griffin, 1995). Barrett ef al. (1996) describe the development of ISO 9000
and its certification scheme as creating an excuse for many companies to approach quality
from a point of view of mere compliance, and suggest that too many quality management
systems are solely built to conform to standards rather than excellence. In a similar vein
Carley et al. (1996) observe that

“under 1SO 9000 poor quality products or services can be manufactured and

offered as long as it is done consistently and documented procedures are
Jfollowed”.

The adoption of ISO 9000 leads in many cases to disillusionment in those companies. They
are led by certification bodies to believe that documentation is the key factor and it need
only mirtor the published requirements of the standard (Dean, 1997). Shillito (1995) argues

that

“where the use of ISO 9000 may have gone wrong is in creating the impression
that a prime function of the documentation is for the demonstration of the
operation of the management system, usually for the certification body. In reality,
the documentation is not the management system. It exists only to assist
management. Documentation should be designed for the operators, not the
certification agency”.

Many companies are forced to create new organisational units and introduce additional
bureaucracy simply to deal with the amount of paperwork generated by an ISO 9000 quality
management system (Bokhoven ef al. 1996, Primrose et al. 1996; Barrett ef al. 1995).
Systems implemented this way will fail to provide the user with the transparency needed to

better understand its structure (Tranmer, 1996).

Companies often fail to identify the potential for quality management systems to become an
important tool in the day to day work of their staff (Bleuler et al. 1995). This missed
opportunity can lead to frustration in the workforce (Adams et al. 1997).
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The comments and feedback about the new standard are in general very positive (Green,
2000; Wilmer, 2000). A proper judgement however will require some time as the organisa-
tions are granted a three-year transition period to update their current quality management
systems to the new version starting from the date of publication of ISO 9001:2000

(December 2000).

3.1.4.2 “Documenting what you do” method

Documenting what an organisation does will not necessarily create a system but may
describe all of its components (Hoyle, 1998a). As long as the implementation of ISO 9000
requirements is seen by many to be satisfied by a documented description which does not
reflect the actual organisation, it is inevitable that “parallel tracks” will be used to
successfully manage the essential business functions and others to manage quality, the en-

vironment or health and safety (Hall, 1998).

The usual approach to documenting quality management systems is to write procedures.
Tranmer (1996) comments that this tool for communication is not well understood in most
organisations. Verbose and complicated procedures are the results of using obscure termi-
nology, confusing the meaning of things and attempting to cover too much in one
document. Abe;er et al. (1997) suggest that many companies demonstratei the first signs of
being process-based by presenting their procedures in the form of flowcharts. However,
many of them fail to change their functional organisational structure. This becomes evident

when evaluating the quality manuals.

Lo ef al. (2001) propose the use of a business process modelling approach called IDEF,
(Integration DEFinition language 0) to present a quality manual and to document the

relevant quality procedures. This method of documentation is seen as an alternative to the
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conventional way of presenting quality manuals. However this proposed approach only
addresses the documentation of the procedures in the quality manual. It overlooks the
advantages of the IDEF, approach to model organisational processes and integrate this with

the quality manual. The IDEF, modelling technique is described in detail in Chapter 7.

3.1.4.3 “Business process” method

This method focuses on the processes that convert customer input into customer output and

maps the requirements of the standard onto the process model (Hoyle, 1998a).

Regardless of the requirements of standards, the management system must be built around
the business processes to keep the system efficient and lean (Hesterwerth, 1998). As
compliance to procedures will achieve little if the processes are not designed and operated
to achieve business requirements (Dean, 1997), other aspects from profitability to
legislation or environmental protection must also be addressed (Buhlert, 1998). The overall
task of quality management systems is not to implement a jungle of instructions (Helling et
al. 1997) but to focus on a target-oriented optimisation of the business processes. Many of
these quality management systems based on the ISO 9000 standards have been implemented
in the conventional way with conformity as the primary goal. They are therefore structured
in the same way as the standard itself (Karapetrovic, 1999), just describing how the
organisation responds to the various sections of the standard. Tranmer (1996) states that
the common element of quality management systems is simply a process, not a new concept
and that
“most organisations lack an appropriate tool, first to define the process clearly

and, second, to manage documents covering more than a couple of aspects of a
process”.
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Organisations need a true understanding of business processes and the idea of process
management. By adopting the “business process” method the organisation can create a
quality m;'magement system rather than a quality assurance system. Tranmer (1996) and
Renfrew (1997) both argue that a good starting point to design a process-oriented quality

management system is to split the processes into the following three distinct types:

®  core processes
which reflect the sequences of events that cause customers to value the product or

services;

® supporting processes

which are tasks ensuring the core processes work effectively;

® assurance processes

which ensure that an organisation is meeting its operational objectives.

Karapetrovic ef al. (1998a) argue that an ISO 9001 quality management system needs to be
understood from a systems viewpoint which incorporates interdependent processes that use
resources to achieve an objective. In the 1994 version of the ISO 9001 standard, the
relationships between the 20 sections which made up a quality management system were not
obvious and required rearrangement to see the interdependencies. According to the
literature this was unfortunately not common practice when developing a quality manage-
ment system. ISO 9001:2000 is now based on a process mode! which focuses on meeting
objectives, rather than documenting processes and claims to address some the issues raised

by its critics over the years (Karapetrovic ef al. 1998a).
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3.1.4.4 ‘“Integrated management system” method

There is some confusion in the literature as to what precisely constitutes an integrated
management system. To some it is a combination or linkage of various standards such as
ISO 9000, the environmental standard ISO 14000 and BS 8800/OHSAS 18001 (for
oc;:upational health and safety) into one single management system. This approach is based
on the objective that “any organisation has just one management system in the end which
must be designed to achieve the organisation’s mission” (Campbell, 1996). Muir ef al.
(1998) claim to achieve this aim by a single integrated standard and propose the idea of
QUENSH (Quality, Environment, Safety and Health). The argument is that even if
standards complement each other they will always be separate systems and integration will
be difficult to achieve. Muir and Renfrew’s QUENSH is therefore based on a singte
management system standard which also considers the various requirements of 1SO 14000
and BS 8800 using the ISO 9000 structure. The QUENSH revision of ISO 9001 has been
established by cross-relating the elements of BS 8800 and ISO 14000 based on the 20
section structure of ISO 9001, -using as much of the common ISO-terminology as possible.
Critics such as Woolliscroft (1997) argue that such a single standard would simplify current
management systems which is probably not appropriate for its stakeholders right now as it
might be a step too far for the majority of them. As QUENSH focuses on the strategic
management of organisations’ key business risks, this approach uses business processes to
cross organisational boundaries and to introduce a risk viewpoint (Renfrew, 1997). Renfrew
also suggests the establishment of a QUENSH department with QUENSH experts dealing

with aspects for products, processes and systems.

In a similar vein to QUENSH, the electronics company Sharp developed its Integrated
Quality Standard — IQS which enables their dealers to establish a management system

according to the company’s demands (Henderson, 1997). This approach incorporates
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ISO 9001 (quality), ISO 14001 (environment), BS 8800 (Occupational health and safety),
BS 7850 (Total Quality Management — draft), MQA (Marketing Quality Assurance), and
IIP (Investors in People). Even though this approach is called infegrated it simply combines

all standards in one programme as a set of requirements for all its dealers.

Others (including Ulrich, 1971; Bleicher, 1992; Seghezzi et al. 1995, Adams, 1995;
Seghezzi, 1996) present integrated management concepts that are not designed around
standards. They argue for a holistic approach in which quality or any other requirement can
or must be embedded. The premise is that quality, ISO 9000 or any other ISO standard
cannot act as a management system unless they consider all aspects needed to run a
business. One of the most widely used generic management systems is the St Gall
Management Concept developed by Bleicher (1992) which led Seghezzi (1996) to develop

his Integrated Quality Management - IQM approach.

3.1.5 Empirical analysis during the Description Phase of the research

This part of the chapter introduces the first phase of the empirical research. It consists of a
case study of the design and use of an ISO 9001 quality management system considering its
organisational structure and its business activities. The aims of this case study are to
determine whether the concepts and methods used by the case company reflect what has
been portrayéd in the literature and to provide initial empirical evidence upon which the

research builds.

The case study research plan that was issued to the case company incorporated the

following objectives:
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e to determine the structure of the 1SO 9001 quality management system used by the

company;

o to determine the concepts and methods used to design and implement the ISO 9001

quality management system,

e to identify the relationship between the ISO 9001 quality management system and the

organisational structure.

The case study includes a general background of the manufacturing organisation together
with the development of the quality management system since its introduction. It
incorporates a detailed investigation about the structure of the quality management system
together with the documentation structure and document control. It also assesses how well
the quality management system is incorporated in the business structure of the organisation

by using Hoyle’s (1998a) four different approaches for implementation.

This case study was carried out by the researcher over seven months whilst working for the
case company for three days each week studying the quality management system. The
researcher’s role could be best described with participatory observations as he was fully
integrated within the company and the situation was observed and the information recorded
as it occurred. Together with the observations, open ended, semi-structured interviews with
various people at different levels in the organisational hierarchy enriched the data. Talking
to the Quality Manager, Document Controller, Quality Engineers, Product Manager and
Team Leaders refiected the different viewpoints and perceptions about the quality manage-
ment system. All interviewees were sent a transcript of the interviews to enable validation.
Additional information for this case study was drawn from the documented quality

management system and other relevant internal and external company documents.
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3.1.5.1 Summary of Case A

Case A is a first and second tier supplier manufacturing sealing systems for the automotive
industry. Its QS-9000 quality system was developed continuously during its nine years
existence and met the requirements of ISO 9001. As part of an international organisation
operating world-wide, the case company was advised by consultants and experts in the field
during the design and implementation stages. The initial findings and the key points of
interest of this case study are summarised and discussed below. The full case study is at

Appendix 1.

Hoyle’s (1998a) description for the different approaches of a quality management system
allows Case A’s to be described as being somewhere between the method of “following the
standard” and “documenting what you do”. The functionally based organisation addressed
each section of the standard in the sequence in which they are presented, regardless of their
relevance to the business. This type of quality management system is also called section- or
sector-based (Muir et al. 1998) as it follows the structure of the I1SO 9001 with its 20

different sections,

The interviewees did acknowledge that the documented quality management system was
unresponsive to the requirements of their day to day work and due to lack of transparency it
involved extra bureaucracy. As procedures and office instructions were controlled and
distributed by head office they were written in a general manner and were open to
interpretation. Only the standard operating instructions for the shopfloor operations were
explicit and clearly specified. With over 100 procedures and office instructions and more
than 1,600 standard operating instructions the quality management system had become very

complex over the years.
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This development is likely to continue, as the organisation had to take on new business due
to closures of other sites. Moreover Case A was also implementing an environmental system
to comply with the ISO 14000 standard. The option of reorganising the quality management
system and designing an integrated quality and environmental management system was not
preferred. mainly due to lack of resources and the concerns of jeopardising compliance with

QS-9000.

In the design of the quality management system Case A did not apply best practice methods
used in other areas of the company. It only recently changed its way of recording new
procedures from pure text to using simple block diagrams. However Case A had used
flowcharts to document and improve the workflow on its shopfloor for many years. The
only advantage of this approach is that the documentation produced matched the standard

and it was therefore easier for the auditor to venfy compliance.

From this, the research develops its focus and further specifies the domain to develop a

research question and make a useful contribution to the field.

3.1.6 Conclusion of quality management systems literature

As a result of this literature review and the findings of the case study it was concluded that
current approaches to the design of quality management systems have the following key

weaknesses:

o responding to the requirements of the ISO 9001, by simply documenting what a
company does is still one of the most common approaches adopted. Such an approach
can lead to increased bureaucracy and the associated additional work due to the minimal

cognisance the quality management system takes of the existing organisational structure,
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¢ the design of quality management systems often achieves the process-oriented character
at the documentation stage but fails to create the corresponding organisational

structure;

¢ the usefulness of business process-oriented organisational structures has been widely
recognised. In the field of quality, the focus remains on the design of a certifiable quality

management system, not on an overall systemic view of the entire business.

The conclusion is that a process-oriented approach (which is not limited to one or more
standards but to the organisation and its organisational structure) would provide a system
that benefits the business rather than merely conforming to the requirements of a standard.
The design of business processes to deal with the requirements of standards (in particular
ISO 9000) demands further research. In the following sections of this chapter the research

concentrates on the domain of business process design and ISO 9000.

3.2 Business process design and ISO 9000

Instead of emphasising the structure of an organisation, business process design attempts to
plan and optimise the output of an organisation according to the requirements of the market
{Mertins ef al. 1999). Outputs to customers are delivered by chains of activities which may
be seen as business processes. As discussed in Section 3.1.4.3 authors such as Harrington et
al. (1997), Hoyle (1998a), Mertins ef al. (1999), and Tranmer (1996) suggest that quality

management systems should be aligned with business processes.
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3.2.1 Quality-oriented design of business processes

ISO 9001 points out that all work is accomplished through processes. Companies that are
ISO 9000 registered describe their operations in many ways, typically some mixture of text
and diagrams published in a quality manual. However not every organisation recognises that
it operates processes, even if its functions and responsibilities are well understood (Quld,
1995). Harrington ef al. (1997) argue that a quality management system needs to be built
around different levels of processes. The process hierarchy should include macro-processes,
processes, activities and tasks. The m-acro-processes sometimes called mega processes are
required to conduct the organisation’s business objectives. A process is part of a macro-
process and usually documented in operating procedures. Activities which form part of a
process are usually documented as instructions. The detailed steps needed to conduct an
activity are called tasks. Other authors use slightly different terms for example Hoyle

(1998b) uses the term activity instead of task.

Hoyle (1998b) suggests that a business process approach cannot start with the standard or
by documenting what to do. It needs to start with a model of the business — indicating
business processes and their dependencies. Generally process-oriented quality management
system approaches limit their defined business processes to those processes needed to
comply with 1ISO 9000. Theée processes are often referred to as quality processes and do

not explain the full story and show the “entire picture” of how an order is processed.

Hoyle starts with definitions of the interfaces of both the business and the quality manage-
ment system. The business interfaces place the organisation in context with its surroundings
while the quality management system interfaces establish and define parts of the business
contributing to the quality management system. Hoyle creates a system model, which

involves successive levels of the quality management system including business processes,
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tasks and activities. During the process identification the functions and departments of the
organisation contributing to each individual process will be omitted. Only after creating the
system model will they be correlated to the business processes using a function deployment
matrix. The requirements of ISO 9000 that apply to each process will be associated with the
business processes in a similar way as the functions using a requirement deployment matrix.
After analysing this matrix a company can determine whether there is a requirement for
additional tasks or not. For the actual process mapping Hoyle uses block diagrams and

ANSI (American National Standards Institute) flowcharts.

3.2.2 Enterprise modelling architectures and ISO 9000

3.2.2.1 ARIS - The Architecture of Integrated Information Systems and 1ISO 9000

The Architecture of Integrated Information Systems (ARIS) by Scheer (1994; 1998) is a
general methodology that facilitates the specification and implementation of information
systems (IS) to support business processes. ARIS provides a comprehensive framework for
process engineering and management with integrated IS-support for designing, managing,
controlling and executing business processes (Scheer ef al. 1999). It is based on the four
connected levels of process design, process management, process workflow and process
application. The top level of process design incorporates activities to define, model and
analyse the organisation’s business processes. To describe all aspects of a business process
the ARIS framework applies four descriptive views namely function, data, organisation and
confrol and three life cycle phases requirement definition, design specification and
implementation description. Process management deals with scheduling and monitoring the

business processes to collect the correct data and information. The third level of process
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workflow transfers the data to its required destination where it is processed with appropnate

methods and techniques defined on the fourth level of process application.

A software suite named the ARIS-Toolset supports this comprehensive methodology
(Scheer ef al. 1999). When incorporating the ISO 9001 quality standard dunng the
modelling of the business processes at the process design stage of the methodology, one
facility of the software solution is to support the quality management system and generate a
quality manual. ARIS might offer a process-oriented solution for the design of an ISO 9001
quality management system. There is however little evidence in the literature that
organisations with the intention of only becoming ISO 9001 registered have applied the

comprehensive ARIS methodology and developed an integrated information system.

3.2.2.2 GRAI Methodology and ISO 9000

The GRAI methodology 1s considered as an enterprise modelling technique and has been
developed to model decision-flow processes predominantly in the domain of production
management systems (O’Sullivan, 1994). The two original methods used in the GRAI
methodology are the GRAI Grid and the GRAI Net. At a macro level of the model the
GRAI Grid shows a diagrammatic process view of the modelled activities of decision
making and information flow. The GRAI Gnd includes every decision in a production
control system in sequence and calls its position within the matrix a decision centre
(Maclntosh et al. 1995). These decision centres are then described in detail using GRAI
Nets, which also show in diagrammatic form the inputs, resources and other requirements to

execute the decisions and activities of the manufacturing system (Carrie et al. 1996).

GRAI Quality, which is currently under development (Prof. Doumeingts, private communi-

cation, July 2001), will complement the ten other methods in the GRAI methodology tree.
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This particular approach will offer a facility to deploy quality procedures and link them to

the concerned business processes (Doumeingts ef al. 2001).

3.2.2.3 IEM - Integrated Enterprise Modelling and 1ISO 9000

Mertins et al. (1999) developed a modelling method based on integrated enterprise
modelling (IEM). 1t is related to the 20 sections of the ISO 9001:1994 quality standard and
allows companies to analyse, improve and redesign their business processes. The modelling
language is used to create business process models with an integrated quality management
system. Predefined reference models are part of a structured model library. A reference

model provides predefined model structures that need to be specified and adjusted.

This object-oriented approach models business processes using product, order and resource
as the three main modelling elements of an enterprise. A product is either a physical product
or service requested by the customer. The action to transform the product to its desired
state is controlled by an order that monitors and checks the use of resources to fulfil the
customer requirement. Resources are either physical or information objects (Mertins ef a/.

2001).

The enterprise model uses predefined models of processes that are based on the require-
ments of the 20 sections of the ISO 9001 to support the development of a quality manage-
ment system. Serving as a reference model for process models it should enable adjustment
of the model to create a company-specific version. Such reference models are called process
modules and refer to different sub-processes of the enterprise model. The following three
main categories for process modules as shown in Table 3-3 are based on Pfeifer’s (1993)
division of the 20 sections of the ISO 9001:1994 into process-related sections, process-

accompanying sections and control seclions.
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Management process modules

Process modules accompanying
processes

Process modules related to
processes

Top management responsibility
1)

Products provided by the
customer (7)

Contract verification (3)

Quality management system (2)

Testing devices (11)

Procurement (6)

Internal quality audit (17)

Testing status (12)

Design control (4)

Corrective and preventive actions

(14)

Controlling documents and data
()

Process control (9)

Training (18)

Identification and traceability (8)

Treatment, packaging, storing

... (15)
Tests (10) Maintenance (i9)

Controlling defective products
(13)

Controlling quality records (16)
Statistical methods (20)

Note: the number in brackets indicates the corresponding sections of the ISO 9001. Mertins uses different
terms for some of the individual sections compared to the ISO 9001 standard.

Table 3-3: Process modules based on the 20 sections of ISO 9001:1994
(Mertins ef al. 1999)

Process modules related to processes are assigned to business processes directly related to
the value-adding chain. They support the processing of an order within the organisation.
Process modules accompanying processes go alongside the process-related modules. They
could be employed during various stages within the production process as they refer to
indirect production activities such as festing or inspecting. Management process modules

concentrate on the development and the documentation of the quality management system.

From a practitioner’s viewpoint Mertins ef al. (1999) suggest the application of the
predefined models as inexperienced users might find it difficult to apply this comprehensive
and complex approach for the first time. There are potential problems while trying to
integrate individual process modules into suitable positions in the enterprise model. This is
likely to happen if the users are not familiar with the modelling approach of integrated
enterprise modelling (IEM). From case study findings Mertins e al. (2001) report that the

main benefits of this approach are an improved understanding of the enterprise through the
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modelling process which crosses departmental boundaries. The application of the model
itself led to an increased transparency of the business recognising gaps in communication

and documentation within the organisation.

3.2.3 Empirical analysis during the Explanation Phase of the research

The next phase of empirical research consisted of an Action Research case study in the
design and implementation of an activity-based [SO 9001 quality management- system. It
follows on from the findings of Case A and the subsequent literature survey which concen-
trated on process-oriented approaches to the design of ISO 9001 quality management
systems. The aim of this Action Research was to apply the gained understanding and
knowledge about business process design and to model an ISO 9001 quality management

system which 1s firmly embedded in the organisational structure of the organisation.

This Action Research includes a general background to the manufacturing organisation
(Case B) together with the overall objectives of the case organisation to develop an
effective quality management system to support the company commitment to satisfy their
customers with quality products. It describes the principal ideas of this approach together
with the structure of the quality management system. This includes the tools used to
correlate the requirements of the standard with the business activities. Furthermore it
discusses the approach to the development of the quality management system together with

the company’s experience with this new system.

This case study was carried out by the researcher over a period of eight months during
which he was working for the case company on two days each week designing and imple-
menting a quality management system. The Action Research approach included a direct

involvement in the development of the system. With the intention to firmly embed the
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quality management system throughout the entiré organisation the approach nvolved a
large number of employees and aimed to generate commitment to the system. The data was
derived from direct observations and discussions with employees involved in the project
during and outside a series of workshops. It also included regular reflections on the findings
with the entire senior management team which was involved in the project from the
beginning and with independent fellow experts in the field. For validation, the transcripts of
the findings were submitted to the process owners of the quality management system. A
final copy of this case study was approved by both the General Manager and the leading

consultant,

Case B 1s a paper mill which produces all its products to customer requirements. In order to
guarantee a superior quality product, Case B decided to align its quality management
system with the requirements of ISO 9001. The results of the initial investigation are

summarised and discussed below. The full case study can be found in Appendix 2.

3.2.3.1 Summary of Case B

Case B was chosen because the organisation decided to extend their existing quality
management system with the ISO 9001 standard. The company’s objective was to
implement an effective, process-based quality management system. Using the Hoyle (1998a)
description for the different types of a quality management system again, the quality
management system could be described as being somewhere between the method of
“documenting what you do” and the “business process” method. The business was designed
using some of the ideas discussed in the business process literature. As the company
retained its functional structure the researcher referred to the defined processes as key

activities and activities. Even if the activities had a horizontal flow they were not defined at
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start and finish with a customer nor did they cross any departmental borders. The 40
activities defined could be described as parts of complete business processes that were never
defined nor mapped. To integrate the requirements of ISO 9001 into the activities a
correlation matrix was established to ensure that all 20 sections of ISO 9001 were plotted
against all activities. This exercise was based on the experience and expertise of the leading
consultant. This did not influence the way the activities were documented as this step was

carried out at a later stage.

Flowcharts were used to document the quality management system showing links to other
activities which gave the impression of a truly business process-oriented organisation. The
format of the quality manual might have given an indication of how the company could
evolve and be organised in the future. All flowcharts showed activities. A short description
of the individual activity outlined only a general statement of an action and none of them
were broken down in greater detail and documented in the quality manual. Two columns at
the right hand side of each flowchart gave further information on individual activities
including responsibilities. Links from one activity to another across individual flowcharts

were marked.

Case B’s strictly controlled on-line production control system already incorporated an
excellent system to ensure product quality throughout the entire manufacturing process. In
terms of ISO 9001 compliance no change was necessary. 50 documents were kept in two
separate folders in production. Most of them were in words as opposed to the easier
flowchart format. These separately kept standard operating procedures and work

instructions were referred to in the quality manual by a reference mark in the flowcharts.
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This activity- or process-based approach required new roles within the organisation as the
responsibilities for the quality management system were spread throughout the organisation.
Ownership meant that individual employees were responsible for reviewing their activities
and for ensuring that all documents were relevant and up to date. It also required them to
inform and train the people on the activity content and to monitor and assess any improve-

ments carried out on the activity.

Positive feedback was given by the people involved in the project especially about the
ownership of activities and the activity-based approach itself. It spread the workload as well
as the responsibility across various employees and they felt confident with the new
approach._ This is because they could identify themselves with the quality management

system as it reflected their individual fields of work.

3.2.4 Conclusion of business process literature

One of the key issues in the business process literature is that every activity carried out must
have a direct effect on the quality of the business outputs. A quality management system
should ideally affect all areas of a business as every process, activity and task has the
potential to create errors. The term quality is usually considered in business process design

in various different sets of measurements such as performance, reliability or conformance.

Business process related literature recognises the need for process-oriented quality
management systems. There i1s however limited guidance on the design of business
processes considering ISO 9001 requirements. Instead of focusing on overall business
processes, the design of a quality management system usually consists of a set of separate
quality processes. Such quality processes may be designed as part of a complete business

process but restricted to the boundaries of the quality management system. To link these
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quality processes to the requirements of 1SO 9001 they are usually correlated after the
design stage with an ISO 9001 requirement matrix. Achieving this link is dependent on the
expertise and experience of the team designing the system. This is generally only alluded to
and insufficiently discussed in the literature. It is unclear how the redesign of a business
process is carried out if analysis reveals that it is not conforming to all of the requirements

of the standard.

Some enterprise architectures incorporate the automatic generation of a documented quality
manual if the requirements of the ISO 9001 standard have been considered during the
business modelling. Integrated approaches such as ARIS or GRAI either strive to
holistically describe an information system for supporting business processes or to support
the decision flow within an organisation by using their comprehensive frameworks. When
developing such integrated enterprise models, quality management and ISO 9001 can
become part of the entire business. Companies that redesign their organisational structures
and apply such frameworks usually have a different set of business objectives and consider

that an ISO 9001 certification is not one of the main drivers.

Other approaches offer pre-modelled processes for a quality management system that can be
amended for the organisations’ individual needs. They are based, for example, on grouping
relevant processes into core, support and assurance processes. Each of the 20 sections of

ISO 9001 is linked to either one or more of these three types of processes.

A system needs to be identified to prepare and implement business processes that are not
only focused on single requirements such as for quality, environment or any other, but to
reflect the whole organisation. The basic requirement is to recognise a quality management

system as being the integration of interconnected business processes that cause the fulfil-
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ment of customer demands. If the design of business processes with regard to the require-
ments of ISO 9001 can be improved, quality management systems can be integrated further

into the overall business.

3.3 Overall conclusion

The quality management systems literature review highlighted the fact that the majonty of
ISO 9000 quality management systems are designed to implement a standard set of quality
processes. As a result, there is limited guidance on how to integrate the requirements of the
standard into the organisational structure of a company. The business process literature
review highlighted that business processes can improve through the integration of 1SO 9000
requirements to establish a responsive quality management system. From the case studies
there is some evidence that an activity- or process-based approach to the design of a quality
management system showed improvements when compared with a section-based approach.
In terms of responsiveness the activity-based approach gained from the defined activities as

its design considered the overall business objectives and structure of the case company.

It was argued that if during the design of business processes greater consideration to the
requirements of the ISO 9000 standard was addressed it would result in the quality
management system becoming more of an integral part of the business. The development of
quality management systems is moving towards process orientation. So far, however, the
majority of activity- or process-based quality management systems only define required
quality processes and set tight boundaries around the quality management system. Not
taking a systemic view of an organisation could lead to the possibility that improvements
made to one part of a business process may result in problems in other parts of the

organisation. It was argued that someone who 1s redesigning the process would be able to
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see where possible conflicts with the requirements of the standard occur. This also applies if
the standard changes. Such conflicts could arise where the ISO 9001 requirements “control
of documents” or “control of records” would lead to unnecessary administrative tasks,
approvals, and paperwork. This might be due to poorly designed processes and procedures
which allow the same information to be recorded and kept more than once in different
departments of the organisation. In other situations companies cannot fully understand and

evaluate the impact of changes to the standard on their processes or vice versa.

What seems to be missing is a modelling approach which does not necessarily document
procedures and instructions but supports the modelling of business processes and
establishes the links to the requirements of the standard. The next phase of the research will
therefore aim to develop the current theory on the design of business processes taking into
account the requirements of ISO 9001. The research question that reflects this intention is:

How can a process model be best drawn to establish links between business
processes and 1SO 90017

As this research is concerned with management of production activities that transform
inputs into products to fulfil a customer’s order the research will concentrate on an operate

type process. In order to answer the research question the following must be addressed:

e to define a business process in particular a Fulfil Order Process and describe it from a

systems viewpoint;

e to identify and characterise the requirements of the quality standard ISO 9001:2000;

o to develop a set of criteria which need to be addressed by an appropriate modelling

technique to model a business process to show the links to ISO 9001:2000.
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It is in this area that the proposed research will add knowledge.

3.4 Chapter Summary

Reflecting back to the initial stages of this research it can be argued that the literature
survey was conducted in two main phases. The researcher’s preunderstanding and interest
in the field led to an early literature review. This was the basis for the design of the case
study at Case A. A more refined second literature review followed that led to Action
Research at Case B from which the overall conclusion and the research question was

developed.

The remaining chapters of this thesis will describe the research carried out to develop new
knowledge that will contribute to an improved approach for the modelling of business

processes showing the links to ISO 9001.
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4 Business Processes and Systems Theory

The previous chapter proposed that process orientation can be a useful approach to the
design of a 1SO 9001 quality management system. To understand better what is required
Jfrom a process based approach this chapter will summarise the main themes from the
literature before developing a working definition of a business process. The objective of
this chapter is to discuss the principles of a business process from a systems viewpoint in
the context of a business process model, An introduction to systems thinking including a
description of a system classification, the main ideas and various different views of a

system will end the chapfer.

4.1 Business Process

Organisations can be analysed in terms of their business processes. To understand how
business processes may be analysed, it is necessary to define a process. In reviewing the
field of business process design/redesign, some common themes emerge. A business process

may be seen as a set of activities which:

o transform inputs into useful and effective outputs

To consider business processes it is necessary to be able to describe specific inputs and
outputs. To take input and create output of value to the customer is crucial. A key point
is that inputs originate from outside the boundaries of the organisation, and that outputs
in the form of goods and services leave the boundaries of the organisation (Davenport et

al. 1990; Johansson et al. 1993; Hammer et al. 1995).
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starts and ends with the customer

A business process relates to customers either directly or as contributors to other
processes. Anyone, who receives output from the process, either directly or indirectly, 1s
a customer. Customers can be classed as being directly or indirectly affected by the
output from the process or as being an internal or external customer in receiving the

output (Harrington, 1991; Hammer ef al. 1993).

focus on goals

Each process exists to make a contribution to one or more business enterprise
objectives. Goals for a business proceés approach force fresh thinking about both the
process structure and the way work is done. Each process should be measured against
process goals that reflect the contribution of that process to accomplish the overall

business objectives (Harrington, 1991; Hammer e al. 1993).

can be measured to allow feedback and process improvements

Processes should be maintained and improved so that the organisation can enhance its
performance level. The inputs and outputs can be measured and monitored for
numerous factors such as usefulness, costs or time. A system of measurements and
feedback controls helps to establish process effectiveness and efficiency requirements.
While process effectiveness is a performance measure for producing the desired output,
process efficiency gives feedback on how much resources have been used (Davenport ef

al. 1990; Harrington, 1991; Hammer ef al. 1993).
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flow horizontally using a hierarchical structure

A process structure differs from the more conventional vertical hierarchy and
responsibility in that it shows a dynamic view of how the organisation delivers value. By
taking a process approach the structure reflects the way which is necessary to produce
value for its customers. Processes flow horizontally and can be disaggregated into
hierarchies of smaller processes with increasingly detailed activities (Davenport et al.

1990; Harrington, 1991).

cross organisational (functional) boundaries

Work carried out in organisations generally consists of integrated elements produced by
independent organisational units. A business process can be described as being
independent of organisational boundaries (cross-functional) as it flows horizontally
across several functions or departments linking them together. A process structure
should be visualised in order to understand organisational boundaries. Such a structure
will highlight the linkages with other processes within the organisation and with

customers (Davenport ef al. 1990; Harrington, 1991; Johansson ef al. 1993).

require resources to transform inputs into outputs

The transformation process requires resources to make the contribution to that process.
The transformed resources, which are usually a combination of materials and
information, are converted by transforming resources. The two classes of transforming
resources are facilities such as equipment in general and staff (Slack er al 1995,

Armistead, 1990, Rummler ef al. 1990).

75






Chapter 4 — Business Processes and Systems Theory

Management processes are concerned with planning strategy and operations and monitoring
performance and are used to manage and control other processes. Operational processes are
to develop product, make product and market product. Support processes are mainly
concerned with the maintenance and assistance of the operational and management
processes (providing, maintaining and assisting enterprise resources) (CIM-OSA/AMICE,

1987; Childe ef al. 1994).

This research is concerned with management of the production activities that transform
inputs into products to fulfil a customer’s order. This transformation can be viewed as being
an operate type of process because it is directly related to satisfying an external customer’s
requirements by producing direct value. Four types of operate processes are defined and
described in Childe et al. (1995) and Maull et al. (1995a), they are Get Order, Develop
Product, Fulfil Order and Support Product. A Fulfil Order Process turns an order into a
finished product or service and delivers it to the customer by activities which are performed
by employees and machines. Enquiries are turned into specifications, and product orders
into products. This will include flow of materials and information that result in the fulfilment
of an external customer’s order or enquiry. The concept of the order fulfilment process is

widely accepted in literature (Chen; 1999; Cooper, 1996; Jackson, 1996; Meyer, 1993).

Maull et al. (1995a) state that a number of important ideas associated with the concept of a
business process are not made explicit enough. They believe that the use of a business
process can be grounded in the discipline of systems. This view is also shared by other

authors such as Rummler and Brache (1990) and McHugh ef al. (1995).
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4.2 Basic concept of systems theory

The word system has many interpretations and is of a subjective nature. It could be
observed simply as a set of entities that interact. A pragmatic definition is that a system is
the organised collection of men, machines and material required to complete a set objective.
By using Ackoﬁ; s (1981) more scientific definition, a system can be described as a set of
two or more elements. The interdependence of these elements also forms a behavioural
pattern which has effects on the whole. The latter is also true if subgroups of an element are
formed. This outline of what a system means can be summarised using Checkland’s (1981}
definition, namely:

A system embodies the idea of a set of elements connected together which form a

whole, this showing properties which are properties of the whole, rather than

properties of its component parts. (the taste of water, for example, is a property of
the substance water, not of the hydrogen and oxygen which combine o form it.)

Wilson (1984) states that the above definition provides an overall understanding but should
be refined by def"ming different types of systems. In the literature of systems theory types of

systems are also referred to as classes of systems.

4.2.1 Classification of systems

A paper written by Boulding (1956) is a frequent starting point when describing systems
theory. Boulding’s classification of systems shows a concept that incorporates a hierarchy
of systems with different complexity. The framework consists of nine different levels as
shown in Table 4-1 and comprises systems with greater complexity down to those of being
less complex. The hierarchy of systems is useful and gives an understanding of the
complexity of different systems. It also explains another concept where a system itself can

consist of various other, less complex sub-systems. In General Systems Theory (GST)
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Boulding’s hierarchy of systems complexity is one of the most general theories upon which

the more specialised ones have built.

Level | Systems

Characteristics and Examples

9 Transcendental systems

“Inescapable unknowables”, the idea of God; languages and
science

8 Socio-cultural systems

Populations of organisms such as man living together as
communities; roles, communications and cultural factors
expressed in music, art or emotions

Individuals are defined as a system; additional qualities to the
ones of the animal level are s¢lf-consciousness, self-awareness
and the ability to communicate by language

6 "| Animals

Structures where the main characteristics are various degrees of
consciousness, behaviour and mobility; with the ability to learn
reactions to changes in the environment are more or less
instantaneous

5 Lower organisms

“Plant-like” organisms with its main quality of differentiation of
system (so-called division of labour) and slow changes in
reaction to the environment

4 Open systems

Structurally self-maintaining structures such as cells and
organisms in general with the ability to reproduce itself

3 Control mechanisms

Systems with a closed-loop contral and a feedback facility such
as a thermostat

2 Clockworks

Dynamic systems with a predetermined motion such as the solar
system, machines or theoretical structures of physics and
chemistry

1 Frameworks

Static structures and relationships such as the arrangement of
atoms, molecules or cells

Table 4-1 : Bouldings’s Hierarchy of systems (1956)

As work on systems continued, Checkland (1981) developed a set of five classes: natural

systems, designed physical systems, designed abstract systems, Human Activity Systems

(HASs), and social and cultural systems. The researcher tried to link the five classes of

Checkland with Boulding’s nine levels to better understand the boundaries of the different

systems.
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4.2.1.1 Natural systems

Checkland (1981) claims that systems such as mankind, animals or the planets which make
up the Universe are given and cannot be other than what they are, given the pattern and
laws of the overall system are not erratic. This suggests that there exists an obvious
hierarchy that formed the universe, its components (natural, physical systems) down to
single molecules and atoms. Using Boulding’s concept of systems hierarchy natural systems

can be lower organisms, open systems, animals, and man.

4.2.1.2 Designed physical systems

These systems can be described as objects that were developed and designed to fulfil a
human purpose. Systems such as tools, machinery or structures belong in this category. A
designed physical system can be described using Boulding’s classification as designed

clockworks or control mechanisms.

4.2.1.3 Designed abstract systems

Mankind is also capable of designing systems which cannot be built or produced and are
only associated with human beings and their understanding. Checkland (1981) defines
concepts such as science (mathematics, physics), languages, or ideologies as abstract

systems. Such systems are defined by Boulding’s as transcendental systems.

4.2.1.4 Human Activity Systems

Human Activity Systems (HASs) can be described as systems which consist of individuals

or groups of people carrying out purposeful activities to achieve a set objective. Examples
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of HASs range from business systems (e.g. organisations) to political systems (e.g.

Communism). A socio-cultural system as described by Boulding would be a HAS.

42.1.5 Social and cuitural systems

Checkliand (1981) reports a problem with this category and why it is placed on the boundary
between HASs and natural systems. A family, which can be described as a social system will
have rational elements such as activities (HAS) but also sets of relationships which occur in

a community (natural system).

For the purpose of this work which is concerned with the improvement of activities and
flows of a Fulfil Order Process a business process can be viewed as a HAS. A more detailed
explanation of the systems characteristics of a business process 1s presented in Chapter 5
after discussing the most important systems ideas in Section 4.2.2 and systems views in

Section 4.2.3.

4.2.2 Systems ideas

There are certain ideas that are common to systems and systems thinking. Among the most
tmportant ones are two pairs of ideas described by Checkland (1981) as those of emergence

and hierarchy and of communication and control.

4.2.2.1 Emergence

The idea of emergent properties is that a system has a set of properties that only refer to the
entire system. These properties would be meaningless at a lower level of the system and
would not apply to individual parts or elements (Checkland, 1981). The objective of a

system is generally different from the objectives of its sub-systems.
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4.2.2.2 Hierarchy

The idea of hierarchy is that systems are part of other systems and follow a structure which
can be expressed as a hierarchy. While the hierarchical structure of a particular system
shows all sub-systems and elements down to the most detailed level, the system of interest
itself is part of a superior, larger system. With the idea of hierarchy it is possible to identify
and group common elements of interest at the same level of detail and deal with the problem

of resolution. The resolution is the level of detail chosen at which activities can be described

(Wilson, 1984).

4223 Control

For a system to react and adapt to its changing environment control actions are required.
This requires measures which include information about the new objectives from the
environment. Activities within the system will than have to take control actions to achieve

the new objectives.

4.2.2.4 Communication

Means of communication enable the control actions to take place. These means need to be
available for the entire system and be connected to all parts within the system and to its

environment to ensure undisturbed flow of information.

4225 Systems thinking

Systems thinking can be seen as an epistemology which forces an observer to view and
understand a system as a whole rather than simply analyse its parts. In analytical thinking an

observer concentrates on static and structural properties, whereas systems thinking
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concentrates on the function and the behaviour of the whole system (Skyttner, 1996). This
latter view is also called the systemic view as opposed to the reductionist view which

concentrates only on a particular issue within a system.

Checkland (1981) identifies two types of system thinking, sard (HST) and soff (SST). The
main difference is that HST has a given end or an objective as opposed to SST where an
end cannot be assumed. This can be further explained in that hard problems are concerned
only with the question of how. A defined problem will be solved by providing an answer to
the how question. Soft problems are complex mixtures of both what and how types of
questions (Wilson, 1984). HST is also about deterministic systems, typically designed
physical systems, which operate in simple predictable ways. In SST the initial action is to
understand the situation and answer what the problem represents before proposing how to
solve the problem. SST has a wider scope than HST in that it involves determining what

problem to address in a particular situation.

4,226 Weltanschauung

Weltanschauung is a particular point of view for any kind of situation. The concept defined
by this German word translates into world-view. It describes any observer’s perception of

what is observed. Wilson (1984) also calls it

“a filter in the head of an observer which has been formed and is moulded by
experience, personality, politics, society and the situation”.

A problem which can be referred to as hard can be analysed as a designed system (Section
4.2.1) and might be expressed in exact numbers derived from calculations using equations.

A single view and common Weltanschauung emerges by taking a hard systems stance and
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by using a precise language such as mathematics which generates engineering-like

solutions.

The modelling of a soft problem which can be described by a HAS is highly problematic,
Describing a HAS will always have a multiplicity of objectives and Weltanschauungen and
can never be modelled sufficiently in a single account (Checkland, 1981). Such a system
may have as many interpretations as people observing the situation. For example, a prison
may be seen as a correctional institution, a punishment, or a way of keeping inmates away
from victims. To improve or develop the system, the alternative views must be known and a
consensus must be developed. Despite the problems in developing HAS, it

would seem fo be the system type most relevant to improving real-world
production systems (Checkland, 1981).

4.2.3 Systems views

Systems introduced by manufacturing companies can be very complex. Wang ef al. (1993)
states that it is not possible to represent all the components in a single useful model for such
complex systems. It would require models of multiple views to address all aspects such as
events, conditions, and users of each element of a process. In order to reduce this
complexity models are divided into individual views that represent different aspects and can
be handled independently (Scheer, 1998). This guarantees a description of every aspect of

the business process.

The following four views are widely discussed in the literature and also used within process
models such as CIM-OSA (CIM-OSA/AMICE, 1989) or Architecture of Integrated

Information Systems (ARIS). ARIS was designed to holistically describe an information

84




Chapter 4 — Business Processes and Systems Theory

system for supporting business processes from all views and across all phases of develop-

ment (Scheer, 1994).

4.2.3.1 Function view

This view contains the description of the function itself, the relationship between functions
and subfunctions and the system’s boundaries. The function view was described by Ross,
(1976) who developed The Structured Analysis and Design Technique (SADT). The U. S.
Air Force used it in their Integrated Computer Aided Manufacturing (ICAM) program. It
became a model that describes the functions an organisation performs. The functions can be
defined as a set of activities that transform its input into output under the supervision of its
controls by using its mechanisms (Meta Software, 1990). In thisl context the function view
relates to activities and must not be confused with a functional view of an organisation
describing traditional functions such as Design, Accounts or Service etc. To avoid

confusion in this research the function view will therefore be referred to as activity view.

4 232 Data view

The logical structure of data to be used and produced by the functions (activities) is
described here. Events such as order received are information and are represented by data.
This data view is also known as the information view as its purpose is to produce an
information model that graphically represents the information content and structure related
to the system. Although the function view shows some sort of information as inputs,
outputs or controls of activities it appears only at the level of graphical labels without

showing actual information structures (Wang et al. 1993). 4
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4.2.3.3 Organisation view

This view represents the organisational structure of the company and the interrelationship
between users and their organisational units. The organisational chart is a typical
representation of these structures. It also determines the reporting channels within an

organisation i. e. the chain of command.

4.2.3.4 Resource view

This view shows resources such as information technology, materiais, tooling and other

equipment that might both be consumed and produced by activities.

Other views discussed by Wang ef al. (1993) are a dynamics view which is concerned with
what the sequences of operations are and a decision view which deals with the decision-
making which controls the architecture of systems. Scheer (1998) argués that by
introducing individual views to reduce the complexity of a system the relationship between
these views can get lost due to isolation. Therefore a control view is introduced in ARIS to

restore the relationship between the different views.

Often overlooked is the most commonly used way of describing business processes namely
the financial, cost view or the performance view (Yu et al. 2000) which is used to evaluate

projects designs to determine whether they fulfil the set objectives.
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4.3 Chapter Summary

This chapter has stated and discussed the most common elements and characteristics of a
business process. They can be summarised as a set of activities which will transform inputs
into outputs using the necessary resources to fulfil a specific customer requirement. A
business process flows horizontally across departmental boundaries and starts and finishes

with the customer.

The concept of systems thinking has been introduced and explained for a business process
model. A business process and in particular a Fulfil Order Process 1s about performing
activities to achieve defined goals. It can be described as a Human Activity System. By
taking a systemic viewpoint the overall understanding of a business process can be

improved.

The next chapter will discuss the system characteristics of a Fulfil Order Process in further
detail. Based on these specific characteristics a set of critenia will be developed to define

what is required to model this operate type process.
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5 Modelling a Fulfil Order Process

The previous chapter showed that a systemic viewpoint of a business process leads to an
overall understanding of business processes and their relationships in the context of an
organisational structure. The objective of this chapter is to develop criteria which need to
be addressed by a modelling technique to successfully describe a Fulfil Order Process. In
order to achieve this, the details of a Fulfil Order Process will be discussed from a system
viewpoint using the parameters for describing a system as proposed by Churchman (1971)

and Checkland (1981).

The work in this chapter will also present an overview of the concept of business process
design emphasising that the main focus during a BPR project must remain on the business
process. This will form the basis for the close of the chapter where criteria will be
developed which need to be addressed to model a Fulfil Order Process from a systems

viewpoinl.

5.1 General process characteristics from a systems perspective

Processes have a number of characteristics by which they and their relationship to one
another can be described. The basic ideas of a system as described in Chapter 4 are also

embodied in a business process.

A basic concept of a process is the transformation of inputs and resources into outputs. The
outputs from.one process are the inputs to another process. Each complete business process
as a whole can be broken down into smaller components or sub-processes. Such a
hierarchical structure consists of different levels of processes each decomposing to sub-

processes, activities and individual tasks which allow them to operate. These components
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can be examined to see whether they add any value (Porter, 1985), and, if so, how much
from an external customer perspective. Within each component there are decisions that
control how and whether things are done. For a business process to achieve a particular
objective some means of control must be established to ensure that the measures for
improvement or performance can be met. Therefore a particular area needs to be set to take

control. This area usually defines the boundaries of a business process.

A business process does not exist in isolation and interacts with its environment. A
boundary may be drawn around a business process to distinguish it from its environment.
The boundary has to include the components where decisions are taken and components
where decisions are implemented. The boundaries separating the business process from its
environment will depend on the perceived purpose of the business process and the

corresponding views of those individuals defining the business process.

Interactions (communication) between components and across the boundaries with its
environment must be consistent with the perceived purpose of the whole process. The
behaviour of one component will affect all those components that interact with it and can
influence the ability of the business process to fulfil its purpose. The emergent properties of
a business process from a systems viewpoint will also be affected. When analysing, it is
imperative to focus on the entire system as the emergent properties are defined only for the

entire system and not for its individual components.

To be able to operate and provide the operation task to achieve a specified output a
business process requires resources. These resources include both the physical requirements

for the process and the human resource of the participants.
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The characteristics of a business process have been explained by using the concepts of
systems theory. As mentioned in Chapter 4, a business process can be classified as a HAS.
Wilson (1984) illustrates that a HAS represents a transformation process which converts
inputs into some outputs and can be modelled as a set of activities. This is also a basic
concept of a business process. A HAS represents a system of activities that can be used to
define what to change and a social system that defines how change may be implemented
(Wilson, 1984). The purpose of this work is concerned with improving/supporting the way
organisations design/redesign a Fulfil Order Process. A business process can be viewed as
being a HAS as it represents

a set of human activities, linked together so that the whole constitutes purposeful
activity (Checkland, 1981).

5.2 Characteristics of a Fulfil Order Process from a systems perspective

Systems theory discusses various concepts which can be useful for the analysis of a business
process and the definition of its environment. Churchman’s (1971) consideration of a
system in terms of its parameters namely source, input, process, transformation, oufput,
receiver and feedback is a useful approach. Together with the following set of principles
which help organisations to define their business processes, the researcher discusses criteria
for the design/redesign of a Fulfil Order Process. The principles were discussed by Maull et

al. (1995a)

e For each business process there should be a set of specific inputs and outputs (Hammer

et al. 1995);

e Each process may cross a number of organisational boundaries (Hammer et al. 1995),
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5.2.1 Systems parameters of a Fulfil Order Process

52.1.1 Source

A source is the origin which is outside the boundaries of a system and provides useful
inputs. There are often alternative sources for each input. For a Fulfil Order Process inputs

usually originate from various suppliers, customers and other stakeholders.

5.2.1.2 Input

Inputs are those things needed by the process to fulfil its purpose that come from outside
the defined system’s boundary. Typical inputs for a Fulfil Order Process are information
about a product or about a business strategy, preliminary design, product order or supplied

items.

5.2.1.3 Transformation

Transformation is the actual conversion of matter and adding value to the input to achieve a
desired output. In a Fulfil Order Process a conversion can be explained as the change in
shape of incoming materials, the content or location of information or the satisfaction of

customers.

5.2.1.4 Processes

This parameter deals with the conversion and the adding of values to inputs in order to
generate desired outputs. Processes can be explained as chains of events that are performed
to achieve transformation. By studying processes it is possible to show what needs to
happen but also what might be able to happen when carrying out the process in a certain

manner. Processes can be altered to achieve the same transformation of inputs. This is the
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basis of re-engineering where the transformation is kept but the process to achieve it will be
changed. Plan order fulfilment, Obtain required items, Manufacture, or Dispatch a customer
order are typical activities within a Fulfil Order Process. A business process as explained in

Chapter 4 can be seen as a system.

5.2.1.5 Output

An output can be anything that will cross the system’s boundary into its surrounding
environment. Outputs may take the form of objects or information. The former can be a
product as ordered while information might leave the system in the form of customer or

supplier communication or a request for product development.

5.2.1.6 Receiver

Any party outside the system’s boundary that is interested in the output of the system is
called a receiver. Outputs should be useful and of value to a particular receiver such as

customers and suppliers.

5.2.1.7 Feedback

Information from earlier events will be fed back to influence future choices about sources,
inputs, processes, and outputs. Generally feedback can be thought of as a kind of input that
comes from a receiver. In terms of a Fulfil Order Process internal feedback might deal with
process or product control while external feedback loops might be confronted with

customer issues and concerns.
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5.2.2 Basic understanding of process design

Process design or redesign became popular when in the early 1990s Hammer (1993) and
Davenport and Short (1990) introduced business process re-engineering (BPR). Since then
many authors have described the principles of BPR under headings such as business process

design, business process redesign, business process improvement or process based change.

A more recent BPR methodology discussed by Chen (1999) is based on a review of various
existing approaches by Hammer (1993), Davenport (1993) and Johansson (1993) and

specifies the following seven phases as important:

1. Visioning: define corporate visions, business goals, organisational structure and business

processes,

2. Identifying: identify business processes to be re-engineered,

3. Analysing: analyse and measure an existing process;

4. Redesigning: identify enabling IT and generate alternative process redesigns;
5. Evaluating: evalu-ate and select a process redesign;

6. Implementing: implement the re-engineered process;

7. Improving: continuous improvement of the process.

BPR is all about change and about redesigning the way that the company does business.
Even Hammer (1996) has backed off from the notion of radical change, instead focusing on
the need to be process centered. The focus must therefore be on the fundamental business

processes and not on departments or other organisational units within an organisation.
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In a BPR project, it is important to gain an overall understanding of the relationships
between key processes in an organisation (Chan ef al. 1995) and to find a suitable definition
of a business process. With discussing the nature of a business process only at a superficial
level, numerous definitions simply quote re-engineering pioneers and their vague definitions
of a business process as a sef of related activities that are of value to a customer (Melao e!
al. 2000). All parts of a business process, the activities, boundaries and resources used in
the prbcess need to be understood. The different viewpoints of a business process as
discussed in Chapter 4 are useful for achieving a better understanding. They assist the
modeller in monitoring the changes introduced to a business process during redesign. Each
of the four main views concentrates on a particular aspect of a business process and is of

value in business process design.

5.2.3 Systems view of a Fulfil Order Process

The characteristics of a Fulfil Order Process have been identified using the systems
parameters (Section 5.2.1). It shows that a Fulfil Order Process i1s concerned with the
process of converting inputs (incoming material, information) to meaningful outputs
(finished goods/orders) within the boundaries of the defined system. This transformation is
carried out by activities, sometimes referred to as functions. With the main focus of this
research based on the design/redesign of this operating type process, its improvement of the
overall structure as well as the flow of activities and information is closely related to the

principles of BPR as discussed in the previous section.

Design/redesign of a Fulfil Order Process requires an analysis of the activities the
organisation must perform, the flows of information and material which these activities

generate or require, and the performance requirements of each activity. By taking a function
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view of the process all required activities and their flows can be shown. While the function
view primarily concentrates on activities and tasks, information and their flow of it can also
be incorporated when being understood in the context of the description of activities. This is
stated by Kueng et al. (1996) explaining activity-oriented modelling approaches which
primarily concentrate on activities as the name implies. The function view associated with
activity modelling shows information as inputs and outputs of activities on a bastc level
without showing the actual information structures (Wang ef al. 1993). An information view
represents the conditions and events that exist when data is updated (Gulledge et al. 1999).
This work concentrates on showing information, data flow and resources only on the level
of graphical labels and in the context of activities. Focusing on activities also allows the
modeller to analyse them in terms of being value-adding or non value-adding to the overall

business, an essential principle in the streamlining process (Harrington, 1991).

It is therefore proposed that the Fulfil Order Process under the discussed limitations can be

modelled using a function (activity) view,

5.3 Criteria for selecting a process modelling technique for a Fulfil Order
Process

To understand a business process for design/redesign, a process modelling technique which
considers the following requirements is required. These requirements were developed by
considering the work of Harrington (1991), Franks (1993), Jorysz ef al. (1990) and Maull

et al. (1995b).
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The technique must provide an

Easy to use, common language for communication

An important criterion for the technique must be to present and communicate the view
of the modeller clearly so that anyone not involved in the modelling process can easily

understand and discuss the process at any later stage.

Simple syntax and semantics

Syntax in general describes and represents the format and the rules and regulations set
for a modelling technique. Syntax also includes how the concept of a process is
presented such as by showing graphics, drawn symbols and various other pictorial
elements. A set of rules needs to provide a description of what each individual symbol
represents (activities, data entries or resources) as well as the connections and relation-
ships to others. Semantics is concerned with the meaning of symbols and pictorial
elements defined within the syntax. Semantic rules should support the interpretation of

each type of symbol by means of precise labelling and identification.

The identification of a systems hierarchy for activities and information

The process model must be able to show the process at detailed levels. Harrington
(1991) proposed a hierarchy of macro-processes, sub-processes, activities and tasks
similar to a systems concept in which systems are composed of sub-systems. This
requires a process model where each component of a process is identified in the same

way so 1t can be seen in its proper context relative to the other elements.
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A means to define the whole system including its boundaries and the overall goals

The model must have the ability to present the consensus of the modellers regarding the
system boundaries within which the modelling takes place. It is important to distinguish

between the system under study and the surrounding environment.

The description of a process in terms of systems parameters

The modelling technique needs to be able to represent and distinguish between a
number of systems parameters including sources, inputs, processes, transformation,

outputs, receivers and feedback.

Sources which show information from where about input crosses the system

boundartes.

Inputs which can be divided in the subgroups of control, resource or object. The
modelling technique needs to be able to distinguish between (a) information or objects
which control the performance of an activity, (b) objects which are utilised (resources)
by activities to complete its functions and (c) objects which are transformed by

activities.

Processes which show individual activities converting inputs into outputs.

Transformation which shows the actual change of state of an input into an output.

QOutputs that represent processed information or objects needed for subsequent

activities to be carned out.

Receivers who/which are the beneficiary of information about where the output goes

beyond the system’s boundaries.
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Feedback that is any type of information fed back from the receivers to improve future

activities.

5.4 Chapter Summary

A Fulfil Order Process has been described from a systemic view and the systems parameters
source, inpul, process, transformation, output, receiver and feedback have been discussed.
They show that a Fulfil Order Process is concerned with transforming inputs (incoming
material and information) to desired outputs (product as ordered) for the customer. This
transformation is performed by a set of events or activities which can be altered to achieve
the same transformation of inputs. A receiver may send information back in the form of

feedback regarding the provided output.

An overview of the principles of BPR has also been discussed in respect to the modelling of
a Fulfil Order Process. Including the systems parameters, the design or redesign of this
process would need to show all required activities, the flow of information and material and
the performance requirements of each activity. The requirements of a modelling technique
therefore need to have a means to address the systems parameters and to take a function
view of the process which shows all required activities and flows. It has also been argued
that the information that needs to be shown can also be incofporated in the function view

and does not require a separate view.

Having identified the criteria for modelling a Fulfil Order Process, the next stage of the
work is to review the ISO 9001:2000 quality standard and identify all relevant requirements
for a Fulfil Order Process. Depending on these additional requirements a second set of

criteria will be developed to identify and highlight the links to the quality standard.
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6 Criteria for selecting a modelling technique from an 1SO 9001
viewpoint

The previous chapter developed the criteria for modelling a Fulfil Order Process. A
function view of the process needs to be modelled showing the required activities,
information and their flows taking a systemic viewpoint. The focus of the following work is
to link the ISO 9001 quality standard to this process model of a Fulfil Order Process. This
is based on a recognition that for any redesign exercise the process model needs (o be able
to show the modeller which activities or tasks are linked to ISO 9001 and consequently

need special attention.

The following chapter will review ISO 9001 (Quality management systems - Requirements)
Jor its relevance and applicability to a Fulfil Order Process. It will also discuss in what
Jform the requirements of the standard need to be shown in such a model. A second set of
modelling criteria will be developed which will address what is required to identify and

highlight the links between the quality standard and the activities of a Fulfil Order

Process.

6.1 1S0O 9001 in a Fulfil Order Process

Figure 6-1 gives an overview showing that ISO 9001 addresses the entire business model
and how, when broken down into greater detail, individual requirements of 1ISO 9001 can be
linked to the different parts (operating and non-operating) of the business. In some areas the

standard’s requirements are more directly relevant to manage or support processes than to

an operate process.
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section of ISO 9001 has been assessed by taking a systemic view of the Fulfil Order Process

addressing the following questions:

e What kind of input is needed to address each of the ISO 9001 requirements for the Fulfil

Order Process;

e What kind of output is needed to address each of the ISO 9001 requirements for the

Fulfil Order Process;

e What activities and/or processes are needed by each ISO 9001 requirement;

o  Whether other parts of the quality management system outside the boundaries of a Fulfil

Order Process are relevant as either a source or a receiver.

Finally the general requirements of ISO 9001 were assessed for when being mapped with a
process modelling technique. Considering the requirements of a Fulfil Order Process from a
modelling technique viewpoint as described in Chapter 5, the emphasis has been on process
identification, process sequence and the dependence between processes and activities.
Process identification addresses the need to label all components of the modelling technique
consistently. Furthermore the process sequence and the dependence of processes focus on
the provision of a sound structure and hierarchy for the process model. These
characteristics are relevant for validation and control purposes of the standard and also for

its continual improvement elements.

This reviewing process was completed by classifying each link between an ISO 9001
requirement and the Fulfil Order Process. A detailed description has been given in the

following three sections.
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Appendix 3 shows in its first column all sections and sub-sections of ISO 9001. Column two
specifies the strength of linkage between individual sections of ISO 9001 and the Fulfil
Order Processes and activities. Column three details the linkages in terms of the require-
ments of ISO 9001. BSI has granted permission to reproduce a copy of 1SO 9001 for use

only in this thesis and is included in Appendix 4.

This assessment will allow the research to specify how each requirement of the standard
impacts on a Fulfil Order Process. Then criteria for a modelling technique can be specified
to address the relevant ISO 9001 requirements and highlight the links within a Fulfil Order

Process.

6.1.2 ISO 9001 requirements - directly relevant

Requirements which are considered to be directly relevant to a Fulfil Order Process are
those such as “Planning of product realisation” (ISO 9001 Section 7.1¢) which require
activities such as verifying, validating, monitoring, inspecting and testing etc. that are
specific to the product. An example would be “Identification and traceability” (ISO 9001

Section 7.5.3) which requires activities to identify the product throughout its production.

6.1.3 1SO 9001 requirements - indirectly relevant

Requirements of the standard that are considered to be indirectly relevant to a Fulfil Order
Process are usually dealt with in the non-operating/non fulfil-order part of the quality
management system. However this part of the quality management system often requires
data and information from the Fulfil Order Process. For exampie an activity in the Fulfil
Order Process which uses forms (documents) and records data is indirectly linked to

ISO 9001 Section 4.2.3 “Control of documents” and to ISO 9001 Section 4.2.4 “Control of
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records” if the forms and records are required by the quality management system. ISO 9001
Section 4.2.3 controls aspects such as the approval of documents for adequacy, ensuring
the use of documents with current revision status only, and preventing the use of obsolete
documents. In ISO 9001 Section 4.2.4 the standard requires the user to be specific about
the identification, storage, and protection of records. 1SO 9001 Section 8.5 “Improvement”
which deals with continual improvement of the quality management system is another
example of being only indirectly linked to fulfil order activities. Information and data in the
form of records or other documents provided by the fulfil order activities are often required
by processes in the non-operating/non fulfil-order part of the quality management system to

introduce improvements.

6.1.4 ISO 9001 requirements - not relevant

Sections of 1SO 9001 considered to be not relevant to fulfil order activities are, for
example, “Management commitment” (ISO 9001 Section 5.1) and “Design and develop-
ment” (ISO 9001 Section 7.3). The former includes the establishment of a quality policy
that is appropriate and communicated company wide. This 1SO section would apply to the
group manage processes rather than operate processes as defined in the CIM-OSA
standard (CIM-OSA/AMICE, 1989). The latter deals with the design and devel;)pment of
products, including relevant inputs and outputs to the design process, design reviews, and
the control of design changes. This ISO section would apply to another of the four
operating type processes described as Develop Product (Maull et al. 1995a; Childe et al

1995) and is therefore not relevant for this research.
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6.2 Criteria for selecting a process modelling technique that can link
ISO 9001 to a Fulfil Order Process

ISO 9001 affects a Fulfil Order Process in many different ways. This includes the require-
ments to perform certain activities, using controlled documents and equipment and
prc;viding the quality management system with specific data and information in the form of
records and reports etc. In terms of controlling documents and equipment and identifying
them to prevent unintended use of any kind the standard requires throughout a umique
identification convention. Among other sections of the standard “Control of documents”
(ISO 9001 Section 4.2.3), “Control of records” (ISO 9001 Section 4.2.4), and “Control of
monitoring and measuring devices” (ISO 9001 Section 7.6) specify in detail what needs to
be controlled. A modelling technique needs to show the identification of referred documents

or equipment.

As the Fulfil Order Process has been described from a systems viewpoint in Chapter 4 the
relevant requirements of ISO 9001 will also be discussed in terms of the systems parameters
source, inpul, process, transformation, output, resource and feedback. The systems
parameters will be used to explain the overall system of a Fulfil Order Process as well as the

elements at all levels within this process.

6.2.1 Source related to an ISO 9001 oriented Fulfil Order Process

The boundaries for the system are set around the operate type process Fulfil Order.
ISO 9001 affects all parts of an organisation and information from anywhere about ISO
relevant inputs that cross the system’s boundaries needs to be shown. Suppliers are one of

the main sources of these inputs through the provision of required material and information.
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Documents in the form of procedures, instructions or blank forms and labels are developed
and controlled in the non-operating part of the quality management system. Therefore this
part of the quality management system can be seen as another source. Both suppliers and
document production are outside the Fulfil Order Process system boundaries and therefore

need to be acknowledged by the modelling technique as sources.

6.2.2 Inputs of an ISO 9001 oriented Fulfil Order Process

In ISO 9001, material, equipment, personnel and information are considered to be inputs for
processes and activities. Activities of a Fulfil Order Process affected by the standard are
constrained by inputs in the form of data and information and resources. Data and
information are either processed in electronic form by computers, or come as different types
of documents. The documents, which are mostly paper based, convey data and information
and can be divided into four classes: policies, practices, derived documents and reference

documents (Hoyle, 1998b).

6.2.2.1 Policies

Policies are documents that define the organisation’s approach to achieving set objectives.
For the Fulfil Order Process policies are not relevant as they are dealt with within the non-

operating part of the quality management system outside the system’s boundaries.

6.2.2.2 Practices

Practices are statements that define the details of an operation such as What, When, Where,
How and Who and need to be shown by the modelling technique. In ISO 9001 practices

can be in the shape of procedures, forms, labels or notices.
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Control procedures control the work that is carried out within particular activities while
operating procedures prescribe how specific tasks are to be performed. Documents that are
required by the quality management system must be controlled and control procedures must
be established. The standard specifies the requirements in “Control of documents”
(ISO 9001 Section 4.2.3) and “Control of records” (ISO 9001 Section 4.2.4). Sub-
categories of operating procedures may be inspection procedures or test procedures.
Inspection procedures are required for the “Purchasing process” (ISO 9001 Section 7.4.1)
and the “Monitoring and measuring of products” (ISO 9001 Section 8.2.4). The former
must ensure that purchased goods conform to the purchase requirements while the latter
must monitor and measure the characteristics of the product during the production process.
Operating procedures must also be established for “Corrective action” and “Preventive
action” (ISO 9001 Section 8.5.2 and 8.5.3) to take appropriate actions for eliminating the
causes of nonconformities and potential nonconformities to prevent reoccurrence or
occurrence respectively. Procedures in general do not cause people to carry out work, they
only specify a particular way to perform activities. They may show the sequence of tasks
that have defined entry and exit conditions and are needed to execute a routine task. The
modelling technique should therefore show that procedures constrain the performance of an

activity.

Blank forms and labels can be classed as an object input as they are usually transformed by
being filled in and completed with data and information. Forms and labels can be seen as
being consumed or used up, a characteristic of an object input while control inputs or
resource inputs are usually used. When blank forms or labels are completed (consumed)
they become records. Records must be established and maintained where the quality
management system requires evidence of conformity. “Planning of product realisation”
(ISO 9001 Section 7.1), “Monitoring and measuring of product” (ISO 9001 Section 8.2.4)
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and “Identification and traceability” (ISO 9001 Section 7.5.3) are typical sections of the

standard that require records.

6.2.2.3 Derived Documents

Derived documents are the result of implementing policies and practices and can be further
divided into prescriptive and descriptive documents. Prescriptive documents are for
example, plans (business plan, quality plan), instructions, or product specifications and need
to be shown as control inputs by a modelling technique as they contain requirements. In
“Planning of product realisation” (ISO 9001 Section 7.1) the organisation must specify all
requirements (activities, resources etc.) which are needed for a product. This specification
can be referred to as a quality plan (ISO, 2000b). Instructions such as work instructions
define specific tasks, when they are to commence and when to be completed. “Preservation
of product” (ISO 9001 Section 7.5.5) requires that the conformity of the product is ensured
during internal processing and delivery. The organisation might issue instructions to
identify, handle, pack, store and protect finished products in a certain way and complete it

on a particular date. (A procedure might clarify in detail how to complete individual tasks).

Descriptive documents are discussed in Section 6.2.4 where they are classified as outputs.

6.2.2.4 Reference Documents

Hoyle (1998b) describes the fourth type of document as reference document. Documents of
this nature often only include information without giving instructions. A list of approved
suppliers including names and addresses or other data is an example. Where reference

documents must be used by an activity they can affect the way it is done. A procedure or

other type of practice often refers to the reference documents necessary to complete an
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activity. Engineering drawings, purchase orders or government regulations may be among
the requirements of “Planning of product realisation” (ISO 9001 Section 7.1) which belong
to this category. 1SO 9001 would usually require such documents to be identified and
controlled. In some instances reference documents can also be classed as resource i;rputs
where they give guidance and support an activity. Examples could be the use of Yellow
Pages or the World Wide Web which would not become controlled documents. Both classes
of inputs are legitimate and, at this stage, it is only important that the modelling technique

be able to distinguish between control and resource inputs.

Resource inputs in general are any kind of physical requirement, including human resources,
that 1s utilised by activities to perform their functions. ISO 9001 states that if wérk affects
product quality it needs to be carried out by personnel that are appropnately educated,
trained or are experienced and qualified for the job (“Human resources”, ISO 9001 Section
6.2). This requirement applies to any activity involving quality and should therefore not be
interpreted any differently for any of the tasks and jobs carried out within an organisation.
The required levels of qualification within any organisation vary immensely. It ranges from
being able to read work instructions and complete a job accordingly to being able to use

complex computerised measuring and test equipment.

The modelling technique needs to be able to show qualified personnel as the human
resource that is required for certain activities. Procedures may include information about
who is entitled to carry out certain tasks or what qualifications are required. Forms also
often state who is authorised to sign off or approve products or components. Examples
where ISO 9001 requires qualified personnel within a Fulfil Order Process are “Purchasing”
(ISO 9001 Section 7.4) which requires verification activities relating to conformity of

purchased products, and the use and application of monitoring and measuring devices in
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“Production and service provision” (ISO 9001 Section 7.5). Included in “Control of
monitoring and measuring devices” (ISO 9001 Section 7.6) is a clause that requires the test

equipment to be regularly calibrated and adjusted by qualified personnel.

Furthermore the modelling technique also needs to identify physical equipment that affects
the quality of work. Not only is the control of monitoring and measuring devices by

qualified personnel important but also the devices themselves need to be identified.

Another example where the Fulfil Order Process needs to consider ISO 9001 is when
controlling “Customer property” (ISO 9001 Section 7.5.4). Customer property such as any
type of machinery, tooling or measuring equipment that is used or facilitates the completion
of an activity needs to be shown as a resource and must be identified as being Customer

property.

6.2.3 Processes and transformation in an ISO 9001 oriented Fulfil Order Process

As discussed in Chapter 4 the systems parameter transformation itself is the actual
conversion of matter to achieve the desired output. Processes are needed to achieve this
transformation. ISO 9001 is concerned with tasks and activities that achieve the
transformation. The remainder of this section therefore focuses on the systems parameter

processes.

Besides ISO 9001 controlling activities by the use of procedures it also asks for additional
activities to be considered during the product production phase in a Fulfil Order Process.
Additional to making product which is a key activity within a Fulfil Order Process,
ISO 9001 requires many different activities such as validating, verifying, monitoring,

identifying, testing, inspecting, handling, packing and storing. “Planning of product
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realisation” (ISO 9001 Section 7.1), “Purchasing” (ISO 9001 Section 7.4), “Production and
service provision” (ISO 9001 Section 7.5) and “Control of nonconforming products”
(ISO 9001 Section 8.3) are among those which directly specify particular activities to be
performed. Activities such as recording data and information and the filing of documents
are required by sections such as “Monitoring and measurement of product” (ISO 9001
Section 8.2.4), “Control of nonconforming product” (ISO 9001 Section 8.3) and “Analysis

of data” (ISO 9001 Section 8.4).

Each of these activities may incorporate various sub-activities to complete a job. The
sequence and flow of these activities and sub-activities are critical to the performance of the
Fulfil Order Process. A modelling technique needs to address this requirement by showing

the hierarchy of activities and their decomposition.

6.2.4 Outputs of activities in an ISO 9001 oriented Fulfil Order Process

Outputs in general can be described as processed information or objects and often act as
input for subsequent activities. Processed information that derives from measurements or
assessments is documented as records and may be written up in reports. It can therefore be
classified as being descriptive. A descriptive document can be defined in general as
containing results and information on any kind of achievement. As described in Section
6.2.2, forms and labels once completed may become records and are transformed from
being inputs to outputs. Depending on the type of information included, prescriptive
documents might be used as inputs in the form of a specification or a procedure. The use of
a checksheet for an activity fo set up a machine is an example of a form transforming from

an object input to an output. As the original checksheet might need to have certain machine
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parameter settings recorded or given specifications checked it changes is status and acts as a

control input for a subsequent activity such as start producing parts.

The quality management system with its need for continual improvement requires reliable
data and information to ensure the suitability and effectiveness of the overall system.
Therefore the organisation needs to determine, collect and analyse appropriate data
(“Analysis of data”, ISO 9001 Section 8.4). This requires activities in the Fulfil Order
Process to provide data and information which can be used to achieve continual improve-
ment. The requirements are only indirectly relevant to the Fulfil Order Process. “General
requirements” (ISO 9001 Section 4.1) of the “Quality management system”, “Planning™
(ISO 9001 Section 5.4) and “Management Review” (ISO 9001 Section 5.6) as part of
“Management responsibility” and “Competence, awareness and training” (ISO 9001 Section
6.2.2) of “Resource management” all indirectly rely on such data. It also impacts on
“Planning of product realisation” (ISO 9001 Section 7.1), “Measurement, analysis and
improvement” (ISO 9001 Section 8) as well as on “Improvement” (ISO 9001 Section 8.5).
Regardless of where the improvements and the redesign will be implemented, be it within
the Fulfil Order Process system boundaries or outside, relevant data from activities within

the Fulfil Order Process needs to be provided to make them happen in the first place.

6.2.5 Receiver of an ISO 9001 oriented Fulfil Order Process

Similarly to the source a receiver is outside the defined boundaries of a Fulfil Order Process.
The product as ordered crosses the boundaries of the Fulfil Order Process to the external
customer and will include all required information such as inspection records, quality
reports and process capabilities. In terms of supplier communication there will be an

exchange of documents relevant to the “Purchasing process” (ISO 9001 Section 7.4.1)
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which includes requests for quotes (RFQs) or purchase orders etc. Suppliers and any other
stakeholders who have an interest in the outcome of the Fulfil Order Process can therefore
also be seen as receivers. The Fulfil Order Process also provides the quality management
system with data and information to ensure compliance with the ISO 9001 standard. This
includes the provision of reliable data for continual improvement efforts (ISO 9001 Section
4.1 or 8.5). Therefore that part of the quality management system outside the boundaries of

the Fulfil Order Process can generally be classed as a receiver.

6.2.6 Feedback of an ISO 9001 oriented Fulfil Order Process

Feedback can be thought of as a kind of input that comes from a receiver. The plans for
improvements established in the non-operating part of the quality management system can
be seen as an input based on feedback from within the organisation and information from
the customer to improve future activities. Requirements for such improvements are stated in
sections “Quality management system” (ISO 9001 Section 4), “Management responsibility”

(ISO 9001 Section 5) and “Measurement, analysis and improvement” (ISO 9001 Section 8).

6.3 Conclusion

This chapter has discussed the criteria which, in addition to those necessary to model the
basic Fulfil Order Process as described in Chapter 5, are required to demonstrate its links
with ISO 9001. The requirements for a modelling technique for a Fulfil Order Process as

listed in Chapter 5 were:

e Easy to use, common language for communication,

e Simple syntax and semantics;
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The identification of a systems hierarchy for activities and information,

A means to define the whole system including its boundaries and the overall goals;

The description of a process in terms of systems parameters.

To these we can now add the specific requirements of a modelling technique to incorporate

ISO 9001.

To show activities and clearly identify the ones which are controlled by the ISO 9001
quality standard. A function view of the Fulfil Order Process is required which will allow
it to show activities, an activity’s dependence on other activities and its flow. The
modelling technique needs to identify and distinguish between activities that are
constrained by the standard and those that are not, either graphically or by some other

means of identification.

To identify and distinguish information and objects that are linked to a requirement of
ISO 9001 from those that are not. Where data and information are classed as different
types of documents such as practices, derived documents, or reference documents the
modelling technique needs to be able to label them accordingly. This may also include
referring to sources within the quality management system that originate documents.
This applies similarly to objects such as goods (material or consumables) which need to

be identified.

To show information and the flow of information. As with the hierarchy of processes,
the modelling technique needs also to decompose information to the different levels of
detail. The focus of this research lies in showing information and its flow to allow the

activities within the Fulfil Order Process to be redesigned. Consequently information
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will only need to be shown as graphical labels, not including the content and structure of
information. Therefore the modelling technique does not need to show a separate

information view.

Any form of information, be it electronically or paper document based, must be shown
as different types of input to an activity. The different types of inputs have been
identified as control inputs, object inputs or resource inputs. This requirement also
applies to feedback. Documents that are transformed from inputs to outputs and include

the processed information that is required by the standard need to be identified.

To decompose activities and information to the level of detail necessary to link them to
individual requirements of 1SO 9001. The modelling technique needs to describe a

hierarchy that composes systems from subsystems.

To set system boundaries in order to identify any source or receiver within the quality
management system or with external stakeholders affected by 1SO 9001:2000 inputs or

outputs.

To show resources that are required by the activity and to identify the ones that are
linked to the standard. The different types of resources required to be shown by the

modelling technique have been defined as human resources and equipment.

All relevant elements such as inputs, outputs and resources within a quality management
system need to be controlled and identification is usually achieved by a document
numbering convention or other forms of unique labelling systems. The modelling
technique needs to refer to the various conventions of identification and show individual

identity codes.
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6.4 Chapter Summary

The requirements of ISO 9001 have been reviewed for their relevance and applicability
within a Fulfil Order Process. Each requirement of the standard has been classified as
directly relevant, indirectly relevant, or not relevant within a Fulfil Order Process. All
relevant requirements have been explained in detail and use the systems parameters source,
input, process, transformation, oufput and feedback. The findings of this review identified
that, as with modelling of a Fulfil Order Process, the requirements of ISO 9001 need to be
modelled as activities, information and their flows. However in order to satisfy the require-
ments of the practitioners to see which elements of a process need special attention during
redesign, the criteria needed extension. A further set of criteria specified that ISO 9001
controlled activities and information need to be identified and shown differently in the Fulfil
Order Process model. This is also required for the flow and decomposition of both activities

and information.

The requirements for modelling a Fulfil Order Process showing the links of ISO 9001 have
been discussed in detail by developing two sets of criteria as described here and in the
previous chapter. The following chapter will review various modelling techniques from
within the BPR domain for their ability to address both the criteria to model a Fulfil Order

Process taking a function view and also the identification of the links to ISO 9001.

116



Chapter 7 — Review and selection of appropriate modelling techniques

7 Review and selection of appropriate modelling techniques

This chapter will review various modelling techniques and their functionality with respect
to depicting a Fulfil Order Process and showing the links to 1SO 9001:2000. A literature
survey provided the basis for selecting appropriate techniques to model processes in the
field of manufacturing systems. Based on this initial filtering, the chapter is divided into
two main sections. The first part reviews the selected modelling techniques against the first
set of criteria discussed in Chapter 5 for modelling a Fulfil Order Process. This is
followed by a review of the techniques and their ability to show the links to
ISO 9001:2000, using the second set of criteria as discussed in Chapter 6. Before
discussing the various techniques some important aspecis of what a model represents and

the purpose of a modelling technique are introduced.

7.1 Models and modelling techniques

Modelling can be seen as either the description of a situation or an activity in order to form
models. The modelling process in general can produce different kinds of models and there is
a concern that modelling can become an end in itself (Wilson, 1984). It is therefore
important to select an appropriate modelling technique and develop a suitable model that
shows the relevant aspects. A brief description of the terminology is given in the following

sections.

7.1.1 Perspectives on models .

A model can be defined as a simplified representation or abstraction of reality (Meredith,
1993; Weaver, 1995) as most often reality is too complex to be understood without the help
of models. Reality is often studied indirectly through a model, rather than directly, with the
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objective to develop new knowledge and without the negative implications of costs, time or
safety when manipulating the real subject itself (Peterson, 1981). Models are commonly
categorised as iconic, analogic and analytic (Ackoff, 1981) with Wilson (1984) adding

conceptual as a fourth category.

7.1.1.1 Different types of models

Iconic models — these usually exactly represent the reality of objects. Examples can be full
scale or miniature versions of turbine blades used to simulate aerodynamic behaviour or

other physical objects to collect information about the intended design.

Analogic models — represent the reality by using a different approach that is constructed to
allow the simulation of representative behaviour of a situation. The pH scale is one example
of an analogic model. 1t is an important indicator of the hydrogen ion concentration in
water. Its range goes from 0 (strong acid) through 7 (neutral) to 14 (strong alkali). Another

example is the Richter scale, which measures the intensity of earthquakes.

Analytic models — are a representation of the mathematical, physical or logical properties of
a subject usually at a high degree of abstraction. For example in the absence of frictional
drag, an object near the surface of the earth will fall with the constant acceleration due to
gravity g (9.81m/s%). With the velocity (v) increasing by 9.81 m/s each second the speed at

any time (t) can be calculated from v=gxt.

Conceptual models — are of pictorial or symbolic nature and usually represent qualitative
subjects. They tend to be used to describe and explain attributes, properties or meanings of
situations, activities or flows by using various symbols. According to Meredith (1993)

conceptual models can be ambiguous as the model might be conceptual or may be a model
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of a concept. In manufacturing conceptual models are often used in showing the layout of
machines, the flow of material and more recently the flow of information (O’Sullivan,
1994). A drawing of a Human Activity System (HAS) as discussed in Chapter 4 can be

classified as a conceptual model being of a qualitative nature.

7.1.2 Perspectives on modelling techniques

Summarising Wilson’s (1984) and Checkland’s (1981) descriptions, a technique can be
interpreted as the application of a precise and specific approach or manner of producing a
standard result. In other words a technique that incorporates a set of guidelines can be used
to carry out a particular exercise and solve a problem. For modelling business processes an
appropriate technique may need to show activities, information or resources and map the

flow of a process.

Modelling techniques are often characterised by the language, concept or graphical tool
which they apply. The language can be classified as being formal, semiformal or informal
(Kokolakis et al. 2000). A characteristic of a jformal/ modelling technique is the
representation of a model in mathematical terms whereas semiformal techniques use a set of
rules to apply a defined concept. Modelling techniques classed as having an informal
language would use, for example, unstructured sketches to describe a model. In the field of
business process modelling most of the modelling techniques are based on diagrammatic
techniques using a semiformal language. They describe processes by using simple symbols,
lines and words to display pictorially the activities/information and the sequence of

individual operations within a process.
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7.2 Selection criteria for reviewing modelling techniques

A variety of methods are used for process modelling within business process re-engineering.
The literature search identified a number of studies, among them surveys carried out by
O’Sullivan (1994), Kettinger ef al. (1997), Kota ef al. (1998) and Kokolakis et al. (2000).
They all use similar categories grouping the techniques into either functional, data
(information), dynamic, simulation, flow or decision (process logic) modelling. This list may
not be exhaustive but covers the most widely used, well documented and referenced
modelling techniques in the process modelling of manufacturing systems. It is also

representative of the various different approaches.

From this list an initial selection was performed excluding all techniques which do not focus
on the two main criteria defined for modelling a Fulfil Order Process as discussed in
Chapter 5. The two criteria are to model functions and to show the fiow of activities and
information. All of the selected modelling techniques have been proposed by the studies
mentioned above to be suitable in business process redesign and support the different stages
of a redesign project when being used for documenting, analysing or redesigning existing

processes. The following modelling techniques are reviewed below:

e Action Workflow (Section 7.3.1);
e Petri Nets (Section 7.3.2);
¢ Role Activity Diagrams (RAD) (Section 7.3 .3),

e Flowcharts (Block diagrams, ANSI Flowcharts, Functional Flowcharts, HIPO)

(Section 7.3.4),

e Data Flow Diagrams (DFD/SSADM) (Section 7.3.5);
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o Object Oriented Modelling (OOM/Use Case) (Section 7.3.6);

e IDEF suite (IDEF,, IDEF,-IDEF,, SADT, NIDEF, NIAM) (Section 7.3.7).

Much work has been done by various researchers on the improvement of the selected
modelling techniques. Enhancements range from developing drawing support via computer
software also called paper based software supporting tools (Bal, 1998) to extending a
modelling technique’s rules of syntax and semantics to widen or refine its application.
Enhancement of techniques is generally developed to resolve a specific problem. This
normally does not change the basic principles of the original technique. The emphasis of this
review therefofe lies in discussing these fundamental principles and the basic concepts of the
selected modelling techniques and excludes the numerous variants. It is not the intention of
this chapter to fully explain each modelling technique under investigation, for that the reader
is referred to other literature. It is however necessary to explain the structure and the basic

principles of the modelling techniques so that the review can be fully appreciated.

The following characteristics of each modelling technique have been reviewed based in the

criteria defined for a Fulfil Order Process as defined in Chapter 5. They are summanised as:

e Easy to use, common language for communication,

¢ Simple syntax and semantics,

* The identification of a systems hierarchy for activities and information;

e A means to define the whole system including its boundaries and the overall goals;

¢ The description of a process in terms of systems parameters.
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7.3.1.1 Use and common language for communication

In terms of clarity, Action Workflow models are reported to be well structured and thus
easily read (Kethers ef al. 2000). However, due to a complex and ambiguous semantics (see
next section) models may become highly personalised and difficult to communicate to

others.

7.3.1.2 Syntax and semantics

The syntax for the design of a model is reported to be fairly simple (Maull et al. 1995b;
Kethers ez al. 2000). The Action Workflow approach provides a simple syntax for designing
the model by drawing elliptical loops that are divided into four quadrants representing four

sequential phases of an interaction between two parties.

Kethers et al. (2000) state that there is however a lack of exact semantics. There seems to
be no clear definition of a link between a primary and its secondary workflows or what the

object of the workflow specifies.

Also the model cannot take into account several parties (Kueng ef al. 1996) and sometimes
may not be able to “show” the responsibilities and role of a customer or a supplier.
Furthermore the workflow semantics does not indicate which activities can occur in parallel
or if there are conditional or alternative actions. Maull ef al. (1995b) state that the
modelling of Action Workflows is rather subjective and heavily dependent on the world-
view of the modeller. Depending on the modeller’s understanding of the process and the
modelling goals it would therefore make the communication of such highly personalised

models difficult.
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7.3.1.3 Systems hierarchy for activities and information

The Action Workflow approach does not support process hierarchies. At each particular
phase of the four activities further interactions can be introduced by drawing secondary
workflow loops. While these extra loops may be important to clarify the interaction they
may result in over complex models. This is because the Action Workflow approach does

not use different hierarchies to allow decomposition.

7.3.1.4 OQverall system boundaries and goals

Since this approach focuses on the relationship between a customer and a supplier, the main
emphasis is on the customer and on achieving customer satisfaction. Therefore, this
approach may not be appropriate for modelling business processes with objectives other
than customer satisfaction. According to Maull ef al. (1995b) it may be argued that system
boundaries exist between the primary Action Workflow and its environment. There is

however no explicit rule about boundaries.

7.3.1.5 System parameters

Maull’s ef al. (1995b) report indicates that the transformation of inputs into outputs is not
apparent within Action Workflow models. It can therefore be suggested that other systems
parameters such as source or receiver cannot be addressed either, while Maull ef a/. argue
that the activities which are performed in the customer/performer relationship can indirectly
refer to a source or receiver. Within the four-phase based communication between the two
parties involved the actual activities (processes) are not modelled as the focus is on the

commitment between the customer and supplier.
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7.3.2 Petri Nets

Petri Nets may model the flow of information or other resources within a system and are
specifically designed to model systems with interacting concurrent components (Reisig et al.
1982). Where two components do not interact they may occur independently and there is no
need to synchronise them. When synchronisation is required it can be modelled with Petri
Nets. The concept of a Petri Net is based on places, transitions and arcs and consists of
four parts: a set of places (P), a set of transitions (T), an input function (I), and an output

function (O).

While places represent the possible states of a system, transitions represent points where
the system changes state and are referred to as events or actions. Two types of nodes make
a Petri Net graph. Graphically, a place is denoted by a circle and a transition by a
rectangular bar. An arc is an arrow leading from a place to a fransition or from a transition

to a place.

Most theoretical work on Petri Nets is based on the formal definition of Petri Net structures
and based within mathematics. The diagrammatic form of Petri Nets is called a bipartite
directed multigraph as it allows multiple links of arrows between transitions and places. As
the arrows are directed it is a directed multigraph and because an arrow can be drawn from
a place to a transition or vice versa it is called a bipartite multigraph (Peterson, 1981).
Peterson’s example of a simple machine shop (Figure 7-2) illustrates the events and

conditions shown in Table 7-1.
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can be drawn that describes the dynamic aspects of a system through the movement of
tokens between places. Petri Nets do not specify the boundaries of a system. The lack of
systems boundaries will make it difficult to define which components need to be considered
for modelling and Peterson (1981) describes Petri Nets as being generally studied in

isolation without communication to the outside world.

7.3.2.3 Systems hierarchy for activities and information

A transition or an event can be understood as an activity as it is carried out to move from
one state to another. Activities can only be carned out if all incoming statuses include a
token. In Petri Nets activities are not linked to each other as the connection is achieved

through the status.

Within Petri Nets there is no apparent mechanism to decompose activities or information.
Reisig (1982) suggests that a class of Petri Nets predicate event-nets supports the process
hierarchy. When considering the time required to fire a transition the event is no longer
called primitive (instantaneous) but nonprimitive. Peterson (1981) discusses the possibility
of decomposing such nonprimitive events into two primitive events (nonprimitive event to
start, nonprimitive event to finish) and an extra place (nonprimitive event occurring). A box
is often used to represent nonprimitive events. This however extends the syntax and
semantics of Petri Nets and introduces extra complexity to the modelling. The review of
Petri Nets carried out by Maull et al. (1995b) suggests that the graphical version of Petri
Nets does not support process hierarchies as such. Activities, their flow or information
cannot be seen in Petri Nets at all and the only signal that something has or has not

happened is the firing of tokens along the connections.
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7.3.2.4 Overall system houndaries and goals

Petri Nets do not consider formal systems boundaries and interaction with the outside world
can be established by either using external places or transitions. Being placed in the outside
world they would fire tokens to communicate and interact with the Petri Net. In either way
Petri Nets do not allow systems boundaries to be defined. As Petri Nets clearly indicate the
change of state within the modelled system the achievement of goals and objectives can be

monitored through the movement of tokens.

7.3.2.5 System parameters

Inputs and outputs are not shown in Petri Nets. The input function relates to a transition
depending on the state of the (input) place it is originating from. Transition takes place
when all states are correct and transforms an input to an output. The successful completion
of the transition is shown as a new state in the output (receiver’s) place. An arrow pointing
from a transition to the place indicates the output function. Due to the lack of systems
boundaries external sources and receivers cannot be consistently modelled with Petri Nets.
As information is not shown in Petri Nets feedback loops cannot be modelled unless a

customer sets a state like order confirmed that can be shown.
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7.3.3 Role Activity Diagrams

Role Activity Diagrams (RADs) model which individual or group (agents) within the
organisation is responsible for each stage of a process. Developed from the logic of Petri
Nets which is explained in Section 7.3.2 RADs show the roles, refer to the activities and
relate to their interaction and all information which must be communicated between agents
as labelled links. As the emphasis is not on showing the activity itself but on producing the
output an activity box is shown in black (Ould, 1995). These activities which are connected
by vertical lines represent different states. How the output is achieved is not important

within RADs.

An activity takes inputs (entities) and transforms them into outputs (entities). A horizontal
arrow indicates an input that crosses the boundaries of the role from an external event. A
role groups all those activities that pursue a common objective or interest. Quld (1995)
describes a role as a set of activities carrying out a particular responsibility. As each role is
independent of other roles they communicate through interaction. Phalp et al. (1998)
describe an interaction as a second type of activity within a role as it is carried out in
sequence with another activity (activities) in another role (roles). An interaction is depicted

by a small clear square joined by a horizontal line. Figure 7-4 shows an example process.

This modelling technique describes each role by means of rounded and shaded rectangles
surrounding activities. As a person may carry out more than one role, roles are not
dedicated to individuals. The end of each role is marked with a clear ellipse indicating that
the objective of this particular role has been achieved. Where a choice or decision, termed
as case refinement, needs to be made before reaching the next state the original line is split

into two starting with downward facing triangles. A set of vertical paths starting with
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7.3.3.2 Syntax and semantics

Maull ef al. (1995b) report that due to the relatively large number of symbols the design of
Role Activity Diagrams is complex. The syntax shows only which activities need to be
carried out to complete a role without detail about how the activity is performed. The
syntax lacks to draw exact systems boundaries and focuses only on role boundaries (i.e.
boundaries are drawn around responsibilities). A horizontal arrow is the only indication of
an external event. This has implications for the systems hierarchy (see following sections) as
the decomposition of a business process is not possible and is also crucial for the definition
of the starting and finishing points of a business process. The semantics of Role Activity
Diagrams is complex too. Phalp ef al. (1998) report that some authors prefer to explicitly
label the state of a role which makes the semantics clearer. Even if labelling helps to
improve understanding of the situation it makes the diagrams larger which may have reverse

effects in terms of clarity and understanding.

7.3.3.3 Systems hierarchy for activities and information

RADs do not allow the decomposition of activities and information into various different
levels of detail. However there are reports of users decomposing activities which according
to Maull et al. (1995b) might reveal other roles including their decomposed activities and
tasks or even communication with roles not shown in the diagram. It can therefore be
argued that this modelling technique does not have a concept to consistently decompose

activities or information, as its main focus being on roles.

7.3.3.4 Overall system boundaries and goals

As mentioned in a previous section the syntax of RAD does not consider formal systems

boundaries and only explicitly sets the boundaries around roles. From the perspective of a
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business process which includes various roles and its activities the process boundaries can
therefore not be determined. However through the flow of events across a number of roles
an overall goal can be achieved. Each role has a starting and finishing point which
represents when the overall objective of the role has been achieved with each state

representing the achievement of a single activity.

7.3.3.5 System parameters

Within RADs inputs, outputs or transitions are not explicitly present (Maull ef al. 1995b).
The process is represented by sequential stages within ‘a role or through their interaction
across other roles and shows a sequence related to time. As the systems boundaries cannot
be defined it is not possible to determine an external source, receiver or the feedback from it

for the overall modelled process.
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7.3.4 Flowcharts

Flowcharts are a graphical description of an existing process, a system or parts of it using
simple symbols, lines and words. The different shaped symbols are used to represent
operations, data and flow directions for the definition, analysis or solution of a problem.
They also show the sequence of a process and its activities, its decisions, iterations and
loops. All the symbols are connected by one-way arrows. The flowchart is one of the oldest
design tools available and may take many forms. They are often classified as either logic
(programming) ﬂawcharts which show the sequence of steps in a procedure or system
(data) flowcharts which show the relationship between the components' of a system.
Harrington (1991) explains four different types of logic flowcharts which can be used as
key tools to design and analyse business processes. The four main types are Block
Diagrams, American National Standards Institute (ANS]) Standard Flowcharts, Functional

Flowcharts and Geographic Flowcharts.

Other types of flowcharts such as system flowcharts often use their own sets of symbols and
unique notation. Before more sophisticated modelling techniques such as object-oriented
modelling etc. were introduced system flowcharts were very popular in the field of
computer programming and systems design. They concentrate on taking an information
view of the system and the flow of information through the system. Symbols show through
which medium data is introduced to the system, how it is processed, which data media are
used and how this data is displayed. In the system (data) ﬂo#chmt, an entire program run
or phase is always represented by a single processing symbol which, together with the

input/output symbols, show the path of data through a problem solution.
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7.3.4.1 Block Diagrams

The Block Diagram is the simplest type of flowchart. The boxes represent activities which
are connected by arrows showing the sequence in which those activities occur. The
direction of flow of a block diagram is either drawn vertically from top to bottom or
horizontally from left to right. The Block Diagram in Figure 7-5 starts and ends with a
terminator symbol (rounded rectangle) which shows the entry and exit points of a process.
Block Diagrams are often used to give a general overview on a non detailed basis. To show
responsibilities the syntax is extended by an annotation symbol which is drawn as a
rectangle open on one side. A dotted line with an arrow pointing away from the activity
refers to the annotation. It allows the modeller to assign a person responsible for a specific
activity and to document other important information. Decomposition of activities may be
possible by creating a new diagram illustrating a more detailed level. There is however no

defined mechanism to decompose them consistently.

ACTIVITIES RESPONSIBILITIES

[ Start Inspection ]

!

Check for correct delivery [---- P Storeman Goods Inwards
v
Measure items =~ [---- | Quality Technician
y
Record results [ -—-- #{ Quality Technician
'
Compare with specification [---- ! Quality Inspector
y
Identify inspection status  f---- Quality Inspector

v

[ Stop Inspection ]

Figure 7-5: Block Diagram including annotations
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Harrington (1991) reports that Block Diagrams can also include some communication flow
illustrated by drawing communicatton arrows between departments in an organisational

chart.

7.3.4.2 ANSI Flowcharts

Flowcharts of this type go far beyond the use of simple Block Diagrams. They use a larger
number of symbols and allow the modelling of a more detailed view and analysis of the
process or system. However with a larger number of symbols comes the difficulty of main-
taining the same méaning for everyone using this type of flowchart. The symbols are listed
by ANSI/AIIM MS4 (ANSI/AIIM, 1987), ISO 6829 (ISO, 1983) and also by ANSI/ISO
5807 (ANSVISO, 1985). Although many symbols have been proposed, only a few seem to
be found suitable for modelling virtually all processes or situations. The basic and most

common symbols are summarised in Figure 7-6.

) . . . Inspection - a big circle represents that the process
Process -any processing function or operation O stopped to inspect the quality of an output

Storage - shows a controlled storage or WIP

Terminator - start and stop signs of a process v (work in s3) arca

determines which aliernative path to be followed waiting other than a controlled storage

O Decision - Based on the decision y/n (truc/false) this symbol D Delay - represents a temporary delay caused by

Paper document - shows when an output is recorded on Transport - indicates any kind of mevement of
paper outputs within the process or system
Annotation - for additional comment, description to Conncctor - a small circle with a letter inside shows the
T clarify or specifying responsibilitics ® links between various parts of large and complex
flowcharts
———p Fowline - represents the dircction of flow and Tr jssion - is used o identify immediate
shows the sequence of the individual steps \ transmission of information (fax, phone, email)

Figure 7-6: Standard Flowchart symbols (ANSI/AIIM, 1987)

To interpret the ANSI Standard Flowchart presented in Figure 7-7 extra conventions are
often helpful. While every operation box (rectangle) can have several inputs, there is only

one line eaving a box. This might restrict the modelling of business processes where an
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output might be required as input to more than one subsequent activity. A decision box
(diamond) which usually incorporates a simple question however must always have some
outputs which are preferably labelled with yes/no or true/false. Logic decisions often intro-
duce loops that can either go forward or backward. To avoid confusion the convention is to
draw all loops going clockwise. A forward loop goes down on the right hand side while a
backward loop goes up on the left-hand side. Mapping complex processes easily results in
large flowcharts which cannot be fitted on one page. A connector symbol (small circle) is

used and represents the link to flowcharts on separated pages.

The flowchart seen in Figure 7-7 shows a final assembly process. It is interesting to note
that the flow of material (product) or other objects (test report) cannot be seen or modelled

using this technique.
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of flowchart also allows time to be recorded. For example, it allows individual cycle times

to be monitoring to evaluate a ratio of value to non-value adding times of a specific process.

7.3.4.4 Geographic Flowcharts

Geographic Flowcharts are for analysing the physical flow of activities within a given geo-
graphic layout of an organisation. Two of the main specialised charting aids are Flow

Process Charts or Clerical Procedure Charts and String Diagrams.

7.3.4.4.1 Flow Process Charts

Procedure Charts have long been used by work study practitioners. This type of flowchart is
used to realise the most efficient way of doing work by establishing the times required to
carry out activities and standardising working procedures (Johansson ef al. 1993). There is
a whole family of Flow Process Charts which can be highly complex (Mason et al. 1987).
The simplest version uses five symbols (Figure 7-8) based on the recommendations of
ASME (American Society of Mechanical Engineers). They show the flow of activities
within a process either by using vertical flowcharts or by showing the physical flow on a
scaled organisational layout. The only difference between the ANSI symbols used in this
review is that ANSI prescribes a rectangle rather than a circle to represent an operation and
a circle rather than a square to identify an inspection. Such charts form the basis for deter-
mining the ratio between value and non-value adding operations or highlighting possible

bottlenecks shown by increased delays and work in process.

O V D o

Operation Storage Delay Transport Inspection

Figure 7-8: Flow Process Chart: standard symbol (based on ASME)
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While Block Diagrams allow a simple overview of a process and are often used at the start
of a modelling exercise a detailed analysis of a process cannot be achieved. On this basis
Block Diagrams are regarded as not suitable to satisfactority model all requirements of a
Fulfil Order Process. This is also true of Functional Flowcharts even though they consider
functional departments and show movements among them by introducing an additional
dimension. The two examples of Geographic Flowcharts have no means for decomposing
activities or information and are therefore not considered for a more detailed review, HIPO
Charts are predominately applied to assist the design of programming languages rather than
in the structured systems analysis of business processes. The use of different types of
diagrams documenting the different levels of a system results in a more complex syntax and

is regarded as a major disadvantage.

7.3.4.6.1 Use and common language for communication

ANSI Standard Flowcharts allow a good visual representation of even complex processes to
gaiﬁ consensus between all participants. The diagrammatic flow allows communication of
the logic of a process to people at all levels (Mason et al. 1987). However due to some
problems with its syntax and semantics new users may find this technique difficult to use

due to different possible interpretations of the flowcharts (Maull ez al. 1995b).

7.3.4.6.2 Syntax and semantics

The syntax of this type of flowchart uses a large number of symbols. Even with the
description of the symbols in a standard (ANSI) there is concern that they can be interpreted
differently and have different meanings depending on the modeller’s understanding or back-
ground. Flowcharts quickly become complex and lose their ability to clarify a process. One
reason is that all flowcharts are modelled at the same level and do not have a simple way of
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treating different levels of detail (Mason et al. 1987). Decomposition of activities is possible
but not specifically defined in the syntax. Maull ef al. (1995b) point out that if a common
sét of rules is agreed between everyone involved in a flowcharting exercise the semantics
can be simple. This simplicity however is threatened by the lack of defined process hierar-

chies for this type of flowchart.

An annotation symbol linked to a particular activity allows extra information to be shown
about an activity. However this can increase the number of symbols and arrows in the
diagram dramatically. While large flowcharts may be split over many pages they are linked
through connector symbols which are often difficult to identify. As there are no properly
defined system boundaries one has to assume that all connected charts are parts of the same

system.

7.3.4.6.3 Systems hierarchy for activities and information

ANSI Standard Flowcharts do allow the decomposition of activities into various different
levels of detail. A subordinate flowchart would have to have a defined start and finish point
and requires all inputs and outputs to complete the transformation. There is however no
clear convention of how to model such decomposition. The main issue according to Maull
et al. (1995b) is the difficulty of maintajning consistency due to the lack of systems
boundanies. Zgorzelski et al. (1996) argue that due to the shortcomings in decomposition of
activities and processes, traditional flowcharts do not allow the modelling and analysis of

processes and systems to a satisfactory level of detail.

In order to decompose ANSI flowcharts a new set of rules would be required. The lack of
system boundaries is a plausible explanation why information ts neither branched

(decomposed) nor bundled (aggregated).
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7.3.4.6.4 Overall system boundanes and goals

The syntax of flowcharts does not refer to set formal systems boundaries. The absence of a
proper convention may often lead to the introduction or modification of rules to overcome
this problem. As explained in the previous section the lack of overall system boundaries
leads to other difficulties such as the definition of systems hierarchies. As each flowchart has
a defined start and finishing point which is indicated by a terminator symbol, specific goals

can be set.

7.3.4.6.5 System parameters

In terms of systems parameters, flowcharts only show the transformation of inputs into
outputs by referring to the process and activities involved. With the systems boundaries
missing neither the source of inputs nor the receiver for outputs can be modelled
consistently. An ANSI Standard Flowchart has some serious shortcomings in terms of

modelling a business process from a systems viewpoint.
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7.3.5 Data Flow Diagrams

Data Flow Diagrams (DFDs) are widely used in structured systems analysis and in the
design of information systems (IS). A DFD is centred on the concept of data and is a useful
diagramming technique for depicting the flow, the transformation and the storage of data
within a system. DFDs may be either logical or physical. The logical or essential type
depicts what a system should do. It does however lack the physical characteristics of a
system. The physical or transitional type describes how a system or its processes and
procedures are carried out. Bingham ef al. (1992) report that the logical type is the more
powerful of the two as its focus is to give the reasons why a process is performed and also
what is carried out. This type of DFD does not consider any limitations imposed by physical
devices. According to Kubeck (1995) this is one reason why the logical type might be more
useful during business process redesign. It is however often easier to start modelling the

physical system first.

The components of a DFD are the processes, any external entities that interact with the
system, data stores that can hold data of any kind and the data flow which connects them.
Various notation styles have been developed since De Marco (1978) and it was Gane and
Sarson (1979) who made this technique popular. This review uses the symbols explained in
Lejk er al. (1998) together with a simple physical Data Flow Diagram presented in Figure
7-11 showing part of a meeting room booking process. In Figure 7-11 the components of a

DFD are identified in italics.
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et al. 1995b) or T which is the computerised version of the transient data store. A duplicate
line at the left end of the rectangle reflects a multiple occurrence of a data store within this

DFD.

Data flows show the data in motion and are represented by lines with arrowheads indicating
the flow. Data flow is only permitted between processes, between a process and an external
entity or between a process and a data store. This means that all data flow is triggered by or
for processes. Single and bi-directional arrows can be used and must be labelled with

meaningful descriptions.

The decomposition of Data Flow Diagrams allows the modelling of a system to the required
level of detail giving full consistency with all higher levels. A process is decomposed into its
subordinate processes and activities showing the data flows and data stores at this level. To
ensure consistency the decomposed Data Flow Diagram is identified by a decimal extension
of the higher level identifier. It must also ensure that all data flow into or out of the process
in the higher level diagram is shown in the lower level diagram. Lejk ef al. (1998) suggest
that decomposing DFDs to level 3 gives, in the majority of all cases, enough detail without
the need of more levels. At the lowest level the DFD technique uses textual descriptions
called elementary process description (EPD) to write exactly what happens at this level to

avoid ambiguity and incompleteness.

7.3.5.1 Use and common language for communication

Data Flow Diagrams depict the movement of data within a system and form a useful
technique to discuss the objectives of a particular process or system. Systems analysts are
interested in the flow of data, and DFDs simply show the input and output of data, its

storage and what happens to data. However they do not consider time nor do they show
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any material flow. This is because time is considered not to be important when modelling
data flow. As the sequence of events is not apparent and the diagrams lack a definite start

and finish point it may be difficult to understand it, particularly for new users.

The DFD technique has been traditionally used in system analysis and is one part of the
Structured Systems Analysis and Design Methodology (SSADM) (Lek et al 1998).
SSADM is a methodology revolving around logical data modelling, data flow modelling and
entity/event modelling. It is used by the British government to control all areas of business
computer systems development and standardises the IT projects across governmental

departments.

7.3.5.2 Syntax and semantics

The small number of symbols (ellipse, rectangle, and lines with arrowheads) used within
Data Flow Diagrams provides a fairly simple syntax. Within DFDs proper systems
boundaries can be defined which permit consistency in decomposing the system from a
context diagram into processes and sub-processes showing the data flow at various levels of
detail. A clear and straightforward semantics seems to stem from the ability of expanding
processes according to Maull ez al. (1995b). The set of rules does not consider the sequence

of processes and time cannot be shown.

7.3.5.3 Systems hierarchy for activities and information

The conventions of DFD consider the requirements for decomposing processes. Within
DFDs processes can be expanded from the top level context diagram to any required leve!
~of detail. Logical consistency can be achieved using DFDs if every input and output that is

appearing on the higher level diagram is considered at the lower level diagram. As the input
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and output are in form of data this charting technique also allows the decomposition of

information.

7.3.5.4 Overall system boundaries and goals

As discussed in a previous section, the syntax and semantics set for Data Flow Diagrams
allow the definition of formal system boundaries. The abstract context diagram DFDs
present the scope and the objectives of the system under study. Anything outside the

boundanes of the context diagram is beyond the scope of the system.

7.3.5.5 System parameters

The convention defined for DFDs provides the consistent modelling of all systems
parameters except inputs and outputs. Data Flow Diagrams show how processes transform
inputs to meaningful outputs but have no means of referring to the actual input and output
of objects or material. At the top level the context diagram interrelates with sources and
receivers of the system from which data is supplied by or provided to respectively. As feed-
back is a special form of information that comes from a receiver, DFDs can also model this

systems parameter.
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7.3.6 Object modelling

Object orientation (OO) is an approach for the modelling of a process or a system by using
a set of connected abjects. For over 25 years OO has been used by Jacobson et al. (1994)
and others to describe organisations, and other systems. When used to model organisations
a business oriented model describes the structure of objects in a system — their identities,
their relationships to other objects, their attributes, and their operations (Rumbaugh et al.

1991). Objects represent real events and occurrences that happen in organisations.

There are many different notations for modelling a system using object oriented thinking.
The different approaches can be grouped into those that focus internally at the core of a
business or system or those that focus externally describing the organisation and the world
outside it. Chen (1999) reports that although the internally focused object oriented methods
were proposed by Wang (1994) or Jacobson ef al. (1994) to model business processes little
or no evidence of successful implementation projects has been reported. Jacobson ef al.
(1994) refer to the Use Case approach as a useful technique for defining business processes
and showing the interactions between the business processes and the external environment.
Before reviewing the Use Case model some of the basic principles of the object orientation
such as objects, classes, use cases, object model and inheritance are explained. A simple
example can be seen in Figure 7-12 with the individual elements of an object model

identified in italics.

The focus of the object oriented paradigm is an object, which can be any thing in the system
under study. Each object belongs to a class of similar objects and is often called an instance
of a class. Objects contain both the data (attributes) and behaviour (methods) relating to the

data. Its attributes describe the internal information (state) of an object and the behaviour
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provides information on the object’s use. Objects are unique and differ from each other by
the different values of their attnbutes. They are linked to each other and can communicate
by sending messages. An object starts performing an operation only when triggered by
another object via a stimulus. A stimulus is an action asking objects to behave in some way.
Such a triggered object may need to check its attributes, alter its state or use other objects
to start its performance. In the case of communicating with others the triggered object

would have to send a stimulus itself.

All objects of the same type belong to one class. The class description contains information
that all objects in the class follow. This information includes the attributes of each object, its
use and its possiblé application within the system. It is the class that specifies what
operations on the object can be performed which result in the change of its attributes. As all
objects of the same type have the same operation and refer to the class the description needs

only to be defined in the class itself.

Objects, classes and their associations define the object model of a system. An association
relates objects and their classes and always links two objects either instances or classes. This
relationship needs to be intact for the object model to function. Jacobson et al. (1994)
describe two types of associations which in general are direct binary relations between two
objects. The acquaintance association set between two objects is static and highlights the
location of one object in relation to another. The communication association is dynamic and

only active when a stimulus is sent between the objects.

With the feature of inheritance it is possible to apply and share the behaviour and attributes
of one class when defining new classes. /nheritance is a relationship between classes where

one class is the parent class (superclass, ancestor) of another. The definite direction is that
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Use Cases are employed to define the areas of the business which deal with external
customers but do not give a precise picture of the internal structure of an organisation. A
use case car; be described as everything a system will do or be described from a different
viewpoint as what an acfor wants to do with the system. It is shown as a sequence of
various transitions representing a possible flow through a system. Where event flows have
great similarity they are grouped together. The grouping is referred to as a wse case class.
An ellipse represents a use class and its given identifier should express what happens when

an instance of a use case is performed.

In order to manage large and complex systems the notation of this approach distinguishes
between extend associations and use associations. Extend associations describe classes
which act as supplements to the basic ones and can be decomposed to show greater detail.
The decomposition is to avoid confusion caused by showing additional flow. Use
association is applied were use cases have similar descriptions and therefore overlap. This
type of association splits the overlapping use cases into their separate parts avoiding

redundancy effects.

An actor is a user of the system and can be human (customer, supplier) or non-human

(machine, supplier’s computer system). They represent the role of being part of the

environment and are always external to the system. Acfors are associated with each use case
J

of the system in which they interact. They are linked to the business system and initiate the

business processes (use cases). A stick person icon represents an acfor and lines between

them and a use case show the association (communication).
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Figure 7-13: Example and notation of a Use Case model

Figure 7-13 shows a sales representative who may add or delete requests using the request
system. Deleting a request involves the process of finding the request first. This is shown as
an extended association between the basic use case “delete request” and its augmentation

“locate request”.

7.3.6.1 Use and common language for communication

Use cases are about capturing high level requirements for the purpose of scoping a project.
This technique is about describing what the model will do at a high level. In business
process redesign use cases are applied to represent how the business is structured in relation
to its environment. To review a business system in greater detail the principles of object
modelling are applied to identify all participating objects and interactions within each use
case. This makes the Use Case approach a valuable technique to communicate to others
about the requirements of the business and acquire a consensus on how the model will look.
However on its own it is not a suitable technique to describe all details of a business

process.
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7.3.6.2 Syntax and semantics

The Use Case approach depicts only the three main symbols which make the syntax easy to
understand. The business system separates the system under study from its environment and
forms its boundaries. Use cases represent business processes which interact with the
external actors. Although the syntax is simple Maull ef al. (1995b) report that within a Use
Case there is no possibility of distinguishing between classes of use cases and instances.

This is only addressed within the more traditional object oriented methods.

The syntax of the Use Case approach provides a clear and understandable semantics. It does
however not consider that instances of use cases from the same or a different class affect
one another (Jacobson et al. 1994). The semantics also lacks the sequence of activities in a

process flow which can make it difficult to use in terms of process flow mapping.

7.3.6.3 Systems hierarchy for activities and information

The notation of the Use Case approach allows systems and process hierarchies to be shown.
The extended association however does not show the internal structure of a business
process sufficiently. This is because the purpose of this type of modelling technique is to
present a high level scope of the system that is not intended to capture all the system
requirements. Maull ef al (1995b) also question the logical consistency as the
decompositi-on does not show inputs and outputs at any detailed level. There is no apparent

mechanism to decompose information when modelling with use cases.
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7.3.6.4 Overall system boundaries and goals

System boundaries can be modelled with the Use Case approach. This is depicted by the
business system which separates the external actor from the wse cases. By setting the

boundaries the scope and objectives of the system can be defined.

7.3.6.5 System parameters

Modelling with the Use Case technique specifies what the system will do. By considering
the environment this approach identifies the sources and receivers of the system. As already
mentioned this approach is not meant to model at anything but an abstract level. It does not
address the system’s inputs, outputs or transformation sufficiently. Modelling with use cases
also lacks the information flow e.g. feedback from receivers and the details of individual

Processes.
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7.3.7 IDEF

To support its Integrated Computer Aided Manufacturing programme (ICAM) the U.S. Air
Force developed a system definition method known as the ICAM Definition (IDEF)
methodology (Le Clair, 1982). The IDEF suite of techniques consists of several methods
and was designed to deal with complex manufacturing systems. Its original three methods
IDEF,, IDEF, and IDEF, were developed during the 1970s to address the functional
requirements of a system (IDEF,), to capture and analyse the information used in an
organisation (IDEF,) and to simulate time related characteristics in a dynamics model
(IDEF») (National Institute of Standards and Technology, 1993). A second and third
generation of methods (IDEF %, IDEF; to IDEFs) within the IDEF family was developed in
recent years and 1s complemented by partially developed methods IDEF, to IDEF,s (Mayer
et al. 1995). According to Cheung et al. (1998) the most important methods for the
modelling and analysis of processes are IDEF,, IDEF,, IDEF, IDEF,x and IDEF;. Before
IDEF, is reviewed in greater detail in this section a brief overview of the methods up to

IDEF, is presented.

7.3.7.1 IDEF,

IDEF, is the information modelling method of the IDEF family and is concerned with what
type of information exists or should be used in an organisation. The modelling technique is
developed from entity-relationship models in database systems design and uses entities,
attributes and relationships. Information gathered from using IDEF; can be used as a set of

requirements in designing databases (Cheung ef al. 1998).
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7.3.7.2 |DEFx

IDEF,x is a revision of IDEF, as its application starts after the information requirements of
an enterprise are known. This data modelling method is used for designing relational data-

bases (Rasmus, 1992).

7.3.7.3 |IDEF;

This method was proposed to model the dynamics of a system and shows the duration and
frequency of interactions between function and information based on the aspects of time (Le
Clair, 1982). Modelling with IDEF, would need to take the resources and other require-
ments into account which could influence the completion of processes. There appears to be

no record of this method being utilised to develop a system.

7.3.7.4 IDEF,

The IDEF; Process Description Capture Method has been developed to acquire an expert’s
knowledge about the operational aspects of a system or an organisation. IDEF,; is structured
to use Process Flow Network (PFN) and Object State Transition Network (OSTN
diagrams). A PFN diagram consists of numerous units of behaviour (UoBs) which represent
activities, functions or actions etc. and their connections. OSTN diagrams describe and
document the state of objects used in the process and relate the change of state to the
process (Colquhoun ef al. 1996). IDEF; however does not allow a system to be modelled
(Plaia e al. 1995) as it only captures precedence and causality relations between situations

and events.
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7.3.7.5 IDEF,

IDEF, is another method for designing databases. In cases where relational technology

(IDEF,x) might be insufficient to describe data, IDEF, uses the object-orientation approach.

7.3.7.6 Other modelling techniques based on the principles of IDEF

Much work has been carried out on the enhancement of IDEF methods. Some of the more
popular ones are NIDEF (NIAMized IDEF) and IDEF*. NIDEF combines the concepts of
IDEFy’s activity modelling with the principles of the object/role oriented information
modelling tool NTAM (Nijsson Information Analysis Methodology) which is primarily used
to design relational databases (Zgorzelski ef al. 1996). IDEF* focuses on the description
and development of a comprehensive manu.factun'ng system taking multiple viewpoints
which conforms to the CIM-OSA standard. The IDEF* methodology deploys IDEF,,
IDEF; (PFN) and IDEF,x to overcome the problems with the traditional method of creating

these models independently (Cheng-Leong, 1999).

Another technique which uses multi-view modelling is the IDEM method (Integrated
Design and Modelling) which takes a function, dynamic and information view of the system.

The function view is modelled with IDEF, (Wang ef al. 1993).

7.3.7.7 |DEF,

IDEF, 15 one of the most widely known tools for functional modelling. It is based on the
Structured Analysis and Design Technique (SADT) proposed by Ross (1976) and the
onginal manual was published by the US Air Force (1981). In 1993, the National Institute
of Standards and Technology (NIST) released IDEF, as a standard for Function Modelling

in FIPS Publication 183 (Federal Information Processing Standard).
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IDEF, models are presented as an ordered series of diagrams and text all of them inter-
related to each other. Its graphical representation, as seen in Figure 7-14, consists of a row
of boxes called rodes which are used to describe functions/activities. The row of boxes
starts at the top left corner of the page spreading diagonally to the bottom right corner of
the page. Each activity diagram should consist of no less than three and up to six consecu-
tively numbered boxes so as not to overcrowd the diagrams. The text within a box describes
an activity and starts with a verb in its imperative (active) form. Arrows are used to repre-
sent flows and describe the flow of data and information or real objects between activities.
There are four main types of arrows termed /COM codes. An arrow which enters the left
hand side of the box is called an inpuf (I) and an arrow entening the top of the box is termed
a control (C). A control has a constraining influence on the transformation of an activity.
The activity transforms the input to produce a de§ired ouiput (0O) which leaves the nght
hand side of a box. The fourth type of arrow entering the bottom of the box is called a
mechanism (M) representing either a person or device needed to successfully complete an
activity. This type of arrow indicates where resources are used but not used up. A fifth type
of arrow named call can be seen as a special mechanism arrow which i1s drawn out of the
bottom of the box. The caller box which is the box from which the caller arrow originates is
not decomposed. A caller arrow therefore refers to other diagrams within the same model
or to a different model to signify where all details can be found. Each arrow label identifies
which box from which diagram is called. As multiple cﬁller boxes may call the same box

details may be shared within a model or between different models.
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7.3.7.7.1 Use and common language for communication

IDEF, may be one of the most influential techniques for activity modelling of manufacturing
systems and its processes as the method is widely understood and well documented (US Air
Force, 1981; Le Clair, 1982; Colquhoun et al 1991). While it is important to develop
experience in using this technique, as it is with any modelling method, IDEF, offers simple
diagrammatic graphics. For the presentation and communication this technique is easy to

understand even for new users (Colquhoun ef al. 1996).

Modelling with IDEF, can however be time consuming especially when mapping large and
complex systems even with the support of a software package (Ang ef al. 1994). In order to
keep the consistency of ICOMs at all levels changes made in low level diagrams require the
redrawing of all affected higher level diagrams. Although automated tools simplify this, it
restricts the applicability of the technique when modelling processes which change
frequently as IDEF, only deals with a static representation of a process (Cheung er al.

1998).

7.3.7.7.2 Syntax and semantics

The syntax of IDEF, is simple and uses only diagrams with box and arrow graphics which
represent an activity or a process and the flow of data or objects respectively. The four
different types of arrows interrelate with an activity in the form of inputs, controls, outputs

and mechanisms (ICOM).

A strict set of syntactic rules requires a unique name and label for each activity and data or
object flow and allows the expression of a formal system boundary. This is achieved by
showing the top level abstraction of the system using the context diagram (A-0). The

technique also allows the decomposition of processes and activities to explicitly show any
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constituent activities at the required level of detail. Consistency at all levels is maintained as
all decomposed sub-processes inherit the associated ICOM components from their ancestor
processes and are numbered with a unique identifier. IDEF, has no means to explicitly
model the sequence of activities and does not explicitly show the flow of events but the
circumstances in which each activity is able to operate. Representing the sequence of the
processes on the page in a logical manner and modelling them as they are performed makes

the presentation and analysis much easier.

Maull et al. (1995b) report that while the semantics of IDEF; is relgtively simple, due to its
syntax the interpretation of detailed process views can be seen as a complex exercise. This
however can be overcome by applying the strict rules of the model’s syntax. While IDEF,
can show both the flow of data (information) and objects (material) Zgorzelski et al. (1996)
report a problem with the classic IDEF, convention when analysing business processes.
Both types of flows which are semantically different are represented using the same symbol.
In order to show the flow of a real object and supporting information about the object two

independent flows, both drawn as simple solid line arrows, must be mapped.

7.3.7.7.3 Systems hierarchy for activities and information

By decomposing processes and activities within IDEF, a formal set of systems hierarchy can
be achieved. The set of rules used by IDEF, permits the method to cope with complex
systems by decomposing the activities to various levels of abstraction providing a manage-
able amount of detail at all times. The decomposition of high level data and information
flow within IDEF, is also possible. This can be achieved by branching (decomposing) and
bundling (grouping) arrows. The consistency of decomposing information is maintained as

the decomposed activities inherit all relevant ICOMs.
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7.3.7.7.4 Overall system boundaries and goals

Definite system boundaries can be set as IDEFy’s syntax and semantics allows different
levels of abstraction to be modelled. This can be achieved by mapping an optional A-1
context diagram showing the environment of the model under study or by using the required
A-0 context diagram. With an A-O diagram it is possible to precisely define the scope of the
project including the start and end points of the model. A context diagram reflects the
objectives of the modelling which need to be established first. At the A0 diagram level it is

possible to specify a certain viewpoint from which the processes will be modelled.

7.3.7.7.5 System parameters

IDEF, diagrams show how inputs are transformed to outputs within the system. The defined
system boundaries show which inputs come from an external source and which outputs
leave to an external receiver. The source and receiver themselves however cannot be
speciﬁca_lly ide_ntiﬁed‘ Within the system’s boundary IDEF, models processes and activities
from a function view showing how the transformation is achieved. Feedback coming from
an external receiver or as an output from an activity within the system can be modelled in

the form of data and information flow.

7.4 Summary of modelling techniques supporting Fulfil Order Process
criteria

Table 7-2 gives an overview of how the selected modelling techniques address the criteria
set for modelling a Fulfil Order Process. A business process modelling technique that
supports the criterton very well is indicated with the symbol “++”. The “+” symbol indicates

that the modelling technique addresses the criterion only partially.
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Table 7-2: Modelling techniques supporting the criteria of a Fulfil Order Process

While all modelling techniques require experience and basic knowledge to produce a useful
model the majonty of them address the criterion for ease of use/common language for
communication fairly well. This is often supported by a simple syntax and semantics of these
diagrammatic techniques which are based on a semiformal language using graphical symbols

and specific rules.

A small and inconsistent set of rules however often permits modellers to develop their own
personalised syntax. This makes the communication of a model difficult as it allows inter-

preting situations differently by taking various viewpoints. The review shows that a simple
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syntax and semantics does not aiways specify mechanisms which allow the decomposition
of activities and information or the setting of definite boundaries around the system under

study.

Chapter 4 described a Fulfil Order Process as a type of a business process. As a business
process has been discussed from a systems viewpoint and can be classified as a Human
Activity System (HAS), the focus for selecting a2 modelling technique is how well each
technique addresses the systems parameters. The techniques that address all the systems
parameters are HIPO Charts, the Use Case approach and IDEF,. These three modelling
techniques now form the basis for a second review of how they address the criteria set for

showing the links to ISO 9001:2000.

7.5 Review of modelling techniques supporting the criteria for showing the
links to ISO 9001 in a Fulfil Order Process

Three modelling techniques were identified as possible candidates to model a Fulfil Order
Process from a systems viewpoint. Based on the results from the literature review it can be
argued that not one of the selected and reviewed modelling techniques does explicitly
support the links to ISO 9001. Table 7-3 therefore reviews whether the concept of each
modelling technique can be easily adapted to achieve this. The “++” symbol indicates that
the concept of a modelling technique can be adapted in a straightforward manner to support
an ISO 9001:2000 modelling criteria. A “++” would be assigned in the case where a
modelling technique already addresses a characteristic and the existing notation only needs
extending to fulfil the extra criteria. For example a modelling technique which has the means
for modelling information requires an extension to differentiate between information which
is controlled by ISO 9001 from that which is not. Such an extension could be achieved by

using the same graphical symbol for information in a different style.
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The “O” symbol is assigned if the convention of a modelling technique does not originally
consider address criteria and no straightforward extension is possible. Instead it would
demand the introduction of a new set of rules and extra icon(s) to satisfy this requirement.
Such a major change is considered to produce a level of complexity at odds with the basic

principles of the modelling technique.
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Table 7-3: Modelling techniques supporting the critenia for showing the links to ISO 9001

7.6 Summary of modelling techniques showing links to ISO 9001

The currently available business process modelling techniques, developed with business
process redesign in mind, cannot fully support the task of showing the links to 1SO 9001
quality standard. The researcher justifies the decision to select the modelling technique
IDEF, as the most promising approach for addressing the links to ISO 9001 based on the
premise that the syntax and semantics can be most easily enhanced. IDEF, is one of the
most widely used method in business process modelling and Colquhoun et al. (1996; 1993)
report that IDEF, is well recognised as evidenced by a significant number of publications for

modelling functional relationships in manufacturing systems.
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HIPO Charts have, in comparison to IDEF,, a more complex syntax as they use different
types of diagrams and symbols at different levels of detail when decomposing. They are
most commonly used in the initial planning of computer programs, since they concentrate
on showing the modular nature of a program but support the understanding of the functions

of a system.

The Use Case approach is ideal for modelling on a high level but does not functionally
decompose a model showing all levels of detail. As the concept only supports
decomposition of activities and information partially it would require a major effort to

extend its syntax to comply with the requirements.

7.7 Chapter Summary

This chapter has reviewed the most common modelling techniques which are used to model
business processes based on several studies carried out in the field of business process
redesign. In the first instance the techniques were assessed for their applicability to model a
Fulfil Order Process. This resulted in an exclusion of all those where syntactical limitations
did not support the modelling of systems parameters. This is because a Fulfil Order Process
has been described from a systems viewpoint and a systemic presentation of it has been seen

as a vital criterion for selecting a modeiling technique.

The ones that supported these criteria were further investigated in respect of their
appropriateness to highlight ISO 9001 criteria. Unsurprisingly none of the modelling
techniques completely supported this second set of criteria. Each of the selected modelling
techniques was therefore reviewed as to how easily its syntax and semantics could be
adapted. For the reasons stated in Section 7.6, IDEF, was selected to be the most

appropriate modelling technique.
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The next chapter will propose how IDEF,’s syntax and semantics can be enhanced so that
all defined criteria can be shown successfully. Also discussed is how the proposed modelling

technique can be used.
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8 The Proposed Modelling Approach IDEFgg00

The previous chapters have identified a sef of criteria for modelling a Fulfil Order Process
Jrom a systems viewpoint (Chapter 5), specified requirements for showing the relevant
-links between the activities of such a process to the ISO 9001:2000 quality standard
(Chapter 6), and reviewed current business process modelling techniques and their ability
to fulfil the defined criteria (Chapter 7). Chapter 7 concluded that while several modelling
techniques support the criteria set in Chapter 5 to various degrees, no modelling technique
completely satisfies the requirements for showing the links to ISO 9001. IDEF, has been
identified as the most promising candidate as the base concept can be adapted and
enhanced to support the requirements. This chapter will discuss the enhancement of
IDEF,’s syntax and semantics with reference to the requirements together with a

description of how to apply the improved version of IDEF, named by the author IDEF g0

IDEF opgo reflects in its name an emphasis on identifying ISO 9000 constraints in the design

of a business process model.

8.1 Areview of requirements

As argued in Chapter 3 business process modelling literature does not regard showing links
to the ISO 9001 quality standard as one of its main priorities. The need for process-oriented
quality management systems is acknowledged in this domain but there is limited guidance
on how to model business processes considering ISO 9001 requirements and linking the
two together. The field of quality management has widely recognised the usefulness of
business process-oriented organisational structures. However, the proposed approaches

generally focus on the design of a certifiable system and do not take an overall systemic
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view of the business. The research is required to provide a modelling technique which helps

to:

o establish 'an improved link between the requirements of the ISO 9001 standard and the

Fulfil Order Process of an organisation;

e take a systemic perspective of the integration of ISO 9001 in a business process

environment;
¢ implement ISO 9001 in the Fulfil Order Process of an organisation;

o update the Fulfil Order Process of an organisation to conform to the latest version of

ISO 9001;

o highlight potential constraints imposed by ISO 9001 during a redesign exercise to

maintain compliance to the standard.

A modelling technique addressing the proposals above will support manufacturing
organisations to model a Fulfil Order Process and highlight the links to ISO 9001 resolving
some of the issues currently encountered. The next sections describe how the proposed

approach can be used.

8.2 Enhancement of IDEF, enabling showing the links to ISO 9001

In Chapter 7 IDEF; was selected as the most appropriate modelling technique as-its-concept
is thought to be easily adaptable to match the additional criteria. The improvement of the
syntax is based on the primary requirement of the research namely to distinguish graphically

between controlled and uncontrolled activities, information and objects by ISQ 9001. While
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the syntax of a modelling technique can be adapted in many ways, the proposed design

considers the following major aspects to be the most important.

The TDEF, approach can be thought of as the IDEF, language itself and the IDEF,
methodology which provides additional procedures for developing and interpreting process
models (National Institute of Standards and Technology, 1993). It also includes techniques
for data collection, reviewing and documentation. The research concentrates solely on the
IDEF, language and acknowledges the existing generic IDEF; methodology as valid and

appropniate in the proposed modelling approach.

The proposed approach IDEFsgg introduces modifications to IDEF; only where required
retaining as much of the technique’s well established original principles as possible. This
assumes that the new approach can benefit from its association with a well documented and
widely acknowledged modelling approach. It can be argued that this may grant the
approach a wider application, especially within the current IDEF; community or when
convincing new users to apply this approach by referring to IDEFy’s established and

recognised concept.

It can be assumed that the final process model will most probably be documented using a
software based solution and the researcher is aware of the numerous possible ways of
formatting IDEF, diagrams highlighting the ISO 9001 links. Instead of applying and
evaluating the features of state-of-the-art graphics packages such as different symbols,
formats and fonts the researcher proposes one simple notation for the practitioner to use.
This is because the primary focus of the research is to enhance the concept of IDEF, and

not to develop syntax based on the facilities of a particular software tool.
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The proposal for extending syntax avoids the use of coloured formatting and only
distinguishes between a black and white symbol for activities and black arrows with
different thickness connecting activities and showing process flow. This will allow easy
reproduction where coloured photocopying or printing is not available. For the identifi-
cation of controlled as opposed to uncontrolled labels by ISO 9001 the text will be
formatted in bold as opposed to a regular font style. To avoid ambiguities when diagrams

are being reproduced the bold font is also underlined and in italics.

However, during redesign workshops process mapping is often initially documented by
hand by drawing on paper, whiteboards or even “Post-it” stickers. This requires an even
simpler syntactical approach. Instead of changing the format of the text the labels referring
to an ISO 9001 link shall be identified by using the asterisk symbol (*) at the end of the
label for ease of reproduction. The use of only one colour remains as mentioned in the

previous section.

This chapter will now discuss the extensions in the semantics of IDEFgqo, together with the

syntax adapted for the ISO 9001 criteria which are summarised below.

To show activities and clearly identify the ones which are controlled by the

ISO 9001:2000 quahity standard;

¢ To identify and distinguish information and objects that are linked to a requirement of

ISO 9001:2000 from those that are not;

¢ To show information and the flow of information;

e To show information as different types of input (control inputs, object inputs and

resource inputs) to an activity;
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from where documents originate. The syntax proposed for identifying ISO 9001 links is to
draw arrows using a heavier “weight” or thickness. For the labelling of arrows controlled by

IS0 9001 the font style is changed to italics, bold and underlined as seen in Figure 8-1.

When drawing the process model by hand, arrows and activities controlled 1SO 9001 should

then be identified by an asterisk symbol (*) or similar.

Some typical inputs, controls, outputs and mechanisms for a Fulfil Order Process from an
ISO 9001 standards viewpoint are shown in Figure 8-3. Inputs (object inputs) can be
usually classified as being either controlled documents (information and data) or objects.
Similarly to the traditional IDEF rules, inputs can also become controls where appropriate.
An activity always has to have a control arrow regardless of whether controlled by
ISO 9001 or not, though they need not always have inputs. Where there is uncertainty if an

arrow should be labelled as an input or a control it should be shown as a control.

ISO 9001 governed controls may be split into those that are only required because of an
ISO 9001 requirement and those documents or objects which need to be adapted because of
ISO 9001. The first category (solely ISO 9001) refers to procedures or documents that an
organisation specifically introduced to conform to ISO 9001. The remainder (controlled by
ISO 9001) were already applied by the organisation but needed certain amendments to

comply.

Typical outputs related to 1SO 9001 are completed documents in the form of reports, charts
or objects such as inspected and identified goods. Mechanisms which are identified with the
new syntax may be customer owned equipment, any measuring and testing equipment or the

qualified personnel.
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the box), the object input is the original input (left side of the box) and the resource input is
the original mechanism (bottom of the box). This requirement also applies to feedback from

outside the boundaries of a defined Fulfil Order Process.

Documents that are transformed from inputs to outputs and include the processed
information that is required by the standard need to be identified. This is relevant for

example for forms which when being filled in become quality records.

8.2.5 Decomposition of activities and information describing a process hierarchy

To decompose activities into sub-activities to the level of detail necessary and to link them
to individual documents or objects controlled by ISO 9001, the modelling technique will use
the ability of IDEF; to describe a hierarchy that composes systems from subsystems.
IDEF,’s original facility for decomposing activities needs to be combined with the

identification of activities controlled by ISO 9001 as described in Section 8.2.1.

Similarly to the hierarchy of processes, the decomposition of information down to the
different levels of detail needs to consider the extended syntax to identify information
controlled by ISO 9001 at all levels as described in Section 822 As there is always
concern about overloading the diagrams the arrows should only be branched at the required
level of detail. For example instead of drawing all individual work and test instructions
(control inputs) entering the more general activity make product they could be bundled to
one arrow labelled as Werk instruction (ISO 9001 procedure folder PF-Ru) and
decomposed at the next lower level of the more detailed diagram (see Figure 8-4). This
example also shows the source or location of documents and other information on each
arrow label. This is required as many ISO 9001 documents have their origin outside the

boundaries of a Fulfil Order Process. They need to be shown in the context diagram as
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terms of ISO 9001. However in the traditional IDEF; process model the source and receiver
cannot be specifically identified. By labelling inputs of a source and the outputs to a receiver
according to the convention as described in Section 8.2.2 the extended [DEFggg, will

support the practitioner when redesigning activities which are controlied by ISO 9001.

8.2.7 Identification of resources controlled by ISO 9001

All relevant elements such as inputs, outputs and resources within a quality management
system need to be controlled. Identification is usually achieved by a document numbering
convention and other forms of unique labelling system as seen Figure 8-4. The usually text
based, conventions of identificatton and individual identity codes are added as text to the

arrows label and formatted as described in Section 8.2.2.

8.3 Participation in the modelling approach

It is envisaged that the author of the model interviews participants who have a direct
involvement in the Fulfil Order Process. Where possible a group may be formed with a team
leader who will guide the group through the modelling process. The direct involvement of
users will increase the chances of change and will support subsequent implementation by
avoiding potential obstruction (Meyer, 1993). Prior to the interviewing and the modelling it
would be advantageous for the team leader to be familiar with the proposed approach, its

syntax and semantics. The guidelines discussed in this chapter will address these issues.

8.4 Application of the proposed modelling approach

The proposed approach is intended for organisations which are already ISO 9001 registered
and those which intend to introduce the quality standard in the future. Depending on the

organisation’s situation the approach will need to be applied differently. The key issues are
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discussed in the following sections and should be seen as a specific set of guidelines in

addition to the IDEF, methodology (National Institute of Standards and Technology, 1993).

Organisations which already have a certified quality management system should model the
Fulfil Order Process and the ISO 9001 links simultaneously. This is to avoid potential
rework when an already modelled Fulfil Order Process needs to be complemented with
ISO 9001 links at a later stage. During the modelling process the author of the model will
need to interview experts to gain a thorough knowledge of both subjects. Background
information on the subject matter from an ISO 9001 viewpoint is required and all
information related to ISO 9001 such as the quality manual, procedures, instructions and
other controlled documents need to be available. Throughout the modelling work it should
be possible to link ISO 9001 related arrows including their identification (labels) to

individual activities of a Fuifil Order Process.

8.4.1 Designing the Context Diagram (A-0)

The IDEF, methodology starts by drawing a context diagram (A-G) which includes the
context, purpose and viewpoint of the process model. In this research the subject under
study is the Fulfil Order Process of an organisation for which the boundaries to the external
environment need to be defined. As discussed in Chapter 5 a Fulfil Order Process contains
all activities which transform product orders into products. Its key focus is to show the
material and information flow essential to satisfy customer requirements. The system
boundaries set by the context diagram of IDEFsg also need to identify all links relevan.t to

ISO 9001 that are entering the operative part of the organisation.

The main purpose of IDEFgqq is to show and identify the links between the activities of a

Fulfil Order Process and the relevant criteria of the ISO 9001 quality standard. This is to
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enhance the understanding of practitioners when redesigning processes as the links between
the standard and the activities will highlight where extra considerations are required to
obtain or maintain compliance to the standard. The viewpoint to be taken for this process
model therefore needs to be the Fulfil Order Process including the relevant part of the

ISO 9001 quality standard.

As suggested in the guide for creating IDEF, diagrams (National Institute of Standards and
Technology, 1993) some people might find it easier to develop the A-0 context diagram
together with the next lower level A0 viewpoint diagram by going back and forth between

the two diagrams until a satisfactory status has been achieved.

8.4.2 Designing the Viewpoint Diagram (A0) and subsequent diagrams

The AO diagram decomposes A-O into three to six functions outlining the entire system
under study. This is crucial for the top level diagrams as it is important to maintain a level of
abstraction throughout the entire model. It has been suggested that the designer
concentrates his efforts on AO and Al, A2, A3 etc. and carry out further decomposition
from Al into All or Alll at a later stage. This is to avoid extra work should there be

amendments necessary at higher level diagrams.

In cases where an organisation is already registered to ISO 9001 the conventions which
identify ISO 9001 links need to be applied during all stages of the modelling process. The
procedure for creating a new diagram is to work down from abstract to detailed, showing
the activity structure first. As modelling usually includes numerous modifications and
redrawing of the diagrams it is proposed that activities controlled by ISO 9001 be identified

and formatted after all decomposed diagrams have been established.
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The next step is to take into account all arrows that are related to each diagram and to
highlight all arrows controlled by 1SO 9001 by applying the convention as discussed in
Section 8.2.2. Connecting all activities to the appropriate arrows and drawing arrows

between the activities follows this.

This is followed by working back up from detailed to abstract identifying activities
controlled by ISO 9001 according to the convention as proposed in Section 8.2.1. There are
only two reasons why an activity box needs to be formatted differently. The first rule applies
to activities which are constrained by a ISO 9001 control input (entering the box from the
top). Secondly, a higher level activity needs to indicate if any of its subordinate activities are
controlled by ISO 9001 in order to maintain consistency when decomposing the process
model. This is best achieved by working upwards from a detailed level to a general level

considering only two levels at a time.

Organisations that intend to introduce ISO 9001 at a later stage should map their current

situation and review the initial model for ISO 9001 relevance by referring to Section 8.4.3.

8.4.3 Reviewing conformity to ISO 9001

The proposed modelling approach relies a great extent on the practitioner’s knowledge and
understanding of the ISO 9001 quality standard. With the research concentrating on the
operating part of an organisation not all parts of the standard need to be considered. The
relevant links between ISO 9001 and a Fulfil Order Process have been discussed in detait in
Chapter 6 and are shown in Appendix 3. They will assist the practitioners during the
reviewing process. Each section of the ISO 9001 standard is described as directly relevant,

indirectly relevant or not relevant to the Fulfil Order Process together with an indication
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what type of requirement is needed. This guide can be applied by organisations regardless of

them being ISO 9001 registered or not.

For the reviewing process it is proposed that each section of ISO 9001 be assessed
separately. This is to maintain transparency as individual sections of I1SO 9001 can have

multiple links to different activities within the process model.

A suitable starting point is to refer to Appendix 3 which indicates for each section of
ISO 9001 which type of arrow and/or extra activities need to be addressed by the process
model. The first check is to determine if all ISO 9001 requirements are present. This could

lead to the following scenarios:

e Al ISO 9001 requirements have already been addressed,
e Arrows controlled by ISO 9001 are missing and must be introduced;

e Activities controlled by ISO 9001 are missing and must be introduced.

In the first scenario where all 1ISO 9001 requirements have already been addressed the
practitioner subsequently needs to ensure that the proposed syntax of the modelling
technique has been applied completely. For arrows and activities controlled by ISO 9001 it
is important that they are consistently identified throughout the various levels of the process

model as discussed in Section 8.2.1 and Section 8.2.2.

The second scenario in which extra arrows controlled by ISO 9001 are introduced can lead
to either linking these new arrows to already existing activities or to the requirement for
additional activities. Either way the newly introduced arrows controlled by ISO 9001 must

be identified in the same manner as discussed for the first scenario. The affected activities
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need to be checked to the rules set in Section 8.2.1 and may need to be changed to the new
syntax if the ISO 9001 constraint is a confrol input. In a concluding step the practitioner
must check that the consistency of activities and any subsequent activities controlled by

ISO 9001 is maintained.

In the final scenario the current process model does not include all the activities required by
ISO 9001. Extra activities must be introduced to comply with the standard. Similarly to the
second scenario this could lead to either linking the newly introduced activities to existing
arrows or to requiring extra arrows. The consistency checks for arrows and activities

controlled by ISO 9001 as already described for the first two scenarios apply accordingly.

For all scenarios it is important to consider not overloading the diagrams with too much
detail. This can be done by keeping the arrows at a general level and considering bundling

and branching arrows as described in Section 8.2.5 and shown in Figure 8-4.

For organisations that are not currently 1ISO 9001 registered this part of the modelling
process identifies the gaps and allows development of a future to-be Fulfil Order Process in
compliance with ISO 9001. If an organisation has not established a convention for
identifying and labelling documents and other relevant objects controlled by I1SO 9001, a

temporary system of labelling may need to be developed.

8.4.4 Redesign of an existing Fulfil Order Process

To redesign any process within an organisation, in-depth knowledge and understanding of
the domain is required. A set of guidelines should support practitioners in their attempts to
review the modelled Fulfil Order Process for potential improvements. The guidelines refer

to some of the principles discussed by Jain e al. (1994) and their transformational approach
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to business process redesign as well as to recommendations derived from the IDEF,
methodology. The three classes of transformations discussed by Jain ef al. (1997) are the

relocation of activities, the aggregation of activities and the concurrency of activities.

Many of the arrows controlled by ISO 9001 are usually developed and approved in the non-
operating part of the quality management system. This includes work and testing procedures
or other controlled documents such as forms or checklists. These arrows are referred to as
being outside the system boundaries of a Fulfil Order Process. The modelling process
therefore considers them as given, not specifying their content in greater detail. However
during the redesign exercise these arrows may need to be investigated in greater depth if
they constrain an activity. A quality management system representative or equivalent who
can comment on specific ISO 9001 related information associated with these arrows may

need to be present.

It is furthermore assumed that the rules for modelling with IDEF; have been applied
thoroughly and that the model is correct. The additional rules of IDEFso do not check
whether, for example, each activity box has at least one contro] arrow or that all

decomposed arrows are inherited consistently by subordinate activities.

The reviewer first needs to become familiarised with the process model. This is best
achieved by analysing the node index to establish an overview of the process model. After
the context, purpose and viewpoint of the process model has been reviewed all individual
diagrams starting with the A0 viewpoint diagram need to be examined. Every diagram
should be checked to see if activities/arrows are needed or if activities can be relocated,

aggregated or performed in parailel.
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8.4.4.1 Necessity of activities

The diagrams should be checked to see if each operation is necessary to fulfil the purpose of
the process being studied. This may include activities which were introduced because of
special circumstances and reviewing each output of an activity may identify whether these
circumstances still exist. Examples of activities which either produce waste or are unneces-
sary may be documents that are stored for no reason or the reproduction of copies where

there is no demand.

Identical activities performed at different stages should be identified and investigated
further. Where an operation is controlled by ISO 9001 (control input) the constraint needs
to be established before the particular activity can be removed or redesigned. The constraint
may be a quality procedure or instruction of some sort. If the input, output or mechanism is
controlled by ISQ 9001 the activity itself can be redesigned as long as all required arrows

controlled by ISO 9001 are still given due consideration.

8.4.4.2 Relocation of activities

This test applies when rearranging the sequence of activities within the process/diagram
under investigation as well as when moving potential activities beyond the system
boundaries. The first issue is concerned with improving flow of information and material.
Potential opportunities to improve flow may be seen where objects or information go back
and forth in a diagram visiting activities, feedback and mechanisms more than once rather
than taking a serial path. This is shown when the same mechanism is used for several boxes
that are not adjacent. Equally important is the question of whether a customer or supplier
(source or receiver) can perform any of the activities when initiating or receiving an order.

For example bank customers when making a phone inquiry are asked by a computer to key
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in their personal code before being connected to an operator. This reduces the time
operators search for the account details after being connected to the customer. The
relocation of activities might require the making of subsequent changes in ISO 9001
procedures, other controlled documents or objects. Conversely the relocation of activities
could lead to the introduction of extra flows controlled by ISO 9001 to maintain

compliance. This could have adverse effects on the intended objectives of the redesign.

8.4.4.3 Aggregation of activities

Aggregating activities ts concerned with combining successive activities of the same type.
The process model can be checked to see whether work items can be finished before they
are passed on (combining subassembly and assembly) or if parts can be produced and
inspected by the same operator. This may mean extending individual jobs to cover other
specialities. The aggregation of activities might also lead to an accumulation of several
ISO 9001 procedures, controlled forms or even resources. For example, where before the
aggregation of activities it was necessary to ask for specific information by using separate

forms it might now be better to combine them into a single form.

8.4.4.4 Parallel processing of activities

Independent and sequentially performed activities should be investigated to see whether
they could be carried out in parallel. For example, printing the manuai can be performed
while preparing the final product for packing. Where activities are dependent they should be
checked to see what degree of concurrency could be applied. In concurrent engineering the
principle is to carry out activities in parallel even if previously started activities are not

completed. Prototyping of some parts may begin before all components are completely de-
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signed. In terms of the quality standard, parallel processing might require the provision of

certain documents or equipment controlled by ISO 9001 at more than one location.

8.4.4.5 Feedback

Some of the feedback loops may be unnecessary. Part of the redesign exercise should be to
investigate activities that are constrained by information as part of feedback. Similarly, cases
may be noted where there is no proper feedback to regulate activities; this may have to be
introduced. During the redesign stages an organisation must consider the need for
appropriate internal communication processes essential to operate an effective 1SO 9001
quality management system. Organisations would also have to make arrangements to gather

information about customer satisfaction.

As part of this research a book called /DEFogy — A standard for modelling operating
business processes with links to ISO 9001 has been produced. It includes the principles of
IDEF o000 and its intended method of use as discussed in this chapter. It is used during the
validation of tflis research work in the next chapter. A copy of this book is included at

Appendix 5.
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8.5 Chapter Summary

This chapter has proposed how the extended IDEFgo modelling approach can be applied.
It discussed the application of the modelling technique for organisations which are already
registered to 1SO 9001 but have not previously mapped their Fulfil Order Process and
established the links to the relevant ISO 9001 requirements and to those which intend to

implement the quality standard in the future.

To support the use of IDEFsng, organisations without an expert knowledge in ISO 9001 are
provided with a list of links that allows them to review the Fulfil Order Process in terms of
ISO 9001 relevant criteria. Furthermore a set of guidelines for a redesign exercise has been
discussed supporting practitioners in their pursuit to improve the Fulfil Order Process with
the focus on considering the relevant links to ISO 9001 to obtain or maintain compliance to

the quality standard.

The following chapters will test and validate the proposed modelling technique IDEFsgq0 to
see whether it can be used to meet the needs of practitioners and the criteria set out in

Chapter 6.
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9 Validation of the Proposed Modelling Approach

This chapter follows on from the Explanation Phase of this research and will describe the
next phase of the research cycle. The objective of the Testing Phase is to determine
whether the criteria set for this research work have been met. Validation is split into iwo
stages in order 10 evaluate the modelling technique’s usefulness and its use separately. The
validation approach will also be described together with a discussion of the findings from

each stage.

9.1 Objective of the validation

The objective of this research was to support practitioners in modelling a Fulfil Order
Process showing the links to the ISO 9001 quality standard. The modelling approach was
developed to highlight where the relevant requirements of ISO 9001 interrelate with
activities of the Fulfil Order Process to draw the attention to the potential impact of changes

in the process or in the standard.

The objective for this phase of the research was to establish the validity of the proposed
modelling approach by focusing on an assessment by practitioners. This was carried out in
two main parts with the first stage concentrating on the validation by review and the second
stage validating its use. In order to assess the use of the modelling technique in a fair
manner, reviewers assessed the modelling approach for its usefulness and how easy the
approach is to understand during stage one of the validation process. Academics involved in
the field of POM along with managers and practitioners from industry acted as reviewers.

During stage two the usefulness of this approach was assessed by practitioners applying the
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modelling technique and the method of use in a manufacturing company. The validation

criteria for both stages are described in the subsequent section.

9.2 Validation criteria

In Section 2.2 it was proposed to use the reference framework of Thomas and Tymon
(1982) to assess this research project in terms of “the needs of practitioners”. The five key

needs are

descriptive relevance;

e goal relevance,

e operational validity;

e non-obviousness;

e timeliness.

Together with the specific set of criteria defined for the modelling technique, the key needs
form the frame for validating this research. The specific criteria as defined in Chapter 6 are

as follows:

e To show activities and clearly identify the ones which are controlled by the

I1SO 9001:2000 quality standard;

e To identify and distinguish information and objects that are linked to a requirement of

ISO 9001:2000 from those that are not;

e To show information and the flow of information,;
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s To show information as different types of input (control inputs, object inputs and

resource inputs) to an activity,
e To decompose activities and information and to describe a process hierarchy;

¢ To set system boundaries in order to identify any source or receiver within the quality
management system or with external stakeholders related to ISO 9001:2000 inputs or

outputs;

e To show resources that are required by the activity and to identify the ones that are

linked to the standard,

e To identify all relevant elements within a Fulfil Order Process using a document

numbering convention or other form of unique labelling system.

The objective for the review during stage one of this validation was to determine whether
the modelling approach supports linking ISO 9001 requirements to a Fulfil Order Process
and whether it can be understood. The first four criterta of the Thomas and Tymon (1982)
framework were therefore focused upon. Descriptive relevance was validated with regard
to how well the proposed modelling approach addressed linking ISO 9001 requirements to
activities of a Fulfil Order Process. With goal relevance the validation by review evaluated
whether the modelling technique would be used and supported the work of practitioners.
Operational validity was concerned with whether the model was easy to understand. This
also incorporated the quality of the manual explaining the method of use. Non-obviousness
dealt with whether the proposed modelling approach was more than simple common sense
already used by the practitioner. 7imeliness was of less priority during this first stage, as the
validation was not concerned with whether the modelling technique was available to the
reviewers to be used. This key need was however included to some extent to gather
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information on whether the modelling technique would have been available for the organi-

sation had the reviewers expressed a current concern.

Apart from addressing the key needs of practitioners this modelling technique was
developed according to a specific set of criteria derived from the requirements of ISO 9001
in a fulfil order environment. In order to establish how well the proposed modelling
technique complies with the set criteria, the reviewers assessed them during the first stage

of this validation.

Stage two of the validation focused on the application of the modelling technique by
practitioners when developing a part of the quality management system in local
manufacturing organisations. The objective of this stage was to establish the links of
ISO 9001 requirements to activities of the company’s Fulfi] Order Process and to determine
whether the proposed modelling technique could be used in this situation. This validation by
use addressed all five key needs of practitioners. To fulfil the key need descriptive relevance
the modelling technique was assessed against whether the links of 1SO 9001 to a Fulfil
Order Process are apparent. With the second key need, goal relevance, it was validated
against whether the use of the modelling technique allowing the organisation to achieve its
objectives. Operational validity evaluated how easy it was for the organisation to use the
modelling technique in its particular circumstances. Non-obviousness addressed the question
of whether the use of this approach was an improvement on the method that may otherwise
have been used to understand the existing situation of the company. From the viewpoint of
timeliness the validation concentrated on whether the modelling approach was available at
the nght time. Finally, all of the specific criteria for the modelling approach were assessed
again. With the modelling technique used by two organisations to achieve a real objective

the practitioners evaluated how well the approach addressed the specific criteria.
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9.3 Validation by review (stage one)

The objective for this stage was to have the modelling approach reviewed by practitioners.
As the assessment of the modelling approach requires the practitioner to spend some time
re‘vicwing, the researcher did not consider taking a statistical sample across manufacturing
-organisations but provided it to practitioners who were interested in reviewing the

approach.

Each reviewer was presented with a draft version of the manual IDEF g, — A standard for
modelling operating business processes with links to ISO 900! (Appendix 5) which

contained the following:

Principles of business processes with focus on a Fulfil Order Process;

e Modelling a Fulfil Order Process with IDEF,; explaining the syntax and semantics of

IDEF,;

e The requirements and role of ISO 9001 in a Fulfil Order environment;

¢ Application of the proposed modelling approach; explaining an enhanced version of

IDEF,; named IDEFsg00;

e A matrix correlating the requirements of ISO 9001 to a Fulfil Order Process;

¢ Description of typical arrows controlled by ISO 9001;

¢ Feedback sheet.
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9.3.1 Validation approach for stage one

The validation in stage one was carried out using a feedback sheet (Appendix 6) after the
practitioners reviewed the manual. Statements in the feedback sheet were formulated to
address the key needs defined by Thomas and Tymon (1982) as well as the specific criteria
defined for this modelling technique. In order to express the reviewers strength of agree-
ment or disagreement to each of the statements given, the Likert scale (Emory, 1985) was

applied in the feedback sheet.

An ordinal scale was used as it provides extra information by rank-ordering variables (most
used, second most used and so on) rather than a nominal scale which classifies objects or
data into exclusive groups only (red, orange, yellow, green, blue, violet). Such attitude
scales as used in this questionnaire are often referred to in social sciences as interval scales
(Wright, 1997). An interval scale, in addition to the ranking, provides information on the
magnitude of the difference in the variable and allows arithmetical calculations such as
arithmetic means and standard deviations. Emory (1985) states that a Likert scale will only
report that the reviewer might be more or less favourable to the subject but will not reveal
to what degree. Furthermore it cannot be assumed that each reviewer interprets each degree
of agreement in this questionnaire in exactly the same way. The data, which reflects the
perception of the reviewers about the usefulness of the modelling technique, is therefore

regarded as ordinal.

The statements are based on 31 closed questions and two open-ended questions which
allow the reviewer to add extra comments. Closed questions have been chosen as they can
be quickly answered and analysed. As this strength can be undermined by its potential

weakness where collected data may become superficial (Easterby-Smith ef al. 1991), the
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reviewers were also asked to make additional comments on each question where felt

applicable or necessary.

9.3.2 Distribution to practitioners

Initially the modelling technique was presented during various stages of its development to
academic colleagues and practitioners for review. With the feedback and comments from
this phase the modelling technique was developed further and made available to

practitioners who were interested in reviewing the modelling approach.

The final version of the modelling technique was then, together with the manual that
includes the proposed method of use, distributed to academics involved in the field of POM

as well as to managers and practitioners from industry.

9.3.3 Summary of the findings

The reviewers came from manufacturing companies within Europe (some of them outside
the UK), consultancy and academia. Their comments about the manual and the modelling
technique were encouraging and provided useful information by pointing out areas for
improvement. In Appendix 7 a summary feedback sheet gives an overview of the answers
given by the reviewers including their comments. The number recorded in a field reflects the
number of reviewers agreeing with the corresponding statement. Additional comments are
included below some of the statements in italics. A total number of 11 copies were sent to
practitioners who expressed an interest in reviewing the model. Comments were received

from 9 reviewers.
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The following sections discuss the suggestions and issues raised by the reviewers in greater

detail.

9.3.3.1 Key needs of practitioners

9.3.3.1.1 Descnptive relevance (question 6)

Reviewers stated that in general it was important to see ISO 9001 links when carrying out
redesign. Eight out of the nine practitioners however stressed that this may only be true to
those who have or intend to have ISO 9001. One of these nine practitioners pointed out that

“...it is especially important o the designer(s) of ISO 9001 Fulfil Order
Processes but also to the owners of I1SO 9001 related activities.”

As a majority of the procedures and other documents of existing 1SO 9001 quality
management systems do not reflect the current business, this proposed process-based
approach was regarded as promising. Organisations that operate such quality management

systems might otherwise not consider ISO 9001 links when carrying out redesign.

9.3.3.1.2 Goal relevance (questions 7 to 10)

Reviewers stated that this approach would support the practitioners’ objective in designing
a process-based quality management system. It supports the understanding of the ISO 9001
requirements in a process context but would require a basic knowledge of the quality
standard when actually modelling with it. Two practitioners agreed and seven strongly
agreed that this modelling approach can be used during the design of an ISO 9001 quality
management system and as part of a redesign exercise of a Fulfil Order Process. Following
on, all reviewers gave only positive feedback on whether it is useful to see the ISO 9001
links during the redesign phase of a Fulfil Order Process. It was however seen as most
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beneficial to the designers of the business process and particularly to those who have or

intend to implement ISO 9001 while carrying out the redesign.

9.3.3.1.3 Operational validity (questions 11 to 14)

All of the reviewers were familiar to various degrees with the IDEF,; methodology. Overall
most reviewers pointed out that the use of the modelling approach would require a basic
knowledge in IDEF, and ISO 9001. By taking this into account the description of the
modelling approach was considered by the majority of the reviewers as being easy to follow
and the guidelines were regarded as comprehensive. One reviewer regarded IDEF, in
general as not very user-friendly proposing to model with flowcharts instead. This
perception was reflected by the reviewer’s other answers on the ease of use of the

modelling approach and the ease of understanding the manual.

Some of the questions associated with this key need referred to the actual application of the
modelling technique or its parts. Several participants responded to these questions with
non-applicable as they did not use the modelling technique. These answers are included in

the summary feedback sheet as neither.

The suggestions for alterations referred primarily to the manual. Instructions that appeared

to be ambiguous were rephrased before carrying out stage two of the validation.

Overall, the comments from the reviewers on both the proposed modelling technique and
the manual ranged widely. As no particular point was mentioned consistently it indicates
that there does not seem to be a major flaw in either the modelling technique or the manual.
The modelling technique therefore seems to be a valuable approach for establishing the links

between ISO 9001 and a Fulfil Order Process.
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9.3.3.1.4 Non-obviousness (question 15) |

The reviewers who are experts in designing business processes and/or quality management
systems regarded this approach as an improvement on the current methods used. Prior to
the questionnaire a presentation to industrialists during a seminar provided a further
indication that the current version of the ISO 9001 standard does not give enough answers
to many of the problems organisations face with their current quality management systems.
Feedback given by one Managing Director and ISO 9001 Lead Auditor referred to the need

to more closely relate ISO 9001 requirements to business processes.

Meetings with managers from several local manufacturing companies also provided
encouraging feedback on the proposed modelling approach. One Managing Director was
interested in applying the modelling techﬁique as a self assessment exercise to evaluate the
effectiveness of their current ISO 9001 quality management system and to generate ideas
for improvements, A visit to another local manufacturing company that considered
extending its current quality management system and getting ISO 9001 certified replied with
the following comment:
“Thanks very much for coming up to see us and discussing the quality

management system. I think your method could prove very useful and we will
attempt to follow it through”. (General Manager)

Seven out of the nine reviewers responded with not being aware of other ways to link
ISO 9001 to Fulfil Order Process models. One however pointed out that the original IDEF,
could be used instead of using the proposed approach. However by using basic IDEF, only,
the specific criteria set for modelling ISO 9001 in a Fulfil Order Process would not be
addressed. The specific criteria are derived from the research question for this work and

address the need to highlight the links of ISO 9000 to the activities of a Fulfil Order Process
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when doing redesign. Only the proposed version IDEFg with its extended syntax and

semantics addresses these criteria fully.

Another reviewer reported knowing another way to address the links between activities and
ISO 9001 and referred to the use of a matrix correlating top level business activities to the
20 sections of the 1994 version of ISO 9001. The top level business activities which
presented the organisation however did not follow the characteristics of a business process
as defined in this research work. At the next level of detail these business activities were
decomposed and mapped using simple ANSI-flowcharts. Unfortunately the approach at this
stage did not include decomposing the ISO 9001 sections into individual requirements nor
did the flowcharts refer back to the ISO standard anymore. To find out which section of
ISO 9001 is relevant for an activity, the practitioner needed to follow a flowcharted activity
back to its top level activity in the matrix which highlighted which section(s) of the standard
is relevant. The reviewer commented that

... IDEF o900 addresses the problem of highlighting the links between 1SO 9001

and a business process at any level of detail! It is a big advantage to use only one

- method of modelling - in this case the “box and arrow approach”, rather than
changing between matrix and flowcharts.”

9.3.3.1.5 Timeliness (questions 16 and 17)

This key need is of minor priority during the validation by review, as this stage was not
concerned with whether the modelling technique was available to the reviewer to be used.
Some of the practitioners answered these questions as non-applicable which are referred in
the summary feedback sheet as meither. Others commented that with the new version of
ISO 9001:2000, their existing ISO quality management system has become a current
concern again with the priority being to carry out a redesign to comply with the ISO’s latest
update.
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9.3.3.2 Review of the specific criteria set for the modelling technique (questions 18 to
31)

The review of the specific criteria for this modelling technique during stage one of this
validation did not follow the actual use of the approach. Feedback from the reviewers
therefore reflected only their perception about the subject based on their background
knowledge and their interpretation of the proposed method of use. All questions about how
well the proposed modelling technique addressed the specific criteria were either answered

in favour or strongly in favour.

The questions 18, 19, 23, 29 in the summary feedback sheet which refer either to the identi-
fication of ISO 9001 controlled activities, information, resources or to show them at the
desired level of detail were answered by the majority of the reviewers as strongly in favour.
The proposed style for labelling ISO 9001 controlled information, objects, resources
(questions 24, 25, 30) and the application of company specific description on the arrows

(question 31) was perceived and agreed by the reviewers as not being too restrictive.

9.3.3.3 General comments (questions 32 and 33)

The ISO 9001 correlation matrix (Appendix 3) which is also part of the manual
(Appendix 5) was regarded by the reviewers as a useful/very useful starting point to under-
stand ISO 9001 requirements in a Fuilfil Order environment. Some of the reviewers
commented that a copy of the ISO 9001:2000 standard needed to be provided with the
manual. This however would raise copyright issues with the International Organization for
Standardization (ISO). It may be assumed that organisations that intend to design an
ISO 9001 quality management system will be in possession of a current version of the

standard.

204



Chapter 9 — Validation of the Proposed Modelling Approach

A further comment was raised by one of the reviewers regarding potential links to require-
ments of other standards such as the -environmental standard ISO 14001 or the
BS 8800/0OHSAS 18001 for occupational health and safety. This statement supports the
validation of this research as it supports the practitioner’s key need for descriptive
relevance and opens up opportunities for discussions and future research. This matter is

discussed in greater detail in Chapter 10.

One reviewer replied that

“...I would be happy to use IDEFgsq had I a current concern in my
organisation”.

9.4 Validation by use (stage two)

9.4.1 Validation approach for stage two

The objective of this validation stage was to establish whether the proposed modelling
technique could be used as part of designing an ISO 9001 quality management system in a
manufacturing organisation. Validation by use was carried out in two manufacturing
companies (Cases C and D) that were on the point of implementing the ISO 9001 quality
standard. Meredith (1998) suggests that the case study approach is highly appropnate

where a small number of studies are being carried out.

In order to test whether the practitioner can successfully use the modelling technique and
not the usefulness or experience of the researcher, direct involvement during the case study
phase was minimised. The Quality Improvement Manager of Case C applied the modelling
approach as part of their substantial efforts to establish the needs for an ISO 9001 quality

management system and to subsequently introduce the standard. Apart from the initial
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introduction of the project that included a presentation of the modelling technique and the
method of use, no further meetings were arranged until the Quality Improvement Manager
had decided that the modelling was near to completion. This should ensure that all
knowledge was de-n'ved from the use of the modelling technique and not from the researcher
directly. During the final meetings the Quality Improvement Manager described how the

modelling approach was used in the organisation.

The same arrangements were agreed with the Management team of Case D. An unforesee-
able change in the Business Improvement Manager’s role for six months did not allow him
to carry on with the project as originally planned. It was therefore decided to present the
conducted work and carry on doing the interview to capture his experience and comments

on using the modelling technique before the project hand-over.

The main sources of evidence for collecting data for both case studies were documentation
and interviews. Documentation, where available was used to support the comments made
by the people involved in the case study. Yin (1994) refers to documentation as likely to be
relevant in any case study topic. For this case study the process model of an 1SO 9001
related Fulfil Order Process was significant and played a vital part in reviewing the useful-
ness of the modelling technique. During the final meetings semi-structured interviews were
carried out. Easterby et al. (1991) classify this form of interviewing as an appropriate
method in cases where it is useful to know about the background situation when studying
the interviewee’s opinion and perceptjon about a subject. By asking open-ended questions it
usually encourages the interviewees to elaborate on the questions asked and in doing so
provides the researcher with additional information about the subject (Flick, 1998). The

interviews were recorded to keep an accurate and complete version of the investigation.
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To strengthen the validation of Case C the transcript of the interviews and associated
findings were submitted to the Quality Improvement Manager, the Technical Director and
the Managing Director. Their final approval can be described as a form of triangulation
using different perspectives on the same phenomenon. In a similar manner the process
model was approved within Case C. Each stage of modelling was facilitated by the Quality
Improvement Manager and included the consensus of all parties involved. The Technical
Director also approved the final version of the process model before the interviews were

conducted.

For the same purpose as explained in the previous paragraph the transcript and findings
from Case D were submitted to the team responsible for the design of the quality manage-
ment system. The team consists of the General Manager, the Business Improvement

Manager and a senior project engineer.

As the emphasis of the Testing Phase is to validate the proposed modelling technique a
within-case analysis approach has been chosen followed by comparing the important
findings of the two cases. According to Eisenhardt (1989) the within-case analysis allows a
thorough understanding of the details studied giving the investigator a rich picture and
contributing to the uniqueness of a case. Through the final comparison that discusses
important similanties and differences in the findings of the two case studies the validation

will be strengthened to avoid premature or false conclusions.
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942 CaseC

9.4.2.1 General background

The organisation, based in the UK, employs 140 people and manufactures a large number of
products for a variety of customers. Its current situation is dictated by several issues and
mainly affected by a slow down in the US market, the high exchange rate of the British
currency to the Euro and increasing national competition. Competitors import partly manu-
factured goods of competitive quality from Asia and undercut current price structures. This
forced Case C to implement improvements to compete in terms of quality and price of their
products. A recent management decision launched a project to implement a process-
oriented ISO 9001 quality management system to build a sound foundation to support
product quality and to enable their manufacturing function to contribute in the long-term

competitiveness and performance of the business.

Previous attempts to gain ISO 9001 within the organisation had been abandoned mainly due
to limited allocated resources. As the majority of the working instructions and quality
procedures were not always kept up to date the latest effort to implement ISO 9001

effectively meant starting all over again.

9.4.2.2 Use of the modelling technique

The Quality Improvement Manager was the main contact person responsible for designing
and co-ordinating the work of developing the ISO 9001 quality management system. She
acted as a facilitator for the quality improvement workshops and was appointed as the
project leader for this detailed case study. In a three-hour meeting the objectives for this
exhaustive project were finalised and a copy of the manual was presented to the Quality

Improvement Manager. The manual IDEFops — A standard for modelling operating
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business processes with links to I1SO 9001 included the improved and corrected version of

the proposed modelling approach.

The Quality Improvement Manager organised and facilitated all workshops for mapping the
Fulfil Order Process and interviewed the key personnel. An interdisciplinary team was
formed and included personnel from the departments of engineering, sales, finance and
stores, from operator up to senior management level. The approach adopted by Case C
applied all aspects of the proposed modelling technique with regard to the design/redesign
of a Fulfil Order Process as well as a detailed investigation of the company’s activities to
establish the links to ISO 9001. The project lasted over five months during which the team
spent a considerable amount time modelling the Fulfil Order Process and studying each
possible link to ISO 9001 in great detail. This comprehensive project can be split into the

following three phases:
¢ Model the as-is Fulfil Order Process using IDEF, (Appendix 8);

e Complete the as-is process model with 1ISO 9001 showing relevant flows and activities

by using the proposed IDEFsgo0;

¢ Design an improved fo-be Fulfil Order Process including the ISO 9001 links by using

[DEFgooo (Appendlx 9)

Because of Case C’s current situation only parts of its Fulfil Order Process were modelled
in detail. However a complete AO diagram of Case C’s Fulfil Order Process ensured that
neither the process itself nor any of its subsequent activities was seen in isolation. During
the first phase the as-is process model was established which included all approved

ISO 9001 related documents such as the quality procedures and work instructions that were
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already in use (Appendix 8). The result was a consensus between the Quality Improvement

Manager and the interviewees about the activities and the flows of the process model.

The as-is process model was than complemented with links relevant to ISO 9001 that the
team felt were required to comply with the current quality standard. Some of those links
either had not been approved by senior management at the time of modelling or were not
previously considered to be relevant. In these instances the ISO 9001 related flows were

labelled in anticipation of the process model as no actual document number was available.

Finally Case C carried out a comprehensive redesign exercise of the detailed parts of the
existing Fulfil Order Process applying all aspects of the proposed modelling approach where
possible. This thorough redesign was based on the as-is process model that highlighted all
ISO 9001 controlled flows and activities which the team needed to consider and evaluate

before introducing changes. The fo-be process model can be seen in Appendix 9.

9.4.2.3 Descriptive relevance

According to Case C the modelling approach enabled them to establish and show the links
of ISO 9001 requirements on the activities of its Fulfil Order Process. 1t was regarded as
important to see these links when redesigning this process. Furthermore the Quality
Improvement Manager commented that using the modelling technique was useful as it made
them aware of current gaps and shortcomings in the as-is version of its Fulfil Order Process

with respect to the requirements of the quality standard.

Some of the shortcomings included missing quality procedures for controlling quality
records, nonconformity or corrective actions. During the modelling process it also came to

light that there were instances during which the manufacturing department was working to
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different versions of engineering drawings due to uncontrolled documentation. Furthermore
Case C experienced problems during manufacturing with the quality of incoming goods.
This could vary from incorrect specifications to wrongly delivered matenal as Case C did

not have an inspection at goods inwards per se.

The team also realised that there were instances where pre-manufactured parts could be
supplied to the main manufacturing process without an inspection being carried out. A
defect in one of the pre-manufactured parts would only be noticed during the final
machining operations on the product. This might lead to major implic_ations for Case C by
adding extra cost and lengthening operations and jeopardising on-time delivery to its
customers. According to the Quality Improvement Manager, the problem became apparent
during the detailed modelling, as one input could not originally be formatted according to

the convention defined in IDEFqqq.

9424 Goalrelevance

The in-depth use of the modelling approach by Case C indicates that it can be used
successfully to meet the goal of the practitioner supporting them in the design of a process-
based quality management system. The Quality Improvement Manager pointed out that the
process approach proposed by 1SO 9001:2000 was not sufficient to explain a process
model of a Fulfil Order Process. However the proposed modelling approach did help
Case C to better understand ISO 9001 in a process context. Comments by the Quality
Improvement Manager refer to the ISO 9001 correlation matrix as it explained which
activities and flows of a Fulfil Order Process need to be considered to address the relevant

ISO 9001 requirements. Another benefit that was reported as a result of using this
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modelling technique was the graphical presentation of the Fulfil Order Process and the

distinction of 1ISO 9001 and non-ISO 9001 flows.

By using the modelling technique in the various aspects of business process re-engineering,
ISO 9001 and the design of a quality management system, it also stimulated discussions
about whether this approach could be applied to other business processes within the

organisation.

The proposed modelling approach seemed to make a difference during the meticulous
redesign phase. Activity A32 (Appendix 8) originally consisted of five subsequent activities
and was reduced to only four by aggregating activities A323 and A324. During the stage
where the as-is process model was extended with the relevant ISO 9001 links activity A323

was set as an activity controlled by ISO 9001.

The two activities were originally treated as separate due to the existing personnel not
having faith in the new computer system and the preference for duplicated paper records.
However this was perceived by Case C that this did not add value and the records were
rarely consulted after the fact. It was therefore necessary to check whether the concerned
activities and flows would still address the requirements of ISO 9001 after the aggregation
using the actions as proposed in the manual. The as-is activity A323 (Appendix 8) turns

into the fo-be activity A313 (Appendix 9).

Several activities such as activity A31 and A32 (Appendix 8) in the as-is process model
were relocated in the fo-be process model to address the problem with supplying
incorrect/non-inspected pre-manufactured material to the manufacturing department. The
proposed redesigned activities were formatted according to IDEFe conventions and the

process model reflected visually that only material which has been inspected to a defined
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testing procedure would be passed on. According to Case C this will provide the following

benefits:

o Production paperwork will remain in department PS where manufacturing dates can be

constantly reviewed;

o Department PS has a better knowledge than the Engineering department about the

condition of pre-manufactured material and if modification or new material is required,

o The ability to formalise and control an inspection of pre-manufactured material before
issuing it to the manufacturing department as well as upgrading the responsibilities of

department PS.

9.4.2.5 Operational validity

The Quality Improvement Manager was familiar with the IDEF, syntax and the require-
ments of ISO 9001 and experienced no difficulties in understanding the manual. She
regarded background knowledge in both topics to be important for using the modelling

approach.

Case C did not have an existing model of its Fulfil Order Process and therefore decided to
invest some time to model the current situation in the first instance. This included
incorporating the ISO 9001 relevant documents with which Case C already operated. In the
next step this as-is process model was then extended with ail other ISO 9001 links regarded
as relevant. Even though this might have required them to work through the initial process
model again and re-format activities and flows to the new IDEFgge convention, it was

regarded as the easier and more purposeful option in Case C’s situation.
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Some difficulties in modelling the Fulfil Order Process were reported by the Quality
Improvement Manager. One problem reported was due to the nature of Case C’s manufac-
turing environment as they produce the majority of their products only once. This initially
caused some confusion when mapping the activities and its flows. Furthermore the lack of
discipline in complying with working procedures resulted in difficulties mapping a valid
process model. Many of the manufacturing activities are labour-intensive and require a
highly skilled workforce with years of hands-on experience and knowledge in this particular
field. The workforce often does not follow a common approach and it was reported to be
difficult at times to document the methods of best practice. Where activities of the Fulfil
Order Process were satisfactory no difficulties were reported to extend it with the required

ISO 9001 links.

9.4.2.6 Non-obviousness

Case C recently carried out a market research exercise evaluating software packages for
supporting the design and documentation of its future ISO 9001 quality management
system. According to the findings reported the majority of software packages focused on
the documentation of the quality management system based on database solutions. Even
though the more sophisticated versions supported a process-based approach the focus was
on generating procedures and other documents and to provide facilities that automatically
update all relevant quality documentation. The Quality Improvement Manager did report
that none of the evaluated software solutions showed ISO 9001 related links to a Fulfil
Order Process or used a systemic based approach such as IDEF, or similar. At the time of
writing Case C had not decided on a software package for documenting its ISO 9001

quality management system.
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The company would not have used this technique if it had not been presented by the
researcher. Case C was pleased with the outcome of applying the modelling technique on

parts of their Fulfil Order Process.

9427 Timeliness

The modelling approach was developed during the period in which the International
Organization for Standardization (ISO) updated its quality standard 1SO 9000 to the latest
release in 2000 (Chapter 3 and Chapter 6). Organisations have been given a three years
transition period to update their quality management systems to this latest version. The
- modelling approach was avatlable for Case C at the night time, as their current situation
required them to implement a quality management system that enabled them to compete

successfully and sustain position in the market in the coming years.

9.4.2.8 Specific criteria set for the modelling technique

9.4.2.8.1 Identification and distinction of ISO 9001 controlled activities and flows

General comments from the Quality Improvement Manager about IDEFs and its
enhanced syntax and semantics suggest that this modelling technique can be used as
proposed. The conventions defined for IDEFgg are in line with the specific criteria set for

this modelling technique. It can therefore be argued that the specific criteria were success-

fully addressed.

The Quality Improvement Manager regarded the extended syntax of IDEFsgg as

“simple ... and the graphical distinction of arrows controlled by ISO 9001 useful
when reviewing the process model.”
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Especially during the thorough redesign phase Case C benefited from the visual distinction
between 1SO 9001 controlled and uncontrolled activities and flows. Here, the graphical
identification of what should be highlighted as ISO 9001 relevant made the Quality
Improvement Manager aware that numerous flows and activities had to be considered for
special attention. Examples included where input arrows such as raw material were
changed to inspected material or record sheets formalised and identified with a unique
document number. Apart from changing the appearance to the IDEFgg convention it also
made Case C more conscious to make arrangements about testing procedures, how to

identify material and other goods and to label an inspection status.

By taking a systemic viewpoint for the Fulfil Order Process the Quality Improvement
Manager commented that the system’s boundaries clarified which parts of the ISO 9001
needed considerations within the operating part of the business. The systems view taken to
address the ISO 9001 requirements within a Fulfil Order Process allowed the team to focus
on one part of the business and by being systemic it also allowed them to address links

referring to ISO 9001 relevant parts outside the Fulfil Order Process boundaries.

9.4.2.8.2 Use of individual labelling and document numbering conventiorn

At the time of using the modelling approach Case C had some of its 1SO 9001 documents
only in draft form. These forms and procedures did not have an approved document status
and were included in the process model in anticipation of a new proposed numbering
system. This however did not hinder the mapping of the fo-be process model. Feedback

about IDEFg0 was not found as restrictive for labelling activities and flows controlled by

ISO 9001.
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9.4.2.8.3 Decomposition and branching of ISO 9001 related activities and information

The Quality Improvement Manager did not report any problems with decomposing
activities and identifying the ones which were controlled by ISO 9001. In fact it was
regarded as a worthwhile exercise to check activities and their subsequent activities for
consistency in ISO 9001 terms. During the interviews it was also mentioned that rhe
number of black boxes might be seen as an indicator to what extent the activities of a Fulfil

Order Process are controlled or constrained by the quality standard.

In order to keep the diagrams of the process model simple and to avoid potential clutter
Case C bundled and branched flows where possible. The process model also shows a
version of IDEF,’s to all and from all conventions on flows which apply identically to every
activity on a diagram or is obtained identically from every activity respectively. 1t was
considered by the Quality Improvement Manager as imperative to make use of such a rule

as otherwise the number of arrows could cause confusion.

9.4.29 General comments

Overall Case C found the use of this modelling technique as part of designing a quality
management system to be beneficial. This also included the redesign exercise on parts of the
Fulfil Order Process. The Quality Improvement Manager commented that

“I will continue using the modelling approach IDEF 590 within Case C. Should I

move on to another organisation I will reccommend the modelling approach where
appropriate.”

The Quality Improvement Manager suggested that, from a project management point of
view and from her personal experience in the field, this type of project needs to be a team

exercise and requires a great deal of team effort. Case C’s current situation and the limited
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allocation of resources for the project might have prevented them gaining even more from

modelling with IDEFgg0.

A good knowledge of the ISO 9001 quality standard was also perceived by the Quality
Improvement Manager as important when modelling with IDEFo. There were occasions
during the detailed project work where some expert advice and different perceptions of the

quality standard would have been of value.

9.4.3 CaseD

9.4.3.1 General background

The 1986 founded company is based in the UK and offers their services of design, manu-
facture and installation of systems and products in stainless steel to a mainly national
clientele. Their customers are among the major blue-chip companies in the pharmaceutical,
electronic, food and brewing industries. With the focus on professionalism and delivering
high quality solutions Case D only employs full time staff with a 12 months training plan in

place for every new employee.

Case D did not feel any pressure from their customers to be registered to the ISO 9001
quality standard but had decided to implement the quality standard to show their full
commitment to quality to their customers. In order to provide the highest quality Case D
complies already with numerous industry standards, welder codings and health and safety
regulations. The Business Improvement Manager described the existing approach for
assuring quality as very good but uncontrolled in terms of generating written confirmation
or other documentation in terms of traceability. A recent incident however was not detected

by the existing procedures and resulted in shipping a non-conforming product to a customer
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with very strict safety specifications. The following customer complaint led to a prompt
containment action and accelerated Case D’s intention to implement an ISO 9001 quality

management system.

9.4.3.2 Use of the modelling technique

A team of three senior members of staff including the General Manager accepted responsi-
bility for the design of the ISO 9001 quality management system within Case D. The
_Business Improvement Manager was appointed with the role of the facilitator for the
business process modelling and its documentation. Similar to the first validation case study
an initial three-hour meeting was arranged between the team and the researcher during
which the objectives and expectations of both parties were discussed and finalised. A copy
of the manual /DEF o0 — A standard for modelling operating business processes with links

to ISO 9001 was passed on to Case D at the end of this meeting.

During a period of 3 months the Business Improvement Manager organised and facilitated
all workshops for mapping the Fulfil Order Process. The approach adopted by Case D
applied all aspects of the proposed modelling technique regarding the design of a Fulfil
Order Process together with a detailed assessment of the company’s business activities to
establish the links to ISO 9001. With the change of responsibility of the Business Improve-
ment Manager’s role as explained in Section 9.4.1. Case D has not completed the full as-is
process model and therefore did not use the approach during a redesign stage. However the

dedicated team used a thorough approach which is split into the following two phases:

e Model the as-is Fulfil Order Process using IDEF;
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e Complete the as-is process model with ISO 9001 showing relevant flows and activities

by using the proposed IDEFgg0 (Appendix 10).

Case D had experimented with modelling activities using the IDEF; methodology before the
actual start of the project. They reported some difficulties with arranging the activities and
defining an overall structure of a process model during the initial meeting. It led to the
recommendation to consider the CIM-OSA standard as described in the manual /DEF o559 —
A standard for modelling operating business processes with links to ISO 9001 and focus

initially on modelling a Fulfil Order Process.

The as-is model of the basic Fulfil Order Process was modelled first taking a systemic
perspective to avoid a reductionist view of individual parts of the business. This was
followed by highlighting all activities and flows which are related to ISO 9001. The
approach taken by the Business Improvement Manager was to study each section of the
standard and to relate each requirement to the diagrams of the process model. Where
required the new, and those considered to be relevant, links in terms of an ISO 9001
requirement were introduced to the process model. All existing forms and procedures to
assure quality within Case D were updated as they were not numbered nor did they include

the status of controlled documents. The as-is process model can be seen in Appendix 10.

9.4.3.3 Descriptive relevance

Prior to this project Case D attempted to use ANSI-flowcharts to map activities as well as
company procedures and instructions leading to the conviction that this particular method
did not allow them to display enough information. The use of IDEFg made them realise

that a proper modelling technique for mapping activities and highlighting the ISO 9001 links

220



Chapter 9 - Validation of the Proposed Modelling Approach

was required. This comment was made on the recognition that it is important to see links

controlled by ISO 9001 during the design of a business process.

Furthermore the use of IDEFosg addressed issues of Case D by understanding the require-
ments of ISO 9001 and translating/correlating them to the activities of the business. With
very little experience of the ISO 9001 standard prior to this project the Business Improve-
ment Manager responded that from just reading through the standard it was not obvious to
him which areas in the business the standard refers to. The use of IDEFgg addressed these
issues by taking an activity view of the business, together with the identification of activities
and flows controlled by ISO 9001 which enabled Case D to franslate and correlate the

ISO 9001 requirements to their case.

94.3.4 Goal relevance

In the previous section the proposed modelling technique IDEFsgq, was assessed against its
ability to address problems encountered by Case D during the design of a process-based
quality management system. The difficulties Case D experienced with interpreting and
applying the requirements of the standard also refers to this section as Case D regarded the
ISO 9001 standard as being of little help when trying to understand the ISO requirements
from a process viewpoint with relevance to a Fulfil Order Process. The Business Improve-

ment Manager commented that

“...by reading through ISO 9001 the standard did not seem to flow naturally
through a business system such as ours. Together with the use of IDEF g,
however it did all come together! When using IDEF o it was, for example, easy
to identify the checks which need to be introduced throughout the different stages
of the Fulfil Order Process to comply with the standard.”

Another benefit reported by Case D is the amount of information as well as its clarity which
can be displayed on the process diagrams when modelling with IDEFg. This benefit
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relates in one respect to the original IDEF, technique and its use of arrows as inputs,
controls, outputs and mechanisms. It also relates to the proposed IDEFggoo version with its
graphical differentiation between those activities and flows that are controlled by ISO 5001

and those that are uncontrolled.

Case D also reported that the use of IDEFoe generated new ideas to improve the current
approach for identifying and fully understanding all customer requirements before
submitting a tender. The changes resulted in improved control mechanisms and the
documentation of critical information which supported the company policy of fully accom-
plishing the agreed contract without adding extra costs for services required but not
included in the contract or which they might be forced to provide free of charge. Further-
more the modelling with IDEFgg, made the team realise there was a lack of control and
authority when approving the final product inspection and led to the introduction of sign off
sheets for documenting the dimensions and specifications to ensure the orders are built to

drawing.

Case D’s major endeavour is to design an ISO 9001 quality management system which does
not put any extra burden on the existing business or obstructs the flexibility to meet orders
in ways that fully satisfy all customer requirements. They are striving to design and fully
integrate the ISO 9001 requirements in the activities of the existing business. The General
Manager who will take over the leading role in this project replied that

“The instruction manual which we developed with IDEF gy is a very good idea
Jor the business and gives us 100% support to what we want to achieve.”’
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9.4.3.5 Operational validity

Even though the Business Improvement Manager had only limited knowledge about
ISO 9001 prior to the start of this project he did not report difficulties in using the proposed
modelling technique. After studying the requirements of 1SO 9001 for some time it did not
take him long to become familiar with the IDEFgg0 manual, which was reported as being
easy to understand and a useful resource to the team throughout the entire modelling
process. The proposed modelling technique IDEFq offered, according to the Business
Improvement Manager, a fairly simple syntax and semantics and provided a straightforward
way to identify activities and arrows which are controlled by ISO 9001. The team started by
modelling their basic Fulfil Order Process and followed this by extending the diagrams with
what they thought of being the relevant ISO 9001 links for their business. They then
reformatted it to the conventions of IDEFsge According to the Business Improvement

Manager they experienced no difficulties in applying IDEFggo.

However during the initial stages of modelling with standard IDEF, some problems were
reported particularly with the identification of flows and their definition. For example,
<_iuring several meetings a discussion arose whether management should be displayed in the
process diagrams as a control or a mechanism arrow. This however was recognised by the
team as being due to its own inexperience in the domain of functional modelling which was
resolved by spending more time on mapping business processes. The team also decided to
reduce confusion with the number of arrows displayed in the IDEF, diagrams through the
use of different colours for the flows to make the links easier to follow. From the
researcher’s viewpoir}t however the “obvious” solution of using colours to simplify the
diagrams only complicates the syntax and semantics of both IDEF, and IDEFsgg. In the

process diagram A0 in Appendix 10 Case D used different colours to identify output arrows

which leave AQ (green arrow) compared to the pink oufput arrows which turn into inputs
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and controls at one of the subsequent activities on the same diagram. The green ouipu!
arrows however turn into pale blue input arrows in the following diagrams. In terms of
consistency for the modelling technique it would require an extra rule that specifies when
the colour of the arrows needs to be changed. To add further complexity the different
coloured arrows could be either thin (not related to ISO 9001) or thick (related to

1SO 9001).

A final reason for not using different colours has already been discussed in Chapter 8 for
reasons of monochrome reproduction. It proved valid when the Business Improvement
Manager sent the latest version of the IDEFqgo process model by fax to the researcher for
evaluation purposes before the actual interviews. The different shades of grey on the black
and white faxed copy did not allow clear identification of differences and made it very diffi-
cult to read. The researcher fully acknowledges Case D’s way of simplifying the process
models but decided, based on the reasons above, not to adopt and amend the proposed

IDEFgqgo rules. Case D ultimately agreed with the black and white notation.

9.4.3.6 Non-obviousness

According to the General Manager Case D originally considered hiring a quality consultant
at an early stage of the project to support their objective of fully integrating the 1SO 9001
quality standard into their business. After modelling with IDEFgg0, over the three months
peniod the team felt confident that they can also model business processes other than the
Fulfil Order Process and are committed to model their entire business with IDEFgq9. While
Case D experimented with IDEF, in the preliminary stages of designing a process-based
ISO 9001 quality management system they never considered the inclusion of the require-

ments of the ISO 9001 standard in the process model. According to the General Manager
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and the Business Improvement Manager, the use of IDEFe made a difference in the way
the quality management system will now be designed and the impact it will have on the

business.

The company’s view on hiring external help is now limited to consulting an expert at the
end of this project to carry out a final audit. This should give Case D peace of mind when

preparing for the certification.

9.4.3.7 Timeliness

IDEFg00 was readily available to Case D at the time when they decided to implement a
process-based ISO 9001 quality management system. The need to improve the current
mechanisms of quality control and quality assurance in their business came after a quality
failure during their manufacturing that led to the delivery of a non-conforming product to a

customer.

9.4.3.8 Specific criteria set for the modelling technique
As described in Section 9.4.3.5 which discussed operational validity, Case D responded
that IDEFgq00 offers a fairly simple syntax and semantics for identifying the links controlled
by ISO 9001 in a process model with ease of use. Using IDEFagqo
“helped very much and ensured to improve consistency in our actions of quality
control and quality assurance. Modelling with IDEF go50 was beneficial to see

where ISO 9001 takes effect on our business.” (Business Improvement Manager,
Case D)

The comments of Case C in Section 9.4.2.8, in relation to IDEFs offering a simple

convention, were echoed in this case. It can be argued that the specific criteria set for
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IDEFqq in this case study were also successfully addressed which strengthen the overall

validation of the modelling approach and give confidence that it can be used as proposed.

Case D did not use a document numbering system for their existing procedures or forms.
The introduction of a new way for identifying controlled documents and using individual
labels were not restrained by modelling with IDEFq and the modelling technique was
therefore regarded as generally applicable and compatible to their company specific

conventions.

9.4.3.9 General comments

The team realised that a process model cannot be created without knowing the entire
business well. A lack of knowledge in some areas delayed the modelling process and
required postponing some of the workshops until a thorough understanding of the particular
field could be gained. This however has been seen in hindsight as a worthwhile learning
experience for the individuals and has been reported as beneficial to the design of the
ISO 9001 quality management system. In summary Case D considered the application of the
proposed modelling technique as being very useful especially considering their limited
knowledge of ISO 9001 at the beginning of the project. This has been confirmed in writing
in a letter approving the transcript of the interview that included the following quote:
“It has been a very worthwhile exercise using your ideas on our business

practices and we can see great benefits for the future use of your techniques for
modelling procedures for 1SO 9000". (General Manager, Case D)

The General Manager of Case D raised the question whether a “light” (abbreviated) version
of IDEFsgee could address the company’s objective of producing a user-friendly instruction
manual in pocket form. It is the intention of Case D to provide every new employee who
joins the organisation with such a manual and support her/him to quickly gather a good
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understanding about the organisation and recognise her/his individual role within the
business. Current concerns discussed within Case D are whether every member of the
company should be familiar with IDEF, or IDEFs as the process model might be too

comprehensive for employees with little exposure to that kind of thinking.

To support the design of a process-based ISO 9001 quality management system however,

“...IDEF oog9 is a very good tool for our business.” (General Manager, Case D)

9.5 Important similarities and differences between the findings of Cases C
and D

Both cases set off with a similar objective for the implementation of an I1SO 9001 quality
management system. This was to design a process-based quality management system which
allows to the requirements of ISO 9001 to be fully integrated in order to support and
strengthen their efforts to continuously improve the quality of their processes, products and

services.

9.5.1 Background knowledge in ISO 9001 and IDEF,

In terms of experience with ISO 9001 the two cases were very different. The Quality
Improvement Manager of Case C went on various courses in the domain of quality
management/quality assurance and regarded herself familiar with the requirements of
ISO 9001 having composed procedures and drafted quality documentation in the past.
Case D however can be seen at the other end of the continuum with the Business Improve-
ment Manager having little experience with ISO 9001 prior to the start of this project.

While Case C would have appreciated some expert advice on ISO 9001 topics Case D felt
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confident with the standard after spending some time studying its requirements and applying

it by using IDEFoggo.

Both case companies were familiar with the IDEF, methodology. Case C rep(;ned some
difficulties with modelling the basic Fulfil Order Process due to the manufacturing environ-
ment and the lack of discipline necessary to acknowledge procedures and instructions. After
completing the modelling of the Fulfil Order Process Case C stated that using the IDEFggq0
convention was easy. Similarly Case D commented that the lack of knowledge in some
areas of the business prolonged the modelling process and that initial problems with IDEF,
led to the uncertainty when identifying the correct type of arrows. However they resoived

the problem by getting more experience with the modelling technique.

With the benefits reported by both cases when modelling with IDEFog0, 1t can be argued
that the recommendation given in the manual IDEFo — A standard for modelling
operating business processes with links to 150 900/ that some knowledge of 1SO 9001 and

IDEF, is required is sufficient.

9.5.2 Use of the modelling technique

Both case companies modelled their basic Fulfil Order Process before extending the activi-
ties and flows with the relevant ISO 9001 requirements. Neither of the two case companies
had a formally modelled version of their Fulfil Order Process. Both regarded it to be easier
to begin the modelling with an as-is version of the business. Case C has already progressed
with the next phase and redesigned an improved to-be Fulfil Order Process which includes
the links to 1SO 9001 while Case D is currently completing their as-is process with the

identification of flows and activities controlled by 1ISO 9001.
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In summary, both cases benefited from realising what extra requirements are needed in
terms of ISO 9001 when modelling with IDEFgq,. This was seen as being very important as
the 1SO 9001 standard was regarded as not very helpful when trying to understand the
requirements from a process context. Also it did not give the case companies helpful advice
on how to model a business process and establish the ISO 9001 links. With a process model
developed by IDEFs Case D reported that it was good to see where ISO 9001 has effects
on the business and Case C added that the visual distinction between ISO 9001 controlled

and uncontrolled items was beneficial during their redesign exercise.

For both cases, documenting the process models used software packages (Microsoft Visio,
Autodesk AutoCAD) readily available in their organisations. Case C applied the convention
of IDEF, and IDEFsg very thoroughly and made extensive use of a version of IDEF,’s fo
all and from all conventions in order to cut down the number of arrows in the process
model. Case D also used the convention of IDEFg, and introduced different colours to
more easily trace individual flows. Both cases found the proposed convention appropriate

and not restrictive to their own company specific circumstances.

8.6 Conclusion

The modelling technique and its use have been validated using the five key needs of practi-
tioners. The feedback during the validation suggests that these key needs have been

addressed and hence the objectives of the research work have been achieved.

During stage one the reviewers responded that this modelling technique could be used as
part of the design of an ISO 9001 quality management system. The modelling technique and
its method of use were regarded as meaningful and easy to understand. Both manufacturing

companies Cases C and D in stage two found the modelling technique easy to use and
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beneficial to their objectives of achieving a better understanding of ISO 9001 in a process
context. The modelling approach was also seen as useful in identifying and highlighting the
links between ISO 9001 requirements and the activities of a business process. Following this
approach the links become apparent during redesign pointing out potential constraints. The
two case companies found this approach to be non-obvious and available to them at the

right time.

Valuable comments regarding project management issues were given by Case C at the end
of stage two. These need to be addressed by those who decide to carry out improvement
projects of a similar kind applying the proposed IDEFs modelling technique. The issues
reported namely working with a good interdisdiplinary team is however beyond the scope of

this research work.

The validation results do suggest that the findings can be generalised to all those practitio-
ners in a similar situation to the case companies. The results from both cases show that the
modelling approach and its extended application were useful to them and may therefore be
useful to other companies. This however would only include companies that regard it to be
important to identify the links of ISO 9001 to their business processes and are concerned
about these links, their meanings and potential constraints during redesign. To those who do
not share this understanding the application of this modelling approach might not be useful

and might not address their key needs.
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9.7 Overall summary

This chapter has described the validation approach that was split into validation by review
(stage one) and validation by use (stage two). During stage one the concept and method of
use of the modelling technique has been reviewed and validated by practitioners. Both the
modelling technique and its intended method of use were found useful and easy to under-
stand meeting the five key needs of practitioners. Comments and suggestions from the
reviewers were incorporated in an improved version of the modelling technique called

IDEFs000.

During stage two IDEFsqq has been used successfully in two manufacturing companies. In a
detailed first case study at Case C the modelling technique was used extensively during the
design and redesign stage of a Fulfil Order Process. The use of the modelling technique
allowed Case C to model its Fulfil Order Process and to identify the links of ISO 9001
within its fulfil order environment. The established links resulted in an improved under-
standing of ISO 9001 in a process context according to the Quality Improvement Manager
and highlighted potential constraints that needed to be addressed with caution during a
redesign in order to maintain compliance with the quality standard. A second manufacturing
company used the IDEFs0, approach during the design of their ISO 9001 quality manage-
ment system and regarded IDEFsgqo as beneficial in identifying where ISO 9001 takes effect
on their business. It was perceived as a useful tool to improve the consistency in Case D’s
actions in terms of quality control and quality assurance. They decided to model the entire

business using IDEFggqq.
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10 Conclusions

This work has identified a set of criteria for a modelling technique to highlight the links of
IS0 9001 to an organisation’s Fulfil Order Process and to design paris of a process-based
IS0 9001 quality management system. A process-based modelling technique was
developed together with a set of guidelines as to how it could be used. The cbncapt of the
proposed approach and its method of use have been validated by practifioners by review
and by use. Both stages of the validation addressed the five key needs of practitioners

described in Section 2.2 and the specific set of criteria described in Section 6.3.

This chapter summarises the work carried out, verifies the validity of the modelling

technique and describes the research work’s contribution to knowledge.

10.1 Research methodology

A three-phase research cycle starting with Description followed by Explanation and Testing
was used during this research work which led to many iterations between all the phases of
this research. The research methodology provided a suitable structure and guidance
throughout this research to meet the key needs of practitioners and lead to the contribution

of new knowledge.

The Description Phase of the research cycle presented in Chapter 3 stated a problem
definition of the phenomenon under study. It included a summary of the researcher’s pre-
understanding of the subject including his working experience. This preliminary descriptive
research incorporated a literature survey from the viewpoint of quality management and the

use of case study research.

232



Chapter 10 — Conclusions

During the first part of the Explanation Phase a second literature survey concentrated on the
domain of business processes. It incorporated a critical evaluation of current approaches
and solutions, identifying gaps when designing an ISO 9001 quality management system.
The use of Action Research at this stage allowed the researcher to be closely involved with
a project to design an activity-based ISO 9001 quality management system. This phase
continued with the identiﬁ.cation of two sets of criteria based on the information obtained
during both phases. It was followed by an investigation as to how the criteria could be met.
The outcome of the Explanation Phase was a modelling technique for modelling business

processes together with a proposed method of use.

The Testing Phase of this research approach presented in Chapter 9 explained the two-stage
validation of the modelling technique and a proposal for how it could be used. Stage one
included the validation by review and was concerned with reviewing the concept and the
method of use of the proposed modelling technique by practitioners. The validation by use,
during stage two, tested the proposed modelling technique in two manufacturing
companies. During the case study the researcher remained separate to ensure that the inter-
ference from knowledge derived during the validation phase was minimised. This two-stage
approach allowed the modelling approach to be reviewed and, where required, to be

improved, before proceeding with stage two.

10.2 Research problem

The research problem developed from personal knowledge and practical experience in the
field of quality management that revealed the difficulties organisations face when designing
quality management systems and implementing the quality standard ISO 9001. A first

conclusion from the quality management system’s literature revealed that simply

233



Chapter 10 — Conclusions

documenting what an organisation does in response to ISO 9001 is still one of the most
common approaches adopted. This is the result of limited guidance on how to integrate the
requirements of the standard into the business processes of the organisation. Such systems
often lead to extra bureaucracy in the business and their design often achieves a process-
oriented character only at the documentation stage. The usefulness of a process-oriented
business is often recognised but the approaches available to achieve it fail to take a systemic
view of the business and the quality management system. These initial stages of the research
highlighted that business processes can improve through the integration of ISO 9001
requirements to establish a responsive quality management system. The knowledge and
understanding gained during this part of the research led to the following conclusion
That during the design/redesign of business processes approaches do not provide

Jor a systemic consideration of process-based quality management systems and do
not establish the links to the requirements of 150 9001.

This conclusion stimulated further research work which sought to investigate business
processes taking into account the requirements of ISO 9001. It led to the following research

question:

How can a process model be best drawn to establish links between business
processes and I1SO 90017

To address concerns about managing production activities and in particular fulfilling orders,
this research work concentrated on the development of an improved process modelling

approach. To support the research question the following was needed:

¢ to define a business process, in particular a Fulfil Order Process, and to describe it from

a systems viewpoint,;

* to identify and characterise the requirements of the quality standard ISO 9001:2000;
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e to develop a set of criteria which need to be addressed by an appropriate modelling

technique to model a business process to show the links to ISO 9001:2000.

The primary knowledge domains which addressed the three issues were discussed in
Chapters 4, 5, and 6. These chapters build the foundation knowledge of the domains of
business processes, the fundamentals of systems theory and the Fulfil Order Process in

general with a particular focus on the requirements of ISO 9001.

10.2.1 Fundamental knowledge

Chapter 4 introduced the most common elements and characteristics of a business process
within an organisation. They can be summarised as a set of activities which will transform
inputs into outputs by using the necessary resources to fulfil a specific customer require-
ment. A business process flows horizontally across departmental boundaries and starts and
finishes with the customer. This was followed by an introduction to systems theory,
explaining the different classification of systems together with some important systems ideas
and various views of a system. The concept of systems thinking has been adopted to explain
a business process. As a business process is about performing activities {o achieve defined

goals this research describes a business process as a Human Activity System.

Chapter 5 discussed the Fulfil Order Process in detail from a systemic view and explained it
by using the systems parameters source, input, process, fransformation, oufput, receiver
and feedback. 1t shows that a Fulfil Order Process is concerned with transforming inputs to
desired outputs by performing a set of events or activities which can be altered to achieve
the transformation of inputs. An overview of the principles of business process re-
engineering for modelling a Fulfil Order Process was also discussed. This formed the

foundation for identifying a set of criteria for a modelling technique which need to be
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addressed to draw a process model of a Fulfil Order Process. An appropnate modelling
technique would need to address the systems parameters of a Fulfil Order Process as
described and show the business process from a function or activity view. The full descrip-

tion of these criteria is given in Chapter 5.

Chapter 6 developed an understanding of the relevance and applicability of ISO 9001
requirements within a Fulfil Order Process. Each requirement of the standard was classified
as directly relevant, relevant, or not relevant for a Fulfil Order Process and was also
described by tljsing the systems parameters. The work in this chapter showed that the
relevant requirements of ISO 9001 need to be modelled as activities, information and its
flow, similarly to the needs defined for a basic Fulfil Order Process. In order to address the
research question, a second set of criteria for an appropriate modelling technique was
developed and was discussed in Chapter 6. This extended the first set of criteria by incorpo-

rating the identification of ISO 9001 controlled activities, information and flows.

10.2.2 Evaluation of current process modelling techniques

The evaluation of the most common process modelling techniques in Chapter 7 was based
on the two sets of cnteria as identified in Chapter 5 and 6. The first part of the review
assessed the approaches as to how well they address the criteria for modelling a basic Fulfil
Order Process. This was followed by a second review of the selected modelling techniques
to evaluate their ability to fulfil the criteria defined as being necessary to identify ISO 9001

controls in a fulfil order environment.

The first review revealed that the majority of the modelling techniques address the criteria
for ease of use and a common language for communication fairly well. All of them were

considered to require some degree of experience and basic knowledge to produce a useful
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model of a business process. These diagrammatic techniques often adopt a simple syntax
and semantics based on a semiformal language using graphical symbols and specific rules.
What becomes apparent though is that a simple or inconsistent set of rules, as identified in
some of the approaches evaluated, might permit the designer of a model to develop a
personalised syntax. This can make communication difficult due to different interpretations
of the model. Furthermore a number of approaches do not have the means to show all the
required systems parameters. The systems parameters are a key element in the evaluation
process as the Fulfil Order Process was discussed from a systems viewpoint. All those
modelling approaches where syntactical limitations did not support the systems parameters

were excluded from further assessment.

The three modelling techniques which satisfied the first set of criteria well and were
considered for the second evaluation were HIPO Charts, the Use Case approach and IDEF,,
None of the three approaches however fully supported, in their original form, the need to
show the links to ISO 9001. The selection at the end of this evaluation was based on how
easily and straightforwardly the syntax and semantics of each approach could be adapted.
Based on this comparison and the assessment of the techniques given in Chapter 7, IDEF,
was chosen as the most promising approach for enhancing its syntax and semantics to

address the required criteria.

70.2.3 A modelling approach for modelling a Fulfil Order Process and highlighting
the links to ISO 9001

Chapter 8 described the principles of an enhanced version of the modelling technique IDEF,
together with its method of use. This enhanced version, called IDEFgqgq0, reflects in its name
the emphasis on identifying ISO 9000 constraints in the design of a business process model.

With the extended syntax and semantics of IDEFsgo0 the modeller can graphically identify all
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activities and flows (inputs, controls, outputs and mechanisms) which are controlled by
ISO 9001 at all levels of detail in a process model. IDEFggq benefits from the IDEF, facility
to take a systemic view of a business process. The enhancements in IDEFgq and its method

of use should be seen as an addition to the existing IDEF, methodology.

The application of IDEFs is intended for both types of organisations, those which are
already ISO 9001 registered and those which intend to introduce this quality standard in the
future. ISO 9001 registered organisations that have not previously mapped their business
processes should develop both their Fulfil Order Process and the links to ISO 9001 at the
same time to av-oid potential rework. Organisations with the intention of using this
modelling technique when originally implementing this quality standard should start to
model their Fulfil Order Process first. In a second step they would, where required, reformat
existing flows according to the convention of IDEFgqg and identify them as flows controlled

by ISO 9001 or complement the process model with the newly identified ISO 9001 links.

To support the use of IDEFsgq, organisations (especially those without expert knowledge
of ISO 9001) can consult a list of common flows controlled by ISO 9001 in a fulfil order
environment as shown in Figure 8.3. Furthermore a set of guidelines for redesigning a Fulfil
Order Process was discussed which placed the emphasis on assessing existing or amended
activities and flows controlled by ISO 9001 for compliance to the quality standard. During a
redesign the process model should be checked as to whether activities and flows are needed,
and whether activities can be relocated, aggregated or performed in parallel with the focus

being on maintaining compliance to 1SO 9001.

Chapter 9 described the Testing Phase of this research approach. Feedback, given at the end

of this stage suggested that the five key needs of practitioners were met together with the
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additional criteria developed for modelling a Fulfil Order Process and identifying the links to
ISO 9001. Both IDEFsq0 and its intended method of use were found useful and easy to
understand with the response of reviewers being that IDEFo0 could be used as part of the

design of an ISO 9001 quality management system.

During the validation by use (stage two), the use of the modelling approach was validated
in two manufacturing companies. IDEFgo0 was found to be easy to use and beneficial in
achieving the case companies’ objective of a better understanding of ISO 9001 in a process
context. The modelling approach was used in Case C to design a current version of the
company’s Fulfil Order Process that included some of the links to ISO 9001. During the
next phases of this case study the as-is process model was complemented with all activities
and flows required by ISO 9001 and formatted according to the conventions of IDEFso.
The modelling approach was seen as useful in identifying and highlighting the links between
ISO 9001 requirements and the activities of the business process especially during the
redesign stage of the as-is process model. It highlighted potential constraints that required
special attention and which needed to be addressed with caution to gain/maintain

compliance to the quality standard.

Case D started with little knowledge of ISO 9001 and established a model of its Fulfil Order
Process. After spending some time to familiarise themselves with the requirements of
ISO 9001 Case D introduced activities and flows which they thought of as being relevant to
comply to ISO 9001 and identified them according to the convention of IDEFo. Case D
regarded the use of IDEFgn0 as very useful as it was beneficial to see where ISO 9001 takes
effect on the business and helped to improve Case D;s efforts in quality assurance aﬁd

quality control.
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The use of IDEFggo during the detailed case studies has proved successful in two
companies. Based on the two-stage validation approach it can be concluded that the
modelling approach IDEFsg can be applied as proposed. It can be used as part of the
design of a quality management system as it enables the practitioners to establish the links of
ISO 9001 in a Fulfil Order Process and highlights ISO 9001 constraints during the stages of

redesign.

10.3 Contribution to knowledge

The contribution to knowledge of this research derived from literature and practical
experience in the domains of business process design, systems theory and 1SO 9001 quality
management systems. A first contribution to knowledge has been the identification of a need
to take a systemic view on business processes when designing/redesigning a process-based
ISO 9001 quality management system. This led to the identification of criteia which a
modelling technique needs to address when being used to model a Fulfil Order Process.

These criteria were discussed in detail in Chapter 5 and are summarised here:

e Easy to use, common language for communication,

¢ Simple syntax and semantics;

¢ The identification of a systems hierarchy for activities and information,

o A means to define the whole system including its boundaries and the overall goals;

¢ The description of a process in terms of systems parameters.

The second contribution to knowledge has been the identification of links between

ISO 9001 requirements and a Fulfil Order Process from a systems viewpoint as discussed in

240



Chapter 10 — Conclusions

Chapter 6 and shown in Appendix 3. This led to the development of criteria which a
modelling technique needs to address when being used to model a Fulfil Order Process
showing the links to ISO 9001. These criteria were discussed in detail in Chapter 6 and

summarised here:

e To show activities and clearly identify the ones which are controlled by the

ISO 9001:2000 quality standard;

e To identify and distinguish information and objects that are linked to a requirement of

ISO 9001:2000 from those that are not;
e To show information and the flow of information;

e To show information as different types of input (control inputs, object inputs and

resource inputs) to an activity;
¢ To decompose activities and information and to describe a process hierarchy;

e To set system boundaries in order to identify any source or receiver within the quality
management system or with external stakeholders related to ISO 9001:2000 inputs or

outputs,

e To show resources that are required by the activity and to identify the ones that are

linked to the standard;

e To identify all relevant elements within a Fulfil Order Process using a document

numbering convention or other form of unique labelling system.
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The proposed modelling technique IDEFogg presented in Chapter 8 fulfils both sets of the
previously identified criteria. This modelling approach and its method of use have been
validated through practitioner review and a case study approach. It currently stands as the
only modelling approach that fulfils the identified criteria and permits the design or redesign
of a Fulfil Order Process systemically while establishing the links to the ISO 9001 quality

standard.

IDEFg000 takes a systems view of a Fulfil Order Process and allows the modelling of
functions (activities, operations and processes), their functional relationships and data
(information or objects). Developed from the original IDEF, modelling technique, IDEFggq0
uses an extended syntax and semantics to graphically identify the links to the‘ ISO 9001
quality standard and visually highlights them for redesign. IDEFsgq0 also includes a method
of use, common links between ISO 9001 requirements and a-Fulﬁl Order Process and a set

of guidelines to follow during a redesign to maintain compliance to the standard.

Before this work, companies could not design a process model of a Fulfil Order Process
systemically and identify the activities and flows that were controlled by 1SO 9001 Existing
ways of the process modelling did not support companies or make them aware which part
of the business process might require special attention during the redesign because of

I1SO 9001 constraints.

This work has given the new knowledge needed about how to model a Fulfil Order Process
from a systemic perspective and to identify the activities and flows which are controlled by
ISO 9001. The identification of activities and flows controlied by ISO 9001 indicates where

to take special consideration during the design of an 1SO 9001 quality management system
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or a redesign exercise of a Fulfil Order Process. This work has developed and tested a

modelling technique which brings this knowledge into action.

10.4 Future work

Some practitioners indicated that despite the benefits and usefulness of the modelling
technique, the use of IDEFgs would require some expert knowledge in the domains of
ISO 9001 and business process modelling. The comments received from the validation
primarily suggest that it may be possible to generalise the links between activities and flows
from the Fulfil Order Process and individual requirements to ISO 9001. The author suggests
that due to the individuality of each organisation this might only be beneficial when using
this modelling technique in conjunction with a generic model of a Fulfil Order Process as
developed by Weaver (1995). For future research it is suggested that once more practical
experience with using IDEFo, has been gained an investigation into whether it is possible
to establish a set of generic 1SO 9001 requirements which can be linked to Weaver’s generic

model.

The modelling approach has been developed to design/redesign a Fulfil Order Process and
to establish and identify its links to ISO 9001 requirements. Future research could be
undertaken to investigate the applicability of this modelling technique in a wider domain
than purely Fulfil Order Processes. To establish the links of ISO 9001 to other business
processes would be valuable and would support the development of IDEFsgq0 to be used as

part of designing a complete ISO 9001 quality management system.

Another area for future research would be as investigation into whether the modelling
technique could be used to model any other industry standard such as the environmental

standard ISO 14001 or BS 8800/OHSAS 18001 for occupational health and safety. With
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the ever-increasing pressure for companies to comply with numerous standards
simultaneously, future work would have to investigate how a modelling technique such as
IDEFsg0 could be applied. Potential conflicts between the integrated standards would need
to be addressed despite the International Organization for Standardization (ISO) constant
efforts to harmonise the requirements of their standards to avoid extra work and

duplication.

Process models developed with IDEFg can be documented with any graphics software
package or preferably by using one of the specialised IDEF, process modelling suites. They
generally follow the IDEF, standard (FIPS) but also allow individual formatting of the
diagrams. A default facility could be integrated in the software to avoid changing the
appearance of the process model manually to conform to the proposed convention of
IDEFsq00. Such a facility would also have to consistently identify any ISO 9001 controls at
each level which interrelate with subsequent levels in the process model. This proposition

should be seen as a project work for software developers rather than a research project.

10.5 Overall conclusion

As argued in Chapter 3 the domain of business process modelling does not regard identify-
ing links to the ISO 9001 quality standard as a priority even though they recognise the need
for process-oriented quality management systems. Furthermore the usefulness of business
process-oriented structures has been widely recognised in the field of quality management
but approaches focus on the design of a certifiable quality management system, not taking
an overall systemic view of the entire business. Current approaches for modelling business
processes and designing ISO 9001 quality management systems were evaluated and found

unable to establish the links between the requirements of ISO 9001 and a Fulfil Order
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Process and take a systemic perspective of the integration of ISO 9001 in a business process
environment. Moreover they do not support the identification of ISO 9001 controls in a
Fulfil Order Process and do not highlight potential constraints of ISO 9001 during a

redesign exercise in order to maintain compliance to the standard.

This modelling technique, IDEFqg00, has been developed to address these critenia and has
been constantly refined during the Explanation Phase of this research. It has been validated
by review by practitioners and applied by use in two manufacturing companies that were not

involved in the development of the modelling approach.

Prior to this work, companies could not model a Fulfil Order Process from a systemic
pefspective and identify the links of this business process to the requirements of 1SO 9001

to highlight areas which might be constrained by the standard during a redesign project.

This work has contributed new knowledge about how to take a holistic view of a Fulfil
Order Process and how to identify the activities and flows which are controlled by
ISO 9001 in order to be aware of potential constraints imposed by the standard when
designing or redesigning a business process. This work has developed and tested a

modelling technique called IDEFgs00 which brings this knowledge into action.

245



References

References

A

Aberer, D. and Hardegger, Th., Wettbewerbsfahigkeit steigern. Q7 Qualildt und

Zuverldssigkeit Vol. 42 No. 7: 756-757, 1997.
Ackoff, R.L., Creating the corporate future, New York: J. Wiley and Sons, 1981.

Adams, HW., Integriertes Management-System fiir Sicherheit und Umweltschutz: Generic-

Management-System, Miinchen, Wien: Carl Hanser Verlag, 1995.

Adams, HW. and Schneider, A., Neuer Kulturkreis - Integrierte Managementsysteme in

produzierenden Unternehmen. Maschinenmarkt Vol. 103 No. 13: 54-55, 1997.

Amoako-Gyampah, K. and Meredith, J.R., The operations management research agenda: an

update. Journal of Operations Management Vol. 8 No. 3: 250-262, 1989.

Ang, CL., Luo, M. and Gay, R.K.L., Automatic generation of IDEFO models. Journal of

Intelligent Manufacturing No. 5: 79-92, 1994,

Ang, CL. Luo, M, Khoo, LP. and Gay, RKL., A knowledge-based approach to the
generation of IDEFO0 models. International Journal of Production Research Vol. 35 No. 5:

1385-1412, 1997,

ANSI/AIIM, ANSI/AIIM MS4: Flowchart symbols and their use in micrographics,

Washington: American National Standards Institute, 1987.

246



References

ANSI/ISO, ANSI/ISO 5807: Information processing flowchart symbols - documentation
symbols and conventions for data, program and system flowchart, program network charts

and system resources chart, Washington: American National Standards Institute, 1985.

Armistead, C.G. and Rowland, A.P., Managing business processes: BPR and beyond,

Chichester: John Wiley & Sons Ltd, 1996.

Armistead, C.G. and Machin, S., Implications of business process management for
operations management. International Journal of Operations and Production Management

Vol. 17 No. 9: 886-898, 1997.

Armistead, C.G. Service operations management and strategy: framework for matching the
service operations task and the service delivery system. International Journal of Service

Industry Management Vol. 1 No, 2: 1990,

B

Bal, J., Process analysis tools for process improvement. The TOQM Magazine Vol. 10 No_ 5:

342-354, 1998,

Barrett, P.S. and Sexton, M.G., Integrated developmental management systems.
Proceedings of the Cobra 95 RICS Construction Research Conference 8-9.9.1995

Edinburgh: 39-50, 1995,

Barrett, P.S. and Curado, M.T., Quality and Environmental Management: How should the
construction industry face new panaceas? CIB Beijing International Conference Quality

and Environmental Management 1996,

247




References

Bendell, T., Boulter, L. and Hannon, P., ISO 9001:2000 heading for impact with SMEs.

Quality World Vol. 26 No. 4: 12-15, 2000.

Bingham, J.E. and Davies, G.W.P., Systems Analysis, Houndmills, Basingstoke: The

MacMillan Press Ltd., 1992. Ed. 3

Bleicher, K., Das Konzept integriertes Management, Frankfurt, Germany: Campus Verlag,

1992 Ed. 2

Bleuler, U. and Brunner, P., Die Dinge einfach machen - Fraktales-Einfaches-Effizientes
Konzept zum Aufbau und Unterhalt eines Qualititsmanagementsystems. OZ Qualitdt und

Zuverldssigkeit Vol. 40 No. 6: 697-700, 1995.

Bokhoven, J.D., Herrmann, J. and Schlichter, Ch., Alles in einem. QZ Qualitit und

Zuverldssigkeit Vol. 41 No. 7: 788-791, 1996.

Boulding, K.E., General Systems Theory: The skeleton of a science. Management Science

Vol. 2: 1956.

Buhlert, M., Reibungsverluste vermeiden - Gezielte Einbingung des Oko-Managements in

ein QM-System. OZ Qualitdt und Zuverldissigkeit Vol. 43 No. 7: 800-804, 1998.

Burgess, N., Lesson leamned in quality management - a rational role for certification.
Symposium on Pros and cons of ISO 9000 accredited certification IEEE Manufacturing

and Management Divisions - Professional Group J2 31 March: 1/1-1/3, 1998,

C

Campbell, D., The quality continuum. Quality World Vol. 22 No. 10: 706-708, 1996,

248



References

Campbell, D.J. and Stanley, J.C., Experimental and quasi-experimental designs for

research, Chicago: Rand-McNally, 1963.

Carley, J.A., Kubala, G., Hudson, T.,, Gibbons, M. and Lason, V.M., Total Quality
Environmental Management: Integrating Environmental and Quality Management Systems.
Proceedings of the 3rd International Conference on Health, Safety & Environment in Oil

& Gas Fxploration & Production 9-12/6/96 NewOrleans: 767-781, 1996.

Carrie, A.S. and Suparno, O., Evaluation of CAPM systems by process modelling of GRAI
Grids. In: Modelling Techniques for Business Process Re-engineering and Benchmarking
IFIP TC5 WGS5.7 International Workshop on Modelling Techniques for Business Process
Re-engineering and Benchmarking; 18-19 April 96, Bordeaux, [rance, edited by

Doumeingts, G. and Browne, J. London: Chapman & Hall, 1996, p. 83-91.

Chan, A'W. and Bradley, P., High level process modelling - a key feature of any BPR
project. In: Re-engineering the enterprise Proceedings of the IFIP TC5/WGS.7 working
conference on re-engineering the enterprise Galway, Ireland, edited by Browne, J. and

O’Sullivan, D. London: Chapman&Hall, 1995, p. 131-140.

Checkland, P.B., Systems thinking, systems practice, Chichester: John Wiley & Sons Ltd.,

1981.

Chen, M., BPR Methodologies: Methods and tools. In: Business Process Engineering:
Advancing the State of the Art, edited by Elzinga, D.J., Gulledge, TR. and Lee, C-Y.

Norwell, Massachusetts: Kluwer Academic Publishers, 1999, p. 187-211.

Cheng-Leong, A., Enactment of IDEFO models. International Journal of Production

Research Vol. 37 No. 15: 3383-3397, 1999,

249




References

Cheung, Y.P. and Bal, J,, Process analysis techniques and tools for business improvements.

Business Process Management Vol. 4 No. 4: 274-290, 1998.

Childe, S.J., Maull, R.S. and Bennett, J., Frameworks for Understanding Business Process
Re-engineering. International Journal of Operations and Production Management Vol. 14

No. 12: 22-34, 1994.

Childe, S.J., Weaver, AM., Maull, R.S., Smart, AP. and Bennett; 1., The application of
generic process models in business process re-engineering, Galway, Ireland: Re-
engineering the Enterprise, Working Conference of the International Federation for

Information Processing Working Group 5.7, 1995. pp. 110-120.
Churchman, C.W., The design of inquiring systems, New York: Basic Books, 1971.

CIM-OSA/AMICE, CIM-OSA: Strategic management and design issues, Brussels: AMICE

ESPRIT, 1987.
CIM-OSA/AMICE, CIM-0OSA Reference Architecture, Brussels: AMICE ESPRIT, 1989.

Colquhoun, G.J. and Baines, RW., A generic IDEF0 model of process planning.

International Journal of Production Research Vol. 29 No. 11: 2239-2257, 1991.

Colquhoun, G.J., Baines, RW. and Crossley, R., A state of the art review of IDEFO.

International Journal of Computer Integrated Manufacturing Vol. 6 No. 4: 252-264, 1993.

Colquhoun, G.J., Baines, R W. and Crossley, R., A composite behavioural modelling
approach for manufactuning enterprises. International Journal of Computer Integrated

Manufacturing Vol. 9 No. 6: 463-475, 1996.

250



References

Cooper, J., Going with the flow: Re-engineering logistics. In: Managing Business
Processes - BPR and Beyond, edited by Armistead, C.G. and Rowland, A P. Chichester:

John Wiley and Sons Ltd., 1996, p. 133-152.

Creswell, J.W., Research design: Qualitative and quantitative approaches, London: SAGE

Publications Ltd., 1994.

Creswell, J.W., Qualitative inquiry and research design - choosing among five traditions,

London: Sage Publications Ltd., 1998.

D

Davenport, T.H. and Short, J.E., The new Indusirial engineering: information technology

and business process redesign, Sloan Management Review Summer, 1990.

Davenport, T.H., Process Innovation: Re-engineering work through information

technology, Boston, MA: Havard Business School Press, 1993.
De Marco, T., Structured Analysis and system specification, New York: Yourdon, 1978.

Dean, C., Applying quality lessons to environmental management. Quality World Vol. 23

No. 3: 214-215, 1997.

Denzin, N.K. and Lincoln, Y.S., Handbook of qualitative research, London: Sage

Publications, 1994.

Doumeingts, G. and Ducq, Y., Enterprise modelling techniques to improve efficiency of

enterprises. Production Planning & Control Vol. 12 No. 2: 146-163, 2001.

251




References

E
Easterby-Smith, M., Thorpe, R. and Lowe, A., Management Research - An Iniroduction,

London: Sage Publications Ltd., 1991.

Eisenhardt, K. M., Building theories from case study research. Academy of Management

Review Vol. 14, No. 4: 532-550, 1989,

Emory, C.W., Business Research Methods, Homewood, Illinois: Richard D. Irwin, Inc,,

1985. Ed. 3

F

Filippini, R., Operations management research: some reflections on evolution, models and
empirical studies in OM. International Journal of Operations and Production Management

Vol. 17 No. 7: 655-670, 1997.

Flick, U., An introduction to qualitative research, London: Sage Publication Ltd., 1998.

Franks, 1.T., Standards for computer-based enterprise modelling. Proceedings of 9th

national conference on Manufacturing Research, Bath UK 1993,

G

Gane, C. and Sarson, T., Structured systems analysis: tools and techniques, Englewood

Cliffs, N.J.: Prentice-Hall, 1979.

Gill, J., Research as action: an experiment in utilising the social sciences, Heller, 1986.

Gill, J. and Johnson, P., Research methods for managers, London: Paul Chapman

Publishing Ltd., 1991.

252



References

Green, D., ISO 9001:2000 an analysis. Quality World Vol. 26 No. 12: 30-33, 2000

Griffin, A., ISO 9000 - A Licence to trade? Quality World Vol. 21 No. 9: 622-624, 1995.

Gulledge, T.R., Sommer, R A. and Tarimcilar, M.M., Cross-functional process integration
and the integrated data environment. In: Business Process Engineering: Advancing the
State of the Art, edited by Elzinga, D.J,, Guliedge, T.R. and Lee, C.-Y. Norwell,

Massachusetts: Kluwer Academic Publishers, 1999, p. 43-60.

Gummesson, E., Qualitative methods in management research, London: SAGE

Publications Ltd., 1991.

Gummesson, E., Case Study Research in Management, Methods for generating quality
data, Stockholm University: Department of Business Administration. Preliminary Script,

1993. Ed. 2

Gupta, P. and Upadhyay, H., Integrating Environmental and Quality Management Systems.
Proceedings of the 50th ASQC Annual Quality Congress May 1996 Chicago, IL: 545-552,

1996.

H

Hall, R., Spotlight - an individual’s perspective on IMSs. Quality World Vol. 24 No. 8: 14-

16, 1998.

Hammer, M. and Champy, J., Reengineering the corporation - a manifesto for business

revolution, London: Nicholas Brealey Publishing Limited, 1993.

Hammer, M. and Stanton, S., The Reengineering revolution, New York: Harper Business,

1995.

253




References

Hammer, M., Beyond Reengineering, London: Harper Collins, 1996.

Harrington, H.J., Business Process Improvement - the breakthrough strategy for total

quality, productivity, and competitiveness, New York: McGraw-Hill, 1991.

Harrington, HJ. and Marthers, D.D., /SO 9000 and beyond - from compliance to

performance improvement, London: McGraw-Hill, 1997.

Helling, K. and Herrmann, J., Anderungen flexibel meistern. QZ Qualitit und

Zuverldssigkeit Vol. 42 No. 6: 670-675, 1997.

Henderson, D., Sharp an experience of integrated management. Proceedings of the 4th

EOQ Forum - the Evolution of Quality 13-14/3/97 London: 86-87, 1997.

Hesterwerth, H., Zukunftschancen nutzen - Integriertes Managementsystem fiir Sicherheit,
Umwelt, Gesundheit und Qualitit in einem Kleinunternehmen. QZ Qualiiat und

Zuverldssigkeit Vol. 43 No. 7: 812-814, 1998.

Ho, S.K., TOM An integrated approach - implementing total quality through Japanese 5-§

and IS0 9000, London: Kogan Page Limited, 1995.

Hoyle, D., ISO 9000 Quality Systems Handbook, London: Butterworth-Heinemann Ltd

1998a. Ed. 3

Hoyle, D., ISO 9000 Quality Systems Development Handbook - a systems engineering

approach, Woburn MA: Butterworth-Heinemann Ltd., 1998b.

Hussey, J. and Hussey, R., Business Research - A practical guide for undergraduate and

posigraduate students, London: Macmillan Press Ltd., 1997.

254




References

I

International Organization for Standardization, /SO 6829: Flowchart symbols and their use

in micrographics, Geneva: International Organization for Standardization, 1983.

International Organization for Standardization, /SO 8402 Quality Management and Quality

“Assurance - Vocabulary, Geneva: International Organization for Standardization, 1994.

International Organization for Standardization, ISO 9000:2000 Quality Management
Systems - Fundamentals and vocabulary, Geneva: International Organization for

Standardization, 2000a.

International Organization for Standardization, ISO 900/:2000 Quality Management
Systems - Requirements, Geneva: International Organization for Standardization, 2000b.

Ed. 3

International Organization for Standardization, The ISO Survey of 1SO 9000 and ISO 14000
Certificates — Tenth cycle 2000, Geneva: International Organization for Standardization,

2001. pp. 1-19.

J
Jackson, S., Re-engineering The Post Office Supply Chain. In: Managing Business
Processes - BPR and Beyond, edited by Armistead, C.G. and Rowland, A P. Chichester:

John Wiley and Sons Ltd., 1996, p. 281-307.

Jacobson, 1., Ericsson, M. and Jacobson, A., The object advantage - business process
reengineering with object technology, New York: Addison-Wesley Publishing Company,

1994.

255




References

Jain, P, Liu, J. and Wagner, S., Transformational approach to business process redesign.

AAAI BPR Workshop May 13 1994.

Johansson, H.J., McHugh, P., Pendlebury, A J. and Wheeler, W.A I1I, Business Process Re-

engineering, New York: John Wiley & Sons, 1993.

Johnson, P., Duberley, I., Close, P. and Cassell, C., Negotiating field roles in manufacturing
management research: The need for reflexivity. International Journal of Operations and

Production Management Vol. 19 No. 12: 1234-1253, 1999.

Jonker, J. and Klaver, J., A methodological perspective - integration. Quality World Vol. 24

No. 8: 22-23, 1998.

Jorysz, HR. and Vernadat, F.B., CIM-OSA Part 1: Total enterprise modelling and function
view. International Journal of Computer Integrated Manufacturing Vol. 3 No. 3: 144-156,

1990.

K
Kaplan, R.B. and Murdock, L., Rethinking the corporation: Core process redesign. The

McKinsey Quarterly No. 2: 1991.

Karapetrovic, S. and Willborn, W., The system’s view for clarification of quality
vocabulary. International Journal of Quality & Reliability Management Vol. 15 No. 1: 99-

120, 1998a.

Karapetrovic, S. and Willborn, W, Integration of quality and environmental management

systems. The TOM Magazine Vol. 10 No. 3: 204-213, 1998b.

256




References

Karapetrovic, S., ISO 9000: the system emerging from the vicious circle of compliance. 7he

TOM Magazine Vol. 11 No. 2: 111-120, 1999.

Kethers, S. and Schoop, M., Reassessment of the Action Workflow Approach: Empirical
Results. Proceedings of the 5th International Workshop on the Language-Action

Perspective on Communication Modelling (LAP 2000) 14-16 Sep, Aachen: 151-169, 2000.

Kettinger, W.J., Teng, J.T.C. and Guha, S., Business Process Change: A study of method-

ologies, techniques, and tools. MIS Quarterly Vol. 21 No. 1: 55-80, 1997.

Kokolakis, S.A., Demopoulus, A J. and Kiountouzis, E.A., The use of business process
modelling in information systems security analysis and design. Information Management

and Computer Security Vol. 8 No. 3: 107-116, 2000.

Kolb, D.A,, Rubin, IM. and Mclntyre, .M., Organisational psychology: an experiential

approach, London: Prentice Hall, 1979.

Kota, S.N., Bal, D.J. and Cheung, Y.P., An appraisal of process analysis tools for process
improvement and re-engineering. 3rd International Conference on 1SO9000 and TOM 99

April: 97-104, 1998,

Kubeck, L.C., Techniques for business process redesign: typing it all together, New York:

John Wiley & Sons Inc., 1995.

Kueng, P., Kawalek, P. and Bichler, P., How to compose an object-oriented business
process model? In: Method FEngineering, edited by Brinkkemper, S. Atlanta:
Chapman&Hall, Proceedings of the IFIP WG8.1/WG8.2 working conference on method

engineering, 1996.

257




References

L
Le Clair, S.R., IDEF the method, architecture the means to improved manufacturing pro-
ductivity, Michigan: Society of Manufacturing Engineers, SME Technical Paper MS82-902,

1982.

Lejk, M. and Deeks, D., An introduction to systems analysis techniques, Hemel Hemp-

stead: Prentice Hall Europe, 1998.

Lo, V.H.Y., Humphreys, P. and Sculli, D., The definition method zero applied to ISO $000

quality manuals. The TOM Magazine Vol. 13 No. 2: 105-111, 2001.

M

Macintosh, R. and Carrie, A S., The Use of the GRAI method in re-engineering. In: Re-
engineering the enterprise Proceedings of the IFIP TC5/WGS.7 working conference on re-
engineering the enterprise Galway, Ireland, edited by Browne, J. and O’Sullivan, D.

London: Chapman&Hall, 1995, p. 273-283.

Mason, D. and Willcocks, L., Infermediate systems analysis, London: Paradigm Publishing

Ltd, 1987.

Maull, R.S., Childe, S.J., Bennett, J. and Weaver, A.M., Different types of manufacturing
processes and IDEFO models describing standard business processes, University of
Plymouth: Working Paper for Grant No. WP/GR/J/95010-6, EPSRC Grant No

GR/J/95010, 1995a.

Maull, R.S., Childe, S.]., Bennett, J., Weaver, A M. and Smart, AP., Report on Process
Analysis Techniques, University of Plymouth: Working Paper for Grant No. GR/J95010-3,

1995b. Ed. 3

258




References

Mayer, R.J., Crump, JW., Fernandes, R., Keen, A. and Painter, MK, Information inte-
gration for concurrent engineering (IICE) - Compendium of methods report, Ohio 45433-
7604: Armstrong Laboratory Logistics Research Division Wright-Patterson Air Force Base,

1995.

McHugh, P., Merli, G. and Wheeler, W.A., Beyond Business Process Re-engineering, New

York: John Wiley & Sons, 1995.

Medina-Mora, R., Winograd, T., Flores, R. and Flores, F., The Action Workflow Approach

to Workflow Management Technology. The Information Society Vol. 9: 391-404, 1993.

Melao, N. and Pidd, M., A conceptual framework for understanding business processes and

business process modelling. Information Systems Journal Vol. 10 No. 2: 105-129, 2000.

Meredith, J.R., Raturi, A., Amoako-Gyampah, K. and Kaplan, B., Alternative Research
Paradigms in Operations. International Journal of Operations and Production Manage-

ment Vol. 8 No. 4: 297-326, 1989.

Meredith, J.R., Theory building through conceptual methods. /nternational Journal of

Operations and Production Management Vol. 13 No. 5: 3-11, 1993.

Meredith, J.R., Building operations management theory through case and field research.

Journal of Operations Management Vol. 16: 441-454, 1998.

Mertins, K. and Jochem, R., Quality-oriented design of business processes, Norwell,

Massachusetts: Kluwer Academic Publishers, 1999.

Mertins, K. and Jochem, R., Integrated enterprise modelling: a method for the management

of change. Production Planning & Control Vol. 12 No. 2: 137-145, 2001,

259



References

Meta Software, Design/IDEF user’s manual, Meta Software, 1990.

Meyer, C., Fast Cycle Time, New York: The Free Press, 1993.

Morgan, G. and Smircich, L., The case of qualitative research. Academy of Management

Review 5: 491-500, 1980.

Muir, G. and Renfrew, D.I., QUENSHing - the thirst for integration. Quality World Vol. 24

No. 8: 10-13, 1998.

N

Narahara, Y. and Viswanadham, N., A petri net approach to the modelling and analysis of

flexible manufacturing systems. Annals of Operations Research Vol. 3: 449-472, 1985

National Institute of Standards and Technology, Integration Definition for Function
Modelling (IDEF0), U.S. Department of Commerce, Technology Administration, Federal

Information Processing Standards Publication, Report Number FIPS PUB 183, 1993.

O

O’Sullivan, D., Manufacturing systems redesign: creating the integrated manufacturing

environment, Englewood Cliffs NJ: PTR Prentice Hall, 1994,

Ould, M.A_, Business processes: modelling and analysis for re-engineering and improve-

ment, London: John Wiley & Sons Ltd., 1995.

P

Peterson, J.L., Petri net theory and the modelling of systems, Englewood Cliffs N.J.

Prentice-Hall, Inc, 1981.

260



References

Pfeifer, T., Qualitdtismanagement - Strategien, Methoden, Techniken, Munich: Carl Hanser

Verlag, 1993.

Phalp, K. T., Henderson, P, Walters, RJ. and Abeysinghe, G., RolEnact: role-based
enactable models of business processes. Information and Software Technology Vol. 40:

123-133, 1998.

Plaia, A. and Carrie, A., Application and assessment of IDEF3 - process flow description
capture method. International Journal of Operations and Production Management Vol. 15

No. 1: 63-73, 1995.

Porter, M.E., Competitive Advantage: Creating and sustaining superior performance, NY:

The Free Press, 1985.

Primrose, M.J,, Bentley, P.D., van der Graaf, G.C. and Sykes, R.M., The HSE Management
System in Prabtice-Implementation. Proceedings of the 3rd International Conference on
Health, Safety & Environment in Qil & Gas Exploration & Production 9-12/6/96

NewOrleans: 523-530, 1996.

R
Rapoport, R.N., Three Dilemmas in Action Research. human relations Vol. 23 No. 6: 499-

513, 1970.

Rasmus, D., Reengineering, or evolution through violent overthrow. Manufacturing

Systems September: 52-58, 1992.

Reisig, W., Brauer, W. and Rozenberg, G., Petri nets - an introduction, Berlin: Springer-

Verlag, 1982.

261




References

Remenyi, D., Williams, B., Money, A. and Swartz, E., Doing research in business and
management - an introduction to process and method, London: SAGE Publications Ltd.,

1998.

Renfrew, D.1., Software modelling of a QUENSH management system, PhD thesis:

University of Paisley, 1997.

Ross, D.T., Structured Analysis. Proceedings of the Joint IBM/University of Newcastle

upon Tyne Seminar on Computer System Design 7-10 Sep 1976.

Rumbaugh, J., Blaha, M., Premerlani, W., Eddy, F. and Lorensen, W., Object-Oriented

Modeling and Design, New Jersey: Prentice-Hall International Inc., 1991.

Rummler, G.A. and Brache, A.P., Improving performance - how to manage the white space

on the organisation chart, Oxford: Jossey-Bas Ltd., 1990.

S

Scheer, A.-W., Business process engineering: reference models for industrial enterprises,

Heidelberg: Springer-Verlag Berlin, 1994. Ed. 2

Scheer, A.-W., Business process engineering: reference models for industrial enterprises -

study edition, Heidelberg: Springer-Verlag Berlin, 1998.

Scheer, A.-W. and Allweyer, Th., From Reengineering to continuous process adaption. In:
Business Process Engineering: Advancing the State of the Art, edited by Elzinga, D.J.,
Gulledge, T.R. and Lee, C.-Y. Norwell, Massachusetts: Kluwer Academic Publishers, 1999,

p. 1-24.

262



References

Schil, T., Workflow Management Systems for Process Organisations, Berlin: Number 1096

in lecture notes in Computer Science, Springer, 1998.
Seddon, J., Quality at the crossroads. Quality World Vol. 24 No. 3: 30-31, 1998.

Seghezzi, D.H. and Bleicher, K., Integriertes Qualitatsmanagement. QZ Qualitét und Zu-

verldssigkeif Vol. 40 No. 6: 675-680, 1995.

Seghezzi, D.H., Integriertes Qualitiatsmanagement: das St. Galler Konzept, Munich, Ger-

many: Carl Hanser Verlag, 1996.

Seghezzi, D.H., TQM - ein trojanisches Pferd? - Qualitaitsmanagement ist heute in viele
Bereiche der traditionell wirtschaftswissenschaftlich dominierten Managementlehre

vorgedrungen. QZ Qualitdt und Zuverldssigkeit Vol. 43 No. 8: 909-911, 1998

Shillito, D.E., "Grand Unification Theory" - Should Safety, Health, Environment and
Quality be Managed Together or Separately? Transaction of the Institution of Chemical

Engineers 73 Part noB3 August: 194-202, 1995.

Skyttner, L., General Systems Theory-An Introduction, London: MACMILLAN PRESS

Ltd., 1996.

Slack, N., Chambers, S., Harrison, A., Johnston, R. and Harland, C. Operations Manage-

ment, London: Pitman Publishing, 1995.

Sower, V.E., Motwani, J. and Savoie, M ], Classics in production and operations manage-
ment. International Journal of Operations and Production Management Vol. 17 No. 1: 15-

28, 1997.

263



References

T
Thomas, K.W. and Tymon, W.G., Necessary properties of relevant research: Lessons from

recent criticism of organisational sciences. Academy of Management Review Vol. 7 No. 3:

345-352, 1982.

Tranmer, J., Overcoming the problems to integrated management systems. Quality World

Vol. 22 No. 10: 714-718, 1996.

U

Ulrich, H., Die Unternehmung als produktives soziales System, Bern: 1971. Ed. 2

US Air Force, Integrated Computer-Aided Manufacturing (ICAM), Function Modeling
Manual (IDEFy), Materials Laboratory AF Wright Aeronautical Laboratories Wright-

Patterson Air Force Base, OH 45433, 1981.

A%

Voehl, F., Jackson, P. and Ashton, D., ISO 9000 - An implementation guide for small to

mid-sized businesses, Delray Beach, Flonida USA: St. Lucie Press, 1994,

W

Wang, S., OO0 modelling of business processes - object-oriented systems analysis.

Information System Management Spring: 36-43, 1994,

Wang, W., Popplewell, K. and Bell, R., An integrated multi-view system description
approach to approximate factory modelling. /nternational Journal of Computer Integrated

Manufacturing Vol. 6 No. 3: 165-174, 1993.

264



References

Weaver, A M., A model based approach lo the design and implementation of computer

aided production management systems, PhD Thesis: University of Plymouth, 1995.

Westbrook, R., Action research: a new paradigm for research in production and operations
management. Infernational Journal of Operations and Production Management Vol. 15

No. 12: 6-20, 1995.

Wilmer, T., A certification body’s view of ISO 9001:2000. Quality World Vol. 26 No. 4.

19-20, 2000.

Wilson, B., Systems: concepts, methodologies and applications, Chichester: John Wiley &

Sons Ltd., 1984.

Woolliscroft, D., Standards organisation. Proceedings of the 4th EOQ Forum - the

Evolution of Quality 13-14/3/97 London: 31-36, 1997.

Wright, D.W., Understanding statistics - An introduction for the social sciences, l.ondon:

Sage Publications Ltd., 1997.

Y

Yin, RK., Case Study Research: Design and Methods, London: Sage Publications, Ltd,,

1994 Ed. 2

Yu, B., Harding, J.A. and Popplewell, K., Supporting enterprise design through multiple

views. International Journal of Agile Management Systems Vol. 2 No. I: 71-82, 2000.

265



References

Z

Zgorzelski, M. and Zeno, P., Flowcharts, data flows, SADT, IDEF and NIAM for enter-
prise engineering. In: Modelling Techniques for Business Process Re-engineering and
Benchmarking IFIP TC5 WGS.7 International Workshop on Modelling Techniques for
Business Process Re-engineering and Benchmarking; 18-19 April 96, Bordeaux, France,

edited by Doumeingts, G. and Browne, J. London: Chapman & Hall, 1996, p. 71-81.

266




Appendix 1 - Case A

Appendix 1 - Case A

267



Appendix 1

1. Case A

This case study was carried out by the researcher over a period'of seven months from May to No-
vember 1999. During that time the researcher was working on a three days per week basis for
Case A studying the quality system which complied with the quality standard QS-9000.

The researcher's role could be best described as being an observer as participant as he was fully
integrated within the company and could record information when it occurred. The main focus of
this research was to understand how the quality system was designed and implemented within
Case A's organisational structure and to observe its implications. In order to better understand the
current design of the quality system this case also reviewed the development of the system from its
carliest stages.

1.1.  Structure of the case study

The following case study describes how the quality system developed from Ford’s quality standard
Q-101 in 1991 to the current standard of QS-9000. Sections 1.2 to 1.4 of the case study outline the
rescarch methods used. A general background of Case A and its parent organisation is explained in
1.5, while Section 1.6 focuses on an overview of the development of the quality system. A dis-
cussion of the current structure of the quality system follows in Section 1.7 concluding with the
company's experience with the system in Section 1.8.

1.2.  Participants

During the case study the following personnel were involved: quality manager, document
controller, quality engineers, product manager, scnior engineers and team leaders.

1.3. Source of data

All information gathered for this case study was based on the documented quality system and other
relevant internal and external company documents. Observations were made of how the system
operated and were supported by the use of unstructured interviews which were conducted with the
participants (see Section 1.2).

1.4. Validation

A copy of this case study was submitted for validation to the quality manager, a quality engineer
and the operations manager.

1.5.  General background

Case A is part of an UK registered organisation that was originally incorporated in 1931. In 1972
the privately owned company became a wholly owned subsidiary of a U.S. orgamsation which is a
global producer of highly engineered polymer-based products with 38 plants in nine countries. The
U.S. parent organisation is one of the world’s leading suppliers of sealing, trim and vibration-
control systems for the worldwide automotive original equipment industry which accounts for
approximately 70% of the company’s’ total 1998 revenues of $1.1 billion. Subsidiary companies
produce rubber and plastic components for the refrigeration industry in North America as well as
tread rubber and equipment for the truck retreading industry. The company employs over 10,000
people worldwide. In addition to its 100%-owned production faciliues, the parent company
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maintains a number of joint venture and open-exchange technology agreements with companies in
Japan, Mexico and Korea.

Two-thirds of the parent organisation's automotive sales were in the U.S. and Canada, with 27%
coming from Europe and 6% from Latin America. The company became a major supplier for six of
the 15 best-selling automotive platforms in North America duning the 1990's and increased its share
in the European auto market at an even faster rate. They provide expertise in body sealing and
weatherstrips, vehicle powertrain isolation and dampening, exterior decorative trim, modular glass
and moulded body panels. :

The organisation was more recently acquired by another U.S. rubber manufacturer and signed the
merger agreement in July 1999. Its acquirer was, with 10,700 employees, the world's seventh
largest tyre manufacturer and a recognised leader in the replacement tire market as a low- cost,
high-quality producer. This made the combined company North Amenica’s largest manufacturer of
automotive sealing systems, as well as one of the leading manufacturers in Europe. On this basis
the new company expected to generate $3.2 billion in revenues in its first full year of operation.
According to officials this acquisition would make them a stronger competitor in the automotive
arena where scale, size and technical depth are increasingly critical to success.

Prior to the merger the company was already undertaking a large restructuring programme with 1ts
business in Europe. It resulted in the closure of one of its four UK manufacturing divisions early in
1999.

Case A is a first and second tier supplier to the automobile industry and started manufacturing in
1991 with its entire output dedicated to a single U.S. customer. At that time the company was sup-
plying 22 different parts for two car models with a total of 240,000 car sets per annum. With the
continuously evolving and increasingly demanding automotive supply industry Case A was also
forced to produce for its customer's European plants. By 1999 case A supplied 10 major automo-
tive manufacturers with 126 different parts and employed 420 permanent staff. Its sales figures rose
from £18 million in 1991 to £28 million in 1999.

Case A is a manufacturing site that can be split into the two main areas i. e. ex{rusion angd secon-
dary operations. Five extrusion lines produced over 50 different profiles that were processed in
secondary operations. Its major secondary operations included sawing, bending, injection and
transfer moulding, spraying and packing.

Case A was run in a decentralised manner by a management team incorporating the top three levels
of the organisation including the general manager, departmental/programme managers and product
managers. Operations Management which was one of seven departments, formed, together with
three business units, the manufacturing team of the division. Each business unit was run by a
product manager and set up as a cost centre with overall financial control being in the hands of the
company's financial controller and its general manager. The product manager ensured that the
production process met targets and quality requirements. He was also responsible for training and
the prevention of product and process non-conformities and the implementation of corrective
actions. Each business unit employed its own engineers, shift co-ordinators, technicians and team
leaders. A matrix management structurc was used to co-ordinate activities with certain managers
and engincers having dual roles. With this “functional-by-product” matrix and the use of cross-
functional teams for decision making Case A managed its working activities.
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1.6.  Development of Case A’s quality system

In 1991 Case A was only supplying Ford and was operating according to the guidelines of
Ford’s Q-101 quality standard. In 1994 the parent organisation decided to amend the system and
comply with the requirements of the international quality standard ISO 9000. As Case A was not
involved in any design activities at that time it aimed for an 1ISO 9002 certificate but transferred to
the 1SO 9001 in 1997. This step was mainly carried out to finally adapt the quality system to con-
form with the requirements of the, ISO 9000 based, QS-9000 standard.

The QS-9000 standard is a specification for a quality management system for suppliers to the
automotive industry and was developed by the Chrysler/Ford/General Motors Supplier Quality
Requirements Task Force and was first published in August 1994, Chrysler, Ford, General Motors,
various truck manufacturers and other subscribing companies require their suppliers to comply with
QS-9000, and some of them require third party registration to QS-9000. The ‘Big Three’ auto-
motive manufacturers developed QS-9000 by adding further requirements to ISO 9000. QS-9000
consists of the entire text of the ISO 9001:1994 standard supplemented with customer-specific re-
quirements for each of the ‘Big Three’ that are added to appropriate sections of [SO 9001.

L6.1.. Ford’s Q-101 quality system standard

Ford’s quality system standard Q-101 for manufacturing operations and outside suppliers of pro-
duction and service products provided assistance to both internal and external suppliers in meeting
Ford's quality expectations. Case A was responsible for developing and implementing effective
operating systems to control and improve the quality of their technical processes and products. To
enable Ford personnel to evaluate quality products and systems, case A was requtred to have
available evidence of quality at certain points during the life cycle of the products or the service.
The quality requirements for all producers were presented in five major sections:

¢ Planning for quality
_Quality planning was required during the development of new processes and products as well
as prior to any changes.

* Achieving process and product quality
The producer was responsible for implementing effective systems to control and improve proc-
ess and product quality.

e Documenting quality
Two types of quality-related documentation were required for reference and customer review.
Quality systems records descnibed how the quality system operated and included general pro-
cedures or detailed process monitoring instructions. Quality performance records such as in-
spections and test results, control charts or quality concerns showed the results of quality-re-
lated functions.

e Special requirement for control item products
Control item parts were selected products identified by Ford product engineering as having
critical charactenistics which may affect safe vehicle operation and/or compliance with regula-
tions.

e System and sample approval
A quality system survey carried out by Ford reviewed the use of statistical methods, examined
the quality system and performance records and verified the quality of outgoing products.
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Superior product quality resulted in Case A becoming a “preferred supplier”, winning Ford's QI
quality award in 1992 and becoming a “Full Service Supplier” in 1995. Q1 producers were exempt
from routine surveys by Ford Quality engineers.

1.6.2. Updating the quality system to comply with 0S-9000/1SO 9000

Due to a customer requirement at one of the other divisions the case A's head office decided in
1994 to register all four UK sites to the ISO 9000 standard. The project was run centrally by the
organisation's headquarters designing the quality system for all sites. There was no organisational
restructuring during the implementation of the ISO 9001 system and Case A kept its functional
structure. The project simply created some new roles in quality system management.

The organisation and Case A oriented their quality system around the standard. In this standard-
oriented system procedures followed closely the outline of the appropriate 1ISO 9000 standard. This
made it relatively easy to ensure that all parts of the standard were addressed but did not reflect the
organisation's business flow.

During the ISO 9000 implementation Case A was still supplying a single customer. Since then the
business expanded in terms of customers and product variety. When in 1997 Case A adopted the
QS-%000 standard the original structure of the quality system remained and additional requirements
were either incorporated in existing procedures and instructions or new ones added. Case A had to
consider three major sections of the QS-9000:

e SectionI: ISO 9000 based requirements
This built on the foundations established in ISO 9001 and included the same 20 elements. Each
of these started with an exact quote from the relevant element in ISO 9001.

e Section II: Sector-specific requirements
This specified additional requirements that were beyond the scope of the ISO 9001 and covered
quality management systems like continuous improvement, manufacturing capabilities, and
production part approval process.

e Section II:  Customer-specific requirements
This section included quality systems requirements that were unique to any one of the “Big
Three” automakers.
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1.7.  Structure of the quality system

L7.1. Documentation structure of the quality system

The quality system which was fully documented and developed to meet Case A’s requirements, the
specified standards of their customers and the ISO 9001 quality system standards and documenta-
tion, was structured in four levels (see Figure I-1):

defined approach
and responsibility

LEVEL 1

Quality Manual
LEVEL 2 defined who, what
Procedures and when
LEVEL 3 answered how
Instructions
LEVEL 4 results: showed that
Situation Specific Documents system was operating

Figure 1-1: Case company’s quality system documentation structure

At level 1 the quality manual contained the quality policy, described the quality system and the re-
sponsibilities of the management throughout the entire organisation. The purpose of this quality
manual which applied to all sites, was to document the quality system used to guarantee the re-
quirements of their customers were met and also to maintain approval to the ISO 9000 senes of
quality system standards. It followed precisely the 20 sections of the ISO 9001 standard to explain
the approach undertaken by Case A to comply with its requirements. At this level the explanation
was not very detailed, as it needed to be valid on four different sites. Each section of the quality
manuai contained specific references to procedures at level 2 that were used to implement the
system.

At level 2 Case A operated using procedures that defined broadly what had to be done. The proce-
dures were split into three different categorics dealing with quality (Cl1), tooling (C2) and
health&safety/environmental issues (C3). To comply to all the quality-related requirements Case A
produced thirty procedures for C1 and five for C2. At the time of writing the sixteen C3 procedures
were kept separately from the quality manual as Case A was in the progress of implementing the
environmental standard ISO 14001,

Over 65 office instructions at level 3 defined in detail how tasks in the quality system documenta-
tion had to be carried out and they were categornised as W1 to W3 to match the categories of the
procedures.

All level 2 and 3 documents included a short explanation of their objectives and scope. The objec-
tive answered the need for a procedure and how it might be achieved while the scope dealt with the

Case A h)



Appendix 1

where and when a procedure had to be applied. A basic “block flow diagram™ showed the logical
sequence of activities to fulfil the objective and also identified responsibility for individual activi-
ties. However much detail was missing from these over simplistic diagrams and some were even
used as checklists and included questions rather than phrases describing the activities being per-
formed. A reference mark at each box referred to a legend giving additional information.

Another type of instruction which Case A used as a level 3 document was the standard operating
instruction (SOI). Case A operated with over 1,600 standard operating instructions for manufactur-
ing, machine setting, inspection and testing. Their purpose was to define in detail how tasks had to
be carried out. While work instructions mainly referred to tasks which only needed descriptive in-
structions the SOI could alse incorporate visual instructions {quality points) such as sketches,
photographs etc.

Control plans that were a customer-specific requirement as stated in section I11 of QS-9000 existed
for all Case A's manufactured products. They acted as a summary document and included product
characteristics, the operations which were carried out, and the tooling which was used. Moreover
they referred to relevant inspection and test methods including quality points and forms that had to
be completed.

Forms such as tally sheets, reports or other log sheets were used as level 4 documents. These were
cither used as a standard means of communication or for providing a means of recording in-
formation that resulted in documented evidence that procedures, instructions and processes were
being executed to fulfil stated requirements. Their use was generally identified in higher level pro-
cedures or instructions.

1.7.2.  Document control

All procedures were originally proposed and written by Central Quality at the organisation's head-
quarters. Case A approved or made suggestions to amend the draft version before Central Quality
finally released them. While the approval of C1 procedures remained the responsibility of the or-
ganisatien's Central Quality, the general manager of Case A could approve C2, W1, and W2
documents. All C3 and W3 documents including the standard operating instructions remained
entirely under control of Case A.

The documents that formed part of the quality and environmental system, were subject to document
control. A document controtler at each site was appointed to create and maintain a master index
and the distribution list for each document group (see Table 1-1). A formal system defined how
procedures and work instructions had to be numbered in order to be identified by their code.
However for standard operating instructions Case A only used a consecutive numbering system
starting from zero. The system did not allow for the grouping of related standard operating instruc-
tions. The document controller only kept a distribution list that showed the department to which the
standard operating instructions were sent.

In terms of referencing to relevant documents the system failed on occasions only showing the in-
terrelationships between higher to lower level documents. This made manual searches particularly
difficult and time consuming when amendments were necessary. While standard operating instruc-
tions did refer to a certain quality point there was no interrelationship diagram or matrix that
pointed out if this particular quality point was used by another document and whether its alteration
might cause a conflict.
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Document group Location Responsibility

Quality and environmental manuals Central quality Control and distributien
Procedures C1,£2, C3 Central quality Control and distribution
Office instructions W1, W2, W3 Central quality Control and distribution
Specifications and standards Central quality Control and distribution
Quality manual Divisional Distribution only
Procedures C1, C2,C3 Divisional Distribution only
Office instructions W1, W2, W3 Divisional Distribution only
Standard operating instruction Divisiongl Control and distribution
Control plans Divisional Control and distribution

Table 1-1: Document control of the quality system — excerpt

1.7.3. Relationship between the quality system and the organisational structure

The headquarters designed the organisation's quality documentation system around the
QS-9000/1SO 9000 standard. A difficulty with this approach was relating it to Case A’s normal
business flow. While the tasks for operators on the shopfloor were clearly specified and docu-
mented 1n over 1,600 standard operating instructions it was more difficult for staff to relate to the
quality system. Their understanding of which part of the quality system needed to be used and
when relied mainly on three factors:

¢ Training of new employees
o Training after job transfer
e  Own authority to consult the quality system

Case A provided over 60 job specifications to ensure consistent assessment of the nature of jobs in
the organisation. Some of them stated a requirement to “contribute and comply with the quality
systems procedures” but did not go into any greater detail. In only a few cases, for example the job
of the training co-ordinator, clearly stated what needed to be performed in accordance with a qual-
ity procedure.

Job descriptions for the personnel in the quality department naturally related more closely to the
quality system and referred to procedures and other documents. However none of the job descrip-
tions was intended to be exhaustive. As a copy of the quality manual was available in each of the
departments it was everyones responsibility to consult its index and to ensure that a particular task
was carried out according to the requirements stated in the quality system.
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1.8.  Experience with the quality system

Case A has been operating a continuously evolving documented quality system for many years and,
at the time of writing, the quality department operated with eleven staff. Its document controller
worked full-time on keeping the system documentation up to date while the quality engineers who
were located in the business units each spent between 25 and 30 hours a week maintaining the
system. They estimated that about 80% of Case A's operations were carried out in accordance with
the procedures in the quality system. The main reason for not working to the quality system were
stated as inadequate training of those new employees who were likely to become involved in the
design of procedures and instructions.

To rectify this situation training could be carried out using “real cases” of how to write instructions
and procedures while work instructions could be generated in a more approachable format such as
ANSI (American National Standards Institute) flowcharts. The documentation of the system is
produced using only word-processing and spreadsheets. So far Case A does not make use of da-
tabase applications which could avoid a great deal of extra bureaucracy while searching for related
documents when alterations are required.

From an integration point of view it can be argued that the business activities did not closely link to
the quality system. This disadvantage could only be partially compensated for by additional train-
ing in the application of the quality system. Unfortunately the quality of training which would
usually be carried out to enable new employees to work with the quality system deteriorated over
recent years. This resulted in extra work having to be carried out after alterations such as product
and engineering changes were introduced without considering the impact on other parts of the
quality system.

Business for Case A is expected to increase over the next year or two due to the concentration of
work in the remaining two manufacturing sites in the UK. This will result in even more documenta-
tion putting extra strain on the system and the people who operate it.
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1. Case B

This case study was carried out using an Action Research approach by the researcher over a period
of eight months from July 1998 to February 1999. The researcher was one of two consultants who
implemented an ISO 9001 quality management system at Case B. Their contract was to consult to
and support the company as it progressed towards ISO 9001 registration. During the design and
implementation stage of this project the two consultants assisted Case B by facilitating workshops to
design the overall quality management system with its quality manual and the necessary
documentation. It also included supporting Case B in implementing the ISO 9001 requirements as
well as 1n conducting training and documenting the quality management system.

The following case study describes an activity-based approach for the implementation of the
ISO 9001 quality standard in a functionally designed organisation. As the company kept its func-
tional structure its documented “business activities” were referred to as “activities” throughout this
case study rather than to “processes”. The “business activities” showed some similarities to business
processes as discussed in literature as they include inputs or outputs etc. but lack to be cross-
functional and customer facing.

The main interests of this case study focus on the design of the quality management system and its
impact and implementation related to the organisational structure of Case B. This case study is
however not concerned with the process of achieving certification nor its audit or feedback systems.

1.1.  Structure of the case study

The case study describes an activity-based approach to the implementation of the requirements of the
ISO 9001 quality standard in a manufacturing company. In Sections 1.1 to 1.4 the case study
outlined the research methods used. An overview and background information on Case B and its
parent organisation was discussed in Section 1.5. The activity-based approach implemented at
Case B has been explained in Section 1.6.

1.2, Participants

The employeé orientated approach which will be explained in Section 1.6 included the entire senior
management team, other members of staff as well as operators which were involved in the ISO 9001
project.

1.3. Source of data

All information gathered from the ISO 9001 projects’ formal and informal mectings as well as from
the workshops werc available as case study material. This also included internal audits, carried out
in the form of structured interviews, prior to the final certification audit and the draft version of the
processed quality manual. An average of two days a week were spent at Case B by the consultants
during the project. Further interviews were conducted with the management representative of Case B
as well as with the leading consultant six months after the successful ISO 9001 certification.
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1.4. Validation

During the project transcripts of all meetings and workshops were sent to the process owner or the
internal project co-ordinator for approval and validation. A copy of this case study also was sub-
mitted for validation to the general manager and the leading consultant.

1.5.  General background

Case B is part of a group incorporating 5 other autonomous manufacturing divisions all based in
West Germany employing just over 600 people. The parent company has been family owned since
1836 and starting in 1951, further specialist paper factories, rich in tradition, were acquired. With
the incorporation in 1972 of the parent company as a holding company, today's organisational
structure was established. 1988 saw the conversion to a joint-stock company and in September 1991
the company went public. The group achieved an annual turnover of 239.1 million DM in
1997/1998 and manufactures a wide range of high quality paper for various applications with an
output of 120.4 thousand tonnes.

Case B is a paper mill operating with a computer controlled paper making machine which employs
front edge technology to produce label paper, art and matt coated and coloured paper. All products
arc produced to customer requirements including to specific sheet/reel sizes and fimishing
specifications. Its products are used for matt or glossy labels for all kinds of food or consumer
products, lamination and wrapping paper. For the office stationery market the product range covers
offset, ink jet, xerography for laser and riesography in either typewnter quality or for high output
xerography machines.

Its share of the German market for single coated paper was 25% and 10-20% in the segment of
coloured paper in 1997/1998. Their products are exported worldwide and available in five conti-
nents. Case B's international competitors have their manufacturing sites either in Europe or in South
Africa. All of the competitors' countries have adopted the ISO 9000 as their national quality
standard.

Case B’s turnover i 1997/1998 reached 125 million DM compared to the 1996/1997 figure of
127 million DM employing 246 people. A decline in the consumption of beverages due to poor
weather conditions influenced the sales of their products used for labels and therefore the annual
tumover.

According to Case B’s marketing and sales professionals there was no immediate pressure in the
paper industry to be registered to the ISO 9000 quality standard. The company’s decistion to go
ahead with a certified quality management system derived from their need to guarantee their cus-
tomers a supenor quality product. In order to achicve a high level of reproducibility in their opera-
tions they wanted to standardise their procedures and technical processes. The ISO 9001 quality
management system was to act as the basis for a systematic improvement of the company’s op-
erations.

Another division in the group tried to establish a section-based ISO 9001 approach where the
documentation of the quality manual was structured and written along the 20 sections of the
ISO 9001 standard. 12 months prior to Case B’ initial moves towards a certified management
system a “dummy” certification audit failed. The division’s inability to relate its organisational
structure to the section-based structurc of quality manual resulted in the project being halted. To
avoid similar problems Case B decided to adopt an activity-based approach and took the role of a
trailblazer. With this approach the documentation of the quality system showed the organisation's
activities linked with the ISO 9001 standard.
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1.6.1. The Principal ideas on the design of the quality management system

The international standards in the ISO 9000 family descnibe what elements quality systems should
encompass, but not how a specific organisation should implement these elements. The consultants'
approach to the design of the ISO 9001 quality management system for Case B was an activity-
based framework using employee ownership (see Figure 1-2). Part | of the ISO 9004 which consists
of a set guidelines of how to establish quality management systems was used internally by the
organisation. The quality management system was to be designed around the organisation's
activities, which were mapped by employees involved in the activity. Overall business objectives set
the basis for the company’s quality policy from which the quality objectives were finally derived. A
set of individual objectives for each activity was defined and reflected the relevant quality objectives.
All activities were clustered into meaningful categories of “key sections” by using the affinity
diagram technique. Some of the key sections were named after organisational departments as Case B
kept its functional structure. Prior to the discussed mapping exercise a draft activity model was
proposed by the consultants after they assessed the plant. The activity-based approach used a
correlation matrix to establish the relationship between the defined organisation’s activities and the
ISO 9001 requirements as discussed in Section 1.6.2.2. The correlation matrnx was a central
document to identify where changes in either the ISO requirements or the organisational activities
could have an impact. It also served as a guide or overview document for external auditors.

This universal approach had been developed and refined by the consultancy ever since 1993.
Typically the consultancy' first ISO 9000 implementation projects were closely related to the
structure of the standard and they implemented the quality management system as a section-based
approach at their clients. The consultancy, however, soon realised that this section-based layout did
not reflect any organisational structure and involved unnecessary work for the client. This was the
main reason for the consultancy investigating in alternative approaches and focusing on the company
and its people rather than simply on the ISO 9000 standard.
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¢  We want flexible and effective structures within the organisation;
*  We want flexible and effective structures within production;
» We want committed and responsibly-minded employees;

e We want relationships based on partnership with all involved, relevant, direct and indirect
stakeholders.

During various workshops both the company’s policy and the business objectives were developed
and formulated as draft. All members of senior management were involved and took part in the
decision-making. Each business objective was formulated as a statement followed by short expla-
nations of how to approach and finally reach the individual target. Senior management decided to
review all business objectives on a monthly basis throughout the duration of the ISO 9001 before
their final approval. In the quality manual each business objective was explained in greater detail
describing how the company wanted to pursue and finally achieve this aim.

An existing policy statement prepared by Case B was rewritten to include all relevant quality issues.
This general code of practicc was extended partly with the defined business objectives and showed
Case B's business intentions and its commitment to quality and its employees. It was written to
comply with the ISO 9001 requirements but also to inform its staff and other interested parties about
Case B’s commitment to quality. The company’s policy was to protect their market position in all of
their product segments against worldwide compctition as well as to expand the market share of one
of its three product ranges. They acknowledged the need for an outstanding quality level and a
hands-on quality management to achieve this. Therefore it was the company’s dccision to
continuously improve the quality management system by implementing the 1SO 9001.

It was the company’s understanding that they would only get the most out of the system if all em-
ployees were actively involved in “quality work”. The people were therefore the main focus in
Case B’s quality management.

1.6.2.2. Correlation of the business activities to the ISO 9001 requirements

This activity-based approach considered all significant company activities and how they related to
the requirements of the 1ISO 9001. The following correlation matrix (see Table 1-1) linked all 40
activities (second column) of Case B with the 20 sections of the ISO 9001. A cross indicates where
requirements of a particular section of the ISO 9001 needed to be considered for mapping an ac-
tivity. The quality manual included the documentation of all activities and formed the second leve! of
the document pyramid.

Casc B 7



Appendix 2

- £
£ 2
5 =
£ 3
[=}
£ a)
= <
9 S
9 =
+ S
. @ =
A | |8 g
=AREANRE
L
b3 g. e
J = |39 5
N & & 'g e
o U
+ A5 o
Fa K © g9 0w
= + £ e
) = g o 5 E = +Z 5§ W
a S o |E <%l gl ol :‘
= = |4+ 6]+ o > al Vo 3
o el H & we o 193 o
<& |3 [€ [8IA=YS8 8882 | |5
SYE 5o HEHS2aYEEES | |3
R E R RN EEEREEE +
o | 8 9 252 gl S| 51 Sl & Vv B Es
Q| g | 8 e L g = V.2 0.2 ol .2 o o= |50
S| gl » oY af 4| | | —=| =] | F-=| T 9.5
chﬂ: gzoumuouou=°:.50“
U'-'—UJ:-:;fzﬂu'“LUL‘“'ULLE"'-
NEEEREECEEEEEEEEEEERE
M EEEREEEREEEEEEEE R
9= 018 0| Al 2181 &l 51 Sl SIS| S| TS| S| vl
Key sections :
of The quality manual |Activities involved
Tntroduction ol o o
Company policy .
Design New products, product o
optimisation,
Process optimisation o of
Purchasing Fibre raw material ol
/Additional goods X |
Pericdic supplier assessment X |
New suppliers 33
Services %
Investments o
Personnel Recruitment of new employees o
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Wanagement Internal audits o
Documents . X
Corrective actions - X

Table 1-1: Correlation matrix ISO 9000 - business activities

At the next lower level of the document pyramid Case B included all department specific documents
such as standard operating procedures and other relevant standards. Specific documents related to
individual contracts, products or workplaces formed the base of the document pyramid. Here Case B
had to distinguish between regulations, manuals, instructions for testing and inspection, work
instructions and other relevant specifications. Only the top 40 business activities were documented in
the manual and notes referred to other relevant documents that were kept separately.

All activities were documented in the form of flowcharts for case of understanding. The quality
manual was wntten using Microsoft's Office 97 and professional software for documenting flow-
charts was used.

Part of the consultants' contract was the documentation of the quality management system. It will be
the responsibility of the management representative to provide an up-to-date documentation and
distribute the latest revision of the quality manual at the end of the project. A brief introduction of
how to use the flowcharting software was part of the training which the management representative
received. Every activity owner was provided with a hardcopy of the manual, Case B not considering
a “paperless™ on-line quality manual to be an option at that time.
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1.6.2.3. Documentation of the business activities and the correlation matrix

During a 2-day introduction the consultants generated a draft activity model of Case B by following
the workflow for a particular product order. For the draft design of the activity model the consultants
compared it with a set of generic quality related activities from previous ISO 9001 projects and
established a matrix correlating these with the 20 sections of the ISO 9001 (see Table 1-1).

The actual mapping exercise for the activities was carnied out in individual workshops after senior
management approved the draft activity overview and appointed all activity owners. During these
workshops the consultants pointed out the relevant ISO 9001 requirements that the team needed to
consider at that time. Appropriate training about the relevant parts of the ISO 9001 was introduced
at a later stage. The mapping of activities mainly included the documentation of existing business
activities. During the documentation Case B did not take the opportunity to rethink the flow of their
activities or to combine the ISO 9001 project with a redesign exercise. A first step, however, was to
establish for each activity a set of objectives including criteria to measure performance was set. All
activity objectives derived from the overall business objectives. Each chapter of the quality manual
included a summary sheet with the relevant quality objectives, criteria for measurements as well as
additional rules and documents.

None of the existing activities needed to be altered to comply with the requirements of the 1SO 9001
requirements. Only the following four activities were newly designed:

e Internal audit;
e Documents;
¢« Training;

e Penodic supplier assessment.

All activities were mapped according to the flow of material and the defined key activities mainly
reflected Case B's departments. As the organisation's layout was not modified due to the ISO 9001
project its functional structure remained and the horizontal flow of the defined activities did not go
across any departmental borders. Therefore the present layout of the quality manual would be seen
as a forecast of how the company may evolve and be organised in the future.

The type of flowcharts used was based on the ANSI (American National Standards Institute) stan-
dard flowchart. For simplicity Case B adopted a standard set of symbols published by ANSI which
were explained in a glossary page as part of the quality manual. Two columns at the right hand side
of each flowchart gave further information to individual activitics including responsibilities.

All flowcharts showed activities to denote tasks of any kind. A short description of the individual
activity outlined only a general statement of an action and none of them were broken down in greater
detail and documented in the quality manual. Links from one activity to another were marked. A
reference mark in the flowchart referred to relevant procedures which were kept separate from the
manual. The quality manual however was still a comprehensive 100 A4 pages long.

Casec B 10
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1.6.2.4. Standard operating procedures and work instructions

These documents were kept separate from the quality manual. Many of them were intermediate work
instructions and kept at the shopfloor. Case B's manufacturing process depends on strictly controlled
on-line production control. It therefore had already an excellent system in place to ensure the quality
of incoming raw material, to monitor its manufacturing process as well as to test over 25 product
characteristics during a final inspection. This also included a procedure to control inspection,
measuring and test equipment. In terms of 1SO 9001 compliance there were no changes necessary.
About 50 documents were kept in two separate folders in production. Most of them were in written
as opposed to the easier flowchart format.

1.6.3. Development of the quality management system

An activity team documented the activities during various workshop sessions. Such a team consisted
of the activity owner, various users, project co-ordinator and if required a facilitator. The facilitator
co-ordinated and led the workshop. The aims of all individual teams were to develop the activity
objectives and appropriate performance measurements as well as to map the activities themselves.
This also included to structure flow charts, define preventative and operative control circuits,
determine the critical interfaces and specify the most important documents. For all activities relevant
business objectives, the organisation's present situation and any known or planned improvements or
changes needed to be incorporated.

1.6.3.1. The new roles for employees within the quality management system

This activity-based approach produced new responsibilitics and required employees who were in-
volved in the project to take one or more of the following roles:

o  Owner of an activity,

e User of an activity;

+ Internal customer;

e Management representative;

o Project co-ordinator.

The task of each owner was to review his owned activity. This included updating all relevant
documents based on the relevant business and activity objectives. Any additional documents nec-
essary to describe the quality management system such as operating or working procedures had to be
designed or approved by the activity owner. This individual was responsible for providing a
functional activity to all users and customers, which included monitoring and assessing any im-
provements carried out on the activity. Informing and training all users and customers on the activity
content was also part of this task as"Was to act as a contact person for all'concerns.— — ~ '

Users assisted the activity team in the mapping of the activity. They were involved in the imple-
mentation of the activity as well as identifying potential improvements for this particular activity.
During the implementation of improvements they played a crucial part.

Case B 11
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A management representative was made responsible for raising commitment and consciousness for
quality within the organisation. This task also included keeping the quality manual up to date,
guaranteeing its implementation and ensuring the management systems’ comphance to the ISO 9001
standard. Moreover this role involved the development and implementation of an audit plan and
establishing the effectiveness and efficiency of the quality management system.

The project co-ordinator was responsible for lcading and monitoring the project and supporting each
individual activity owner. This task also included the provision of information for every one
interested in the project. This very labour intense management system approach involved more than
30 employees during the implementation phase. The release of these people and the provision of
extra resources was only possiblc duc to a strong management commitment.

1.6.3.2. Activity mapping workshops

Before the actual activity mapping was carried out the activity owner prepared the workshop by
identifying the basic and special characteristics of the relevant activity. A checklist was used which
included the following issues (see Table 1-2):

Initiators events or decisions which trigger of f a process

Description of an activity relevant tasks, decisions and operative control circuits.
Documents which needed to be initiated during the activity

Standards and guidelines all documents, standards, guidelines or instructions the activity
needed to consider

Output information, documents, products or any other outcome of the activity

Suppliers information, if any, provided by the supplier

Users identified all involved users

Customer all internal and external activity customers. It included expectations
customers had about the particular activity as well as information on
how customers defined the quality of the activity

Table 1-2: Activity checklist

All results of the workshop were documented and the activities finally mapped by the facilitator. The
activity owner and the project co-ordinator reviewed the first draft before it was made available
company-wide for comments and changes. For a limited period staff who were not involved in the
workshops could submit proposals for changes. Finally the management representative approved the
activity. The activity owner then provided training related to the activity to all users.

1.6.3.3. Training in the quality management system

During the project several training programmes were carried out. This included introducing staff to
the basics of the ISO 9001 standard and the characteristics of the quality management system to be
implemented. A comprehensive training programme especially designed for the different types of
audits such as system audits, process audits, product audits and supplier audits was introduced. All
activity owners and other members of staff received a special auditor training provided by the
consuitancy. The activities were co-ordinated and looked after by twelve owners of which eight were
also trained as internal auditors. In total Case B operated with 14 internal quality auditors.
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1.6.4. Statements and experiences about the ISO 9001 project

After a successful certification audit in April 1999 the group management board decided to have the
other divisions registered to the ISO 9001 by using the consultants' activity-based approach again.
Satisfied with the outcome in Case B and the work carried out by the consultants the directors
appointed them once more. The internal project co-ordinator was also appointed and joined the
consultant. At time of writing two of the four divisions have already completed the documentation of
their busincss activities and have a draft quality manual in place, whereas the remaining two are in
their early stages of the project.

Case B and its people involved gave a positive feedback about the consultants approach especially
about the ownership of activities. It spread the workload as well as the responsibility across several
employees and ensured that the management system would be maintained and improved on a
continuous basis. The employees felt confident within their new roles and could identify themselves
with the management system as it reflected their areas of responsibility.

Six months after the successful certification the workload for the management representative
maintaining the management system is expected not to exceed five hours a week. On top of that all
process owners have to carry out ongoing internal audits and an audit program was scheduled for
one year. At this moment it is difficult to estimate how much of their time will be required.
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Foreword

The text of the International Standard SO 9001:2000 has been prepared by Technical Committee ISO/TC 176
"Quality management and gquality assurance”, Subcommittee 2 “Quality systems”. The transposition into a
European Standard has been managed by the CEN Management Centre (CMC) with the assistance of CEN/BT
WG 107.

This European Standard supersedes EN I1SO 9001:1994, EN 1SC 9002:1994 and EN 1SO 9003:1994.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by June 2001, and conflicting national standards shall be withdrawn at the latest by
June 2001.

NOTE The following is specifically intended for organizations that need to comply with “New Approach”
European Directives in order to affix CE marking on their products and to the other parties involved in that
process.

The publication of EN 1SO 9001:2000 has implications for Council Decision 93/465/EEC of 22 July 1993
concemning the modules for the various phases of the conformity assessment precedures and the rules for affixing
and use of the CE conformity marking, which are intended to be used in the technical harmonization directives. It
is important to note that the modules used in individual technical harmonization directives may vary in some
respects compared to those described in Council Decision 93/465/EEC. In all cases, it is the annex of the
applicable directive(s) which is legally binding. The principles set out in this foreword remain valid regardiess o
these variations. ) :

Three of the modules cited in Council Decision, i.e. modules E, D and H, require that “the manufacturer must
aperate an approved quality systent. The scope of the quality systems required by these modules addresses:

- Final product inspection and testing (module E)

- Production, final inspection and testing (modute D),

- Design manufacture and final product inspection and testing (modute H).

Council decision 93/465/EEC specifies that conformity to the harmonized standards EN 28001, EN 29002 or
EN 29003 provides a presumption of conformity to the relevant requirements of modules H, D and E.

EN 25001, EN 29002 and EN 29003 were superseded by EN [SO 9001:1994, EN ISO 9002:1994 and EN I1SO
9003:1994 respectively, which in tum are now superseded by EN 1SO 9001:2000.

Where organizations wish to implement quality management systems in conformance with modules E, D or H,
they may use EN 1SO 9001:2000. In seeking compliance with modules D, E or H organizations may exclude
specific requirements.

Only those requirements in clause 7 of EN 1SO 9001:2000 pertaining to the difference between modules E, D and
- H may be excluded whilst retaining the presumption of conformity. .

Module E Module D Module H

Permissible exclusions Pemmissible exclusions Pemmissible exclusions
Sub-clause 7.1: planning of product | Sub-clause 7.3: design and NO exclusions permitted
realization development

Sub-clause 7.2.3: customer

communication

Sub-clause 7.3: design and

development

Sub-clause 7.4 purchasing
Sub-clause 7.5.1: control of
production and service provision
Sub-clause 7.5.2: validation of
processes for preduction and
service provision

Sub-clause 7.5.3: Identification and
traceability

It should be noted that no explicit requirements in modules H, D and E relate to the concepts of “customer
satisfaction” and “continual improvement™. As a consequence, non compliance with requirements of EN ISO
9001:2000 explicitly related to these concepts does not infringe upon the presumption of conformity to the
appropriate module
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It should be noted that where the exclusions described in sub-clause 1.2 of EN ISO 9001:2000 are
exceeded, conformity to EN 1SO 9001:2000 shall not be claimed.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.

Endorsement notice

The text of the International Standard 1SO 9001:2000 has been approved by CEN as a European Standard without
any madifications.

NOTE: Normative references to Intemational Standards are listed in annex ZA (normative).

{ISO) (the Intemnational Organization for Standardization) is a worldwide federation of national standards bodies
{ISO member bodies). The work of preparing Intematicnal Standards is nommally carried out through 1SO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. Intemational organizations, governmental and non-govermmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the Intemational Electronical Commission
{IEC) on ali matters of electrotechnical standardization.

Intemational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Intemational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an Intemational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this Intemational Standard may be the subject of
patent rights. I1SO shall not be held responsible for identifying any or all such patent rights.

Intemational Standard ISO 9001 was prepared by Technical Committee ISO/TC 176, Quality management
and quality assurance, Subcommittee SC 2, Quality systems.

This third edition of 1SO 9001 cancels and replaces the second edition (ISO 9001:1994} together with SO
8002:1894 and ISO 9003:1994. It constitutes a technical revision of these documents. Those organizations which
have used 1SO 9002:1994 and ISO 9003:1994 in the past may use this Intemational Standard by excluding certain
requirements in accordance with 1.2.

The title of ISO 9001 has been revised in this edition and no longer includes the term “Quality assurance”. This
reflects the fact that the quality management system requirements specified in this edition of ISO 9001, in addition
to quality assurance of product, also aim to enhance customer satisfaction.

Annexes A and B of this Intemational Standard are for Information only.



EN ISO 9001:2000

INTERNATIONAL ISO
STANDARD 9001

Quality management systems —
Requirements

Systémes de management de Ia qualité — Exigences

e Reference number
= N - 1SO 9001:2000(E)



EN IS0 9001:2000

Contents Page
T B0OPO ettt s es e b s s b pa e sb ettt st st enaent s rar s ne e neans sertesareas e st 1
) I I € 1-T0 1= - | SRR feesattereeeseeeeeatseseatesserer ReELeTTesaer ottt ra sty ae s et a T e e r s neeanateanan 1
B.2  APPHCALON ....eeeesceec et teeeie ey et st ressses s ba s en st s es bbbt srs s ecscesmsemgontthreseassmsansR st b s e s R e b s b s s e babersaeREr b 1
2 NOMMALVE TEIBIEMCE ....eevceeeesieecercirirecrteertresereeserseesae e e ere s asess e e e e e e et b d e A b s b e nerE e R R e s R e SR e b s e R eRm s b e s S bn e nre et 1
3 Terms and defiNIfIONS ......ccocercerieniirereestantan it rrsasisessts s s rsse e s e i e eesa e ep b o sesassaesbasam e as b r et ebn st st s s sessrnnseasase 1
4 Quality mkanagement 231 (=1 1 o OO PPPPUR 2
4.1 General reQUITEMENES ......ccceccereesirreereesirereasenteteesarsesaasserassssssssasssssassatensssssnensanss TR — 2
4.2 Documentation MEQUITEIMENTS ....c.ccrciiiieivereiressssemesrissrssesesssrsssverssessssseesseassamsenstossnsicrsmnessssnssotssnesstssssessenans 2
5 Management reSPONSIDIlILY ....cieeiuceeeceeeece et eece s e s bn st s s s r st s s s a e se b e n e s na e 3
5.1 Management COMMIMBNL ...t b e 3
5.2 CUSIOMEN fOCUS ..vvvrevererserrrnrrasissniressrssssonsresssssaraessssssassssssnsssssssissssssssssans : ....................................... 4
5.3 QUAIILY POLICY ..ueeeereeererertentiiremecsssee e rcenseasssaseeseesssrsetansrnssmssesssmsansantenteesensseseest ounaberasantbsastasssassseransnersassn 4
5.4 Planning ceeemem e ses e st e e e e LR 2o £r e eSS SR A44SR RS AR R R0 4
5.5 Responsibility, authority and COMMUNICALION .......ccvivrceecieierrcrerre et rercesersoneneneesessaeslesassressesscessssatssassassnesn 4
5.6 MANAGEMENE TEVIBW ...cccuiiveeeiriiciciresticinereesesinntnransessassosssmsasarssssssestassst sortessassntesst ssssasnseessassntansesssransassssnse 5
6 ReSOUMCE MANAGEIMENE ........cooicieererereererereriesereestrassssesserrssesarssseseresseasssssnranssstantessssassnssarsessessssenest tshastestaness 5
6.1  ProviSION Of FTESOUMCES ....cccoverireininrenreniiaienmsssiensereinsnessensssnsesesssssnesssantonsssessnsnssesss sasssssrssssnsnssnsasssnssesssnssensss 5
6.2  HUMAN FOSOUMCES .....ceenieeeeirticcrcieeeenesee e rensee e se s sse st e s sessesesassnans e snoseasesasatsscsnssnsnnssmnssassmsasansassbstesnstensen 6
6.3 INMFASIIUCIURE .....ceveiertrereci s e ts e e b e e re s s e b e as e as e sk a e e s em e S2e SopaeRsast Srben bbb st et abesassn e ensessesarans 6
6.4 WOIK ENVITONIMENE «....e.ceecectceerecers i e sers e saeseessescansaassrsesessnssrsesassesssesansastsassessarsntssstsastermetessassstsassessassnsssarans 6
T ProduCt re@liZAtiON ......c..cceciieeece et vrer e e e et eesessnseaee o s se s srerame s e e e asant o net oo e s as b s be e st b ne v e TR R e b 0 6
7.1  Planning of product realiZation ..........cc.cuvccccririiiiicicierrsenissnisrs s seesessssesssssassssssssessessssesssssassnssasesss senesens 6
T2 CuStOMET-TOlAteU PrOCESSES ....ccreeiiecreiirierieriecsiereeriessesssestenrasesstsssnssesttnsersessetasesstsssssssssnssnsseasssssnssnsasassasans 7
73 Design and deVEIOPMENL ..........occcceieiieeriisrreeeernteseesseetitsesessssesinssossrste s seassmasmesassrsanastassassessniasnrassansansasas 8
T PUICRASING c.co.ceeicrreiiisriretcetinrrestrerasaessssssrersssasssssnsssessassestestonssrasesssas s s sssstesnsasisstans sarasesssssesasnsssttttnnansnnens 9
75 Production and sérvice PTOVISION <o.etieeeeieeteiiecereeearecssteessancssasnasecassmtisessetebasbbbararant s e0istsasosstsasssnressnnseronses sasnes 10
7.6 Control of monitoring and MeasUMNG AEVICES -......curcrrrririerimsrersirmrissessrmsessessssersseeseaessesrsssssssossnsasasssses 1"
8 Measurement, analysis and IMPIOVEIMENT .......coeieciicicereieeircere e ceeremeesstesasbisssrearbessssassbrseassesiassrarmsssnesn sevans 11
L B =T T | OO OO OOV 1
8.2 MOonioring and MEBASUFEMENLE ..........cccevrviereescemisreiseererssssversssassesssssssssssassssssssavsase s senssscassssnssnssassnsbastensansas "
8.3 Control of NONCONfOrMING PrOGUCE .....e.eeeee it rte e ree s as e s sssaesaensasassasasssnsarasesmssnsans 12
Bl ANGIYSIS OF QAA ceeecereiecceeecceeceee et cerae i te s ee s e s sessaeesetsra s ssasessassssassnasa semssmaessss e sEbe b bnrramteetssabesas 13
B.5  IMPIOVEIMENL .....ereeieicieriiieeiesirssiesess e emmesesrameessestaessaarmmsnrsssbemtes ssbsees semeteseatssssasssnn snesssassasbstetinsssmmenssessnsanees 13
Annexes

A Comespondence between ISO 9001:2000 and ISO 14001:1996............ccevrervierrireeseesremeessstsmsssseessssemmssnsessans 15
B Cormrespondence between ISO 9001:2000 and ISO 9001:1994 ._..........oocciereceierrecererereerceceesaenesassarrensaasene 19
ST oY 1T o] o) OO OO OO O OO 23



ISO 9001:2000

reword

(the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
nber bodies). The work of preparing International Standards is normally carried out through 1SO technical
imittees. Each member body interested in a subject for which a technical committee has been established has
right fo be represented on that committee. International organizations, governmental and non-governmental, in
on with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
mission (IEC) on all matters of electrotechnical standardization.

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

it International Standards adopted by the technical committees are circulated to the member bodies for voting.
lication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

ntion is drawn to the possibility that some of the elements of this International Standard may be the subject of
:nt rights. 1SO shall not be held responsible for identifying any or all such patent rights.

rnational Standard 1SO 9001 was prepared by Technical Committee ISO/TC 176, Quality management and
lity assurance, Subcommittee SC 2, Quality systems.

» third edition of ISO 9001 cancels and replaces the second edition (ISO 9001:1994) together with
9002:1994 and 1SO 9003:1994, It constitutes a technical revision of these documents. Those organizations
>h have used ISO 9002:1994 and I1SO 9003:1994 in the past may use this International Standard by excluding
ain requirements in accordance with 1.2

title of 1ISO 9001 has been revised in this edition and no longer includes the term “Quality assurance®. This
cts the fact that the quality management system requirements specified in this edition of ISO 9001, in addition to
lity assurance of product, also aim to enhance customer satisfaction.

exes A and B of this International Standard are for information only.
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introduction

0.1 General

The adoption of a quality management system should be a strategic decision of an organization. The design and
implementation of an organization's quality management system is influenced by varying needs, particular
objectives, the products provided, the processes employed and the size and structure of the organization. It is not the
intent of this International Standard to imply uniformity in the structure of quality management systems or uniformity
of documentation.

The quality management system requirements specified in this International Standard are complementary to
requirements for products. Information marked “NOTE” is for guidance in understanding or clarifying the associated
requirement.

This International Standard can be used by internal and external parties, including certification bodies, to assess the
organization's ability to meet customer, regulatory and the organization’s own requirements.

The quality management principles stated in 1SO 9000 and 1SO 9004 have been taken into consideration during the
development of this International Standard.

0.2 Process approach

This International Standard promotes the adoption of a process approach when developing, implementing and
improving the effectiveness of a quality management system, to enhance customer satisfaction by meeting customer
requirements.

For an organization to function effectively, it has to identify and manage numerous linked activities. An activity using
resources, and managed in order to enable the transformation of inputs into outputs, can be considered as a
process. Often the output from one process directly forms the input to the next.

The application of a system of processes within an organization, together with the identification and interactions of
these processes, and their management, can be referred to as the “process approach”.

An advantage of the process approach is the ongoing control that it provides over the linkage between the individual
processes within the system of processes, as well as over their combination and interaction.

When used within a quality management system, such an approach emphasizes the importance of
a} understanding and meeting requirements,

b) the need to consider processes in terms of added value,

C) obtaining results of process performance and effectiveness, and

d) continual improvement of processes based on objective measurement.

The model of a process-based quality management system shown in Figure 1 illustrates the process linkages
presented in clauses 4 to 8. This illustration shows that customers play a significant role in defining requirements as
inputs. Monitoring of customer satisfaction requires the evaluation of information relating to customer perception as
to whether the organization has met the customer requirements. The model shown in Figure 1 covers all the
requirements of this International Standard, but does not show processes at a detailed level.
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ISO 9004 gives guidance on a wider range of objectives of a quality management system than does ISO 9001,
particularly for the continual improvement of an organization's overall performance and efficiency, as well as its
effectiveness. 1SO 9004 is recommended as a guide for organizations whose top management wishes to move
beyond the requirements of 1SO 8001, in pursuit of continual improvement of performance. However, it is not
intended for certification or for contractual purposes.

0.4 Compatibility with other management systems

This International Standard has been aligned with 1ISO 14001:1996 in order to enhance the compatibility of the two
standards for the benefit of the user community.

This International Standard does not include requirements specific to other management systems, such as those
particular to environmental management, occupational health and safety management, financial management or risk
management. However, this International Standard enables an organization to align or integrate its own quality
management system with related management system requirements. it is possible for an organization to adapt its
axisting management system(s) in order to establish a quality management system that complies with the
-equirements of this International Standard.

vii
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Juality management systems — Requirements

| Scope

.1 General

"his International Standard specifies requirements for a quality management system where an organization

) needs to demonstrate its ability to consistently provide product that meets customer and applicable regulatory
requirements, and

) aims to enhance customer satisfaction through the effective application of the system, including processes for

continual improvement of the system and the assurance of conformity to customer and applicable regulatory
requirements.

\OTE In this International Standard, the term “product” applies only to the product intended for, or required by, a customer.

.2 Application

\ll requirements of this International Standard are generic and aré intended to be applicable to all organizations,
egardless of type, size and product provided.

Nhere any requirement(s) of this International Standard cannot be applied due to the nature of an organization and
ls product, this can be considered for exclusion.

Vhere exclusions are made, claims of conformity to this International Standard are not acceptable unless these
xclusions are limited to requirements within clause 7, and such exclusions do not affect the organization's ability, or
esponsibility, to provide product that meets customer and applicable regulatory requirements.

! Normative reference

he following normative document contains provisions which, through reference in this text, constitute provisions of
is International Standard. For dated references, subsequent amendments to, or revisions of, any of these
ublications do not apply. However, parties to agreements based on this International Standard are encouraged to
ivestigate the possibility of applying the most recent edition of the normative document indicated below. For undated
sferences, the latest edition of the normative document referred to applies. Members of iSO and |IEC maintain
wgisters of currently valid International Standards.

O 9000:2000, Quality management systems — Fundamentals and vocabulary.

Terms and definitions
r the purposes of this International Standard, the terms and definitions given in ISO 9000 apply.

e following terms, used in this edition of 1SO 9001 to describe the supply chain, have been changed to reflect the
bulary currently used:

supplier ————>  organization ————>  customer
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i@ term “organization” replaces the term “supplier” used in ISO 9001:1994, and refers to the unit to which this
rernational Standard applies. Also, the term “supplier” now replaces the term “subcontractor”.

iroughout the text of this International Standard, wherever the term “product” occurs, it can also mean “service”.
Quality management system

1 General requirements

Ie organization shall establish, document, implement and maintain a quality management system and continually
prove its effectiveness in accordance with the requirements of this International Standard.

1@ organization shall

identify the processes needed for the quality management system and their application throughout the
organization (see 1.2),

determine the sequence and interaction of these processes,

determine criteria and methods needed to ensure that both the operation and control of these processes are
effective, :

ensure the availability of resources and information necessary to support the operation and monitoring of these
processes,

monitor, measure and analyse these processes, and

implement actions necessary to achieve planned results and continual improvement of these processes.

1ese processes shall be managed by the organization in accordance with the requirements of this International
andard.

here an organization chooses to outsource any process that affects product conformity with requirements, the
ganization shall ensure control over such processes. Contro! of such outsourced processes shall be identified
thin the quality management system.

OTE Processes needed for the quality management system referred to above should include processes for management
tivities, provision of resocurces, product realization and measurement.

2 Documentation requirements

2.1 General

1e quality management system documentation shall include
documented statements of a quality policy and quality objectives,
a quality manual,
documented procedures required by this International Standard,

documents needed by the organization to ensure the effective planning, operation and control of its processes,
and

records required by this International Standard (see 4.2.4).

DTE 1 Where the term "documented procedure” appears within this Internationa! Standard, this means that the procedure is
tablished, documented, implemented and maintained.
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NOTE 2 The extent of the quality management system documentation can differ from one organization to another due to
a) the size of organization and type of activities,
b) the complexity of processes and their interactions, and

c) the competence of personnel.

NOTE 3 The documentation can be in any form or type of medium.

4.22 AQuality manual

The organization shall establish and maintain a quality manual that includes
a) the scope of the quality management system, including details of and justification for any exclusions (see 1.2),
b} the documented procedures established for the quality management system, or reference to them, and

c¢) adescription of the interaction between the processes of the quality management system.

4.2.3 Control of documents

Documents required by the quality management system shall be controlled. Records are a special type of document
and shall be controlled according to the requirements given in 4.2.4.

A documented procedure shall be established to define the controls needed

a) to approve documents for adequacy prior to issue,

b) to review and update as necessary and re-approve documents,

c) to ensure that changes and the current revision status of documents are identified,

d) to ensure that relevant versions of applicable documents are available at points of use,

@) to ensure that documents remain legible aﬁd readily identifiable,

f) to ensure that documents of external origin are identified and their distribution controlled, and

g) to prevent the unintended use of cbsolete documents, and to apply suitable identification to them if they are
retained for any purpose.

42.4 Control of records

Records shall be established and maintained to provide evidence of conformity to requirements and of the effective
operation of the quality management system. Records shall remain legible, readily identifiable and retrievable. A
documented procedure shall be established to define the controls needed for the identification, storage, protectlon
retrieval, retention time and disposition of records.

5 Management responsibility

5.1 Management commitment
Top management shall provide evidence of its commitment to the development and implementation of the quality
management system and continually improving its effectiveness by

a) communicating to the organization the importance of meeting customer as well as statutory and regulatory
requirements,

b) establishing the quality policy,

c) ensuring that quality objectives are established,
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conducting management reviews, and

ensuring the availability of resources.

2 Customer focus

p management shall ensure that customer requirements are determined and are met with the aim of enhancing
stomer satisfaction (see 7.2.1 and 8.2.1).

3 Quality policy

p management shall ensue that the quality policy
is appropriate to the purpose of the organization,

includes a commitment to comply with requirements and continually improve the effectiveness of the quality
management system,

provides a framework for establishing and reviewing quality objectives,
is communicated and understood within the organization, and

is reviewed for continuing suitability.
4 Planning

.1 Quality objectives

p management shall ensure that quality objectives, including those needed to meet requirements for product [see
a)], are established at relevant functions and leveis within the organization. The quality objectives shall be
asurable and consistent with the quality policy.

2 Quality management system planning

p management shall ensure that

the planning of the quality management system is carried out in order to meet the requirements given in 4.1, as
well as the quality objectives, and

the integrity of the quality management system is maintained when changes to the quality management system
are planned and implemented.

Responsibility, authority and communication

.1 Responsibility and authority

management shall ensure that responsibilities and authorities are defined and communicated within the
anization.

2 Management representative
management shall appoint a member of management who, imespective of other responsibilities, shall have
ponsibility and authority that includes

ensuring that processes needed for the quality management system are established, implemented and
maintained,
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b) reporting to top management on the performance of the quality management system and any need for
improvement, and

¢) ensuring the promotion of awareness of customer requirements throughout the organization.

NOTE The responsibility of a management representative can include liaison with external partios on matters relating to the
quality managemen! system.

5.5.3 Internal communication

Top management shall ensure that appropriate communication.processes are established within the crganization
and that communication takes place regarding the effectiveness of the quality management system.

5.6 Management review

5.6.1 General

Top management shall review the organization's quality management system, at planned intervals, to ensure its
continuing suitability, adequacy and effectiveness. This review shall include assessing opportunities for improvement
and the need for changes to the quality management system, including the quality policy and quality objectives.

Records from management reviews shall be maintained (see 4.2.4).

5.6.2 Review input

The input to management review shall include information on

a) results of audits,

b) customer feedbatk,

c) process performance and product conformity,

d) status of preventive and corrective actions,

e) follow-up actions from previous management reviews,

f) changes that could affect the quality management system, and

g) recommendations for improvement.

5.6.3 Review output

The output from the management review shall include any decisions and actions related to
a) improvement of the effectiveness of the quality management system and its processes,
b) improvement of product related to customer requirements, and

c) resource needs,
6 Resource management

6.1 Provision of resources

The organization shall determine and provide the resources needed
a) to implement and maintain the quality management system and continually improve its effectiveness, and

b) to enhance customer satisfaction by meeting customer requirements.
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* Human resources

.1 General

rsonnel performing work affecting product quality shall be competent on the basis of appropriate education,
ining, skills and experience.

1.2 Competence, awareness and training

€ organization shall
determine the necessary competence for personnel performing work affecting product quality,
provide training or take other actions to satisfy these needs,
evaluate the effectiveness of the actions taken,

ensure that its personnel are aware of the relevance and importance of their activities and how they contribute to
the achievement of the quality objectives, and

maintain appropriate records of education, training, skills and experience (see 4.2.4).

3 Infrastructure

e organization shall determine, provide and maintain the infrastructure needed to achieve conformity to product
Juirements. Infrastructure includes, as applicable

buildings, workspace and associated utilities,
process equipment (both hardware and software), and

supporting services (such as transport or communication).

4 Work environment

e organization shall determine and manage the work environment needed to achieve conformity to product
quirements.

Product realization

1 Planning of product realization

e organization shall plan and develop the processes needed for product realization. Planning of product realization
all be consistent with the requirements of the other processes of the quality management system (see 4.1).

planning product realization, the organization shall determine the following, as appropriate:
quality objectives and requirements for the product;
the need to establish processes, documents, and provide resources specific to the product;

required verification, validation, monitoring, inspection and test activities specific to the product and the criteria
for product acceptance;

records needed to provide evidence that the realization processes and resulting product meet requirements
(see 4.2 .4).
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The output of this planning shall be in a form suitable for the organization's method of operations.

NOTE 1 A document specitying the processes of the quality management system (including the product realization processes)
and the resources to be applied to a specilic product, project or contract, can be referred to as a quality plan.

NOTE 2 The organization may also apply the requirements given in 7.3 to the development of product realization processes.
7.2 Customer-related processes

7.2.1 Determination of requirements related to the product

The organization shall determine

a) requirements specified by the customer, including the requirements for delivery and post-delivery activities,
b) requirements not stated by the customer but necessary for specified or intended use, where known,

c) statutory and regulatory requirements related to the product, and

d) any additional requirements determined by the organization.

722 Review of requirements related to the product

The organization shall review the requirements related to the product. This review shall be conducted prior to the
organization's commitment to supply a product to the customer {(e.g. submission of tenders, acceptance of contracts
or orders, acceptance of changes to contracts or orders) and shall ensure that

a) product requirements are defined,
b) contract or order requirements differing from those previously expressed are resolved, and

¢) the organization has the ability to meet the defined requirements.
Records of the results of the review and actions arising from the review shall be maintained (see 4.2.4).

Where the customer provides no documented statement of requirement, the customer requirements shall be
confirmed by the organization before acceptance.

Where product requirements are changed, the organization shall ensure that relevant documents are amended and
that relevant personnel are made aware of the changed requirements.

NOTE In some situations, such as intemet sales, a formal review is impractical for each order. Instead the review can cover
relevant product information such as catalogues or advertising material.

7.2.3 Customer communication

The organization shall determine and implement effective arrangements for communicating with customers in
relation to

a) product information,
b) enquiries, contracts or order handling, including amendments, and

c) customer feedback, including customer complaints.
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Design and development

Design and development planning
rganization shall plan and control the design and development of product.

g the design and development planning, the organization shall determine

ie design and development stages,

i@ review, verification and validation that are appropriate to each design and development stage, and
1& responsibilities and authorities for design and development.

irganization shall manage the interfaces between different groups involved in design and development to ensure
ive communication and clear assignment of responsibility.

iing output shall be updated, as appropriate, as the design and development progresses.

Design and development inputs

5 relating to product requirements shall be determined and records maintained (see 4.2.4). These inputs shall
le

inctional and performance requirements,

pplicable statutory and regulatory requirements,

here applicable, information derived from previous similar designs, and
ther requirements essential for design and development.

e inputs shall be reviewed for adequacy. Requirements shall be complete, unambiguous and not in conflict with
other.

Design and development outputs

utputs of design and development shall be provided in a form that enables verification against the design and
opment input and shall be approved prior to release.

jn and development outputs shall

eet the input requirements for design and development,

rovide appropriate information for purchasing, production and for service provision,

ontain or reference product acceptance criteria, and

pecify the characteristics of the product that are essential for its safe and proper use.

Design and development review

itable stages, systematic reviews of design and development shall be performed in accordance with planned
gements (see 7.3.1)

) evaluate the ability of the results of design and development to meet requirements, and

) identity any problems and propose necessary actions.

sipants in such reviews shall include representatives of functions concerned with the design and -devglopment
(s) being reviewed. Records of the results of the reviews and any necessary actions shall be maintained (see
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7.3.5 Deslgn and development verification

Verification shall be performed in accordance with planned arrangements (see 7.3.1) to ensure that the design and
development outputs have met the design and development input requirements. Records of the results of the
verification and any necessary actions shall be maintained (see 4.2.4).

7.3.6 Design and development validation

Design and development validation shall be performedin accordance with planned arrangements (see 7.3.1) to
ensure that the resuiting product is capable of meeting the requirements for the specified application or intended use,
where known. Wherever practicable, validation shall be completed prior to the delivery or implementation of the
product. Records of the results of validation and any necessary actions shall be maintained (see 4.2.4).

7.3.7 Control of design and development changes

Design and development changes shall be identified and records maintained. The changes shall be reviewed,
verified and validated, as appropriate, and approved before implementation. The review of design and development
changes shall include evaluation of the effect of the changes on constituent parts and product already delivered.

Records of the results of the review of changes and any necessary actions shall be maintained (see 4.2.4).
7.4 Purchasing

7.4.1 Purchasing process

The organization shall ensure that purchased product conforms to specified purchase requirements. The type and
extent of control applied to the supplier and the purchased product shall be dependent upon the effect of the
purchased product on subsequent product realization or the final product.

The organization shall evaluate and select suppliers based on their ability to supply product in accordance with the
organization's requirements. Criteria for selection, evaluation and re-evaluation shall be established. Records of the
results of evaluations and any necessary actions arising from the evaluation shall be maintained (see 4.2.4).

7.4.2 Purchasing information

Purchasing information shall describe the product to be purchased, including where appropriate
a) requirements for approval of product, procedures, processes and equipment,
b) requirements for qualification of personnel, and

¢) quality management system requirements.

The organization shall ensure the adequacy of specified purchase requirements prior to their communication to the
supplier.

7.43 Verification of purchased product

The organization shall establish and implement the inspection or other activities necessary for ensuring that
purchased product meets specified purchase requirements. '

Where the organization or its customer intends to perform verification at the supplier’s premisgs. .the orga_nization
shall state the intended verification arrangements and method of product release in the purchasing information.
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Production and service provision

1 Control of production and service provision

+ organization shall plan and carry out production and service provision under controlled conditions. Controfled
ditions shall include, as applicable

the availability of information that describes the characteristics of the product,
the availability of work instructions, as necessary, '

the use of suitable equipment,

the availability and use of monitoring and measuring devices,

the implementation of monitoring and measurement, and

the implementation of release, delivery and post-delivery activities.

2 Validation of processes for production and service provision

» organization shall validate any processes for production and service provision where the resulting output cannot
verified by subsequent monitoring or measurement. This includes any processes where deficiencies become
yarent only after the product is in use or the service has been delivered.

idation shall demonstrate the ability of these processes to achieve planned results.

> organization shall establish arrangements for these processes including, as applicable
defined criteria for review and approval of the processes,
approval of equipment and qualification of personnel,
use of specific methods and procedures,
requirements for records (see 4.2.4), and

revalidation.
-

.3 ldentification and traceability
iere appropriate, the organization shall identify the product by suitable means throughout product realization.
e organization shall identify the product status with respect 1o monitoring and measurement requirements.

ere traceability is a requirement, the organization shall control and record the unique identification of the product
e 4.2.4). :

TE In some industry sectors, configuration management is a means by which identification and traceability are maintained.

.4 Customer property

e organization shall exercise care with customer property while it is under the organization's control or being used
the organization. The organization shall identify, verity, protect and safeguard customer property provided for use
incorporation into the product. If any customer property is lost, damaged or otherwise found to be unsuitable for
3, this shall be reported to the customer and records maintained (see 4.2.4).

TE Customer property can include intellectual property.
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7.5.5 Preservation of product

The organization shall preserve the conformity of product during internal processing and delivery to the intended
destination. This preservation shall include identification, handling, packaging, storage and protection. Preservation
shall also apply to the constituent parts of a product.

7.6 Control of monitoring and measuring devices

The organization shall determine the monitoring and measurement to be undertaken and the monitoring and
measuring devices needed to provide evidence of conformity of product to determined requirements (see 7.2.1).

The organization shall establish processes to ensure that monitaring and measurement can be carried out and are
carried out in a manner that is consistent with the monitoring and measurement requirements.
Where necessary to ensure valid results, measuring equipment shall

a) be calibrated or verified at specified intervals, or prior to use, against measurement standards traceable to
international or national measurement standards; where no such standards exist, the basis used for calibration or
verification shall be recorded;

b) be adjusted or re-adjusted as necessary;
¢) be identified to enable the calibration status to be determined;
d) be safeguarded from adjustments that would invalidate the measurement result;

e) be protected from damage and deterioration during handling, maintenance and storage.

In addition, the organization shall assess and record the validity of the previous measuring results when the
equipment is found not to conform to requirements. The organization shall take appropriate action on the equipment
and any product affected. Records of the results of calibration and verification shall be maintained (see 4.2.4).

When used in the monitoring and measurement of specified requirements, the ability of computer software to satisfy
the intended application shall be confirmed. This shall be undertaken prior to initial use and reconfirmed as
necessary.

NOTE See I1SO 10012-1 and I1SO 10012-2 for guidance.
8 Measurement, analysis and improvement

8.1 General

The organization shall plan-and implement the monitoring, measurement, analysis and improvement processes
needed

a) to demonstrate conformity of the product,
b) to ensure conformity of the quality management system, and
¢) to continually improve the effectiveness of the quality management system.

This shall include determination of applicable methods, including statistical techniques, and the extent of their use.
8.2 Monitoring and measurement

8.2.1 Customer satisfaction

As one of the measurements of the performance of the quality management system, the organization shall monitor
information relating to customer perception as to whether the organization has met customer requirements. The
methods for obtaining and using this information shall be determined.

11
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2 Internal audit
- organization shall conduct internal audits at planned intervals to determine whether the quality management
tem

conforms to the planned arrangements (see 7.1), to the requirements of this International Standard and to the
quality management system requirements established by the organization, and

is effectively implemented and maintained.
audit programme shall be planned, taking into consideration the status and importance of the processes and
as to be audited, as well as the results of previous audits. The audit criteria, scope, frequency and methods shall

lefined. Selection of auditors and conduct of audits shall ensure objectivity and |mpart|a||ty of the audit process.
litors shall not audit their own work.

» responsibilities and requirements for planning and conducting audits, and for reporting results and maintaining
rds (see 4.2.4) shall be defined in a documented procedure.

' management responsible for the area being audited shall ensure that actions are taken without undue delay to
linate detected nonconformities and their causes. Follow-up activities shall include the verification of the actions
»n and the reporting of verification results (see 8.5.2).

[E See SO 10011-1,1SO 10011-2 and iSO 10011-3 for guidance.

3 Monitoring and measurement of processes

+ organization shall apply suitable methods for monitoring and, where applicable, measurement of the quality
nagement system processes. These methods shall demonstrate the ability of the processes to achieve planned
ults. When planned results are not achieved, correction and corrective action shall be taken, as appropriate, to
ure conformity of the product.

4 Monitoring and measurement of product

» organization shall monitor and measure the characteristics of the product to verify that product requirements
e been met. This shall be carried out at appropriate stages of the product realization process in accordance with
planned arrangements (see 7.1).

dence of conformity with the acceptance criteria shall be maintained. Records shall indicate the person(s)
horizing release of product (see 4.2.4).

duct release and service delivery shall not proceed until the planned arrangements (see 7.1) have been
sfactorily completed, unless otherwise approved by a relevant authority and, where applicable, by the customer.

Control of nonconforming product

) organization shall ensure that product which does not conform to product requirements is identified and
trolled to prevent its unintended use or delivery. The controls and related responsibilities and authorities for
ling with nonconforming product shall be defined in a documented procedure.

» organization shall deal with nonconforming product by one or more of the following ways:

by taking action to eliminate the detected nonconformity;

by authorizing its use, release or acceptance under concession by a relevant authority and, where applicable, by
the customer;

by taking action to preclude its original intended use or application.

ords of the nature of nonconformities and any subsequent actions taken, including concesswns obtained, shall
maintained (see 4.2.4),
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When nonconforming product is corrected it shall be subject to re-verification to demonstrate conformity to the
requirements.

When nonconforming product is detected after delivery or use has started, the organization shall take action
appropriate to the effects, or potential effects, of the nonconformity.

8.4 Analysis of data

The organization shall determine, collect and analyse appropriate data to demonstrate the suitability and
effectiveness of the quality management system and to evaluate where continual improvement of the effectiveness of
the quality management system can be made. This shall include data generated as a result of monitoring and
measurement and from other relevant sources.

The analysis of data shall provide information relating to

a) customer satistaction (see 8.2.1),

b) conformity to product requirements (see 7.2.1),

c) characteristics and trends of processes and products including opportunities for preventive action, and

d) suppliers.
8.5 Improvement

8.5.1 Continual improvement

The organization shall continually improve the effectiveness of the quality management system through the use of
the quality policy, quality objectives, audit results, analysis of data, corrective and preventive actions and
management review.

8.5.2 Corrective action

The organization shall take action to eliminate the cause of nonconformities in order to prevent recumence.
Corrective actions shall be appropriate to the effects of the nonconformities encountered.

A documented procedure shall be established to define requirements for

a) reviewing nonconformities (including customer complaints),

b) determining the causes of nonconformities,

¢} evaluating the need for action to ensure that nonconformities do not recur,
d) determining and implementing action needed,

e) records of the results of action taken (see 4.2.4), and

f) reviewing corrective action taken.

8.5.3 Preventive action

The organization shall determine action to eliminate the causes of potential nonconformities in order to prevent their
occurrence. Preventive actions shall be appropriate to the effects of the potential problems.

13
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ocumented procedure shall be established to define requirements for
determining potential nonconformities and their causes,

evaluating the need for action to prevent occurrence of nonconformities,
determining and implementing action needed,

records of results of action taken (see 4.2.4), and

reviewing preventive action taken.
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(informative)

Correspondence between ISO 9001:2000 and ISO 14001:1996
Table A.1 — Correspondence between ISO 9001:2000 and ISO 14001:1996

1SO 9001:2000 ISO 14001:1996

Introduction Introduction
General 0.1
Process approach 0.2
Relationship with 1ISO 9004 0.3
Compatibility with other management systems  [0.4
Scope 1 1 Scope
General 1.1
Application 1.2
Normative reference 2 2 Normative references
Terms and definitions 3 3 Definitlons
Quality management system 4 4 Environmental management system requirements
General requirements 4.1 41 Genearal requirements
Documentation requirements 42 .
General 421 4.4.4 Environmental management system documentation
Quality manual 422 444 Environmental management system documentation
Control of documents 423 445 Document control
Control of records 424 453 Records
Management responsibllity 5 4.4.1 Structure and responsibility
Management commitment 5.1 42 Environmental policy

441 Structure and responsibility
Customer focus 52 4.3.1 Environmental aspects

43.2 Legal and other requirements
Quality policy 53 42 Environmental policy
Planning 54 4.3 Planning
Quality objectives 54.1 433 Cbjectives and targets
Quality management system planning 542 434 Environmental management programme(s)
Responsibility, authority and communication 55 4.1 General requirements
Responsibllity and authority 5.5.1 441 Structure and responsibility
Management representative 552
Internal communication 553 4.4.3 Communication
Management review 5.6 46 Management review
General 56.1
Review input 56.2
Review output 563
Resource management 6 4.4.1 Structure and responsibility
Provision of resources 6.1
Human resources 6.2
General 6.2.1
Competence, awareness and training 6.2.2 442 Training, awareness and competence
infrastructure 6.3 441 Structure and responsibility
Work environment 6.4
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Table A.1 — Correspondence between 1SO 9001:2000 and ISO 14001:1996 (continued)

ISO 9001:2000

1SO 14001:1996

oduct realization 7 4.4 Implementation and operation
446 Operational control
anning of product realization 71 4.46 Operational control
istomer-related processes 7.2
itermination of requirements related to the 7.21 431 Environmental aspects
aduct 43.2 Lega! and other requirements
4.4.6 Operational control
wiew of requirements related to the product  [7.2.2 446 Operalional control
4.3.1 Environmental aspects
(lstomer communication 723 443 Communications
tsign and development 7.3
ign and development planning 7.3.1 446 Operational control
sign and development inputs 7.3.2
ign and development outputs 733
ign and development review 734
ign and development verification 7.35
ign and development validation 7.3.6
trol of design and development changes 7.3.7
rchasing 74 4456 Operational control
rchasing process 7.41
rchasing information 742
rification of purchased product 7.43
oduction and service provision 7.5 446 Operational control
ntrol of production and service provisicn 7.51
lidation of processes for prodddion and 7.5.2
rvice provision
ntification and traceability 7.53
omer property 7.5.4
aservation of product 7.55
trol of monitoring and measuring devices 7.6 45.1 Monitoring and measurement
asurement, analysis and improvement 8 45 Checking and corrective action
Bneral 8.1 451 Monitoring and measurement
pnitoring and measurement 8.2
tomer satisfaction 8.21
ernal audit 8.2.2 454 Environmental management system audit
onitoring and measurement of processes 8.23 4.5.1 - '|Monitoring and measurement
onitoring and measurement of product 824
ontrol of noncontorming product 83 452 Nonconformance and comective and preventive action
447 Emergency preparedness and response
alysis of data 8.4 4.5.1 Monitoring and measurement
provement 8.5 4.2 Environmental policy
ontinual improvement 8.5.1 434 Environmental management programme(s)
wrective action 8.56.2 452 Noncenfermance and corrective and preventive action
eventive action 853
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Table A.2 — Correspondence between I1SO 14001:1996 and SO 9001:2000

ISO 14001:1996 1SO 9001:2000
Introduction — 0 Introduction
0.1 General
0.2 Process approach
0.3 Relationship with ISO 9004
0.4 Compatibility with other management systems
Scope 1 1 Scope
1.1 General
1.2 Application
Normative references 2 2 Normative reference
Definitions 3 3 Terms and definitions
Environmental management system 4 4 Quality management system
requirements
General requirements 4.1 4.1 General requirements
5.5 Responsibility, authority and communication
5.5.1 Responsibility and authority
Environmental policy 4,2 5.1 Management commitment
5.3 Quality policy
8.5 Improvement
Planning 4.3 5.4 Planning
Environmental aspects 431 5.2 Customer focus
721 Determination of requirements related to the product
7.2.2 Review of requirements related to the product
Legal and other requirements 432 52 Customer focus
7.2.1 Determination of requirements related to the product
Objectives and targets 433 5.4.1 Quality objectives
Environmental management programme(s) 434 54.2 Quality management system planning
8.5.1 Continual improvement
Implementation and operation 4.4 7 Product realizatlon
7.1 Planning of product realization
Structure and responsibility 441 5 Management responsibility
51 Management commitment
55.1 Responsibility and authority
55.2 Management representative
6 Resource management
6.1 Provision of resources
6.2 Human resources
6.2.1 General
6.3 Infrastructure
6.4 Work environment
Training, awareness and competence 442 6.2.2 Competence, awareness and training
Communication 443 5.5.3 Internal communication
7.23 Customer communication
Environmental management system documentation [4.4.4 4.2 Documentation requirements
421 General
422 Quality manual

17




[ 1SO 9001:2000

Table A.2 — Correspondence between ISO 14001:1996 and ISO 9001:2000 (continued)

ISO 14001:1996

1SO 9001:2000

cument control 445 423 Control of documents
rerational control 4.4.6 7 Product realization
7.1 Planning of product realization
7.2 Customer-related processes
7.21 Determination of requirements related to the product
7.2.2 Review of requirements related to the product
7.3 Design and development
7.3.14 Design and development planning
7.3.2 Design and development inputs
7.3.3 Design and development outputs
734 Design and development review
7.35 Design and development verification
7.36 |Design and development validation
137 Control of design and development changes
74 Purchasing
7.4.1 Purchasing process
742 Purchasing information
743 Verification of purchased product
75 Production and service provision
751 Control of production and service provision
7.5.3 Identification and traceability
754 Customer property
755 Preservation of product
752 Valid.ation of processes for production and service
provision
nergency preparedness and response 447 a3 Control of nonconforming product
\ecking and corrective action 4.5 8 Measurement, analysis and Improvement
nitoring and measurement 451 76 Control of monitoring and measuring devices
8.1 General '
82 Monitering and measurement
8241 Customer satisfaction
823 Monitoring and measurement of processes
824 Monitoring and measurement of product
84 Analysis of data
mconformal:lce and corrective and 4.5.2 83 Control of nonconforming product
ventive action 862 |Corrective action
853 Preventive action
cords 453 424 Control of records
wironmental management system audit 454 822 Internal audit
anagement review 48 5.6 Management review
5.6.1 General
56.2 Review input
56.3 Review output
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Correspondence between ISO 9001:2000 and ISO 9001:1994
Table B.1 — Correspondence between ISO 9001:1994 and 1SO 9001:2000

1SO 9001:1994 ISO 9001:2000
1 Scope 1
2 Normative reference 2
3 Definitions 3
4 Quality system requirements [title only]
4.1 Management responsibility [title only]
4.1.1 Quality policy 51+53+54.1
4.1.2 Organization [title only]
4.1.2.1 Responsibility and authority 5.5.1
4.1.2.2 Resources 6.1 +6.2.1
4.1.2.3 Management representative 5.5.2
4.1.3 Management review 5.6.1+8.5.1
4.2 Quality system {title only]
4.2.1 General 4.1+422
4.2.2 Quality system procedures 4.21
4.2.3 Quality planning 542+71
4.3 Contract review [title only]
4.3.1 General
4.3.2 Review 52+721+722+7.23
4.3.3 Amendment to a contract 722
4.3.4 Records 7.22
4.4 Design control [title only)
4.4.1 General
4.4.2 Design and development planning 7.31
4.4.3 Organizational and technical interfaces 7.3.1
4.4.4 Design input 7.21+732
4.4.5 Design output 7.3.3
4.4.6 Design review 734
4.4.7 Design verification 7.3.5
4.4.8 Design validation 736
4.4.9 Design changes 7.3.7
4.5 Document and data control [title only]
4.5.1 General 423
4.5.2 Document and data approval and issue 4.2.3
4.5.3 Document and data changes 4.2.3
4.6 Purchasing [title only]
4.6.1 General
4.6.2 Evaluation of subcontractors 7.4.1
4.6.3 Purchasing data 7.4.2
4.6.4 Verification of purchased product 743
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Table B.1 — Correspondence between ISO 9001:1994 and ISO 9001:2000 (continued)

ISO 9001:1994 1ISO 9001:2000
4.7 Control of customer-supplied product 754
4.8 Product identification and traceabitity 7.53
4.9 Process control 6.3+64+751+752
4.10 Inspection and testing [title only]
4.10.1 General 7.1 + 841
4.10.2 Receiving inspection and testing 743 +8.24
4.10.3 In-process inspection and testing 8.24
4.10.4 Final inspaction and testing 824
4.10.5 Inspection and test records 753+824
4.11 Control of inspection, measuring and test equipment ftitle only]
4.11.1 General 76
4.11.2 Control procedure 76
4.12 Inspection and test status 753
4.13 Control of nonconforming product [title only]
4.13.1 General 8.3
4.13.2 Review and disposition of nonconforming product 8.3
4.14 Corrective and preventive action [title only]
4.14.1 General 8.5.2+8.56.3
4.14.2 Corrective action 852
4.14.3 Preventive action 853
4.15 Handling, storage, packaging, preservation & delivery [title only)
4.15.1 General
4.15.2 Handfing 755
4.15.3 Storage 7.5.5
4.15.4 Packaging 7.5.5
4.15.5 Preservation 7.5.5
4.15.6 Delivery 7.5.1
4.16 Control of quality records 424
4.17 Internal quality audits 822+823
4.18 Training 6.2.2
4.19 Servicing 7.5.1
4.20 Statistical techniques [title only]
4.20.1 Identification of need 8.1+823+824+84
4.20.2 Procedures 81+823+824+84
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Table B.2 — Correspondence between ISO 9001:2000 and SO 9001:1994

1SO 9001:2000 ISO 9001:1994
1 Scope 1
1.1 General
1.2 Application
2 Normative reference 2
3 Terms and definitions 3
4 Quality management system [title only]
4.1 General requirements 421
4.2 Documentation requirements [title only]
4.2.1 General 422
4.2.2 Quality manual 4.21
4.2.3 Control of documents 451+452+453
4.2 4 Control of records 4.16
5 Management responsibllity [title only]
5.1 Management commitment 4.1.1
5.2 Customer focus 432
5.3 Quality policy 411
5.4 Planning [title only]
5.4.1 Quality objectives 4.1.1
5.4.2 Quality management system planning 4.2.3
5.5 Responsibility, authority and communication [title only}
5.5.1 Responsibility and authority 4.1.21
5.5.2 Management representative 4123
5.5.3 Internal communication
5.6 Management review [title only]
5.6.1 General 413
5.6.2 Review input
5.6.3 Review output
6 Resource management [title only]
6.1 Provision of resources 4122
6.2 Human resources (title onfy]
6.2.1 General 4122
6.2.2 Competence, awareness and training 4.18
6.3 Infrastructure 49
6.4 Work environment 49
7 Product realization [title only]
7.1 Planning of product realization 4.23+4.10.1
7.2 Customer-related processes [title only]
7.2.1 Determination of requirements related to the product 432+444
7.2.2 Review of requirements related to the product 432+433+434
7.2.3 Customer communication 43.2
7.3 Design and development [title only]
7.3.1 Design and development planning 4424443
7.3.2 Design and development inputs 14.4.4
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Table B.2 — Correspondence between ISO 9001:2000 and ISO 9001:1994 (continued)

I1SO 9001:2000 I1SO 9001:1994

7.3.3 Design and development outputs 445
i7.3.4 Design and development review 4.4.6
7.3.5 Design and development verification 447
7.3.6 Design and development validation 448

.3.7 Control of design and development changes 44.9

.4 Purchasing title only]

.4.1 Purchasing process 4.6.2

.4.2 Purchasing information 46.3

.4.3 Verification of purchased product 46.4+4102

7.5 Production and service provision [title only]
7.5.1 Control of production and service provision

49 +4.156 + 4.19

7.5.2 Validation of processes for production and service provision 49

7.5.3 ldentification and traceability 48 +4.10.5+4.12

7.5.4 Customer property 47

7.5.5 Preservation of product 4152 +4.15.3+ 4154 +.4.15.5
.6 Contro! of monitoring and measuring devices 4111+4.112

Measurement, analysis and Improvement [title only]

.1 General

4.10.1 + 4.20.1 + 4.20.2

.2 Monitoring and measurement title only}

.2.1 Customer satisfaction

.2.2 Internal audit
8.2.3 Monitoring and measurement of processes
B.2.4 Monitoring and measurement of product

4.17
4.17 +4.20.1 + 4.20.2
4102 +4.10.3 + 4.10.4 + 4.10.5 + 4.20.1 + 4.20.2

.3 Control of nonconforming preduct

4.13.1 +4.13.2

.4 Analysis of data 4.20.1 + 4.20.2

.5 Improvement [title only]

.5.1 Continual improvement 41.3

.5.2 Corrective action 4141 +4.14.2
4141 +4.143

.5.3 Preventive action
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Annex ZA
(nomative)

Normative references to international publications with their corresponding European
publications

This European Standard incorporates, by dated or undated reference, provisions from other publications. These
normativereferences are cited at the appropriate places in the text, and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to appties (including amendments).

NOTE Where an Intemational Publication has been modified by commeon modifications, indicated by {mod.), the relevant

EN/HD applies.
Publication Year Title ENHD Year
1SO 9000 2000 Quality management systems — Fundamentals EN ISO 9000 2000

and vocabulary
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Preface

Even with its revision to 1SO 9001:2000 organisations still find it
difficult to apply and integrate the requirements of the quality
standard effectively. Simply documenting what a company does in
response to the requirements of the 1ISO 9001 is still one of the most
common approaches adopted, which in many cases, leads to
increased bureaucracy because existing organisational structures are
not redesigned to suit. The usefulness of business process-oriented
organisational structures has been widely recognised but quality
management systems often achieve a process-oriented character
only within the documentation. The focus has often been on the
design of a certifiable quality management system and not on an
overall systemic view of the business process.

As organisations are increasingly focusing on flexibility, innovation
and processes there now appears to be a need to assess current
approaches to the implementation of the ISO 9001 requirements.
With the publication of a completely revised ISO 8001:2000 it is an
opportune moment for management to update or restructure the
company's quality management system.

With this as the main objective a modelling technique was developed
that enables practitioners to create a model of a business process
that allows them to establish links between the requirements of the
standard and the activilies of this business process.

It is based on a recognition that for any design/redesign exercise the
process model needs to be able to show the practitioners which
activities are linked to 1SO 9001 and consequently need special
attention. This guide explains the concept of the modelling technique
together with its method of use with particular reference to the
modelling of the Fulfil Order Process. | hope you will find it a useful

resource.
Joachim Gingele

Piymouth, October 2001
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INTRODUCTION

INTRODUCT!ON

1 Introduction

The re-engineering of business processes in an environment
controlled by a standard cannot simply be achieved by brainstorming
and creativity since there is a danger of losing activities or
procedures that provide essential quality management. Similarly the
implementation or revision of a standard calls for a good
understanding of the relationships between the standard, its
associated documentation and the activities, inputs and outputs of
the business process. IDEFgus provides a graphical technique to
show clearly the links between an implementation of a standard and
the business process concerned. It allows practitioners to:

o show links between the requirements of the ISO 9001 standard
and the Fulfil Order Process of an organisation;

» take a holistic perspective of the integration of ISO 9001 in a
business process environment;

+ implement ISO 9001 in the Fulfil Order Process of an

organisation;

s update relevant links to ISO 9001 in the Fulfil Order Process of

an organisation to the latest version;

« highlight potential constraints of ISC 9001 during a redesign
exercise to maintain compliance to the standard.

The aim of this guide is to introduce the IDEFgy50 modelling technique
to show the links of the 1SO 8000 quality standard within a Fulfil
Order Process. It describes how the proposed modelling approach
may be used to help understand which activities, information and
flows are controlled by the standard and what controls them.

The use of the modelling technique should heip practitioners to take
a systemic perspective of the integration of ISO 9000 in a business
process environment. It should assist them in their work when either
implementing 1SO 9000 in their crganisation’s Fulfil Order Process or
when updating the operating part of their quality management
systems to the latest version of the standard. Practitioners should
benefit from a tool that supporis the modelling of a Fulfil Order
Process to fully complement 1SO 9000. IDEFgq has been develioped
from the IDEF; technique to allow links to 1ISO 9000 to be identified
and shown clearly.

The name IDEFgyn refers to the 1SO 9000 series, which is still the
most. widely used term for this standard. Organisations which seek
registration to this standard must also address the quality manage-
ment systems requirements published in 1SO 9001.

IDEFgy is intended for all practitioners who need to redesign the
business processes of their organisation. It is envisaged that the
designer of the process model would interview participants who have
a direct involvement in the Fulfil Order Process and, where possible,
a working group will be formed with a team leader who will guide that

group through the modelling process. Prior to the interviewing
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and the modelling it would be advantageous for the team leader to be
familiar with the proposed approach, its syntax and semantics. This
guide will address these issues in the following sections.

Section 1 and 2 starl with an introduction to business processes, in
particular the Fulfil Order Process, and a description of the process
modelling language IDEF,. Those who have already some knowi-
edge of business processes, business process re-engineering (BPR)
and are familiar with the basic principles of IDEF, should start from
Section 3.

Section 3 gives an overview of ISO 9001's relevance within a Fulfil
Order Process. Together with Appendix 1 which correlates each indi-
vidual requirement of the standard to the elements of a Fulfil Order
Process the practitioner should be able to understand how 1SO 9001
controls the activities of a Fulfil Order Process and how to identify the
different types of 1SO 9001 controls.

Section 4 describes the use and application of IDEFguy to show the
links to ISO 9001. It explains in detail how to map the links of a Fulfil
Order Process to ISC 9001 and how to highlight the possible
constraints dictated by the standard. A set of recemmendations are
presented for reviewing the process model for consistency with
ISC 9001, as well as what to consider and where to focus when
redesigning a Fulfil Order Process related to 1SO 9001.

Note: IDEFgp was developed for and tested with a typical manufac-
turing Fulfil Order Process and the ISO 9000 series of standards in
mind. However, the author believes it will be equally applicable to
other processes in other industries regulated by other standards.

12



PRINCIPLES OF BUSINESS PROCESSES

PRINCIPLES OF BUSINESS PROCESSES

2 Principles of Business Processes

2.1 Definition of a Business Process

The business process view has concentrated attention on flows of
products and information through the business. A review of some of
the principal writers’ in the field leads to the principles that a

business process:

o transforms inputs into useful and effective outputs;

e starts and ends with the customer;

+« focuses on goals;

e can be measured to allow feedback and process improvements,
+ flows horizontally using a hierarchical structure;

e crosses organisational {functional) boundaries; . -

e requires resources to transform inputs into outputs.

For the purpose of this book a business process is defined as

! Davenport and Short (1830), Rummler and Brache (1990), Harrington (1991),
Hammer and Champy {1993), Johansson et a/. (1993), Hammer and Stanton (1985);

13

a structured, measured set of activities and flows that are
independent of departmental structures and that use
resources of the organisation to provide specified output
for a particular cusfomer.

2.2 Business Process Architecture

There are many examples of organisations identifying a hierarchy of
business processes. A useful structure established by the CIM-OSA
Standards Committee (Computer Integrated Manufacturing Open
Systems Architecture) (CIM-OSA/AMICE, 1989) groups processes
into manage, operate and support.

s manage processes are processes that develop a set of business
objectives, a business strategy and manage the overall
behaviour of the organisation;

* operate processes are viewed as those that are directly related

to satisfying the requirements of the external customer,;

» support processes are processes that include the activities
providing financial, personnel, facilities management and

information systems.
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2,4 Characteristics of a Fulfil Order Process from a systems

perspective

Systems theory discusses various concepts that can be useful for the
analysis of a business process and the definition of its environment.
Churchman's (1971) considerations of a system in terms of its
parameters namely: source, input, process, transformation, outpuf,
receiver, feedback is a useful approcach. These parameters were
used to outline a typical Fulfil Order Process as shown in Figure 2-2.

Feedback

y

@ - st =
. Receiver
Transformation

Figure 2-2: System parameters from the viewpoint of a process

e Source

A source is the origin which is outside the boundaries of a system
and provides useful inputs. There are often alternative sources for
each input. For a Fulfil Order Process inputs usually originate from

various suppliers, customers and other stakeholders.

17

e Input

fnputs are those things needed by the process to fulfil its purpose
and which come from outside the defined system’s boundary. Typical
inputs for a Fulfil Order Process are information about a product or
about a business strategy, preliminary design, product order or
supplied items.

¢ Transformation

The transformation can be thought of as the result of the operating
process in transforming the inputs into outputs. In a Fulfil Order Pro-
cess the transformation can be seen in the change in form or shape
of incoming materials or the content or location of information leading
to the satisfaction of a customer requirement.

o Processes

This parameter deals with the conversion and the adding of values to
inputs in order to generate desired outputs. Processes can be
explained as chains of events that are performed to achieve transfor-
mation. Processes can be altered to achieve the same transformation
of inputs. This is the basis of re-engineering where the transformation
is kept but the process to achieve it will be changed. Pian order ful-
filment, Obtain required items, Manufacture, or Dispatch a customer
order are typical activities within a Fulfil Order Process. The term
business process describes a system in Checkland's (1981) terms
but emphasises the aspect of it consisting of a chain of activities.

18
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MODELLING A FULFIL ORDER PROCESS WITH IDEF,

¢ Output

An output can be anything that will cross the system's becundary into
its surrounding environment. Qutputs may take the form of objects or
information. An output could be a product as ordered while informa-
tion might leave the system in the form of customer or supplier
communication or a request for product development.

» Receijver

Any party outside the system’s boundary that is interested in the
output of the system is called a receiver. Qutputs should be useful
and of value to a particular receiver such as customers and suppliers.
Waste product outputs also go to a receiver.

s Feedback

Information from earlier events will be fed back to influence future
choices about sources, inputs, processes, and outputs. Generally
feedback can be thought of as a kind of input that comes from a
receiver. In terms of a Fulfil Order Process internal feedback might
deal with process or product control while external feedback loops

might deal with customer issues and concerns.

19

3 Modelling a Fulfil Order Process with IDEF,

To support its Integrated Computer Aided Manufacturing programme
(ICAM) the U.S. Air Force developed a system definition method
known as the ICAM Definition (IDEF) methodology {LeClair, 1982).
IDEF, is an activity based modelling technique for designing and
analysing a system as a set of interrelated activities or functions. It is
a process mapping technique based on combining graphics and text
to gain an understanding of how process functions operate and inter-
relate. The following subsections have been adapted from a docu-
ment published by Federal Information Processing Standards Publi-
cation (NIST - FIPS PUBS 183, 1993). The structure of an IDEF,
model consists of the following main parts: a node index, the context
diagram and a set of activity diagrams. Additional information can be
included in “For Exposition Only” (FEO) diagrams and a glossary.
FEO diagrams may be used to give a graphic description to highlight
and explain a certain part of an IDEF,; diagram. They need not
conform to the general IDEF, rules. A glossary may provide a textual
description of all parts represented by the model.
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3.1 The Node Index

The node index is a listing of all activities or nodes used in an IDEF,
model in a outline format similar to an ordinary table of contents. The
list presents a hierarchical structure of the processes and any subor-

dinate activities including diagram titles and/or activity names.

3.2 The Context Diagram

The context diagram establishes the scope and purpose of the model
as well as the particular viewpoint. It defines the boundaries with the
outside world. Everything in the model comes from a decomposition
of the context diagram.

3.3 Activity Diagrams

The diagrams of the model define the process. The diagram is the
basic unit of the model and contains boxes and arrows. The boxes
represent activities in the process being modelled. Box labels are
named using imperative verbs. Imperative verbs can be explained as
active verbs that should describe the function.

Arrows connect boxes together and represent interfaces or intercon-
nections between the boxes. Arrows may be split (branched) or may
be joined together (bundled). This indicates that the kind of data or
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object represented by the arrow may be used or produced by more
than one activity.

In IDEF,, there is a meaning associated with each side of the box
where an arrow enters it or leaves it {see Figure 3-1). The left side is
reserved for inputs, things transformed into outputs by the activity.
The right side is reserved for outputs, the transformed inputs. The top
is reserved for confrols, inputs such as constraints or rules that
dictate the conditions of the transformation. The bottom is reserved
for mechanisms, tools, people and systems used during the
transformation. These four types of arrows, inputs, controls, outputs,
and mechanisms are sometimes referred to as ICOMs. Whereas

activities are always verbs or verb phrases, arrows are always nouns.

Control
{noun)

!

input ) Activity N Cutput
(noun) (verb) (noun)

!

Mechanism
{noun)

Figure 3-1: Activity box and ICOMs
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For a transformation to happen in the parent activity it need not

3.5 Interpretation of an IDEF; Model
‘ involve all the child activities or may not mean that all the inputs

e There are a number of points that shou!d be remembered when are required each time the parent activity happens. Those activi-
interpreting IDEF, diagrams. ties and flows which are required can be determined by looking

s An IDEF; model should be read top-down, by considering each at the lower levels of decomposition.

diagram in the context of its parent activity. e Arrows do not show the volume of information flowing between
e The node index provides a good starting point from which to activities.

understand the structure of a model and identify the high level o |IDEF, diagrams do not show time. For example, queues and

diagrams. waiting periods are not shown.

s There is a general flow from top left to bottom right in most IDEF,
diagrams.

* For a particular diagram:
+ scan the activity boxes to gain an overall impression;

¢ refer back to the parent diagram to note the most important
arrows on the child diagram;

« walk through the diagram top left to bottom right noting the
interactions between activities, which activities may happen
concurrently, identify any feedback loops etc.
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4 IS0 9001 in a Fulfil Order Process

The requirements of 1SO 9001 that apply to a Fulfil Order Process
can be identified as being directly refevant, indirectly relevant, or not
relevant (see Appendix 1). In some areas the standard’s require-
ments are more directly relevant to manage or support processes
than to operate processes.

4.1 1SO 9001 requirements - directly relevant

Requirements which are considered to be directly relevant are those
such as “Planning of product realisation” (ISC 9001 Section 7.1c)
which require activities such as verifying, validating, monitoring,
inspecting and testing tasks etc. that are specific to the product. An
example would be “Identification and traceability” (ISO 9001 Section
7.5.3) which requires activities to identify the product throughout its

production.
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4.2 IS0 9001 requirements - indirectly relevant

Requirements of the standard that are considered to be indirectly
relevant are usually dealt with in the non-operating/non fulfil-order
part of the quality management system. However this part of the
quality management system often requires data and information from
the Fulfil Order Process. For example, an activity in the Fulfil Order
Process which uses forms (documents) and data records is indirectly
linked to 1SO 9001 Section 4.2.3 “Control of documents” and to
ISO 9001 Section 4.2.4 “Control of records” if the forms and records
are required by the quality management system. ISO 9001 Section
4.2.3 controls aspects such as the approval of documents for
adequacy, ensuning the use of documents with current revision status
only, and preventing the use of obsolete documents. In ISO 9001
Section 4.2.4 the standard requires the user to be specific about the
identification, storage, and protection of records. 1SO 9001 Section
8.5 “Improvement” which deals with continual improvement of the
quality management system is another example of being only
indirectly linked to fulfil order activities. Information and data in the
form of records or other documents provided by the fulfil order
activities are often required by processes in the non-operating/non
fulfil-order part of the quality management system to introduce

improvements.
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4.3 IS0 9001 requirements - not relevant

Sections of 1SO 9001 considered to be not relevant to fulfii order
activities are, for example, “Management commitment” (ISO 9001
Section 5.1) and “Design and development” (ISO 9001 Section 7.3).
The first of these includes the establishment of a quality policy that is
appropriate and communicated company wide. This 1SO 9001
section would apply to the group manage processes rather than to
the operate processes of a business process architecture. The
second deals with the design and development of products, including
relevant inputs and outputs to the design process, design reviews,
and the control of design changes. This ISO 9001 section would
apply to another of the four operating type processes described as
Develop Product and is therefore not considered here.

4.4 Requirements for modelling an ISQO 8001 Fulfil Order Pro-
cess

In order tc show the links of ISO 9001 in a Fulfil Order Process the
following criteria need to be addressed:

s To show activities and to clearly identify the ones which are
controlled by the 1SO 9001 guality standard;

e To identify and distinguish information and objects that are linked
to a requirement of ISO 9001 from those which are not;

e To show informaticn and the flow of information;

o To show information as different types of input (control inputs,
object inputs and resource inputs) to an activity;

o To decompose activities and information and describe a process
hierarchy;

* To set system boundaries in order to identify any source or
receiver within the quality management system or with external
stakehclders related to ISO 9001 inputs or outputs;

+ To show resources that are required by the activity and to identify
the ones that are linked to the standard;

o To identify all relevant elements within a Fulfil Order Process
using a document numbering convention or other form of unique

labelling system.
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4.5 Description of typical arrows controlled by ISO 9001

4.5.1 Inputs and Controls

In 1SO 9001, material, equipment, personnel and info:mation are
considered to be inputs for processes and activities. Activities of a
Fulfii Order Process affected by the standard are constrained by
tnputs in the form of data and information and resources. Data and
information are either processed in electronic form by computers, or
come as different types of documents. The documents, which are
mostly paper based, convey data and information and can be divided
into four classes: policies, practices, derived documents and

reference documents (Hoyle, 1998).

Policies are documents that define the organisation’s approach to
achieving set objectives. For the Fulfil Order Process, policies are not
relevant as they are dealt with within the non-operating part of the

quality management system outside the system’s boundaries.

Practices are statements that define the details of an operation such
as What, When, Where, How and Who and need to be shown by the
modelling technique. In |SO 9001, practices can be in the shape of
procedures, forms, labels or notices. Control procedures control the
work that is carried out within particular activities while operating
procedures prescribe how specific tasks are to be performed.
Documents that are required by the quality management system

must be controlled and control procedures must be established. Sub-
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categories of operating procedures may be inspection procedures or
test procedures. The former may ensure that purchased goods
conform to the purchase requirements while the latter may monitor
and measure the characteristics of the product during the production
process. Operating procedureé must also be established for
“Corrective action” or “Preventive action” to take appropriate actions
for eliminating the causes of nonconformities and potential
nonconformities to prevent reoccurrence or occurrence respectively.
Procedures in general do not cause people to carry out work, they
only specify a particular way to perform activities. They may show the
sequence of uninterrupted tasks that have defined entry and exit
conditions and are needed to execute a routine task. The modelling
technique should therefore show that procedures constrain the
performance of an activity.

Blank forms and labels can be classed as an object input as they are
usually transformed by being filled in and completed with data and
information. Forms and labels can be seen as being consumed or
used up, a characteristic of an object input; while control inputs or
resource inputs are usually used. When blank forms or labels are
completed (consumed) they generally become records. Records
must be established and maintained where the quality management
system requires evidence of conformity.
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Derived documents are the result of implementing policies and
practices and can be further divided into prescripfive and descriptive
documents. Prescriptive documents are, for example, plans
(business plan, quality plan), instructions, or product specifications
and need to be shown as control inputs by a modelling technique as
they contain requirements. Instructions such as work instructions
define specific tasks, when they are to commence and be completed.
The organisation might issue instructions to identify, handle, pack,
store and protect finished products in a certain way and complete
work on a particular date. (A procedure might clarify in detail how to
complete individual tasks).

Hoyle (1998) describes the fourth type of document as reference
document. Documents of this nature often only include information
without giving instructions. A list of approved suppliers including
names and addresses or other data is an example. Where reference
documents must be used by an activity they can also affect the way it
is done. A procedure or other type of practice often refers to the
reference documents necessary to complete an activity. Engineering
drawings, purchase orders or government regulations may be among
the requirements which belong to this category. They are usually
identified documents and controlled in 1ISO terms. In some instances
reference documents can also be classed as resource inputs where
they give guidance and support an activity. Examples could be the
use of Yellow Pages or the World Wide Web but would not become

controlled documents.
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Both classes of inputs are legitimate and, at this stage, it is only
important that the modelling technique be able to distinguish between
control and resource inputs.

452 Output

Outputs in general can be described as processed information or
objects and often act as input for subsequent activities. Processed
information that derives from measurements or assessments is
documented as records and may be written up in reports. It can
therefore be classified as being descriptive. A descriptive document
can be defined in general as containing results and information on
any kind of achievement. As described earlier, forms and labels once
completed may become records and are transformed from being
inputs to oulputs. Depending on the type of information included,
prescriptive documents might be used as inputs in the form of a
specification or a procedure. The use of a check-sheet for the activity
to set up @ machine is an example of a form transferming from an
object input to an output. As the original check-sheet might require to
have certain machine parameter settings recorded or given
specifications checked, it changes its status and acts as a contro!
input for a subsequent activity such as start producing parts.

The quality management system, with its need for continual improve-
ment, requires reliable data and information to ensure the suitability
and effectiveness of the overall system. Therefore the organisation
needs to determine, collect and analyse appropriate data. This
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requires activities in the Fulfil Order Process to provide data and
information which can be used to achieve continual improvement.
These requirements are only indirectly relevant to the Fulfii Crder
Process. Regardless of where the improvements and the redesign
will be implemented, be it within the Fulfil Order Process system
boundaries or outside, relevant data from activities within the Fulfil
Order Process needs to be provided to make them happen in the first

place.

4.5.3 Mechanisms

Mechanisms or Resource inputs in general are any kind of physical
requirement, including human resources, that are utilised by activities
to perform their functions. 1ISO 9001 states that if work affects product
quality it needs to be carried out by personnel who are appropriately
educated, trained or are experienced and qualified for the job. This
requirement applies to any activity involving quality and should
therefore not be interpreted differently for any of the tasks and jobs
carried out within an organisation. The required levels of qualification
within any organisation vary immensely. It ranges from being able to
read work instructions and complete a job accerdingly to being able

to use complex computerised measuring and test equipment.
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The modelling technique needs to be able to show qualified
personnel as a human resource that is required for certain activities.
Procedures may include information about who is entitled to carry out
certain tasks or what qualifications are required. Forms aiso often
state who is authorised to sign off or approve products or
components. Furthermore the modelling technigue also needs to
show physical equipment that affects the quality of work. Not only is
the control of monitoring and measuring devices by qualified
personnel important but also the devices themselves need to be
shown. As they have to be controlled in ISO terms they require some
sort of identification if they are to be inciuded in the model. Another
example where the Fulfil Order Process needs to consider ISO 9001
is when controlling custorner property. Custemer property such as
any type of machinery, tooling or measuring equipment that is used
or facilitates the completion of an activity needs to be shown as a
resource input and must be identified clearly as being customer

property.
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5 Application of the modelling approach IDEFggoe

The proposed approach is intended both for organisations that are
already registered to 1SO 9001 and those which intend to introduce
the quality standard in the future. Depending on the organisation's
situation the approach will need to be applied differently. The key
issues are discussed in the following sections and should be seen as
a specific set of guidelines in addition to the IDEF, methodclogy.

Organisations which already have a certified quality management
system should model the Fulfil Order Process and the ISO 9001 links
simultaneously. This is to avoid rework when an already modelled
Fulfil Order Process needs to be complemented with ISO 9001 links
at a later stage. During the modelling process the designer of the
process model will need to interview experts to gain a thorough
knowledge of the Fulfil Order Process. Background information on
the subject matter from an ISO 9001 viewpoint is required and all
information related to 1SO 9001 such as the quality manual,
procedures, instructions and other controlled documents need to be
available. Throughout the modelling work it should be possible to link
arrows related to 1SO 9001 including their identification (labels) to
individual activities of a Fulfil Order Process.

Crganisations with limited |SO 9001 experience are encouraged to
map the Fulfil Order Process without considering the standard in the
first instance. Once familiar with the standard the existing process
model can then be reviewed according fo Section 5.3 and
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completed with the extended IDEFgy convention as described in
Section 5.2.1.

5.1 Designing the Context Diagram (A-0)

The IDEF; methodology starts with drawing a context (A-0) diagram
which includes the context, purpose and viewpoint of the process
model. A Fulfif Order Process contains all activities which transform
product orders into products. Its key focus is to show the material and
information flow essential to satisfy customer requirements. The
system boundaries set by the context diagram also need to identify
ali links relevant to ISO 9001 that are entering the operative part of

the organisation.

The main purpose of this process model is to show and identify the
links between the activities of a Fulfil Order Process and the relevant
criteria of the 1SO 9001 quality standard. This is to enhance the
understanding of practitioners when redesigning processes, as the
links between the standard and the activities will highlight where
extra considerations are required to maintain compliance with the
standard.

The viewpoint te be taken for this process model therefore needs to
be the Fulfil Order Process including the relevant pars of the
ISO 9001 quality standard.
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When creating IDEF; diagrams some designers might find it easier to
develop the A-0 context diagram together with the next lower level A0
viewpoint diagram by going back and forth between the two diagrams
until a satisfactory representation has been achieved.

5.2 Designing the Viewpoint Diagram (A0) and subsequent
diagrams

The A0 diagram decomposes A-0 into three to six activities outlining
the entire system under study. As it is important to maintain a level of
abstraction throughout the entire model this is crucial for the top level
diagrams. It is suggested that efforts should be concentrated on AQ
and A1, A2, A3 etc. and to carry out further decomposition from A1
into A11 or A111 at a later stage. This is to avoid extra work should
there be amendments necessary at higher level diagrams.

In cases where an organisation is already registered to ISO 8001 the
caonventions necessary to identify 1ISO 9001 {inks need to be applied
during all stages of the modelling process. The procedure for creating
a new diagram is to work down from an abstract to a detailed level,
showing the activity structure first. As modelling usually includes
numerous modifications and redrawing of the diagrams it is
suggested that at this stage none of the boxes should be identified as
being 1SO 9001 controlled. it is suggested that 1SO 8001 controlled
activities are identified and formatted after all the decomposed
diagrams have been established.
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The next step is to summarise all arrows that are related to each
diagram and to highlight all ISO 9001 controlled arrows by applying
the convention as discussed in Section 5.2.1.2. Next, activities are
connected by drawing in the appropriate arrows.

This is followed by working back up from the detailed level identifying
activities controlled by ISO 9001 according to the convention as
detailed in Section 5.2.1.1. There are only two reasons why an
activity box needs to be formatted differently. The first rule is when
activities are constrained by an ISO 9001 control input (entering the
box from the top). The second is when a higher level activity needs to
indicate if any of its subordinate activity is controlled by ISO 9001 in
order to maintain consistency when decomposing the process model.
This is best achieved by working upwards from a detailed leve! to a
general level considering only two levels at a time.

Organisations that intend to introduce ISC 9001 at a later stage
should map their current situation and review the initial model for

ISO 9001 relevance by referring to Section 5.3.
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This could lead to the following scenarios:

« Al ISO 9001 requirements have already been addressed;

e Arrows controlled by 1SO 9001 are missing and must be

introduced;

* Activities controiled by ISO 9001 are missing and must be

introduced.

In the first scenario where all ISO 9001 requirement have already
been addressed the practitioner subsequently needs to ensure that
the propesed syntax of the modelling technique has been applied
fully. For arrows and activities controlled by I1SO 9001 it is important
that they are consistently identified throughout the various levels of
the process model as discussed in Section 5.2.1.1 and Section
52.1.2.

The second scenario in which extra arrows controlled by 1SC 9001
are needed can iead to either linking these newly introduced arrows
to already existing activities or to the requirement for additional
activities. Either way the newly introduced arrows controlled by
ISO 9001 must be identified in the same manner as discussed for the
first scenaric. The affected activities need to be checked in
accordance with the rules set in Section 5.2.1.1 and may need to be
changed te the new syntax.if the ISO 8001 constraint is a control

input.
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In a concluding step the practitioner must check that the consistency
of activities controlled by ISO 9001 and any subsequent activities is

maintained.

in the final scenario the existing process model does not include all
activities required by ISO 9001. Extra activities must be introduced to
comply with the standard. Similarly to the second scenario this could
lead to either linking the newly introduced activities to existing arrows
or to requiring extra arrows. The consistency checks for 1SQ 9001
controlled arrows and activities as already described for the first two

scenarios also apply.

For all scenarios it is important to consider not to overload the
diagrams with too much detail keeping the arrows at a general level
and to consider bundling and branching arrows as described in
Section 5.2.1.4 and as shown in Figure 5-5.

For crganisations that are not currently registered to 1SO 9001 this
part of the modelling process identifies the gaps and allows them to
develop a fo-be Fulfil Order Process in compliance with 1SO 9001. If
organisations at this stage have not established a convention for
identifying and labelling documents and other relevant objects
controlled by ISO 8001, some scheme for identifying arrows in
anticipation of ISO 9001 should be used.

54



APPLICATION CF 1DEF s000

APPLICATION OF IDEFgaca

5.4 Redesign of an existing Fulfil Order Process

To redesign any process within an organisation, in-depth knowledge
and understanding of the domain is required. A set of guidelines
should support practitioners in their attempts to review the modelled
Fuifil Order Process for potential improvements.

Many of the arrows controlled by ISO 9001 are developed and
approved in the non-operating part of the quality management
system. This includes work and testing procedures and other
controlled documents such as forms or checklists. These arrows are
outside the system boundaries of a Fulfil Order Process. The
modelling process therefore considers them as given, not specifying
their content in any further detail. However during the redesign
exercise these arrows may need to be investigated in greater depth if
they constrain an activity. A quality management system
representative or equivalent person who can comment on specific
information related to 1ISO 9001 may need to be consulted.

The redesign guidelines assume that the rules for modelling with
IDEFg000 have been applied thoroughly and that the model is comrect.
For example, each activity box has at least one control arow and
that all decomposed arrows are inherited consistently by subordinate

activities.
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The reviewer first needs to become familiarised with the model. This
is best achieved by studying the node index to establish an overview
of the process model. After the context, purpose and viewpoint of the
process model have been reviewed all individual diagrams starting
with the AQ viewpoint diagram should be examined. Every diagram
must be checked to see whether activities or arrows are needed and
whether activities can be relocated, aggregated or performed in
parallel, as described in 5.4.1.

The following guidelines refer to some of the principles discussed by
Jain et al. (1994) and their transformational approach tc business
process redesign as well as 1o the recommendations from the IDEF,
methodology. The three classes of transformations discussed by Jain
et al. (1994) comprise the relocation of activities, the aggregation of

activities and the concurrency of activities.

5.4.1 Necessity of activities

The diagrams should be checked to see if each operation is
necessary to fulfil the purpose and objective of the process being
studied. This may include activities which were introduced because
of special circumstances and reviewing each output of an activity
may identify whether these circumstances still exist. Examples of
activities which either produce waste or are unnecessary may be
documents that are stored for no reason or the reproduction of copies

where there is no demand.
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Identical activities performed at different stages should be identified
and investigated further. Where an operation is controlled by
ISO 9001 (control input) the constraint needs to be established
before the particular activity can be removed or redesigned. The
constraint may be a quality procedure or instruction of some sort. If
the input, output or mechanism is controlled by ISO 9001 the activity
itself can be redesigned as long as all required arrows controlled by
ISO 9001 are still given due consideration.

5.4.2 Relocation of activities

When rearranging the sequence of activities within the
process/diagram under investigation as well as when moving
potential activities beyond the system boundaries the first issue is
concerned with improving flow of information and material, Potential
opportunities to improve flow may be seen where objects or
information go back and forth in a diagram visiting activities,
feedback and mechanisms more than once rather than taking a senal
path. This is shown when the same mechanism is used for several
boxes that are not adjacent. Equally important is the question of
whether a custemer or supplier (source or receiver) can perform any
of the activities when initiating or receiving an order. For example
bank customers when making a phone inguiry are asked by a
computer to key in their personal code before being connected to an
operator. This reduces the time operators search for the account
details after being connected to the customer. The relocation of
activities might require making subsequent changes in ISO 9001
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procedures, other controlled documents or cbjects. Conversely the
relocation of activities could lead to the introduction of extra flows
controlled by 1SO 9001 to maintain compliance. This could have
adverse effects on the intended objectives of the redesign and

requires special attention.

5.4.3 Aggregation of activities

Aggregating activities is concerned with combining successive activi-
ties. The process model can be checked to see whether work, for
example, items can be finished before they are passed on (combin-
ing subassembly and.assembly} or if parts can be produced and
inspected by the same operator. This may mean extending individual
jobs to cover other specialities. The aggregation of activities might
also lead to an accumulation of several ISO 9001 procedures,
controlled forms or even resources. For exampte, where before the
aggregation of activities it was necessary to ask for specific
information by using separate forms it might now better to combine
them into a single form.
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5.4.4 Parallel processing of activities

Independent and sequentially performed activities should be investi-
gated to see whether they could be carried out in parailel. For
example printing the manual can be performed while preparing the
final product for packing. Where activities are dependent they should
be checked to see what degree of concurrency could be applied. In
concurrent engineering the principle is to carry out activities in
parallel even if previously started activities are not completed.
Prototyping of some parls may begin before all components are
completely designed. In terms of the quality standard parallel
processing might require the provision of cerain documents or

equipment controlled by ISO 9001 at more than one location.

5.4.5 Feedback

Some of the feedback loops may be unnecessary. Part of the
redesign exercise should be to investigate activities that are
constrained by inforrnation as part of feedback. Similarly, cases may
be noted where there is no proper feedback to regulate activities; this
may have to be introduced. From the 1SO 9001 viewpoint an
organisation needs to consider the provision of appropriate internal
communication processes to operate an effective quality manage-
ment system. Organisations may also have to make arrangements to
gather information about customer satisfaction and the methods for
obtaining those.
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Section of ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

b), ¢), d), e), N

Indirectly

Process identification (labelling of the components of the modelling technique)
Process sequence (structure of the modelling technique)
Dependence of processes and activities

Process characteristics (data and information, resources)

4.2 Documentation
requirements

4.2.1 General

4.2.1 General a) b)

Not relevant

4.2.1 Generalc) Indirectly Procedure documents (documents) established in the non-operating part of the
quality management system which control operating type activities

4.2.1 General d) Indirectly Procedure documents (documents) established in the non-operating part of the
quality management system and other kind of documents (input, output, and
control)

4.2.1 General e) Indirectly Record documents (controls and outputs)

Section of 1ISO 8001;2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

4.2.2 Quality Manual

4.2.2 Quality Manual a)

Not relevant

4.2.2 Quality Manual b)

Indirectly

Procedure documents (documents) established in the non-operating part of the
quality management system which control operating type activities

4.2.2 Quality Manual c)

Not relevant

4.2.3 Control of documents
a), b), c), d), e), 1), g)

indirectly

Procedure documents {documents) established in the non-operating part of the
quality management system which control documents which are used by operating
type activities in the form of inputs, outputs, and controls

4.2.4 Control of records

indirectly

Procedure documents (documents) established in the non-operating part of the
quality management system which control record documents (records) which are
used by operating type activities in the form of inputs, outputs, and controls

55

o

5.1 Management
commitment a), b), ¢), d), e)

Not relevant

5.2 Customer focus

Not relevant

5.3 Quality policy a), b), c),
d), e)

Not relevant
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Section of 1SO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirernent/comments

5.4 Planning

5.4.1 Quality objectives Indirectly Quality objectives will be incorporated in the relevant procedure documents
(documents) or other form of documents established in the non-operating part of
the quality management system

5.4.2 Quality management Indirectly Process identification (labelling of the components of the modelling technique)

system planning a), bj . .

¥s P 92). b) Process sequence (structure of the modelling technique)

Dependence of processes and activities
Process characteristics {data and information, resources)

5.5 Responsibility, authority

and communication

5.5.1 Responsibility and indirectly Responsibility and authority will be incorporated in the relevant procedure

authority documents (documents) established in the non-operating part of the quality
management system
Responsibility and authority might also to be shown as a resource (human
resource)

5.5.2 Management Not relevant

representative a), b), ¢)

5.5.3 internal Indirectly Information and the flow of information

communication

Section of ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirementicomments

5.6 Management review

5.6.1 General Indirectly Process identification (labelling of the components of the modelling technique)
Process sequence (structure of the modelling technique)
Dependence of processes and activities
Process characteristics (data and information, resources}
5.6.2 Review input a), b), c), | Indirectly Data and information in the form of record documents (recgrds) and other I_dnd of
d), e}, 0), 9) documents which are used by operating type activities in the form of inputs,
cutputs, and controls
5.6.3 Review output a), b), Indirectiy Process identification (labelling of the components of the modeliing technique)

c)

Process sequence (structure of the modelling technique)
Dependence of processes and activities

Process characteristics (data and information, resources)

6. Resol

G

6.1 Provision of resources
a), b)

Indirectly

Physical requirements for the activities and human resources of the participants
shown as a resource
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Section of ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

6.2 Human resources

6.2.1 General

Not refevant

6.2.2 Competence,
awareness and training a),
c)

Indirectly Process identification (labeliing of the components of the medelling technique)
Process sequence (structure of the modelling technique)
Dependence of processes and activities

Process characteristics {data and information, resources)

6.2.2 Competence,
awareness and training b),
d), e)

Not relevant

6.3 infrastructure a), b), c)

Not relevant

6.4 Work environment

bk

Not relevant

7.1 Planning of product
realisation a)

Indirectly Process characteristics

Section of IS0 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

7.1 Planning of product
realisation b)

Indirectly Process identification (labelling of the components of the modelling technique)
Process sequence (structure of the modelling technique)
Dependence of processes and activities

Process characteristics (data and information in the form of record docutments,
other kind of documents and resources in the form of people or equipment)

7.1 Planning of product Directly Acthvities (validating, verifying, monitoring, testing and inspection)
realisation c)
7.1 Planning of product Directly Activities (recording, filing)

realisation d}

Data and information in the form of record documents and other kind of documents
which are used by operating type activities in the form of inputs, outputs, and
controls

7.2 Customer—elated
processes

7.2.1 Determination of
requirements related to the
product

a), b}, ¢), d)

Not relevant

7.2.2 Review of
requirements to the product
a), b), c)

Not relevant
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Section of ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

7.2.3 Customer
communication a), b), ¢)

Not relevant

7.3 Design and development

7.3.1 Design and
development planning a), b),

c)

Not relevant

7.3.2 Design and
development inputs a), b),
¢}, d)

Not relevant

7.3.3 Design and Not relevant
development outputs a), b},

), d

7.3.4 Design and Not relevant
development review a), b)

7.3.5 Design and Not relevant
development verification

7.3.6 Design and Not relevant
development validation

7.3.7 Control of design and Not relevant

development changes

Section of ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

7.4 Purchasing

7.4.1 Purchasing process Directly Activities (evaluating and controlling)
Process characteristics (data and information in the form of record documents and
other kind of documents, products in the form of inputs/outputs and resources in
the.form of people or equipment)
Procedure documents (documents) established in the non-operating part of the
quality management system which control the operating type activities
Note: supplier control processes (evaluation and selection) are not to be
considered as an operating type aclivity

7.4.2 Purchasing information | Directly Process characteristics (data and information in the form of documents and

a), b), ¢) procedure docurmnents)

7.4.3 Verification of Directly Activities {inspecting, verifying)

purchased product

Process characteristics (data and information in the form of record documents and
other kind of documents, products in the form of inputs/outpuls and resources in
the form of people or equipment)

Procedure documents (documents) established in the non-operating part of the
quality management system which control the operating type activities
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Section of ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

7.5 Production and service
provision

7.5.1 Control of production
and service provision a}, b)

Indirectly Process identification (labelling of the components of the modelling technique)
Process sequence (structure of the modelling technique)
Dependence of processes and activities

Process characteristics {data and information in the form of documents, procedure
documents, and resources in the form of people and equipment)

7.5.1 Control of production
and service provision c), d},

E), f)

Directly Activities (monitoring, measuring)

Process identiﬂc‘atlon (labelling of the components of the modelling technique)
Process sequence (structure of the modelling technique)

Dependence of processes and activities

Process characteristics (data and information in the form of documents, procedure
documents, and resources in the form of people and equipment)

7.5.2 Validation of
processes for production
and service provision a), b),
d), e)

Indirectly Process identification (labelling of the components of the modelling technique}
Process sequence (structure of the modelling technique)
Dependence of processes and activities

Process characteristics (data and Information in the form of documents, procedure
docurments, record documents, and resources in the form of people and
equipment)

Section of 1ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

Type of requirement/comments

7.5.2 Validation of
processes for production
and service provision c)

Directly Aclivities (applying)

Process identification (labelling of the components of the modelling technique)
Process sequence {structure of the modelling technique;)

Dependence of processes and activities

Process characteristics (data and information in the form of dociuments, procedure
documents, record documents, and resources in the form of people and
equipment)

7.5.3 [dentification and
traceability

Directly Activities (identifying, recording)

Process characteristics (data and information in the form of documents, procedure
documents, record documents, and resources in the form of people and
equipment)

7.5.4 Customer property

Directly Activities (identifying, verifying, protecting, safeguarding, reporting, and recording)

Process characteristics (data and information in the form of dacuments, procedure
documents, record documents, products in the form of inputs/outputs, and
resources in the form of people and equipment)

7.5.5 Preservation of
product

Directly Activities (Identifying, handling, packing, storing, and protecting)

Process characteristics {(data and information in the form of documents, procedure
documents, record documents, products in the form of inputsioutputs, and
resources in the form of people and equipment)
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Section of 1ISO 9001:2000

Strength of linkage between the standard and the Fulfil Order Process

T