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ABSTRACT

The aims of this research are to examine the link between Total Quality Management
(TQM) and organisational learning, to develop a conceptual framework for a learning
organisation, and to model (Skill Pool Model (SKPM), Pipeline Skill Pool Model
(PSKPM), Automated Pipeline Skill Pool Model (APSKPM)) learning processes to
facilitate simulation of the effects of key parameters on the skill within an organisation. -

This thesis presents an analysis of the fundamental factors and mechanisms of TQM. A
comparative study of ten quality Gurus is conducted to establish a link between TQM
and organisational learning. This has resulted in the development of a conceptual
framework for the learning organisation, using TQM as the baseline. The learning
organisation conceptual framework consists of twenty-eight elements (enablers) and
nineteen dependent outcomes (results).

The learning organisation conceptual framework is utilised in a questionnaire survey to
capture a snapshot of European organisations' efforts to become a learning organisation.
Survey results show that the main differentiating factors between TQM and
' organisational learning are the type of learning tools in use and the information system
in place. Further analyses reveal that organisations are experiencing great dlfﬁcultles in
translating organisational learning theory into practice.

The research work uses system causal-loop analysis in conceptualising the three waves
of quality, which provide a richer picture of the main variables and their relationships in
an organisation context. Detailed causal-loop analysis focuses on the organisation’s
recruitment, and staff development policy. Adopting the Inventory and Order-Based
Production Control System (IOBPCS) model, a SKPM is developed to help understand
the dynamics of skill acquisition and retention, particularly during times when an
organisation is going through major changes. A PSKPM has shown the significance of
the process pipeline policy to improving staff training and the retention rate. By adding
a feed-forward path to the PSKPM, an APSKPM shows how new skills can improve the
organisation productivity and contribute to the development of new products. The
model responds to the training and learning needs as a result of present skill loss rate
(feed-forward) as well as skill level and training performance (feedback). The research
concludes by identifying learning barriers, describing how knowledge can be created
and managed, and analysing how information .and knowledge are disseminated over
time.

The research has demonstrated the benefits of applying system dynamics in the field of
organisational learning. The visual form of the models and the simulation outputs
promotes understanding of the problems of retaining and developing the skills base, and
the effects of speeding up the learning process within an organisation. The research
shows that system thinking tools (such as causal-loop) and system dynamics can
provide a greater insight for organisations set to embark on a learning organisation
journey.




PREFACE

The following thesis is submitted in partial fulfilment of the requirements of the
Sheffield Hallam University for the degree of Doctor of Philosophy entitled “AN
ANALYSIS OF TQM AND ORGANISATIONAL LEARNING PROCESSES USING
MODELLING AND SIMULATION”. o

The overall aim of this research work is to construct a conceptual framework of learning
organisation to examine the relationship between the Total Quality Management (TQM)
and Organisational Learning (OL), and develop dynamic simulation models of the

learning process/loops, via system dynamics.

Overview of the thesis

The thesis is structured into eight distinct but interrelated Chapters. What will be found
throughout the Chapters is an attempt to marry theory to practice but overall the study
represents a thorough analysis of the TQM and organisational learning. The main
deliverables from these Chapters are developing the learning organisation conceptual
framework, the validation of the framework through implementation in practice, and a
family of system dynamic models are developed for anticipating skill gaps to design

recruitment and training policies. The Chapters include: -

Chapter one:  introduces the three waves of quality. The mutual dependence of total
quality management and organisational learning and the purpose of the
organisation transformation are described. The significances of learning
process evaluation to organisational learning are explained. The main
objectives of the research are outlined and methodology proposed

which is used for simulation analysis.

Chapter two:  provides an assessment of the meaning of quality and total quality
management. A literature review is undertaken to establish whether a
generic definition of quality exists. Furthermore, two types of the
quality award models, the Malcolm Baldrige National Quality Award
(MBNQA) and the European Foundation for Quality Management
(EFQM), are presented and discussed. Chapter two concludes by
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Chapter three:

Chapter four:

Chapter five:

identifying the gaps and weakness in the total quality management

implementation.

conducts a detailed literature review of learning and organisational
learning. The difference between organisational learning and learning
organisation is illustrated. This Chapter differentiate between the
different levels of learning, and takes into account different
organisational learning types. Also, organisational learning processes
and creating learning organisation are presented. The link between
individual learning and organisational learning is discussed. This
Chapter concludes by describing the way forward for the learning

organisation.

offers a historical account of the evolution of TQM. It has identified
eighteen essential factors contributed to total quality management. The
relationships between TQM and organisational learning are developed.
The most significant linkage is that of combining systems thinking and
total quality management. The main deliverable of this Chapter is the
conceptual framework for the learning organisation.' The framework
consists of twenty-eight elements, which are categorized under
Technologies and tools (T), Organisation and system (O), and People
(P). Nineteen endogenous dependent outcomes have also been
identified and grouped under, non-financial and financial performance
categories. These elements are enlists, and a description of each

factor/variable and potential relationships are provided.

provides a questionnaire survey, which is used to evaluate the
conceptual framework for both manufacturing and non-manufacturing
organisations. Through analysis of the collected data, some important
research findings are summarized and presented. The results of the

survey are also used to validate the effectiveness of the framework. Of

~ the 26 organisations considered in detail, only four organisations were

found to be in the third wave of quality. Thirteen organisations were
found to be in the second wave of quality. Nine organisations had not

yet embarked on a journey to become a learning organisation.

I



Chapter six:

Chapter seven:

Chapter eight:

discusses the major causal relationships presented in the causal-loop
model for the three learning waves. The Skill Pool Model (SKPM) has |
been used as a datum for the dynamic analysis. Computer simulation
was used to find the criteria values for the step input responses of
combinations of parameter values for SKPM. This Chapter presents and
simulates SKPM, capturing the key elements of skill staff to help
understanding the dynamic of skill acquisition and retention,
particularly during times when an organisation is going through major

changes.

improves the dynamic behaviour of the Skill Pool Model by adding an
extra feedback term. However, for a step change in present skill loss
rate this introduces a final value offset in the actual skill level. It is
shown how the addition of an extra feed-forward path to PSKPM,
representing the pipeline skills in process target value, ’eliminates the

actual level of skill pool offset problem.

contains a brief summary and contribution to total quality management,
organisational learning and system dynamics. Implication for further
work on the framework and the dynamic simulation models are

discussed.

v
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Since the early 1940’s, that is about twenty years after the advent of first production
line, studies have revealed that appropriate training and job satisfaction helps to create a
productive and effective workforce giving orgamsatlons a competitive edge. Results
from many recent studies show that in order to improve the working conditions,
organisations should adopt a different approach from the Taylorist traditional style of
management where workers are seen as cogs, i.e. part of a process towards an end
product. They are given little opportunity to take part in any decision-making
concerning how to increase the overall productivity of the organisation or how to
improve their own working conditions. During the past 50 years, at least within the

developed areas of the world, things have moved a long way forward.

This Chapter discusses the significance of the mutual dependence of total quality
management and organisational learning through a brief introduction of the concept of
the three waves of quality. Also, the significances of learning processes evaluation to
organisational learning are explained and the organisation transformation are described.
This Chapter presents the research aims and objectives and proposes the research
methodologies are used for constructing and developing the conceptual framework and

simulation analysis.

1.2 The research background

Recently, increasing efforts have been made to improve the working practices of
organisations. These efforts can be described as the three waves of quality (Senge,
1994a) The first wave encompasses TQM elements such as a renewed focus on
customers greater employee 1nvolvement and an emphas1s on continuous improvement.
The second wave of quality concerns the process of designing the work fostering new
ways of thinking and interacting conductive to continual learning across the system-

wide performance. The third wave involves the institutionalisation of learning.




The purpose of the organisational transformation is to enable the organisation to search
for new ideas, new products, and new opportunities for learning from which competitive
adv.antage can be culled in an increasingly competitive world. In other words,
organisations must be able to learn and to learn from their learning. Without this ability
organisations will not be able to exercise appropriate choice in respect of structure,
process, culture, product and, sooner or later, they will fail. A learning organisation
cannot be defined in terms of specific structures or cultures, or in terms of normative
models of good practice. Processes and values are central. A learning organisation
works to create values, practices and procedures in which learning and working are
synonymous throughout the organisation. Learning and the learning organisation are
frequently mentioned as conducive to successful change. The main characteristics of a
learning organisation is how to institutionalise the continual learning process such that it
should be manifested in the underlyihg procedurés, p'.lractices, code of conducts, routines
and even in the products. A learning organisation is defined as “an organisation skilled
at creating, acquiring, and transferring knowledge, and modifying its behaviour to
reflect new knowledge and insights” (Garvin, 1993). Senge (1994b) describes learning
organisation as “a place where people continually expand their capacity to create results
they truly desire, where new and expansive patterns of thinking are nurtured, where

collective aspiration is set free and where people are continually learning how to learn”.

A learning organisation often seeks to create its own future. It assumes learning is an
ongoing and creative process for its members, and it develops, adapts and transforms
itself in response to the needs and aspirations of people, both inside and outside itself
(Pedler, 1989). Through learning, organisations adapt to change, avoid the repetition of
past mistakes, and retain critical knowledge that would otherwise be lost. The amount of
learning takes place within an organisation would eventually prove to be a critical factor
for its survival and success. In broad terms, a learning organisation can be viewed as a
social system whose members have learned conscious, communal processes for
continually; generating, retaining and leveraging individual and collective learning to
improve the performance of the organisational system in ways important to all

stakeholders; and monitoring and improving performance (Drew and Smith, 1995).

The idea of a hierarchical ordering or levels of.]earning is popular within the learning

organisation literature. The idea is described in different ways by several authors:




Argyris and Schon’s (1981) notion of single-loop and double-loop learning is perhaps
most commonly cited, however, other variations include first-order and second-order
learning (Bartunek and Reed, 1992; Watzawick et al., 1974) Zero learning and Learning
I, II, IT and IV (Batestone, 1972; Palmer, 1979), habit formation learning, adaptive
organisation learning and creative proactive learning (Burgoyne, 1995). Many
commentators on the learning orgaﬂisation tend.;to e;nphasise learning in the context of
the organisation transforming itself in relation to its environment and a reciprocal

process of individual learning and development.

A central issue, in the context of notions of the learning organisation is the nature of
organisational knowledge. If organisational learning is defined as the development of
new knowledge or insights that has potential to influence behaviour (Huber, 1991;
Sinkula, 1994), what is knowledge and how does it develop as well as what are the
conditions for knowledge to develop? These issues have received limited attention in
the learning organisational literature. Huber (1991) thinks that learning occurs in an
organisation “if through it’s processing of irformation the range of its potential
behaviours is changed”. He considers the following four constructs as integrally linked
to organisational learning: knowledge acquisition, information distribution, information
interpretation, and organisational memory. He believes that learning need not be
conscious or intentional and learning does not always increase the learner's effectiveness
or even potential effectiveness. Moreover, learning need not result in observable

changes in behaviour.

A learning organisation should be an organisation skilled at creating, acquiring and
transforming knowledge, and at reforming the behaviour patterns of decision makers to
reflect new knowledge and insights so as to evaluate total quality management in every
procéss. Organisations failing to grasp the basic truth that TQM requires a commitment
to learning is the reason why failed programmes far outnumber successes, and success
rates remain distressingly low. For TQM to succeed and to achieve the objectives the

entire workforce must acquire new knowledge, skills and abilities.

In Europe some organisations are understood to be in the first wave of quality where
front-line workers are given training and development opportunities recognising the

importance of their contributions within the organisation. In contrast in Japan most of




the organisations are now in the second wave of quality. Japanese managers have been
given the training to hold regular quality circles with the aim of educating their workers

how they all fit in the overall system and objectives of their organisation.

The main concern for learning organisation in this study is to develop a conceptual
linkage Qf TQM and organisational learning to improve organisational and people
performance and to speed up, the learning processes within an organisation. By
discussing the evolution steps of quality movement, this research is to develop and
analyse the building blocks of a learning organisation. System dynamics modelling is
used to develop a family of conceptual learning models, which describes the
relationships and influences between total qﬁality management and organisational

learning.

1.3 Research objectives

The overall aim of this research work is: -

1. To identify the characteristics of TQM and organisational learning.

2. To construct the conceptual relationships between TQM and organisational learning.

3. To develop learning organisation framework to evaluate organisational learning
.practices in the European organisations.

4. To introduce system thinking and causal-loop models for the TQM and
organisational learning practices.

5. To introduce system dynamic simulation analysis for modelling learning processes

as an aid for human resource policy decisions.

1.4 Research methodology

The methodology of this research adopts four main features: literature review, develop a .
conceptual framework, validation of the conceptual framework through a questionnaire

survey, and to provide a dynamic simulation model. -

1.4.1 Literature review

The literature survey is used to identify essential factors that contribute to TQM and
learning organisation. They can be generally classified accordingly to technology and
tools, organisation and systéms, and people. Also this indicates the importance of each

4




of these elements broadly based on the work of at least 20 well-known authors in this

field. The other objective is to study and review the relationships between the total quality

management and the organisational learning.

1.4.2 EFQM model and operations management

The enablers-results mechanism of European Foundation for Quality Management
(EFQM) (EFQM, 1999) is adapted to construct the learning organisation framework.
Also these enablers and results are grouped and evaluated under the standards
operations management framework of Technologies and tools (T), Organisation and

system (0O), and People (P).

1.4.3 Questionnaire survey

The questionnaire survey is used to evaluate the conceptual framework for both
manufacturing and non-manufacturing organisations. Through analysis of the collected
data, some important research findings are summarised and presented. Data from the

questionnaire survey is used to validate the three waves of quality.

1.4.4 System thinking and system dynamics

System thinking is used to develop causal-loops (influence diagrams) for the three
waves of quality. Causal-loop diagrams display all the major influences and feedback
loops that exist between variables; they provide.a qualitative portrayal of the feedback
structure of the system. Simulation models are developed to analyse the time-based
learning behaviour of an organisation using a system dynamics modelling process.
System dynamics is defined as a modelling and simulation methodology used to study
the complex dynamics of large, non-linear managerial, socio-economic, human systems
(Richardson, 1981). Computer simulation is therefore used to analyse the behaviour of
such complex dynamic models. Various software i)ackages exist for system dynamics

modelling; in this case, the ithink software is used.

1.5 Summary

By introducing the three waves of quality to illustrate the evolution steps of learning
organisation, the basic concept of learning organisation is discussed and summarised.
After defining the research aims and objectives of this study, a research methodology is
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provided. The methodology of this research adopts four main features, literature review,
EFQM model and operation management, questionnaire survey, and system thinking

and system dynamics.

The literature review has identified essential elements contributed to TQM and learning
organisation, to indicate the importance of each of these elements and to study and
review the relationships between the total quality management and the organisational
learning. EFQM is used to construct the learning organisation framework. To evaluate
the conceptual framework for both manufacturing and non-manufacturing organisations
the questionnaire survey is 'developed. System thinking is used to develop causal-loops
(influence diagrams) for the three waves of quality. System dynamics is used to develop
a simulation model analyse the time-based learning behaviour of an organisation. An
overview and more details of these research methodologies are presented in the

following Chapters.

1.6 References

Argyris, C. and Schon, D.A. (1981), “Organisational Learning”, Addison-Wesley,
Reading, MA

Bartunek, T.M. and Reed, R.D. (1992), “The role of conflict in a second order change
attempt”, in Kolb, D.B. and Bartunek, T.M. (Eds), Hidden Conflict in
Organisations, Sage, London.

Batestone, G. (1972), “Steps to an Ecology of the Mind”, Ballantine, New York, NY

Burgoyne, J.G. (1995), “Feeding minds to grow the business”, People Management, 21
September

" Drew, S. and Smith, P. (1995), “The learniﬁg dfganisation: change proofing and
strategy”, The Learning Organisation, Vol. 2 No. 1, pp. 4-14.

EFQM, (1999), “The EFQM Excellence Model”, Public and Voluntary Sector, The
European Foundation for Quality Management, Brussels

Garvin, D.A. (1993), “Building a learning organisation”, Harvard Business Review,
Vol. 71, July/Augus;[, pp. 78-91.

Huber, G.P. (1991) “Organisational learning: the contributing processes and the
literatures”, Organisation Science, Vol. 2, February, pp. 88-115.

Palmer, B. (1979), “Learning and the group experience”, in Lawrence, W.G. (Ed.),

- Exploring Individual and Organisational Boundaries, John Wiley, Chichester.
6




Pedler, M., Boydell, T. and Burgoyne, J., (1989), “Towards the learning company”,
Management Education and Development, Vol. 20 Part 1

Richardson G.P. and A.L. .Pugh, (1981), “Introduction to system dynamics modelling
with DYNAMO?, MIT Press, Cambridge, MA |

Senge, Peter, M., (1994a), “Building learning organisations”, H. Céstin, editor, Reading
in Total Quality Management (Fort Worth. TX: The Dryden press), pp. 60-67.

Senge, Peter, M., (1994b), “The Fifth Discipline: The Art and Practice of the Learning
Organisation”, Doubleday New, York.

Sinkula, F.M. (1994), “Market information processing and organisational léar_ning”,
Journal of Marketing, Vol. 58, January, pp. 35-65.

Watzawick, P., Weakland, T.H. and Fisch, R. (1974), “Change: Principles of Problem

Formation and Problem Resolution”, W.W. Norton, London.




CHAPTER 2

LITERATURE REVIEW: PART I

TOTAL QUALITY MANAGEMENT

2.1 Introduction

The three waves of quality have been highlighted as a critical movement from total
quality management to organisational learning in Chapter 1. The purpose of this Chapter
is to present an overview of the literature on total quality management (TQM). The

literature review gives an appropriate framing for the matters discussed in this thesis.

The overview in this' Chapter covers the fundamentals of total quality management with
special emphasis on what are described as the essentials of TQM. It is presented in six
parts. The first part provides an assessment of the meaning of quality. The second part
looks at the definitions and the characteristics on of the TQM. The third and fourth parts
review the TQM philosophies by studying the work of ten quality Gurus’ to underpin
the fundamental factors and mechanisms of TQM. The fifth part looks at two types of
the quality award models, which are the Malcolm Baldrige National Quality Award
(MBNQA) and the European Foundation for Quality Management (EFQM). The final
part identifies the gaps and weakness in TQM to implemented successfully and
concludes by synthesising the information in the literature into a coherent framework in

an attempt to portray the key principles and components of TQM.

2.2 Quality definition _

In organisations of every kind, quality can be regarded as a means to an end-customer
satisfaction in all aspects of the product or ser-vice..'Deming (1986) defines quality as
coﬁfrol of variation “a predictable degree of uniforfnity and dependability at low cost
and suited to the market. Juran (1988a) sees quality from internal customer perspectives
and he defines quality as “fitness for purpose” but Juran doesn’t state who is specifying
the purpose and making the decision as to its fitness. A different definition was given by
CrQ'sby (1979) who defined quality as conformance to requirement not elegance. In 1992
Crosby broadened his definition for quality adding an integrated notion to it: “quality

meaning getting everyone to do what they have agreed to do and to do it right the first
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time is the skeletal structure of an -organisation, finance is the nourishment, and
relationships are the soul”. However, the ISO 8402 (1986) offers an alternative systemic
definition of quality, “the totality of features and characteristics of a product or service

that bear on its ability to satisfy a given need”.

For Garvin (1988) quality can be seen from three views: -

e User-based definition: - Quality is measured by the degree to which the wants and

needs of customer are satisfied.

e Product-based definition: - quality refers-to the amount of desired attributes

contained in the product.

e Manufacturing-based definition: - Quality is measured by the percentage of scrap or

rework required during the production process.

Garvin is of the view that these meaning can co-exist within an organisation. He goes on
to suggest that it may become necessary to give quality a different meaning in different
industries, and also probably change the approach taken towards quality from user-based
to product based, as products move through market research to design; and then from
product-based to manufacturing based, as they go from design into manufacture.
However, the user-based definition is more appropriate in a service organisation because
it denotes that those services, which meet customer preferences and expectations, are the

central thrust of high quality.

Feigenbaum (1991) states, “quality is a customer determination, not an engineers
determination, not a marketing determination, or a general management determination,
it is based upon the customer’s actual experience with the product or service measured
against his or her requirements stated or unstated, conscious or merely sensed”. Thus,
product and service quality can be defined as: “the total composite product and service
characteristics of marketing, engineering, manufacture and maintenance through which

the product and service in use will meet the expe‘étati;c')ns of the customer”.

However, TQM writers have failed to provide an adequate definition of quality that can

be easily related to the philosophy of TQM. For example, Ishikawa (1990) state “Quality
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management is a revolutionary management pﬁilosophy characterised by the quality
strategic goals”. Taguchi defined quality, as “the quality of product is the minimum loss
imparted by the product to the society from the time the product is shipped” (Taguchi,
1996). According to Oakland and Dotchin (1994) the most applicable definitions of
quality are: fitness for use, the user perspective, and conformance to specifications (the

manufacturing perspective). All are necessary for customer satisfaction.

Quality is meeting the customer requirements. Figure 2.1 givesV',a summary of what
quality means. Quality defined from the viewpoint of different quality profeséionals and
to provide a conceptual scheme for the discussion of TQM. This can be classiﬁed under
three categories: customer-base, service and manufacturing-base, and value-based

definition as shown in Appendix 2.1.

Satisfying
internal
&
external
Enhancing \customer/ Promoting
workplace
diversity

Bettering
environmental
conditions

Facilitating
trade

Improving
work life

Figure 2.1: A summary of quality definitions

2.3 Total quality management

Total quality management is based on a number of ideas. It means thinkihg about quality
in terms of all functions of the enterprise. In systems terms it implies thinking about the
interaction between all the-compoﬁents of the organisation as well as the components
themselves. TQM aims to achieve an overall effectiveness higher than the individual
outputs from the sub-systems as design, planning, production, distribution, customer
focus strategy, quality tools and employee involvement. Customer satisfaction and
continuous improvement are the essential beliefs of the TQM philosophy. Therefore one
can say that TQM is essentially about changing people’s attitudes about the jobs and

functions they perform geared towards providing customer satisfaction.
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In spite of the vast amount of work conducted, a literature review suggests that if is
difficult to find a standard definition of TQM. This section conducted for this study
aims to provide a few definitions for convenience that incorporates’ the key
characteristics and framework of TQM. According to Oakland (1993) “TQM is an
approach for improving the competitiveness, effectiveness, and flexibility of an
organisation”. Essentially it is a way. of planning organising and understanding activities
and individuals at each level”. For an organisation to be truly effective each part of it
must work together towards the same goals, recognising that each person and each
activity has a domino impact on the inter-related system. For Crosby (1979) quality
management is a systematic way of guaranteeing that organised activities happen the
way they are planned. It- is a management discipline concerned with preventing
problems from occurring by creating the attitudes and controls that make prevention
possible. TQM advocates zero defects in the products and services produced by an

organisation. It is about driving quality into all aspects of organisation’s operation.

However, one major premise of TQM is the definition of quality by Juran (1988b) who
describes it as “fitness for use” which may be seen a key to business success in the
1990°s against the other established performance indices such as price and delivery. The
aim is to have quality built-in rather than inspected-in by quality being the responsibility
of all employees, rather than the exclusive presence of a specialist department. This is
expected to minimise the overall cost because it brings about a decline in failure rates,
warranty costs, returned goods, and reduction in the costs of detection. According to
Juran TQM involves a primary focus on the requirements of the external as well as the

internal customers within the organisation.

Ishikawa (1985) argues, “Quality management. is a revolutionary philosophy
characterised by the quality strategic goals those are focussed towards customers
preferences, likes, tastes, and applications”. He believes that organisational functions
should recognise the internal supplier-customer relationships, as each related process
being a customer. However, there are some who reject the idea of an internal customer,
as there is a danger that it would take away the ‘focus’ from the end-customer. This is
evidenced by Motorola, widely regarded as one of the quality success stories, and firmly
rejects the internal customer approach arguing that there is only one customer; the

person who pays the bills.
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Kanji (1990) notes that the modern concept of quality is defined as conformance to
requirements, and requirements are defined as the task. to be accomplished in meeting
customer needs. According to him quality is to satisfy customer’s requirements
continually, total quality is to achieve quality at low cost, and TQM is to obtain total

quality by involving everyone’s daily commitment.

In the present author’s view, the essence of quality is do it right first time, and every
time satisfy customer requirements by involving everyone in the organisation. TQM is
therefore a philosophy of management that strives to make the best use of all available
resources and opportunities by continuous improvement. TQM is the key business
improvement strategy and the key management issue of the present as well as future

because it is essential for improving efficiency and competitiveness.

2.4 TQM philosophies

Constructing a universal definition of TQM is impossible since definitions are affected
by a particular managerial situation or problem. W. Edwards Deming, one of the most
respected contributors to the quality management movement, claimed he never used the
term TQM as it did not carry any meaning (Romano, 1994). Nevertheless, Deming’s 14
points have generated the most impact on the TQM evolution and have been studied
exténsively (Tamimi ef al., 1995). Black and Porter (1996) examined the criteria for the
Baldrige Award and the published TQM literature and subsequently identified ten
critical factors of TQM. However, they have created considerable confusion when the
theoretical aspects of TQM are discussed, or attempts to design and implement TQM
programs are made. Harai (1993) believed this uncertainty of the nomenclature of TQM
is a problem in and of itself; “given the fact that there is a multitude of definitions,
theories and programs in the public domain, it is difficult to specify exactly what TQM
is”. This confusion is‘compounded by the proliferation of commercialised TQM training
programs offered as a package with no attempt to differentiate bet§veen industries or
organisations (Caudron, 1993). As a result, many different versions of TQM have been

developed, delivered, studied and defended by different professionals (Harai, 1993).

The result is that many TQM initiatives have become so ill-defined that the term itself
risks becoming a cliché, making it very difficult for many organisations to design and

implement effective quality programs. Ultimately, many organisations have rejected
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TQM as merely another management fad. However, it would be a mistake to reject
TQM at this level, for several important implementation concepts arises directly out of
the more general management philosophy perspective. Grant et al. (1994) addressed in
detail the difference between TQM and conventional management techniques regarding
the philosophies and theories that underlie them. For TQM benefits to be fully realised,
managers in every level of an organisation need to prepare themselves for change. The
phiiosophjcal dimension of TQM should also provide a focus for everyone in the
organisation by specifying those things that are valued highly by customers, employees,

and management.

25 TQM Gurus’ principles

The literature review indicates that despite quality management being considered a
matured field of study it is difficult to define the concepts of TQM. A study of the work
associated with ten quality Gurus’ (Deming, Juran, Crosby, Ishikawa, Mellor, Kanji,
~ Shingo, Oakland, Feigenbaum and Taguchi) is conducted with the objective to compare

and contrast their views, which underpin the fundamental factors and mechanisms of
TQM.

Broadly speaking TQM refers to thinking about quality from the perspective of all
functions within enterprise. In systems terms it implies thinking about the interaction
between all the quality components of the organisation as well as within the components
\themselves (Oakland, 1993). TQM aims to achieve an overall effectiveness through
intégrating individual activities in design, planmng, production, distribution and
customer service (Oakland 1993). It is about changing the mindsets and attitudes of all
those involved about the jobs and functions they perform geared towards providing
customer satisfaction. TQM advocates zero defects in the products and services through
the process of continuous improvement (Crosby, 1979). It is supported by, management

by fact, continuous improvement, delight the customer and people based management

(Kanji and Asher, 1993).

From the analysis, it could be argued that, the general message is essentially the same:
e Management commitment and employee awareness is essential in TQM. Personnel

as all levels need to participateé in the improvement process (Feigenbaum, 1991;
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Crosby, 1979; Juran, 1993). Deming's (1986) 14 points provide an effective starting-

point to encourage the necessary attributes.

Juran (1988b) emphasises the need to plan and prioritise actions with the quality
‘.planning, road map. Quality costing can be used to prioritise and monitor
improvement, and to measure the progress of improvement. Service quality can be
measured once qualitative and quantitative research has defined what matters to the

customer.

Teamwork plays an important part in the process of continuous improvement.
Indeed, problem solving and improved communication is extremely difficult to -
achieve without it. Ishikawa (1985) advocated quality circles, which create greater

worker involvement and motivation leading to greater commercial awareness and |

the aim for ever-increasing goals.

If all erriployees are to be involved in the i;.rlpr(;vement process, then simple tools
and techniques need to be taught (Crosby, 1989; Deming, 1986). All levels within an

organisation can use Ishikawa’s seven tools of quality control (Ishikawa, 1985).

Taguchi (1996) provide more technical tools to control areas including industrial
design and manufacturing. Taguchi’s quality loss function includes the costs to the

customer resulting from poor product performance and reliability.

To achieve quality, management tools should be studied. Feigenbaum’s concept of
total quality control stresses the need for top-to-bottom commitment to quality
(Feigenbaum, 1991). Ishikawa (1985) also promotes the concept of organisation-

wide quality control.

In today’s competitive markets, “quality as perceived by the customer” has become a
key aim for many organisations. Deming’s message to “delight your customers” is

seen by many as the way to be competitive in today's markets (Deming, 1986).

It is generally argued that a process, which exhibits such features, will lead to increased

corporate competitiveness and profit by increasing customer demand.
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2.6 Models of quality awards

There has been a quality management framework as part of the Deming Prize in Japan
for 6ver four decades. The Deming Prize was instituted in 1951 by the Japanese Union
of Science and Engineering (JUSE) in recognition of Deming’s contribution to the
development of industrial quality control in Japan. The Deming Prize is for enterprises
or divisions, which achieve the most distinctive improvement in performance through
the implementation of organisation-wide quality control based on statistical quality
control. The items, particulars, and further mformatlon of the Deming Prise can be
obtained from the Secretariat of the Demmg Prlze Commmee (Kanji and Asher, 1993).
However, it was not until 1987, when the Malcolm Baldrige National Quality Award
(MBNQA) was established, that senior managers in the west started looking at quality
award criteria as guiding frameworks to plot the approach for effective TQM

implementation

2.6.1 The Malcolm Baldrige National Quality Award

The Malcolm Baldrige ‘National Quality Award (MBNQA) promotes three important
characteristics, namely, awareness of quality to increase competitiveness, understanding
the requlrements for excellence in quahty and shanng the information and benefits
derived from successful quality strategles that are employed by the organisations (NIST,
1994). 1t is offered to organisations in three categories, namely, manufacturing, service
and small organisations (NIST, 1994). To win the award, organisation must demonstrate
a high degree of quality awareness and commitment, together with evidence of quality
results. Among the many bc_:neﬁts to an organisation, which applies for the award is the
feedback on its quality efforts, which helps to assess the effectiveness of its

implementation. It is claimed many organisations apply to take advantage of this benefit.

Furthermore, to help people to understand the Baldrige award criteria, the MBNQA
framework expresses values and concepts in seven categories and four key elements as
shown in Figure 2.2. Seven categories of criteria are included in evaluating the
organisation’s overall strategic and operational strategies employed in implementing

quality improvement efforts.

As shown in the dynamic relationships among these criteria in Figure 2.2, the primary

focus of the award is on customer focus and quality and operational results. As Reimann
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(1989) stated, the award is not given for a specific product or service, nor is it an
endorsement of an organisation’s product or service. It is given to those organisations
that have world-class systems for managing their people and processes. Each system
must ensure continuous improvement in its product or service and provide a way of

satisfying and responding to its customers.

Management of
process quality

\4
5.0 - "1 Customer
focus and @
satisfaction . .
7.0 o Customer satlst.‘actlop
Driver Human resource ° Custher satlsfa.ctlon
development and . A relative to competitors
v management e Market share
. 4.0
Senior
executive
leadership
1.0 . Measures of
Strategic quality progress
A & planning
¢ ¢ Product and service
3.0 ‘ quality
Quality and e Internal quality and
operational productivity
results o Supplier quality
Information and: ~| - 60
analysis

2.0

Figure 2.2: Dynamic relatiohships among the seven categories (NIST, 1994)

Furthermore, the MBNQA, as Garvin (1991) said, not only codifies the principles of
quality management in clear and accessible language, but also provides organisations
with a comprehensive framework for assessing their progress towards the new paradigm
of management and such commonly acknowledged :goals as customer satisfaction and

increased employee involvement.
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Since the introduction of MBNQA, several nations started their own award schemes for
similar reasons to those linked to MBNQA. A notable one is the European Quality
Award (EQA) established by the European Foundation for Quality Management in
1991.

2.6.2 The European Quality Award

The European Foundation for Quality Management (EFQM) established the European
Quality Award (EQA) for the first time in 1992, mainly to accelerate the acceptance of
quaiity as é strategy for global competitive advantage, to stimulate and assess the
development of quality improvement activities, and to recognize the organisations in
Western Europe that demonstrate excellence in the management of quality as their
fundamental process for continuous improvement (EFQM, 1993). The EQA is also
supported by the Européan Committee of the European Organization for Quality. This
award consists of nine criteria for evaluation. Figure 2.3 illustrates the EQA framework.
Thé nine eléments of the ﬁmework, classified és ei;t.her enablers or results, are seen as

influencing one another.

People management People satisfaction
Leadership Policy and strategy Processes Customer satisfaction Business
results
Resources Impact on society
— Enablers ><¢ Results L

F iguré 2.3: European Foundations for Quélity :Management (EFQM, 1999)

As can be seen from the Figure 2.3, the EQA criteria describe the processes and the
people including the leadership, people management, policy and strategy, resources, and
processes categories as the enablers that will ‘accomplish the results which include
customer satisfaction, peoﬁle (employee) satisfaction, impact on society and business

results.
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The two models discussed above give greater attention to defining quality from
customer’s perspective and on the measurement of results. The EQA and the revised
Baldrige criteria also extend the framework for quality to include public responsibility
and corporate citizenship, and measurement of employee satisfaction (EFQM, 1993 and

NITS, 1994).

It should be noted that the business results criterion includes financial measures such as
profits, cash flows, productivity, market share, and ﬁuality cost. The MBNQA, on the
other hand, does not include them in the quality and operational results criterion, as the

award criteria do not cover the organization’s financial performance.

In addition to the above, Tummala (1996) summaries the comparison between MBNQA
and EFQM models which can conclude as the following: -

e Both the MBNQA and EQA are results oriented awards.

e Both awards give maximum weight to customer satisfaction results. Thus, customer

focus and satisfaction is the overall goal of both the awards.

e The MBNQA criteria do not include financial performance whereas it is included in

the EQA criteria.

e The EQA, by including the impact on society as one of the nine criteria, covers more
aspects such as preservation of global resources in a more detailed fashion than the
MBNQA.

e The MBNQA and EQA are neither product nor service excellence awards, nor are
they corporate management excellence awards. Both are positioned between these

two extremes.

o Because of the inclusion of financial performance in the criteria, the EQA is more

broad-based than the MBNQA.

In summary, the EFQM model has merit as a business audit approach but does not

prescribe what to do and how to do it, rather it provides a framework to enable
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individual organizations to assess themselves and look for opportunities to improve their

service.

2.7 Pitfalls of TQM

Even in resfricting what TQM means to the work of the ten Gurus of quality, there are

- still important differences in philosophy, approaches, and methods among these. Total

quality management can provide significant cost benefits by improving the use qf

materials, optimising people’s time, reducing the cost of production and employing
capital more effectively (Eskildson, 1994). Most organisations emphasise the need for
quality, but few can articulate precisely what it is and few organisations have been able
to éonsistenﬂy deliver it. The set of hgaps/weaknéssesh in TQM as identified according to

Barry (1993) are the following: -

e Consistent, committed support from the top is recognised as crucial for success with
total quality nianagement. TQM recognises that this sort of inconsistent behaviour
from the top will at least seriously interfere with implementation. TQM itself, as
usually practiced, has ﬁo methods for dealing with the executive inconsistencies.
Argyris and Schon (1978) show that this sort of inconsistent behaviour is very

common.

e TQM problem solving tools tend to be reductionist rather than systemic. In
particular, TQM lacks both a framework and tools to understand circular causal-
loops. System dynamics provides powerful tools for understanding and managing
these dynamics. The basic system dynamics framework provides tools for both
qualitative analysis and computer simulation of situations where circular causal-

loops are important.

e TQM shows how to continuously improve an existing process. What about some
totally new product or even a new business or a radical re-structuring of the existing
business? TQM does not help the organisation to invent some new and more

desirable future for itself,

e Continuous improvement is a cornerstone of TQM. Improvement of any
manufacturing or service process may be usefully classified into three different

categories as follows: -
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o Marginal improvements involve changes (eliminating bottlenecks, increasing

efficiency, finding a better technique) that leave the basic process untouched.

o Process improvements involve changes to the basic manufacturing or service
process, for example, a new kind of machine or a new method for one step in

the manufacturing process.

o New technology involves a fundamental rethinking of the given
manufacturing or service process. This level of change involves essentially

starting over with a new way of producing the given product or service.

Each of these levels of improvements is critically important for long-range
success. TQM usually focuses on the first, can be helpful with the second, and

offers little help for the third.

e The question of organisational design is important for TQM for a number of reasons.
First, TQM emphasises the importance of all parts of the organisation working in
. harmony because quality for the customer depends on all parts of the business.
Second, as process improvements are made or new technology adopted,
organisational structures become outmoded. Finally, as customers or their
preferences chémge, the organisational structure needs to adapt as well. TQM,

however, is silent on the question of how to design an organisation.

* TQM is very clear about the need for all areas of the organisation to work together.
For instant, one of the main competitive advantages that Japanese auto makers have
achieved is in the area of concurrent engineering. By making engineering design
teams that include everyone involved in the process from the very beginning, the
time required to bring a new model to market has been cut dramatically. The next
‘stage in this evolution is to integrate the data for all parts of the organisation so that
everyone has instant, electronic access to all relevant data, no matter where it may
originate within the organisation. This vision of the data-integrated corporation is

usually termed computer-integrated manufacturing.
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e TQM requires the ability to work together across horizontal and vertical boundaries
within the corporation. Unfortunately, many corporations are fraught with dissension
and internal conflict. TQM is silent on the question of how to achieve collaboration

among divisions and commonality of purpose between managers and workers.

In order to prevent failure in the TQM implementation Liberatore (1993) argues that
corporate culture must change in order for new ways of thinking and doing business to
evolve. TQM fails because, in most organisations, the culture is so ingrained, it resists

change and attempting to change the established culture will not work unless it is
disabled.

However, Chattergee and Yilmaz (1993) attribute the pitfalls encountered in the
implementation of TQM to what they term the contradictory models of implementation
devised by the Gurus i.e. Deming, Juran and Crosby. Whilst Juran advocates setting
quality objectives and managing the quality plan according to those objectives, Deming
is strongly opposed to management by objectives, as this will as to the use of merit
ratings and slogans to achieve objectives. Crosby recommends zero defects as a quality
objective, whilst Juran and Deming are against it because they argue that the inherent
variability in all processes renders such an objective unrealistic. These assertions by the
Gurus, argue Chattergeee and Yilmaz, have created a quality jungle, because managers
are obliged to interpret and implement the Gurus ideas as they see fit. Therefore, the bad

name TQM is receiving is a matter of execution, but intent (Goodman, 1994).

The challenge of TQM, like any other organisational programme, is to assure that its full
systemic outcomes are achieved. Its effects on the organisation at large, organisational
stakeholders, and the organisational context are considered. The implementation and
application of TQM must fit with participating organisations policies and procedures
(thé way work is supposed to be cione) and with tiw organisations’ culture (the way

works actually accomplished).

TQM is not simply a means of quantifying quality; it is a means of expanding
organisational thinking and learning capabilities. In the past, the essence of quality was

to make products or deliver services according to fixed organisational standards.
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2.8 Summary

The literature review of the TQM field shows that none of the quality Guru’s definitions
address the management of quality, which encompasses the optimisation of processes
that occur within the organisation and beyond. On the other hand the various definitions
of TQM in the literature, rely on the hard aspects of quality (production/operations
aspects, measurement and control of work.) i.e. tools and techniques, without reference
to organisational design and human issues. TQM can be superimposed on existing
organisational structures with minimum attention paid to wider issues of organisational
structure, worker dignity, process improvement, communication, culture and

organisational politics.

TQM embodies a management approach that is committed to satisfying customers by
designing, producing, and delivering high quality products. TQM attempts to involve all
employees to continuously improve the organisation. TQM is an all-encompassing
philosophy about managing a business. Total quality management is concerned with
changing attitudes, skills and processes, so that the culture of the organisation becomes
one of preventing failure — doing the right things, right first time, every time (Irani and
Sharp, 1997). TQM is not just about improving production steps and reducing cycle

times, however. It is a thought revolution in management (Ishikawa, 1985).

wa important conclusions are drawn from the TQM literature review. First is that
TQM is about changing the mental models of management in order to enhance an
organisation’s fundamental capability to determine its own future. This change requires
more than a one-time shift in thinking; it means continually re-evaluating the way
managers think. Sustaining this thought revolution requires not only engaging in the
continual improvement activities already accepted by many organisations, but also

changing the conventional wisdom and mental models shared within an organisation.

The second conclusion is that for TQM to succeed, management commitment to
learning and acquiring new knowledge and skills are required. As Garvin (1993) states
“continuous improvement requires 'a commitment to learning. How after all can an
organisation improve without first learning something new?” In other words, the success
of TQM is related to an organization’s ability to learn, to absorb, to adapt and to apply

conceptual changes and integrate them throughout the organization. So, individual,
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team, and organizational learning are the subject of discussions in order to test the
mutual dependence existing between continuous improvement and continual learning.

- An-overview of this body of the literature is presented in the next Chapter.
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CHAPTER 3

LITERATURE REVIEW: PART II

LEARNING ORGANISATION

3.1 Introduction

. Recent literature argues that the 1990s and beyond will be a period of major change of
organisations and business improvement. The emphasis is to constantly identify
learning opportunities for individuals and the organisation (as a collection of

individuals), share the learning from these and continuously transform the organisation.

In order to contextualise the work reported in this Chapter, it is useful to break down
and understand the meaning of learning, learning organisation, and organisational
learning as described in the earlier section. To identify the conceptual elements and
understanding the learning organisation, this Chapter must address the link between the
organisational learning and learning organisation, differentiate between the different
levels of learning, and takes into account different organisational learning types. Also,
" organisational learning processes and creating learning organisation are presented in

sections 3.8 and 3.9 respectively.

Organisations are comprised of individuals and must ultimately learn via their
individual members. Hence, theories of individual learning are crucial for understanding
organisational learning. The purpose of section 3.10 is to discuss a theory about the
process through which individual learning advances organisational learning. Also,

models of organisational learning are developed in some detail in section 3.11.

This Chapter concludes by deséribing the way forward of the learning organisation
~ which presented in the later section. In abroad context, the purpose of this Chapter is to
contribute towards building a theory to develop a learning organisation. Once this
transfer process is clear understanding, the learning process can be consistent with an

organisation’s goals, vision, and values.
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3.2 Learning

A dictionary definition of the word learning as a noun is “knowledge gained by study;
instruction or scholarship, and the act of gaining knowledge” (McLeod, 1982). This
implies a rather isolated, mechanistic view of a process, which is essentially integrated
and iterative. Fiol and Lyles (1985) define learning as “the process of improving actions
through better knowledge and understanding”. Learning itself includes three different
activities: thinking, communicating and co-operating. When the organisation capacities
to think, communicate and co-operate are enhanced, so is the organisation ability to
learn (Fiol and Lyles, 1985).

Learning is as much a task as the production and delivery of goods and services. This
doesn’t imply that organisations should sacrifice the speed and quality of production in
" order to learn, but rather, that production systems be viewed as learning systems. While
organisations do not usually regard learning as a function of production, learning
becomes more integrated into how we work, where does “work™ end and “learning”
begin? (Argyris & Schon, 1978). Therefore, a learning organisation is one which fosters
and enhances these activities for its members and members of the community in which

it exists.

3.3 Learning organisation

West (1979) indicates that the learning organisation concept is embedded in the notion
that innovative organisations should be designed as participative learning systems,
- which place an emphasis on information exchange and being open to enquiry and self-
criticism. Pedler (1989) elaborate further on the concept of a learning organisation “a
learning organisation is one which facilitates the learning of all its members and
continuously transforms itself”. The concept of the learning organisation became
popular following the writing of Senge (1990a). According to him “it is a place where:
people continually expand their capacity to create the results they truly desire, where
new and expansive patterns of thinking are nurtured, where collective aspirations are set

free, and where people are continually learning how to learn together” (Senge, 1990a).

Garvin (1993) defined a learning organisation as “an organisation skilled at creating
acquiring, and transferring knowledge and modlfymg its behaviour to reflect new
knowledge and insights”. The important component of this definition is the requirement

that change occur in the way work gets done. A “learning organisation” is an

27



orgahisation that purposefully constructs structures and strategies so as to enhance and
maximise organisational learning (Dodgson, 1993). Both of Garvin and Senge
definitions imply a new ways of thinking about how people work together and the need

of greater emphasis on reviewing current and past experiences.

'. Hocigetts (1994) similarly indicate fhat learning organisations are characterised by a
strong commitment to generate and transfer new knowledge and that they utilise the
external environment as a source of learning. Calvert (1994) maintains that
organisations use learning as a means of attaining their goals and create structures and
procedures that facilitate aﬁd support continuous learning and development. McGill
(1994) define the learning 'organisation as “an organisation that can respond to new

information by altering the very programming by which information is processed and

evaluated”.

For the purpose of this thesis, a learning organisation is one that seeks to create its own

- future; that assume learning is an ongoing and creative process for its members and that

develops, adapts and transforms itself in response to the needs and aspirations of people,

both inside and outside itself. A learning organisation is one in which people at all

levels, individually and collectively, are continually increasing their capacity to produce

results they really care about. In summary, the learning organisation:

e is customer focused;

e has a high proportion of people learning-to-learn skills;

e continually questions and challenges the nbrm;

e is creative, prepared to experiment and is action-oriented,

e uses detection and correction activities as a learning experience and as a mechanism
to transform the organisation’s accepted values and practices;

e has a vision of how it wants to be, communicates that vision effectively to its people
and then works towards a common and shared purpose;

¢ builds learning opportunities for all into its strategy;

e finds a way of transferring and encoding the individual learning of its people into a
cohesive and beneficial whole;

e communicates freely and openly with its customers, its people, its suppliers and all

other stakeholders and frequently its competitors.
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3.4 Organisational learning

Argyris & Schon (1978) two of the early researchers in this field, defined organisational
learhing as the process of “detection and correction of errors”. In their view
“organisations learn through individuals acting as agents for them”. The individuals’
learning activities, in turn, are facilitated or inhibited by an ecological system of factors
that may be called an organisational learning system”. Fiol and Lyles (1985) defined the
organisational learning as the process of improving actions through better knowledge
and understanding. This action is depends both on the situation of the organisation and

" the way that its members habitually tend to learn.”

Organisational learning is more than the sum of the parts of individual learning
(Dodgson, 1993). An organisation does lose out on its learning abilities when members
leave the organisation. Organisational learning contributes to organisational memory.
Thus, learning systems not only influence immediate members but also future members
due to the accumulation of histories, experiences, norms, and stories. Kim (1993) notes
that “analogous to individual learning, organisational learning is defined as increasing
an organisation’s ability to take effective action”. Dodgson (1993) describes
organisational learning as “the way organisations build, supplement, and organise
- knowledge and routines around their activities and within their cultures and adapt and
develop organisational efficiency by improving the use of the broad skills of their

workforces”.

Organisational learning involves individual learning, and those who make the shift from
traditional organisation thinking to learning organisations develop the ability to think
critically and creatively. These skills transfer nicely to the values and assumptions
inherent in organisation development. Organisational learning is the outcome of three
overlapping spheres of individual, team, and system learning as shown in Figure 3.1.
All three kinds of learning take place simultaneously (Dixon, 1993). McGill et al.
- (1994) define organisational learning as the ability of an organisation to gain insight and
- understanding from experience through experimentation, observation, analysis, and a
willingness to examine both successes and failures. Nevis (1995) describes organisation
learning as the “capacity or processes within an organisation to maintain or improve
performance based on experience”. Beeby and Simpson (1998) suggest new forms of

thinking and acting. The present author agrees with descriptions of organisational
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learning as where learning takes plag:e that changes behaviour of individuals or groups

within the organisation.

3.5 Organisational learning versus learning organisation

Learning at an organisational level is termed organisational learning and one can readily
antiéipate a certain amount of confusion stemming from the use of the terms “learning
organisations” and “organisational learning”. However, as Jones and Hendry (1992) and
Calvert et al. (1994) have warned about the two terms, even though they are closely
inter-related are not one and the same thing. Indeed the two phenomena emphasise
differing aspects: organisational learning highlights formal or structural issues such as
training and knowledge and skills acquisition that tends to obscure the real issues
* behind the léarning organisation. Pafticipants of the focus groups organised by Calvert
et al. (1994) also distinguish between the two concepts with the learning organisation
described as “an organisation that excels at advanced, systematic collective learning”,

whereas “organisational learning” refers to methods of collective learning.

An attempt towards a further clarification is offered by Tjepkema and Wognum (1996)
“learning organisation responds to (and anticipates) changes in the environment by
proactive organisational learning; moreover, it deliberately aims at improving its ability
for learning and in order to learn on an organisational level a learning 6rganisation
makes use of the learning of all employees, therefore it strives to create a work

_environment which stimulates and supports learning”,

Lundberg (1995) proposes that organisational learning refers to certain processes of
learning, which occur within organisations whereas the learning organisation refers to a
systems level entity with particular characteristics and capabilities. Organisational
learhing involves individual learning. Those who make a shift from traditional
organisation thinking to a learning organisation must be able to develop the ability to
think critically and creatively. In this research, learning organisation described as the
applied area of organisational learning. The main characteristics of a learning
organisation is how to institutionalised the continual learning process such that it should
 be manifested in the underlying procedures, practices, code of conducts, routines and

" even in the products.
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Based on the above, the present author proposes a working definition, which suggests
that organisational learning can take a number of forms from induction training, which
produce the individual skills as well as increase the skills recruitment, through the
acquisition of knowledge to the dissemination of knowledge and increase the

organisational competence pool.

3.6 Organisational learning levels

By making use of the concepts piesented by Dixon (1993) learning may be addressed at

three levels as shown in Figure 3.1.

System/ organisation level.

* Many business units are exposed to
same knowledge / experimentation.

* Benchmarking.

* Feedback from management and

stake-holders.

Figure 3.1: Organisation learning levels

(i) At the individual level

Leafning takes place each time an individual (worker) reads a book (which could be a
technical manual or underlying policies and procedures of the organisation), performs
an experiment i.e. some improvisation to the current practices, for example, using a new

way of customer service, and gets feedback from customer or colleagues.
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(ii) At team level .

At the business unit level, learning would take place when two or more workers learn
from the same experience or activity. Team learning may involve new ways to address
the team's responsibilities, or it may involve some aspect of the interaction between the
members of the team themselves. A feedback of any nature from stakeholders, for

example, from the line manager, supplier or customer would be considered to be a part

of the learning process.

(iii) At the system/organisation level

It would take place when the organisation develops systemic processes to acquire, use,
and communicate organisational knowledge. It embodies the individual as well as team
level of learning and feedback. The learning has to be addressed at a much higher level
such that each participating bemployee within the organisation understands and practices
those systematic processes, for example, quality standards and procedures, database
requirements of supplier or customers, stock control procedures etc. At the organisation
level, learning is to be addressed through a favourable attitude and atmosphere such that

learning becomes the ethics of the organisation.

3.7 Types of organisational learning
It is important to make the distinction between various kinds of learning, for example,
“adaptive learning and coping” or what Peter Senge described as “generative learning”

or Argyris & Schon (1978) idea of “double-loop learning”.

Argyris and Schon (1978) suggested that organisational learning is a process in which
members of an organisation detect error and correct it by restructuring organisational
theory of action, embedding the results of their inquiry in organisational maps and
images. The key point here is that errors are detected and corrected or organisations
- cease to survive. The authors suggest three forms of learning, single-loop, double-loop
and ‘triple-loop. Single-loop learning is concerned with detecting and correcting errors in
the current operating system. This is achieved by changing the ways in which tasks are
performed within the same system of operation. Double-loop learning involves
detecting errors, but finding solutions outside the current ways of thinking and acting.
There is a change in the system itself. Triple-loop lcarning involves changing the ways

of thinking about error detection and solution, a process often referred to as learning to

learn.
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Following Argyris and Schon (1978) Swieringa and Wierdsma (1992) distinguish
between three levels of learning — single-loop learning: questioning how things are
done; double-loop learning: questioning underlying purposes and why things a£e done;
and triple-loop learning: questioning essential principles on which the organisation is

based, and challenging its mission, vision, market position and culture.

A good description of the work Argyris & Schon (1978) is provided by Ross (1992). He
argues that organisational learning involves the detection and correction of error. When
such detection and correction enables the organisation to continue with current policies
and objectives, the result is single-loop learning. Double-loop learning, on the other
' haﬁd, is generated by detection-correction activities, which modify and change the
organisation’s fundamental norms and aims, often through challenging traditional
norms and values and resolving subsequent conflict. In essence then, double-loop
learning is about raising the learning mechanism of an organisation from the operational
to the strategic level. While many organisations can and do achieve single-loop
learning, the more valuable learning engendered through questioning and challenging
the norm is more difficult to accomplish. The process of continually questioning and
challenging the strategic norm is the very nature of a learning organisation. The present
author in line with the definition of the three learning loops as, single-loop is linear, it is
trying to find a better way to do a process. Double-loop learning bridges the gap
- between theory and practice. Whereas, triple-loop learning is learning about learning.
Double-loop and triple-loop learning are concerned with the why and how to change the
organisation while single-loop learning is concerned with accepting change without
questioning underlying assumptions and core beliefs. Dodgson (1993) argue that
learning can occur within different functions of the organisation such as research,

development, design, engineering, manufacturing, marketing, administration, and sales.

3.8 Organisational learning processes
Huber (1991) describes four processes or constructs that contribute to organisational

learning. These processes are: -
e knowledge acquisition,

e Vi'nformatilon distribution,

e information interpretation,

e organisational memory.
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Learning occurs when an organisation acquires knowledge. Knowledge acquisition or
facts and information is achieved by monitoring the environment, using information
~ systems to store, manage, and retrieve information, carrying out research and

development, carrying out education and training (Dodgson, 1993).

Information distribution refers to the process by which an organisation shares
information among its units and members, thereby promoting learning and producing
new knowledge or understanding. In order for information to be shared, such
~information must be interpreted. Information interpretation is the process by which

distributed information is given one or more commonly understood meanings.

Organisational memory refers to the repository where knowledge is stored for future
use. It is also called “corporate knowledge” or “corporate genetics” by Hamel and
* Prahalad (1994). Decision makers store and retrieve not only hard data or information
but also “soft” information, that is, information with meaning. This soft or interpreted
information can be in the form of tacit know-how, expertise, biases, experiences, lists of
contacts, anecdotes, etc. Organisational memory plays a very critical role in
organisational learning. Both the demonstratability and usability of learning depend on
the effectiveness of the organisation’s memory. The major challenge for organisations
exists in interpreting information and creating organisational memory that is easily

accessible.

Buckler (1996) examines the processes by which individuals in organisations learn, and
~ develop a learning process model to facilitate continuous imprbvement and innovation
in business processes. The model is designed to be applied and used by managers
working in organisations. He discusses: learning as a pfocess that results in changed
behaviour and the “how’s” of learning (techniques to help the learning process); the
“why’s” of learning — creating an ‘environment which provides meaning and the

“what’s” of learning — enabling a focus on organisational goals; a learning process

model.

Information interpretation can facilitate this learning process by supporting the
processes of knowledge acquisition, information distribution, information interpretation,
and organisational memory. With the displacement of people due to decreasing efforts,

+ organisations are discharging vast” amounts of organisational knowledge without

34



realising the long-term implications of such short-term actions. The only way
organisations can preserve that knowledge and further promote organisational learning

is to use information systems to store and retrieve such collective knowledge.

3.9 Creating learning organisation

. Whilst the need to learn and change is indisputable, there is a general agreement that no
right model of a learning organisation exists (e.g. Dale, 1994). A learning organisation
works to create values, practices and procedures in which learning and working are
synonymous throughout the organisation. Senge (1990a) offers a framework for
learning organisation founded on five key areas or disciplines. A distinct order of the
learrﬁng organisation principles is system thinking and personal mastery led to shared
vision; team learning and mental models as shown in Figure 3.2. Appendix 3.1

illustrates more details of Senge five disciplines.

In fact, S¢nge (1990b) refers to the building learning organisations via three waves: -

o The first wave involves the front-line worker (empowerment).

" e The second wave changes the wasr we work (ﬁve Elisciplines).

o The third wave follows on from the first two, and it institutionalises learning for all

members of the organisation. It will not occur until the second wave is completed in

all areas.

Pedler (1991) identifies some necessary but not sufficient conditions for the creation of

a learning organisation. These conditions are:

1. A corporate learning strategy;

2. Participative policy making;

3. Information technology harnessed to inform and empower people to ask questions
and take decisions based on available data; .

4. Formative accounting, where accounting systems are designed to assist leaming

from decisions; ‘

Internal exchange;

Flexibility is rewarded,;

Front-line workers are expected to be, and are used as, environmental scanners;

® N w

Inter-organisation learning takes place, where learning is not restricted to the
organisation, but extends to organisations which are suppliers, customers, or even

competitors;
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9. A climate is created which supports learning;

10. Self-development is for all members of the organisation.

Systems thinking Personal mastery
Systems thinking is the conceptual glue Personal mastery involves a
which binds these different elements commitment to lifelong learning and
together, and which provides the tools that the discipline of  continually
enable isolated actions to be seen as challenging and clarifying personal
integrated patterns. visions..

=
v

Shared vision

Shared vision is the process whereby the personal views of key

leaders are translated into forms that can be shared by all

members of the organisation.

- Team learning - ' S Mental model
Team learning involves maximising on the Mental model are the deeply ingrained
insights of individuals through dialogue assumptions that we hold about the
and an awareness of the patterns of group ‘ nature of the world, and which inform
behaviour that can undermine learning. the action that we take. '

Figure 3..2: Senge’s five key disciplines (1990a).

Garvin (1993) suggests that, to become a learning organisation, organisations need to be
skilled at the following five activities:
1. Systematic problem solving:
Relates fo the philosophy and methods of the quality movement, relying on
scientific method rather than guesswork; uses actual data rather than assumptions

and simple statistical tools.
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2. Experimentation with new approaches:
Systematic searching for and testing new knowledge; motivated by opportunity and
new perspectives and not by current difficulties

3. Learning from their experiences and past history:
A review of successes and failures; reflecting and self-analysis

4. Learning from experiences and best practices of others:
Benchmarking; looking outside the immediate environment; openness to the outside
world; environmental scanning

5. Transferring knowledge quickly and efficiently throughout the organisation:
Mechanisms in place to facilitate the process; written and oral reports; site visits;

tours; rotation programmes; education and training programmes.

" Hitt (1995) emphasises the purposé of a learrﬁng 'brganisation in his definition “an
organisation that is striving for excellence through continual organisation renewal”. He
adapts the McKinsey 7-S framework to provide a systems view of the learning

organisation.

In summing up, Hitt (1995) observes that the learning organisation is a new paradigm
that reflects a process rather than an end state. He observes: embracing and
implementing the paradigm of the learning organisation will be no easy task. There will
be obstacles, one of the most challenging is to overcome the resistance of those
managers who have fully embraced the traditional organisational paradigm — and are
. successful. Why should they change? There is.an important reason why they should
change, and that is the quest for excellence. In this quest, managers want to know how
to achieve excellence and how to maintain it. The learning organisation points the way:

excellence through organisational renewal (Hitt, 1995).

Peters (1996) propoées a syllabus-driven approach for the aspiring learning
organisation, interlinking six areas, which can be addressed by designing interventions
for individuals, teams and organisational systems. The syllabus areas are:

1. Learning about the participant’s own job in the organisation and how to do it better.
2. Learning how to create alignment between culture and strategy in the organisation

so that initiatives “fit” the context from inception to implementation.
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3. Learning about the future by exploring the value of techniques for scenario planning
-and anticipating the likely implications for personal and organisational competency
development.

4. Learning about the operating environment and the supply chain — essentially Peter
Senge’s “fifth discipline” of systems thinking.

5. Learning how to challenge existing schools of thinking and avoid myopia so that
personal and organisational mindsets are open to change and to new ideas.

6. Developing an organisational memory for the purpose of capturing, storing and

retrieving knowledge and expertise.

The syllabus is for the organisation as a whole and its members who should participate
according to their personal learning agenda and the organisational imperative. However,
the sequence of its implementation is of some significance. Peters (1996) suggests that
the learner’s own job should be the starting point, as improvements here will yield
organisational benefits from the outset. After this, the longer-term debates should be
- established about the future, future competencies and how to network learning
throughout the organisation’s supply chain. The framework also provides a basis for
monitoring the kind of organisational adjustments needed to maintain creativity and
productivity and for reutilising improvements by creating and drawing on a knowledge
base that constitutes the organisation’s bank of knowledge capital. In essence, the
. learning organisation is one that has found a workable and meaningful way of

systemising organisational learning and all its component parts.

In summary, a learning organisation is one in which the learning strategy is more than a
human resource or staff development strategy — it is a core component of all operations.

This is only achieved by attention to both individual learning and organisational

learning.

3.10 Individual learning in a learning organisation

Learning is desirable but requires both individual and team double-loop learning. March

- and Olsen (1975) identified four learning conditions which would prevent individual
knowledge from influencing the organisational mind set and more seriously, teach the
organisation to learn wrong things. First, “role constrained learning” occurs when the
individual who acquires new insight and knowledge is unable to influence behaviour in

the organisation because of his or her lowly position. Second “audience” learning occurs
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when a particular individual is able to affect organisational behaviour and learning in a
spurious way. Third, superstitious learning occurs when the nature of environmental
actiility and change is misunderstood, and therefore unrelated to (although not
unaffected by) the inferences and activities learned by individuals and the organisation.
Fourth, ambiguous learning occurs when the individuals concerned are incapable of

cleaﬂy understanding the causal links between environment and action.

Learning for an organisation only has meaning in the sense that organisational
" behaviour is modified in the light of what individuals have learned. Argyris & Schon
(1978) argue that organisational learning is the collective experience of individuals
within the organisation evident only when procedures change in the light of what has

been learned.

Mumford (1994) underlines the importance of individual learners in building a learning
organisation. The learning organisation depends absolutely on the skills, approaches and
commitment of individuals of their own learning. An essential ingredient in the learning
organisation is the way that the organisation seeks to improve the capacity of
individuals to recognise and take advantage of learning opportunities. It is important to
_ emphasise that all members of the organisation need to participate in individual

learning, and that their managers need to view this as a central responsibility.

3.11 Models of organisational learning
Argyris & Schon (1978), Mitroff (1983), and Senge (1994) are among the few who
have attempted to integrate strategic, systemic, psychological and sociological
perspectives, and relate them to learning at individual, team and organisation levels. For
example, Argyris & Schon (1978) discuss ways of changing inhibiting “theories in use”
through awareness of their disabling effects, so as to generate valid information,
informed choices and internal commitment. Argyris (1990) discusses defensive
behaviour in organisations, pointing to such processes as blaming, inertia, upwards

communication, and budget games. Senge (1990a) re-emphasises the need for

systematic diagnosis and the need to recognise, challenge and confront defensive
routines that inhibit learning. The needs for active listening, for balancing inquiry and
advocacy, for avoiding premature conclusions and for addressing gaps between
expressed theories and theories in use are also stressed, as is the value of “creative

tension” between future vision and current analysis. Mitroff (1983) links organisational
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forms and strategic orientations with deep-seated personal beliefs and preferences,

including learning styles, using a Jungian frame of analysis.

Others have tended to focus on developing models of learning organisations that
identify their essential characteristics and attributes. Beckhard and Pritchard (1992) list
the following features: a 'clear picture of both learning and doing; rewards that
encourage questioning, challenging and innovation; performance and career reviews
that focus both on long-term learning and short-term doing; feedback processes that
focus on performance and learning; information systems that focus both on lessons and
results; development programmes that support this strategy; communication strategies

that focus on learning; and strategic planning processes that involve learning as well as

- doing.

Attempting to integrate concepts of organisational learning with individual learning in
organisations Pedler et al. (1991) reject the notion that there is one set formula or right
answer. Nevertheless, they propose 11 key attributes; a learning approach to strategy;
participative policy making; informing; formative accounting and control; internal
exchange; reward flexibility; enabling structures; boundary workers as environmental

scanners; inter-organisation learning; a learning climate; and self-development for all.

Jones and Hendry (1992 & 1994) have developed a phase or stage model of learning in

organisations. The foundation phase.is focused on the basics, laying the basis for future
| learhing. The formation phase encoufages and déveléps skills in self-managed learning
and self-development. As the learner makes new learning demands, the organisation
needs to- make available additional resources. At the continuation phase, both the
individual and the organisation are becoming more independent and innovative,
providing support for stressed and plateaued employees. With the transformation and
transfiguration phases, the‘ organisation is moving from encouraging organisational
learning to becoming a learning organisation. At the transformation stage it is concerned

with cultural and structural changes, learning to think and act differently,

experimentation and ethical issucs, individual development and entrepreneurship,
coaching and facilitating, and with reflection and support. At the transfiguration stage,
. the emphasis is on individual as well as social welfare and improvement, concern for

values, mission and global integration. There is no prescription as to best practice, and
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allowances are made for different parts of the organisation to develop and change at

different rates (Mabey and Salaman, 1995).

Buckler (1996) develops a learning process model to facilitate continuous improvement
and innovation in business processes. The model is designed to be applied and used by
managers working in organisations. He discusses learning as a process that results in
changed behaviour and the “how’s” of learning (techniques to help the learning
prOCeSS); the “why’s” of learning — creating an environment which provides meaning
and the “what’s” of 1earnihg — enabling a focus on organisational goals; a learning

process model.

3.12 Learning organisation: the way forward

Through learning organisations adapt to change, avoid the repetition of past mistakes,
and retain critical knowledge that would otherwise be lost. Therefore in the present
author’s view in 1990’s and beyond the amount of learning, which takes place within an
organisation, would make a critical factor for its survival and success. A number of

factors are listed in the following to support this view.

(i) Increased pace of change and competitiveness

e The fact is that many organisations have not survived change. A report has
suggested that one-third of the Fortune 500 organisations listed in 1970 had
vanished by 1983 (Dixoh, 1993). Peters and Waterman identified 43 “excellent”
organisations in 1982, which had demonstrated superiority on six critical financial
yardsticks over a period of 20 years. Five years later, only 14 of them were in the

excellent category; some had disappeared entirely and many were in trouble (Dixon,
1993).

e Market forces, such as globalisation, higher customer expectations, greater
competitive pressures, shorter cycle times signals a need to work differently. The

ability to adapt quickly stems from an ability to learn; i.e. the ability to assimilate

new ideas and to transfer those ideas into action faster than a competitor (Ulrich,
1993).
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(ii) Workforce competence and the changing work skills

e In this age of information society, knowledge and skills of the workforce becomes
the primary means by which organisations compete. As knowledge becomes more
central to competitiveness, the ability of individuals and organisations to learn

becomes a primary means for winning (Ulrich, 1993).

e With the concept of “life ldng learning"’ léaming and work have become
synonymous terms. Rather than learn in preparation for work, employees must learn
their way out of the work problems they address. Learning is not something that
requires time out from being engaged in productive activity: learning is the heart of

productive activity (Dixon, 1993).

Learning is now so essential for career success, corporate survival, and national
prosperity that it no longer makes sense to relegate it to certain institutions or to

particular periods in one’s life.

3.13 Summary ‘

The purpose of the organisational transformation, that is achieved through a learning
organisation, is to enable the organisation to search for new ideas, new problems and
new opportunities for learning from which competitive advantage can be culled in an
increasingly competitive world. Learning also increases information sharing,

communication, understanding, and the quality of decisions made in organisations.

Senge (1990a, 1990b) provides a valuable contribution to the learning arena through his
disciplines of personal mastery, mental models, team learning, and systems thinking.
However, he does not acknowledge explicitly the learning output of new knowledge or

the distribution of the learning throughout the organisation.

Garvin (1993) has argued that the learning organisation should be meaningful,

manageable, and measurable. The three Ms may indicate why it is so difficult to find

examples of learning organisations, each M is independent, yet like the learning
organisation itself, is interdependent. Thus although many definitions have attempted to
capture the essence of the learning organisation it still remains difficult to move the

theory to reality without effective measurement tools. Measurements must be taken to
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assess the current, in order to determine which actions must be taken to manage the

progression towards a learning organisation.

The overview in this Chapter has tended to focus on the learning process; many of the
recipes offered by authors in this field are concerned with the social interactions and
“cultural precedents, which encourage the learning process within teams and between
teams in organisations. Rather less attention is paid to the outcome of the learning
process. Whilst one of these outcomes will be the ability to continue to learn, the other
is the set of skills and knowledge that are created within the organisation, and are
accessible to those who might be in a position to use them in contributing towards the
vision of the organisation. More recently contributions to the debate have considered the
knowing, and knowledge creating, organisation, and the field of knowledge
management has encouraged the development of perspectives on how knowledge can be

created and managed.

As Block (1995) said, “If we want to create organisations that really work, however, we
need to do more than reengineer our process and systems, we need to examine our ideas
about power, community, purpose, and privileged and translate them into a whole

strategy for our organisations and institutions”.

As concluded in this Chapter and Chaptér 2, héWeVér, learning is required at both the
conceptual and operational levels and continuous improvement required continuous
learning. Also, total quality management and organisational learning have
complementary strength that can greatly enhance an organisation’s ability to improve its
_performance through a more balanced learning process. The integration of the two
approaches can play an important role in helping organisations to develop new norms
and values, where front line people work in self managed group, managers develop their

research skills and leaders become more like philosophers who inspire the human spirit.

In order to establish that link, the essential elements contributed to total quality

management and organisational learning are identified in the next Chapter. Also, the
next Chapter would examine the relationship between total quality management and
organisational learning to developed the conceptual framework of the learning

organisation.
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CHAPTER 4

CONCEPTUAL FRAMEWORK FOR LEARNING ORGANISATION

4.1 Introduction

The present author’s understanding is that TQM initiative can only be regarded
successful if a new working environment has been created in which people are able to
learn. Using the TQM, and organisational learning studies conducted in Chapter 2 and 3
respectively, evolution of TQM is offered and transformation from TQM to learning
organisation is described in a step-by-step procedure as shown in the earlier sections of
this Chapter. Furthermore, this Chapter discusses the ten most notable authors in total
quality management and organisational learning to identify the principal elements of

TQM and the organisational learning characteristics.

This Chapter concludes by adapting the enablers & results mechanism of European
Foundation for Quality Management (EFQM) to construct the learning organisation
framework. Also these enablers and results are grouped and evaluated under the
standards operations management framework of Technologies and tools (T),

Organisation and system (O), and People (P).

4.2 Quality evolution

Quality movement started with simple Inspection-based systems where an organisation
would employ specific people to check work visually that had already been produced
and sort the good from the bad. This method of inspection was thought to be the only
way of ensurihg quality. In a manufacturing environment, this checking of conformance
to requirements would be applied to incoming goods, manufactured components and

assemblies at various points in the process and once again when the goods were finished

and ready for shipment to the customer. The basis of these systems was that poor quality
product found by the inspectors would be segregated from that of good quality. This
would be scrapped, reworked or sold as lower quality (see Figure 4.1). This system can

cause dissatisfaction to the customer. Therefore later written specifications,
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measurements and standardisation were introduced. This encouraged the development

of methods for improving production efficiency in factories (Dague, 1981).

During the Second World War, quality began to be verified by full time inspectors
rather than by the workers themselves. Subsequently Quality Control was evolved that
prescribes a number of pre-requisites such as a drawing control system in place, paper
work and procedures control system, raw material and product testing, self inspection
by operators and many other ways of ensuring greater process control and reduced non-
conformance (Figure 4.1) (Hafeez et al., 1997). However a final visual inspection of the
product was still used as a safeguard to customers from receiving product that did not

meet the specification.

During the boom of mass-production just after the Second World War, it was widely
recognised that the detection type system was unable to eliminate the root cause of the
quality problem. The concept of continuous improvement started developing it roots as
people realised that quality issues are to be addressed at a wider scale, i.e. by directing
organisational efforts towards planning and preventing problems happening at source.

This led to the third stage of quality movement, namely, Quality Assurance.

Continuous
1970's improvement Shared vision & culture
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Management 2
. =
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. solvin 8
Design & § é
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N T . FMEA
. Quality Control Full-time
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. Corrective ®
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Figure 4.1: Evolution of quality
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Quality assurance is a prevention-based system, which aims to improve product and
service quality as well as increase productivity by placing the emphasis on product,
service and process design. It attempts to prevent non-conforming products being
produced in the first place by streamlining the source activities. The quality system,
which is set in place, is documented and audited to ensure that it is adequate against
defined standards. It also ensures that the organisation is complying with the most

effective system for ensuring product and service quality.

Experience in Quality Assurance showed the changing from detection to prevention
requires much more than a set of quality management tools and systems. It needs
continuous improvement. This requires development of a new operating philosophy that
demands a change in management style and way of thinking. Such concepts paved the

way towards the realisation of Total Quality Management (see Figure 4.1)

4.3 Total quality management elements

On the basis of an extensive literature review, the work of ten authors who the present

author’s believed have had the major influence in developing the total quality

management subject have been selected. Through a careful content analysis the twenty-

eight elements have been identified, which in the present author’s view contribute to
TQM. They can be generally categorised under the well-established operations research

dimensions of technologies and tools (T), organisation and system (O), and people (P).

Table 4.1 indicates the importance of each of these elements based on the present
author’s subjective assessment of the work of the ten well-known authors in the total
quality management field. The level of measurement used to identify the element
weighting is a five-point scale with no change, low, medium, high and substantially
high which are 0.0, 0.25, 0.50, 0.75, and 1.00 respectively. The definition of each
element critically identified and gives a linear scale from 0.0 to 1.0. If one Guru doesn’t
study one element he scores 0.0 (no change). In case a Guru study or emphasis two

critical factors he scores 0.5 (medium). Similar rules were developed_to identify the

elements weighting.

49



0s

"SjuawR[d NQ.L snowea uo siseqdwd Suimoys s, nane) ud) Jo Apnis saneredwo)) (14 9[qeL

(0'1) uSy Ajenuersqns @ Groysy @ soywmppn @ (szo)mo; @ (0°0) 28ueyo oN (D Koy
STy sCS sT§ 009 059 0s'L 00'8 05°6 0S°6 0S'11 (81 = [©303) Bunysiam
SLY ) O L)) © [ ) L)) o) [ )) O (D) uonesnpa 729 uiurel ],
0S°s ) O O ) L) © ® ® ® [ ») Sunwes] wey].
08T O O (J) © () (J) (D) D) ) D) uonIus0021/spremay nom
SL'y © © o ) © J) (J) [ ) ()] @ jusunamoduly .m.w.
00y (J) ®© J) © o D) [ )] [ ) @ (D) Aypiqisuodsal juswaSeuey
0S¢ © © © L)) J) © © © J) ® diysiapea]
SL'Y © J) O O L) © )] © © @ JusWoSeUeW IOUBULIOJIA] o
00°¢ O © © © ) J) J) [ ) L)) L)) uoISIA paIeyg ,m; qm
sty ) O o O L)) O L2 ® @ O voneounuop | & &
SL'E O © O L)) © L) O O [ L)) 21njonuJs uonesuesi {m\ W.
a9 | © | © | @ © ) e | 0| e | e @ ommb|
00°¢ (J) I O (D) (D) I J) L)) ()] D) juawseuewt ﬁmm
GL'1 O O O Q O O mu O O -y 9[945 Fuiures] -
0S'9 ® O L) L)) @ O © @ ® juswaAoxduwir snonupuop 3 W
SLY O O L)) L) O () © © O ® Suruies] uondy m. m.
00°¢ O o O L)) O © © ) © O Sunyrewyousg = qm.
SL¥ © © © L) © @ © L) O @ Suiajos wajqord “
0S¢ © © O (J) ) L) © ) o e Suures| dooj-o13uIg
(o1=1m0) | o3uyg I0[]9N | yon3ey | tluey | wnequaliog | emeqiys] | puepieQ | £gso1) | ueinp | Sunwag SYUIWA[H
unydom sioyny . judwageurAl K)1jeng) [BI0L

uonesiuegdio Sunues] Joj yjomswey [enydaouo)d

p 191dey)



Table 4.1 identifies the minimum and maximum ratings of these elements. The most
important element is the continuous improvement (6.50). This matches with the
objectives of TQM as a continuous improvement process. For TQM to succeed, and to
achieve the objective, requires a commitment to learning and acquiring new knowledge
and skills. The learning cycle element scored very low (1.75) provide why TQM

implementation success rates remain distressingly low.

4.4 Learning organisation elements |

The literature survey conducted in this research has identified twenty-eight factors,
which in the present author’s view forms the essential building blocks of a learning
organisation. The present author’s has categorised these under the well-established
operations management dimensions of Technology (and tools), Organisation (processes
and systems) and People. Under these dimensions he has further categorised the twenty-
eight elements as the components of the first wave (TQM) or the second wave (dynamic
system wide performance), or the third wave of quality (learning organisation). Table
4.2 indicates the importance of each of these elements based on the present author’s
subjective assessment of the work of the ten well-known authors in the organisational
learning field, which is described in the previous section. Please note that in Table 4.2,
dynamic system wide performance entails all the aspects of TQM. Similarly learning
organisation elements comprises all the TQM and dynamic system wide performance

elements along with the additional elements.

Table 4.2 illustrates that most of the selected authors have emphasised the importance
of single-loop, double-loop and triple-loop learning. Therefore on average these have
scored relatively high ratings, respectively 75%, 62.5%, and 65% for the single-loop,
double-loop and triple-loop learning. However learning orientation, information system,
information management, knowledge management, communication, shared vision,
establishing learning communities, learning strategy, empowerment, and training and

education have scored relatively the medium ratings (50% to 60%).
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Whereas problem solving, benchmarking, action learning, continuous improvement,
culture, organisation structure, fostering new way of thinking, organisation’s potential
behaviour, leadership, rewards/recognition and team learning have scored relatively low
ratings (40% to 50%). Learning cycle, data management, performance management and

management responsibility have scored very low ratings (less than 40%).

To the present author’s view, each column of Table 4.2 gives a very compact picture
how did one Guru has imagined the importance of these building blocks. By measuring
the vertical scores, it is clear that Senge, Garvin, and Argyris have been very influential
in shaping the field of organisational learning. The findings above concentrate on the
establishing of the learning loops. Learning loops focus the organisation on
continuously collecting information and using it to improve actions through better

knowledge and understanding

4.5 The link between TQM and learning organisation

TQM’s main tenets were the proactive pursuit of continuous improvement,
understanding the internal customer concept, denoting quality as each employee’s
responsibility; and organisation wide training and development. However, some believe
the TQM philosophy has its limits. According to Sitkin ef al. (1994) TQM is in danger
of being “oversold”, inappropriately implemented and ineffective. The authors argue
that the marketing of TQM has become an industry of its own, and the understanding of
TQM has been diffused as a result of its blanket application. Luthans er al. (1995) state
TQM is not able to meet future-oriented challenges, and suggests the time is right to go
beyond TQM. Some suggest that the learning organisation is the next logical step in this

evolution of change.

The literature reveals several authors strongly believe in the mutual dependence of
TQM and learning organisations. The success of TQM is related to an organisation’s
ability to learn, to absorb, to adapt and to apply conceptual changes and integrate them

throughout the organisation. Senge (1994b) states that the corporation without

practising the discipline of learning cannot excel. Brian (1990) argued that no
organisation could overlook learning because it is a strategic tool to continuous

improvement in quality and productivity.
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According to Barrow (1993) the connection between TQM and organisational learning
is evident in two ways. First, there is a cause and effect relationship; i.e. learning is an
intended outcome of TQM. Second, there is a correlation between process improvement
and organisational learning: the two operate in a concurrent and integrated manner.
Garvin (1993) states that if TQM is practiced as a philosophy (i.e. continuous
improvement) as well as a set of techniques, i.e. Plan, Do, Check, Act or PDCA cycle,
then it can be a vehicle for organisational learning. Watkins and Golembiewski (1995)
state organisational development and TQM have been building learning organisations

all along.

In the present author’s view, a learning organisation should be an organisation skilled at
creating, acquiring and transforming knowledge, and at reforming the behaviour
patterns of workers and decision makers to reflect new knowledge and insights so as to
evaluate total quality management in every 5rocess. Organisation failing to grasp the
basic truth that TQM requires a commitment to learning is the reason that failed
programme outnumbers successes, and success rates remain distressingly low. In order
for TQM to succeed the entire workforce must acquire new knowledge, skills and
abilities. One objective of the present study is to develop a conceptual linkage between
TQM and organisational learning in order to improve organisational and people
performance and to speed up the learning processes within an organisation. Figure 4.2
provides a linkage between systems thinking and total quality management, which raise

the present study as “learning flywheel” effect.

Senge (1994b) believes that the TQM philosophy has been founded on the learning
concept. In fact his “learning wave” theory encapsulates the feelings of many authors,
academics and practitioners who believe that TQM is the first step toward a learning
organisation. The first wave focused on frontline workers and managers championed
continuous improvement using empowerment of employees, quality training and
Deming's (1986) PDCA Cycle, and competitive benchmarking. The second wave

focused on how managers foster ways of thinking and interacting conducive to

-continual-learning-about the-dynamic; complex, andissues that determines system wide
performance. The third wave is a synthesis of the first two waves in which learning
becomes an inescapable way of life. The third wave involves the institutionalisation of

learning.
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PLAN
o Study current situation
e Decide desirable changes
¢ What data are available
o Plan for improvement

Questions,
Thinking

ACT
o Standardise
the
successful
solutions.

o Reflect on
the results

DO
¢ Implement
the plan
(pilot project)

Tests,
Evaluations

STUDY
® Monitor progress
e Check the impact on the

original objective and goal.

Figure 4.2: Correlation between total quality and organisational learning (Learning
Flywheel)

Senge (1995) describes the necessary new approach as the “third wave” after the initial
“waves” of total quality management and the organisational learning and points out that
the “tools™ of this new approach have not yet been developed. Continuous improvement
is the cornerstone of TQM. Oakland (1993) claims that the three basic principles of
never-ending improvement are to focus on the customer, understand the process, and
involve the people. The present author believes that TQM is a vehicle for a learning
organisation (Figure 4.3) (Hafeez et al, 1998). Organisations have to translate
“continuous improvement” into “continuous learning” through “dynamic system-wide”
performance (Senge, 1994a). It involves sharing knowledge across the organisation,
adapting a systems approach for problem solving, mastering new ways of thinking, and

updating and refreshing the organisation memory.

v

Amrik (1995) examine three organisations that successfully adopted the TQM
philosophy to determine the link between TQM and learning organisations. The three
organisations are Toyota Motor Corporation, Ramset Fasteners Limited and W.A.

Deutscher Metal Products Group — all located in Melbourne, Australia. The result has

55



been greater focus on both extensive training and employee involvement. Learning is
clearly an output of a successfully implemented TQM programme and a TQM initiative
can only be regarded as successful when a new working environment has been created
in which people are able to learn, share knowledge and make contributions.
Unfortunately, most TQM efforts never reach the stage where people's behaviours have

been modified, and new working arrangements and culture are established.
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Figure 4.3: Evolution of learning organisation

4.6 Key elements of the framework
The framework consists of twenty-eight elements, which are categorised under the

well-established operations research dimensions of technologies and tools, organisation

and system, and people. Nineteen endogenous dependent outcomes has also been
identified and grouped under, non-financial and financial performance categories.
Figure 4.4 enlists these elements, and a description of each factor/ variables and

potential relationships is described in the folloWing sections.
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In the present author’s view, people are an integral element of the all three waves of
quality. However these elements would have different weightings for the each wave of

quality. This is also true for most of the organisation (system) elements.

Technologies & Tools Organisation & People
(1) Systems (O) ®
Single-loop learning Culture
2 | Problem solving Organisation structure
g Benchmarking Communication Leadership
S | » [ Actionleaming Shared vision
g = | Continuous improvement Performance management Management responsibility
0 - = Learning cycle
g g Data management Empowerment
o
%
:g ¥ | Learning orientation Fostering new ways of Rewards/recognition
ﬁ Information system Thinking
Double-loop learning Change organisation’s Team learning
Information management Potential behaviours
Training & education
Triple-loop learning . Establish learning
Communities
Knowledge management Learning strategy
Non-financial performance Financial performance
Customer satisfaction Inventory turnover
Delivery reliability Productivity
@ Order cycle time (time from receipt Employee productivity
g of order to delivery to customer) Market share/ profit
4 < | Innovation (new products) Defect rates/quality cost
; £ | Workflow improvement
® = & | Data collection/processing capability
« S Data storing capability
Z18 Skills development
=
f= Information acquisition capability
: Information storing capability
Knowledge development
Knowledge processing/analysis capability
Knowledge retrieving capability
Individual/team competence development

Figure 4.4: The conceptual framework for a learning organisation.

The first wave organisation is an organisation, which uses essential learning tools such
as, single-loop learning, problem solving, benchmarking, action learning, continuous
improvement and/or learning cycle. The main emphasis here is data collection and

analysis and to develop the skill of detecting and correcting the errors. In this situation
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learning decisions are largely based on observations. This has the cohsequence that no

renewal is taking place since the goal is to optimise an already established process or

method.

A second wave organisation, in addition to detection and correction of error, question
and modify the existing procedures, polices, and objectives (i.e. double-loop learning).
Second wave involves changing the organisation’s knowledge base by challenging the
existing norms and routines. This wave is about double-loop learning where the
organisation discovers that the identification of a problem or gap in itself depends on
learning new ways of perceiving and thinking about the problem itself (Argyris and
Schon, 1978).

On the other hand the third wave is about triple-loop learning, that is, how to carry out
single-loop and double-loop learning. This wave is a must when the existing knowledge
is no longer adequate in order to reach the objectives. This implies a complete change
and renewal, requiring the individual to reflect on their mental models and for

organisations to induce new culture and structures.

A framework is of little use unless there are clear milestones and measuring procedures.
The present author believes that the 21% century organisations cannot solely rely on
quantifiable measures such as cost and schedule performance, while ignoring qualitative
measures such as customer satisfaction and innovation. Therefore two sets' of
performance measures are introduced to evaluate the organisation performance. The
first set is concerned with non-financial measures. The second set targets financial
measures as shown in Figure 4.4. The whole framework may be viewed underlenablers

and results as often advocated by EFQM (EFQM, 1999). .

These measures are linked to the three waves of quality. The main emphasis of the first
wave measures concerns data collection and skill development. The second wave
measures are concerned with quantifying the organisation memory capacity and
knowledge development capability. Whereas, the third wave is about the strategic use of
this knowledge for future products and services. The main focus of the measuring
process is diverted from skills and knowledge development of individuals to

organisation competence development (Prahalad & Hamel, 1990).
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4.6.1 Technologies and tools elements

This section explains the technology and tools elements of the framework for the first,
second or third wave movements. Technology, by definition is a combination of
technical expertise (fechnos) and knowledge bases (logos), has become a key element in
the modern theory of learning organisation (Guillermo, 1999). This is due to the actual
trend to focus on the cognitive component of technology in detriment to its technical
parts. Accordingly, innovation processes, which traditionally were tied to technical
aspects of new product development and were considered a linear sequence of related
activities in the domains of science, technical researchvand commercialisation, are
currently being considered processes that integrate information flows and bases of
knowledge created within and externally to the boundaries of the organisation. Since
knowledge is the cornerstone of learning organisation, quality innovation and learning
process are tightl); linked. More details of these elements are to be found in Appendix
4.1.

4.6.2 Organisation and systems elements

The elements under this categories refers to the formal organisational structure, culture,
communicatibn, performance management, fostering new ways of thinking, change
organisation’s potential behaviour, establish learning communities, shared vision and
learning strategy. The organisation systems can be defined as the rules, procedures,
guidelines and instruments with which the daily functioning of people in the
organisation is facilitated. More details of these elements are to be found in Appendix
4.1.

4.6.3 People

As shown in Figure 4.4 the people element is common to all three waves of quality.
However the nature and emphasis of these elements would have a different degree of
weighting (involvement) for the each wave of quality. More details of these elements

are to be found in Appendix 4.1.

4.6.4 Organisational performance

Organisation hoping to become learning organisations cannot rely exclusively on the
traditional measures such as cost and schedule performance, while ignoring learning

that affects other variables such as quality and new product developments. Hultink and
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Robben (1995) concluded that performance measurements impact on an organisation by
shaping the behaviour of managers and employees alike. For example, the Apple
Computer case, Kaplan and Norton (1993) found that measures which include financial
as well as customer, innovation and learning perspectives, had benefited executives
more than the pure financial measurement. Therefore two sets of performance
measurements are identified to evaluate the output performance. The first set is
concerned with quantifying non-financial performance. The other set include a financial
factors as shown in Figure 4.4. A description of the financial and non-financial measure

specific to the first wave, second wave and third wave are given in appendix 4.1.

4.7 Summary

This Chapter offered a historical account of the evolution of TQM. It has identified
eighteen essential factors contributed to total quality management Also, this Chapter
delivered a survey of ten most notable authors in the leaminig organisation field in a
tabular form (Table 4.2), where various subjective weightings are assigned identifying
learning characteristics. This is to help organisations see the learning organisation
elements and systems benchmarked in a compact format. Further a relationship between
TQM and organisation learning is established in the form of learning flywheel (Figure
4.2), and transformation from TQM to learning organisation is described in a step-by-

step procedure (Figure 4.3).

The enablers-results mechanism of European Foundation for Quality Management
(EFQM) (EFQM, 1999) is adapted to construct the learning organisation framework.
The framework consists of twenty-eight elements, which are categorised under the well-
established operations research dimensions of Technologies and tools (T), Organisation
and system (O), and People (P). Nineteen endogenous dependent outcomes have also
been identified and grouped under, non-financial and financial performance categories.
These elements are enlists, and a description of each factor/variable and potential
relationships are provided. This Chapter lays out the framework for illustrating the link
between the total quality management (first wave), dynamic system wide performance
(second wave) and organisational learning (third wave). The relationships between
training, skills, knowledge and competence developments are the main ingredients in

the learning processes, which are equivalents to the three waves of quality.
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In the next Chapter the framework is implemented in practice by means of a
questibnhairé survey for both manufacturing and non-manufacturing organisations and
is used to validate the three waves of quality, through analysis of the collected data.
Also, in the next Chapter, some important research findings is summarised and

presented
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CHAPTER S

IMPLEMENTING AN ORGANISATIONAL LEARNING FRAMEWORK
- THROUGH QUESTIONNAIRE SURVEY

5.1 Introduction

Using the conceptual framework discussed in Chapter 4, a questionnaires survey was
conducted to review the state of the total quality movement in the European
organisations. The sample consists of manufacturing, service and public sectors
organisation. This Chapter presents some important research findings through analysis
of the collected data. Three case studies have been used for validating the conceptual
framework through studying and analysing the enablers and results. Also, this Chapter
reports the impact of the learning activates on the organisational performance by using

the combination of case study and questionnaire survey study.

5.2 Survey design

The questionnaire is conducted with the view to be easy to implement. Therefore, the
questionnaire is designed in a simple and compact form as far as possible aiming at
obtaining high response rate. Based on Chapter 4 the conceptual framework consists of
twenty-eight elements (enablers), and nineteen dependent outcomes (results). Therefore,
the structure and terminology of the questionnaire are considered carefully aiming to

elicit the accurate information from the practitioners.

A weights and scores technique is very often realized using a Likert-style scale. The
most often used are five-points or seven-points scales. A 5-points scale is able to elicit
sufficient information as well as simplify the process of data collection. In order to
discourage the respondents to take a neutral stand, a six-point scale is selected.
Therefore, the key capabilities is evaluated on a six-point scale where not applicable =
N/A, no progress = 0.00, some progress = 0.25, satisfactory = 0.50, good progress =
0.75 and achieved = 1.00. Since no middle point is involved, the scale could help to

reduce the opportunity of taking neutral stance by the respondents, so the response

quality would improve.
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5.2.1 Pilot study

A group of twenty-organisation sample were conducted to reveal the strengths and
weaknesses of the initial questionnaire in terms of its ability to collect the relevant data.
The organisations were selected from the CBI-UK Kompass (1998) to represent large
and small UK organisations. Ten of the organisations were manufacturing and the
others were service organisations. The main purpose taking the equal numbers for the
selection was to secure responses from the both manufacturing and non-manufacturing
sectors, and to examine the appropriateness of the contents and expression for the both
sectors. The following aspects of the questionnaire design were focused during the pilot
study: -

o Its overall appearance

e The instructions to respondents

e The contents of questions

e Timescale needed to complete

e Their reservations on the concepts used

The questionnaires were sent to the selected organisations by post and a covering letter
was enclosed explaining the purpos'e. A total of four organisations, three manufacturing
and one non-manufacturing, responded and completed the questionnaire. This process
was repeated for four times by sending questionnaire to another organisations sample.
The number of respondents and completed questionnaire was varying each time. The

results from the pilot study were hopeful.

However, some shortcomings of the initial questionnaires were revealed. For éxample,
the words used in some technical terms, e.g., learning loops/process, learning cycle,
fostering new ways of thinking, and organisation potential behaviour needed more
clarification. Even some basic terms such as problem solving and benchmarking were
questioned. Therefore specific explanations were incorporated to main body of the
question to enhance understanding. Based on these findings, the questionnaire was
modified and finalised. Appendix 5.1 presents the covering letter and the finalised

questionnaire for convenience.
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5.2.2 Survey structure

The questionnaire comprises four sections. Section one of thé bquestionnaire was to
evaluate the technologies and tools elements as the learning organisation characteristics.
Section two was to evaluate the support of thelorganisation structure and processes for
the purpose of learning. Section three was aimed to identify the continuous
improvement/learning process/advanced technology programme implemented in the
organisation and méasure the effect of these strategies on the organisation performance.
The organisation profiles i.e. number of employees, organisation size, and the estimated

annual sales were collected in section four.

Each element of the framework was translated in the form of a Likert—scale/linear scale
question (Likert, 1952; Hague, 1993; Denscombe, 1993). Respondents were asked to
provide a subjective assessment to these. The correlation between the conceptual
framework elements and the relevant questions presented in the questionnaire are shown

in Table 5.1.

53 Organisaﬁons profile and classifications

The questionnaire was sent to over one hundred European organisations that had shown
an interest in the research. The questionnaires are self-administered. 65% of the
questionnaires were conducted by face-to face contact by attending two workshops,
Cambridge (UK) and Bari (Italy). However 35% were postal questionnaires by using
the CBI-UK Kompass source. Again, pilot study was conducted to identify the
organisations that have an interest, which are implemented or have a business strategy
in place more than three years. Furthermore, through case study the major data were

collected by interviewing who interested in the results.

For the mail survey, the questionnaire with the covering letter was sent to the R&D
department of the selected organisations. The R&D in turn distributes the questionnaires
to who interested or the best-suited individual to fill it in. The organisations were asked
to return the completed questionnaire using the provided pre-paid envelope. After three
weeks time, a revised covering letter and a second copy of the questionnaires were sent

to those non-respondents to remind them for completion.
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The framework elements

The relevant questions presented in the
questionnaire

Single-loop learning

Double-loop learning

Triple-loop learning

The organisation understands the process by which
individuals/teams learn.

Individuals and teams have an easy access to the
information relevant to their area of responsibility

Problem solving

A data collection mechanism for decision-making
and problem solving is in place.

Benchmarking

The organisation is continuously evaluating the
work processes against an industry leader.

Action learning

The employee know how to learn from mistakes

(Tools)

Continuous improvement

Continuous improvement

Technologies

Learning cycle

The organisation is continuously introducing
advanced technologies

Learning orientation

The organisation has developed a model to facilitate
learning process.

Information system

Data management

Information management

Knowledge management

Information system

Culture

Culture

Organisation structure

Organisation structure

Communication

Communication

idd

|
[
=

Shared vision

Learning strategy

Shared vision/strategy

Performance management

Performance management

Fostering new ways of thinking

The organisation understands the process by which
individuals/teams learn.

Organisation
(systems)

Change organisation’s Potential behaviours

The organisation is continuously introducing
advanced technologies

The organisation understands the process by which
individuals/teams learn.

Establish learning Communities

Individuals and teams have an easy access to the
information relevant to their area of responsibility

Leadership Leadership

Management responsibility Management responsibility
Empowerment Empowerment
Rewards/recognition Rewards/recognition

People

Team learning

Individual/team development

Training & education

The organisation has developed a model to facilitate
learning process.
Individual/team development

8 Inventory turnover Inventory turnover
€ § | Productivity Productivity
§ g Employee productivity Employee productivity
ic © | Market share/ profit Market share

a.

Defect rates/quality cost

Defect rates

Customer satisfaction

Customer satisfaction

Delivery reliability

Delivery reliability

Order cycle time
_(time from receipt of order to delivery to customer)

Order cycle time
(time from receipt of order to delivery to customer)

Innovation (new products)

Innovation (new products)

Results :

Workflow improvement

Workflow improvement

Data collection/processing capability

Data storing capability

Information acquisition capability

Knowledge collection / acquisition capability

Information storing capability

Knowledge storing capability

Knowledge processing/analysis capability

Knowledge processing / analysis capability

Non-financial performance

Knowledge retrieving capability

Knowledge retrieving capability.

Skills development

Information sharing process

Knowledge development

Individual/team competence development

Individual competence development

Table 5.1: The correlation between the conceptual framework elements and the relevant
questions presented in the questionnaire
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A total of thirty-six questionnaires were completed and returned (36% response rate). In
many cases, the responding organisations are in the process of developing or
implementing TQM, organisational learning and knowledge management strategies and
projects. As such, these organisations are a representative of organisations attempting to
transform themselves into learning organisation. Of the businesses surveyed, 47% were
manufacturing, 14% were public sector, and 39% classified themselves as service

organisations as shown in Figure 5.1.

4 Public sector
14%
\ Services
39%
Manufacturing
47%
NG

Figure 5.1: Respondents by industry/sector

It should be noted that the selected organisations had some business improvement
strategies/programmes in place at least during the last three years as shown in Figure
5.2. The results in Figure 5.3 show that 31% of the respondent organisations were
implementing a total quality management programme. 27% of the organisations
reported using, a knowledge management programme. A large proportion of
organisations were the implementing or planning to implement organisational learning
programme (42%). These statistics reflect that a high proportion of the organisations in
the survey are using methods attempting to promdte a learning culture. As such, these
organisations are a representative of organisations attempting to transform themselves

into learning organisation.

Figure 5.4 shows that 31% of the sample represents larger organisations (over 500
employee). Organisational size was almost everily split with 46% of the organisations
employing more than 500 people, and 54% with less than 500 employees. The size of
the business surveyed was also very wide ranging. For example: 58% of the suwéyed
organisations had annual revenues/budgets of more than £50 million, 42% revenue
annually less than £50 million as shown in Figure 5.5.
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5-10 Years
15% <3 Years

35%
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upto3 Years
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Figure 5.2: Implementation period profile of the respondent organisations

-

TQM
31%
Learning
organisation
42%

Knowledge
management
27%

\

Figure 5.3: The continuous improvement strategy profile of the respondent
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Figure 5.4: Employee profile of the respondent organisations
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> 500
35% |

Figure 5.5: Sales profile of the respondent organisations

5.4 Survey analysis

The survey analysis was carried out to identify which milestone a particular
organisation has reached in their journey on the route of quality movement. Both
enablers as well as the performance measures scores were analysed. The fundamental
standpoint for this thesis is that organisational learning is critical to organisation
success. There were several questions asked regarding current organisational learning
tools and the potential for technologies to assist organisations, in their transformations.
To continue this line of enquiry the three waves of quality were explored through a
series of questions under the heading of technologies and tools (T), organisation and
systems (O), and people (P). The survey was asked how effective of T, O, and P within

organisations.

Each sample responses were summed and averaged under T, O, and P category. If
respondent gives a value zero to the second wave and third wave elements, obviously
that particular organisation belongs to the first wave organisation. In case a respondent
gives some weight to the second and third wave elements, however the average score
for category T, O, and P, respectively, is < 0.33, the organisation is categorised as the
first wave organisation. Similar rules were developed to identify if an organisation
belongs to the second wave or the third wave. For example if the average value for the
T, O, and P lies in between 0.33 and 0.66, the organisation is in the second wave. If
respectively, the average T, O, and P scores are > 0.66, the organisation is in the third

wave.
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Table 5.2 illustrates the correlation between the conceptual framework elements and the
relevant enablers and results, which are used in the following analysis. An initial
analysis of the questionnaires revealed that ten out of the thirty six returned
questionnaires were either not completed or had some contradict information, therefore
they were excluded from the analysis. More details of these ten organisations are to be
found in Appendix 5.2. A total of twenty-six questionnaires are used in the final
analysis. As shown in Figure 5.6, a total of six respondents (23%) stated that their
organisations were developing TQM, as a baseline for the organisational learning.
However, according to the above rules,y nine (35%) organisations were in the first wave.
Seventeen (65%) out of twenty organisations (77%) were in the early stages of rolling
out programmes and initiatives to support their organisation learning strategies. Of these
seventeen organisations, thirteen (50%) were in the second wave of quality where they
have implemented a dynamic organisation wide performance system. On the other hand
orily four organisations (15%), were actively introducing all of the organisational
learning activities as listed in the conceptual model. The organisations were classified,
as the first wave, second wave and third wave are the bases of the analysis of the

questionnaire responses.

14+

124

10

First wave Second wave Third wave

\_ H Respondent [ Analysis

Figure 5.6: A comparison of self-perception against framework analysis
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The framework elements

The relevant elements
presented in the analysis

Technologies
(Tools)

Single-loop learning

Double-loop learning

Triple-loop learning

Learning loops/process

Problem solving

Problem solving

Benchmarking

Benchmarking

Action learning

Action learning

Continuous improvement

Continuous improvement

Learning cycle

Learning cycle

Learning orientation

Learning orientation

Information system

Data management

Information management

Knowledge management

Information system

Organisation
(systems)

Culture Culture
Organisation structure Organisation structure
Communication Communication

Shared vision

Learning strategy

Shared vision/learning Strategy

Performance management

Performance management

Fostering new ways of thinking

Fostering new ways of thinking

Change organisation’s Potential behaviours

Potential behaviour

Establish learning Communities

Learning communities

People

Leadership Leadership

Management responsibility Management responsibility
Empowerment Empowerment
Rewards/recognition Rewards/recognition

Team learning

Team learning

Training & education

Training and education

Financial
performance

Inventory turnover Inventory turnover
Productivity Productivity
Employee productivity Employee productivity
Market share/ profit Market share

Defect rates/quality cost

Reduce defect rates

Non-financial performance

Customer satisfaction

Customer satisfaction

Delivery reliability

Delivery reliability

Order cycle time
(time from receipt of order to delivery to customer)

Order cycle time

Innovation (new products)

Innovation (new products)

Workflow improvement

Workflow improvement

Data collection/processing capability

Data storing capability

Information acquisition capability

Knowledge acquisition capability

Information storing capability

Knowledge storing capability

Knowledge processing/analysis capability

Knowledge processing

Knowledge retrieving capability

Knowledge retrieving capability

Skills development

Information sharing process

Knowledge development

Individual/team competence development

Individual competence develop'ment

Table 5.2: Correlation between the framework elements and the relevant elements

presented analysis
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5.5 The framework validation 7

Three organisations were invited to validate the conceptual framework via review and
analysis of the enablers and results. The organisations included in this case study
analysis were selected on the basis of their relation to quality waves (i.e. organisations
A, B and" C are first, second and third wave respectively). Representatives from
organisations A, B, and C intimated that most organisation failing to grasp the basic
truth that TQM requires a commitment to learning, and their competitive advantage lay
in the best use of their internal resources to realise this aim. The values of T, O, and P

“and organisaﬁon performance for all respondents are presented individually.

The second level of analysis was to evaluate the impact of these learning activates on
~the organisational performance. Respondents were asked to indicate which of the
financial or non-financial measures they employ to evaluate its success objectives. The
pattern of financial and non-financial organisational performance for the three

organisations case studies A, B, and C respectively were illustrated.

5.5.1 The first wave organisations

As noted above, 35% of the respondents worked in total quality management (first
wave). The framework mentioned in the previous Chapter summaries the questions
related to the first wave as single-loop learning, data management and skill development

through training to detect and correct the errors.

5.5.1.1 Case organisation A

The organisation A has implemented TQM as a business strategy during last three years.
It has less than 500 employees and has the sale turnover in the range of £ 5-50 m/year in
the last financial year. As shown in Figure 5.7 organisation A reported that, team
learning, management responsibility, learning communities, fostering new ways of
thinking, learning cycle, information system, and learning orientation have scored either
no ratings or very low with regards to the framework enablers. However, training and
education empowerment, communication, continuous improvement, and problem
solving have scored relatively high ratings. Rewards/recognition, leadership,
performance management, potential behaviours, shared vision/learning strategy,
organisation structure, culture, benchmarking and action learning have scored relatively

the medium ratings.
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Company A (enablers)

I

Team leamning 7
Training and education
Rewards/recognition
Empowerment Pmr—

Management responsibility %
Leadership o=
Performance management |——T———

c - :
Learning communities ‘
Fostering new ways of thinking |
Potential behaviour

Shared vision/learning Strategy |

Organisation structure Pr—

Culture [

Learning cycle [}
Information system [}
Continuous improvement ;

Benchmarking e 4
Action learning [} s
Learning orientation §
m— T

Problem solving i~
Learning loops/process _[r—
e

0 0.1 0.2 0.3 0.4 0.5 - 0.6 0.7 08 09 1

Figure 5.7: The values of enablers for the first wave case study

Where as, leadership (25%) takes responsibility for developing individual training and
education, empowerment and continuous improvement are strongly emphasised. The
organisation A tendency to organise is also matched by its capacity to facilitate problem
solving (50%). In total quality management the focus on analytical tools and systems
based methods tends to foster the single-loop learning response. Organisation A should
be built in, or inherent, learning loops/processes and the other elements, training and

education, should support this and therefore fall into place.

As explained in section 5.4, the frafnework elements were summed and averaged under
the technologies and tools, organisation and systems, and people category. Organisation
A scored 0.23, 0.22, and 0.25 respectively for T, O, and P as shown in Figure 5.8. Note
that the values of T, O, and P are less than 0.33 and therefore according to the set

criteria organisation A is the first wave organisations.
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-
Technologies and tools (T) w

People (P) /-— \\

Organisation and systems (O)

Figure 5.8: The average values of T, O, and P (enablers) for the first wave case study

Figﬁre 5.9 illustrates that the organisation performance with respects to defect rates,
productivity, inventory turnover, innovation and delivery reliability each scored about
25%. Also organisation A reported no score for all the information sharing processes
and knowledge management elements. This is supported by the enabler’s analysis, as

the information systems elements scored a zero value.

-
4 Company A (results) ]

Reduce defect rates

Market share

Employee productivity £ — |>
Productivity

Inventory turnover [rmr—

Knowledge retrieving capability.
Knowledge processing capability
Knowledge storing capability

Knowledge acquisition capability

Individual competence development ‘.j

Workflow improvement | —

Innovation (new products)

Information sharing process

Order cycle time 2 — e

Delivery reliability | e i
Customer satisfaction |
i T f f { > ! \ ‘ 1

0 0.1 0.2 03 ~ 04 0.5 0.6 0.7 0.8 0.9 1

-

Figure 5.9: The values of organisational performance (results) for the first wave case

study

Elements such as Customer satisfaction, order cycle time, workflow improvement,
employee productivity and market share scored 50%, which is relatively high at this
wave. This support the value that why total quality management emphasises on the

customers resources. Clearly the organisation performance measures related to
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information sharing processes and knowledge and individual/team competence scored

minimum or no ratings at all.

Figure 5.10 illustrates that non-financial and financial performance on average scored
0.18 and 0.35 respectively. This means that organisation A emphasised relatively more

on the quantifiable or traditional measures.

0.8

0.6

\ Non Financial Performance . Financial Performance

Figure 5.10: The average values of financial and non-financial performance for the first

wave case study

5.5.1.2 Survey results for first wave organisations

The method as described in section 5.5.1.1 was adopted for each individual
organisation. Using the T, O, and P rules as described above, the first wave
organisations were identified. Figure 5.11 illustrated the average sum of T, O, and P
elements and corresponding organisation performance averaged under financial and
non-financial measures. Figure 5.11 illustrates the individual results of the nine
organisations identified as the first wave organisation averaged under Tk, O, and P
enablers with corresponding non-financial and financial performance results. It is
clearly demonstrated that T, O, and P dimension has scored under 0.33 in each case. It
was not possible to show a direct correlation between the enablers and results. However
each radar plot may be viewed as a rough-cut percentage indication of the amount of T,
O, and P resources/efforts applied by each organisation. Also for each case in this
category financial performance measures clearly outweighs the non-financial measures.
As mentioned earlier there are implicit relationships between non-financial and financial

per formance measures.
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First wave organisations

Enablers (T, O, P) I Results (Organisational performance)
o N B
0.8
Technologies and tools
(M
03
0.2
0
isation and
People (P) ° watoms (C) '
‘ Non Financial Financial Performance
Performance
- Y, - y
Organisation (1)
4 N ' ™
Technologies and tools 08
m
0.3 0.6
‘ 0.4
\ o 0.2
People (P) orf::::sw(:);nd o
Non Financial Financia!
K / k Performance Performance J
Organisation (2)
/ - Technologies and tools X r 08 \
(T) )
0.3 ' 06
0. 0.4
0.2
Organisation and ol
People (F) systems (0) Non Financial Financial
N / L Performance Performance
Organisation (3)
\
/ Technologies and tools \ 08 i
Organisation and
systems (O) Non Financial Financial
J Performance Performance
Organisation (4)
/
/ ) Technologies and tools \ . " o8
m ’
0. 0.6
9 04
0.2
Organisation and 0 v —
People (F) systems (0) Non Financial Financial
/ \\ Performance Performance
Organisation (5)

Figure 5.11: The average values of T, O, and P (enablers) and organisational

performance (results) for the first wave organisations
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Enablers (T, O, P) Results (Organisational performance)
Technologies and tools
m 0.8
0.3 0.6
0. 04
0.2
Organisation and :
People (P 0
eople (P} systems (O) Non Financial Financial
/ Performance Performance /'
Organisation (6)
/ Technologies and tools \ W
M 0.8 |
0.3 0.6
0.2
0 0.4
0.2
Organisation and 0 {
Feople (F) systems (0) Non Financial Financial }
\ / Performance Performance v
Organisation (7)
Technologies and tools
m 08
R 06
’ ’ 0.4
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¢ he
Organisation and 0l T L i
systems (O) Non Financial Financial
\ Performance Performance
Organisation (8)
/ Technologies and tools \
Organisation and
People (P,
cople (7) systems (0) Non Financial Financial
J Performance Performance
Organisation (9)

Figure 5.11: (continued)

Figure 5.12 shows the average values of the individual enablers/elements for all the nine
first wave organisations. It can be seen from Figure 5.12 that action learning (38.9%)
and learning loops/process (31.9%) continuous improvement (35%) training and
education (37.5%), organisation potential behaviours (37.5%), organisation structure
(37.5%), action learning (37.5%), learning loops/processes (32.5%) and empowerment
(30.6%) are the key features for the first waile organisations. Enablers such as,
empowerment, performance management, potential behaviours, shared vision/learning
strategy, organisation structure, benchmarking, action learning and culture are also
considered important in shaping and implementing TQM methods. It is also clear from
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the Figure 5.12 that these organisations scored no value or relatively low values against
the enablers considered essential for the second wave or third wave organisations.
However, a surprising result in this sample was the lack of an appropriate information

system within the first wave organisations.

First wave organisations (enablers

Team learning Pt M'! I I
Training and education E7 —_— =

Rewards/recognition
Empowerment P
Management responsibility £
Leadership [- 7]
Performance management 7

Communication

Learning communities
Fostering new ways of thinking [
Potential behaviour f= ’ |

Shared vision/learning Strategy - —

Organisation structure &=
Culture ;,,

Learning cycle §> -
Information system I l

Continuous improvement g T
Benchmarking o e

Action learning =
Leaming orientation % ’ ‘

Problem solving P T - T
Learning loops/process p» -
i

L 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 5.12: The average values of the enablers for the first wave organisations

Figure 5.13 shows the corresponding average values of the performance indicators
ranked by the respondents of the nine first wave organisations. Again the average fesults
show that the first wave organisations primarily focus on the financial measurements.
Enablers such as, employee productivity (45%) and order cycle time (45%) scored
relatively highest overall ratings in comparison to all other indicators. These followed
by productivity (37.5%), workflow improvement (35%) and customer satisfaction
(35%) indicators. Whereas, knowledge acquisition, storing processing and retrieving,
information sharing process and individual competence development scored very low or
no ratings at all. These are considered essential indications for the second wave and
third wave organisations. In summary, the first wave organisations focuses on
developing the employee skills to increase productivity (40%) in order to reduce the
order chcle time (40%) as shown in Figure 5.13. Each organisétion has adopted a

different learning strategy at this level.
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First wave organisations (results)

Reduce defectrates form—T——
Marketshare F S

Employee productivity 7y
Productivity ;
hventory umover S
Knowledge retrieving capability. [/
Knowledge processing capability E
Knowldge storing capability £}
Knowledge acquisition capability
Individualcompetence development ;
Workflow improvement o

hnovation (new products) [

hformation sharing process

Ordercycl time 7
De bivery re lia bility

Customersatisfaction

\_

Figure 5.13: The'average values of organisational performance for the first wave

organisations

5.5.2 The second wave organisations
As illustrated in the framework the enablers associated to the second wave organisation
include double-loop learning, information management, and challenge the existing

knowledge to develop new norms, as shown in the framework (Chapter 4).

5.5.2.1 Case organisation B
The organisation B, has implemented TQM and information technology during the last

three years. The organisation has less than one hundred employees and sales under £5

m/year.

As shown in Figure 5.14 the first wave enabler, for example, team learning (75%),
training and education (75%), empowerment (75%), management responsibility (75%),
learning cycle (75%) action learning (75%) and learning loops/ process, are the major
outperforming elements. Also the second wave enablers such as fostering new ways of
thinking (50%), information system (25%) and learning orientation (25%) have been
introduced. Dynamic system wide performance was gained in order to fostering new

* ways of thinking and update and refresh the organisational memory.
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Company B (enablers)

Team leaming T T T T

Training and ed
R

enit T
Empowerment
Management responsibility [rs——— — b RS

L 7

Performance T

Communication [rr—==
Leaming communities |7

Fostering new ways of thinking f=
Potential behavi

Shared vision/learning Strategy 9; -

Organisation structure rm—————————

Culture >
Leaming cycle fr——

Information'system |7

Continuous improvement {*

Benchmarking £

Action learning -

Learning ori
Problem solving [

Leamning loops/process
1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 5.14: The values of enablers for the second wave case study

As with the first wave analysis, elements belonging to the technologies and tools,
organisation and systems, and people category were summed and averaged.
Organisation B scored 0.52, 0.438, and 0.625 respectively for T, O, and P as shown in
Figure 5.15. Since the values of T, O, and P are between 0.33 and 0.66, therefore

according to the set criteria organisation B fall into the second wave organisation.

Organisation B reported that the output of the learning activities would provide benefits
by improving employee productivity (75%); increasing customer satisfaction (75%);
improved information sharing process (75%); knowledge acquisition and storing
capability (75%), improved workflow (75%), and improved delivery reliability (75%) as
shown in Figure 5.16. But there have been parallel gains achieved financially, such as
decreased defect rates (50%), productivity improvement (50%), inventory turnover
(50%), innovation up by (50%), and order cycle time reduction by (50%). However
individual competence development, knowledge retrieving and processing capability

scored no ratings.
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Figure 5.15: The average values of T, O, and P (enablers) for the second wave case

study

Company B (results)

Reduce defect rates

Market share

Employee productivity

Productivity

Inventory turnover
Knowledge retrieving capability

Knowledge processing capability 1%

Knowledge storing capability

Knowledge acquisition capability

Individual competence development

Workflow improvement =

Innovation (new products)

Information sharing process

Order cycle time
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Customer satisfaction

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

.

Figure 5.16: The values of organisational performance (results) for the second wave

case study

Organisation B, reported that the financial and non-financial performance have
improved by an equal values as shown in Figure 5.17. This suggests that the

implementation of the double-loop learning elements and processes have enhanced the
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non-financial performance results such as, knowledge acquisition and storing capability,
and information sharing process. On the other hand the financial performance elements
for example; employee productivity, workflow improvement, delivery reliability and

customer satisfaction have been improved as well.

0.8

\_ Non Financial Performance Financial Performance

Figure 5.17: The average values of financial and non-financial performance for the

second wave case study

5.5.2.2 Survey results for second wave organisations

Figure 5.18 illustrates the average score for the T, O, and P enablers and the
corresponding financial and non-financial pattern for the individual second wave
organisations. The analysis suggests that a total of thirteen organisations (50% of the
sample) met the criteria of the second wave of quality by scoring between 0.33 and 0.66

average scores corresponding to the T, O, and P categorises respectively.

As with the first wave organisations it was difficult to deduce any correlation for the
respective T, O, and P enablers and the corresponding result. However, substantial
- improvements were recorded in the non-financial performance category comparing with
' the first wave organisations. Actually nine out of the thirteen second wave organisations

have scored equal or higher weightings for the non-financial performance comparing

with the respective financial performance.
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Figure 5.18: The average values of T, O, and P (enablers) and organisational

performance (results) for the second wave organisations
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Figure 5.18: (Continued)
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Figure 5.18: (Continued)

The second wave approach encourages organisation/groups to try to understand root
causes and challenges them during the implementation processes by capitalising on the
double-loop learning that has occurred. Management need to commit to and support a

process that enables learning and substantial organisation and cultural changes.

Figure 5.19 shows the average values of the individual enablers/elements for all the
thirteen second wave organisations. Collectively these organisations have cited
changing organisation potential behaviour (score = 75%) as the most important enabler,
followed by training and education (score = 70%), management responsibility (score =
65%), benchmarking (score = 62.5%), continuous improvement (score = 61%), team
learning (score = 60%), fostering new ways of thinking (score = 60%) and learning
loop/process (score = 57.5%). Comparing to the first wave, second wave organisations
recognise the importance of an appropriate information system in place (score = 50%).
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Also they are aware of the needs of a proper communication mechanism (score = 55%)
within the organisation settings. Beneath such mechanisms underlay a qualitative

auditing system that helps the process of dynamic learning.

a Second wave organisations (enablers)
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Figure 5.19: The average values of enablers for the second wave organisations

Figure 5.20 shows the average values for the output performance (results) for the
thirteen second wave organisatjons. As compared with the first wave, second wave
organisations have made significant advancements in the area of knowledge storing
capability (62.5%), knowledge acquisition capability (57.5%), information sharing
process (60%), workflow (55%) and employee productivity (52.5%). There are parallel
gains achieved financially, such as an increase in market share as (25%) and customer
satisfaction (55%). There is some vcorrelation between learning an appropriate
information system (enabler) with the increased information sharing process (60%).
Knowledge acquisition (57.5%), storing (62.5%) and sharing capability (62.5%)
indicators were rated relatively higher than the other indicators as shown in Figure 5.20.
This vindicates the relevance of these indicators to the second wave of quality in the
framework developed in Chapter 4. This also confirms the present author views that one
of the emphases of the second wave of quality is about improving the business

processes via information management.
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Figure 5.20: The average values of organisational performance for the second wave

organisations

5.5.3 Third wave organisations

The third wave of quality was explored by the questions related to knowledge

management and whether the organisation is developing individuals/teams competence.

5.5.3.1 Case organisation C
Organisation C has implemented the organisational learning programme five years ago.
The organisation has less than 200 employees. The estimated sale for the last financial

year was less than £50 m.

In most organisations the organisational learning activities were seen as the
responsibility of several functions, usually working independently of each other. On the
other hand organisation C challenged the premise that increase individual/team demands
for learning, which in turn increased pressure to maintain or exceed an organisation
commitment to learning. Figure 5.21 illustrate that the learning communities (75%) has

scored high value at this wave of quality.
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Figure 5.21: The values of enablers for the third wave case study

Figure 5.21 illustrates the pattern of achievement for establishing learning communities
(75%) and the change in organisation potential behaviours (100%). Similarly training
and education, management responsibility and communication all have scored full
ratings (100%). The results obtained through the analysis show that skills development
‘as a result of training and education challenge the organisation existing knowledge and

foster new ways of thinking to develop new norms.

According to the criteria discussed above, the data was summed and averaged under the
technologies and tools, organisation and systems, and people category. Organisation C
scored 0.72, 0.75, and 0.83 respectively for the T, O, and P elements as shown in Figure
5.22. These values of T, O, and P respectively are higher than 0.66, which according to
the framework developed in Chapter 4 is the bottom line for an organisation to be

considered as the third wave organisation.

Figure 5.23 illustrate the financial and non-financial performance scores for
organisation C. As shown in Figure 5.23 organisation C realised gains in employee
productivity (75%), reduced order cycle times (100%), and customer satisfaction (50%).
Also, organisation C reported an increase in information sharing process by (50%),

improved knowledge acquisition by (100%), knowledge storing (50%), knowledge
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processing (75%) and retrieving capabilities by (50%). Organisation C also reports an
increase in individual/team competence by (75%). The measures were summed and
average as represented in Figure 5.24 as financial and non-financial performance

categories. Note that the non-financial values are relatively higher than the financial

gains.
/
Technologies and tools (T)
1 -
\ Organisation and systems (O)
N _/

Figure 5.22: The average values of T, O, and P (enablers) for the third wave case study

4 Company C (results)

Reduce defect rates [

Market share |

Employee productivity

Productivity |

7
Inventory turnover 7%

Knowledge retrieving capability. [

Knowledge processing capability |

Knowledge storing capability |

Knowledge acquisition capability |

Individual competence development

Workflow improvement

Innovation (new products)

Information sharing process [

Order cycle time |

Delivery reliability }

Customer satisfaction §>

Figure 5.23: The values of organisational performance (results) for the third wave case

study
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K Non Financial Performance Financial Performance )

Figure 5.24: The average values of financial and non-financial performance for the third

wave case study

5.5.3.2 Survey results for third wave organisations

Through the overall survey analysis, four organisations qualified as the third wave
organisation (15% of the sample). As Figur645.25 illustrates the average scores for T, O,
and P elements and the corresponding performance measure for the identified
organisations. As shown T, O, and P have respectively scored values higher than 0.66,
as well as financial and non-financial performance values are relatively higher than the
scores of corresponding first wave and second wave organisations. Also, three out of
four cases, averaged non-financial performance has scored higher values compared with

the respective weightings of financial measure.

Figure 5.26 shows the score of the individual change values of the enablers for the third
wave organisations. The respondents have reported that the improvement in the
organisational potential behaviour (scores 100%) as the most important factor, followed
by training and education with (87.5%), building learning communities (87.5%) and
benchmarking (87.5%). Whereas, team learning, rewards and recognition and
communication scored a close second position with a score of 80%. Also establish
learning communities (87.5%) and learning strategy (75%) were seen as the effective
elements in creating a learning organisation. The organisation structure element on

average scored low values (= 55%).
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In terms of results (Figure 5.27) the third wave organisations have shown a significant

emphasis with respect to the knowledge acquisition (80%), innovation and information

sharing (80%). This supports the view, how information and knowledge are being

disseminated is a critical area for organisational learning. The performance indicators

include knowledge retrieving capability, increase in inventory turnover and. productivity

and reduced defect rates.

Third wave organisations

Enablers (T, O, P) | Results (Organisational performance)
- ™ . ™
Technologies and tools 0.8
1(T)
8 0.6
0.4
n . . d 0'2
: rg an
People (P)" > systems (O) 0
) Non Financial Financial
\ / \_ Perfomance Performance /
Organisation (23)
- I 4
Technologies and tools
(T)
1-
0.8
0.
0,
e Organisation and
People (P)*" Y ystems (0)
Non Financia! Financial
k / \ Performance Performance
Organisation (24)
Technologies and tools w
) Organisation and
People (P) ,\' systems (O) i
Financial Performance
\_ / Performance
Organisation (25)
r N ([
Technologies and tools 0.8+
0.6 1
0.4
0.24
Organisation and
People (P)
systems (0) Non Financial Financial
Performance Performance )
N J~
Organisation (26)

Figure 5.25: The values of T, O, and P (enablers) and organisational performance

(results) for the third wave organisations
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Figure 5.27: The average values of organisational performance for the third wave

-

organisations
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In comparison with the second wave organisations elements such as competence
development (68%), knowledge retrieving (69%) and knowledge process capability
(66%) have scored significant high values. These elements were almost non-existent in

the second wave organisations. Only the delivery reliability scored (55%), which is

comparable to the second wave organisations (52%). One explanation that delivery

reliability is viewed as an external parameter depending upon the supplier performance,

and not in the context of a supply chain.

5.6 Overall resul'ts and discussion

5.6.1 Enablers

The survey results indicated that about 65% of the respondents reported that
individual/team learning is essential factors for organisational learning strategies and
programs. This finding was valid across all the industries/sectors. Other soft issues,

which were seen as essential organisational learning elements included: -

e Empowerment, management responsibility and leadership (75%)
e Team learning and rewards and recognition (81%)

e Performance management (68.5%)

e Training and education (87.5%)

e Culture and learning cycle (75%)

e Benchmarking (85%)

e Problem solving (62.5%)

e Communication (80%) .

Beyond soft issues, information technology (67.5%) is cited by 43% of the respondents
as a tool of organisational learning. The importance of learning processes was
recognised by all to organisations surveyed. Most of the organisation focused on
empowerment team learning and rewards/recognition. Figures 5.7, 5.14 and 5.21 show
empowerment as one of the important element through the three quality waves. All
organisations agreed that their learning initiatives have the highest impact on employee
involvement and training. As shown in Figure 521 organisation C scored 75% for
establishing learning communities. It indicates that the major learning initiative is to
break down the barriers for employees in order to participate and commit more fully to

the learning communities. However, responses for organisation A suggest that
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inadequate training and the absence of learning loops/process are the reason why higher
employee productivity is not achieved. This shows that employees need to be better
trained to understand what quality means and how learning impacts in the organisation.
However organisation B, score value of 25% more as the training aspect as a result of

implementing learning process.

The three organisations A, B and C agreed that employee involvement does increase
motivation levels, which in turns impacts on productivity. Organisation A, reported
customer satisfaction increased by 30%; for organisation B defecfs reduced by 25%.
Organisation C reports that defects rate gone down to 50%. Organisation C indicated
that the knowledge management improvement and development of individual/team

competence were more likely to have an impact on building a learning organisation.

Enquiring further into the T, O, and P model the average values of the three waves were
analysed. Figﬁre 5.28 gives the average score for all the 26 sample organisations
- categorised under the first wave, second wave and third wave organisations. As shown
in Figure 5.28 technologies and tools element has scored an average 0.25 for the first
wave, about 0.55 for the second wave and 0.70 for the third wave. This suggests that the
organisations in the second wave and the third wave respectively, have progressively
introduced new tools and technologies. Figure 5.28 also shows the importance of
organisation elements, which have grown up from one-quarter for the first wave to over
three-quarter for the third wave. Similar improvement is also recorded in the people
elements, where scores for the third wave recorded even higher against the values of the

technology and organisation counterparts.

Figure 5.29 gives a summary of analysis by showing the correlation between the
respective T, O, and P dimensions for the twenty-six sample organisations. Looking at
the clusters of first wave, second wave and third wave organisations, it is evident that
there are definite enabling mechanisms to move from the first wave to the third wave
continuum. Also there seems to be relatively stronger relationship for people versus
organisation (systems) dimensions of the framework comparing with people versus

technology or organisation versus technology dimensions.
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Figure 5.28: Average score of the twenty-six sample organisations according to T, O,

and P classifications

The respondents cited people (38%) as the most important factor, followed by
technologies and tools (36%) and organisations and systems (26%). Over two-thirds
(67%) of the respondents thought that there should be more emphasis within their
organisation on the people issues. This has vindicated the structure of the framework
incorporating a greater degree of soft issues. Some 55% indicated there should be a
greater emphasis on technologies and tools. While only 36% of the survey group

believed that organisations and systems should play a greater role.

Survey results indicate that organisations are experiencing great difficulty in translating
organisational learning theory into practice. Few organisations have effectively adopted
a holistic approach to organisational learning. In fact, essential ‘building blocks’ for
speeding the learning process in the organisation, such as, embedding new knowledge
into the organisation and measuring the strategic value of competence assets, are almost

completely absent or ineffectively performed in most of the surveyed organisations.
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Figure 5.29: Correlation between the T, O, and P enablers for the twenty-six sample

organisations (note: - some samples have identical values)
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5.6.2 Learning organisation performance

" The conceptual framework comprises a range of indicators and groups these according
to financial and non-financial performance measures. More than half of the respondents
have expected that organisational benefits in terms of reduced defect rates (37%),
increased customer satisfaction (47%), improved information sharing process (81%),
individual competence development (68%), increased productivity (46%) and reduced
order cycle time (51%). Only a few respondents did not anticipate any improvement in
organisation performance, and two respondents thought that improved learning process

would not help to speed up the innovation process for new products/services.

Again individual organisation responses were summed and averaged under financial and
non-financial categories. These were again summed and averaged to determine the
overall performance for the twenty-six sample organisations. Figure 5.30, presents the
collective scores of the indicators as grouped under non-financial and financial
performance. For the first wave non-financial measures have scored very low (15%)
against the financial counterpart (30%). On the other hand, non-financial and financial
performances respectively for the second wave have comparable measurements (35%
against 40%). With regard to the third wave, the non-financial performance scored
slightly higher (68%) than the financial performance (65%), which shows the relative

importance of non-financial measures in the framework.

0.8+

0.6

0.4+

0.2

i S

Non Financial Performance

i

Financial Performance

Y B First wave O Second wave B Third wave

Figure 5.30: The overall financial and non-financial performance scores for

the twenty-six sample organisations
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Figure 5.31 represents the organisational performance under financial and non-financial
categories. It is evident that financial and non-financial performances have a strong
positive correlation, which indirectly quantifies the importance of non-financial
measures with the organisation performance. Many first wave organisations didn’t feel
that they have made a signiﬁpant improvement in the non-financial performance
category. The main reason being that improvement in the innovation, workflow and
skill development was not realised. Pefhaps they didn’t have any performance measure

in place to this effect. Also such organisations were mainly concerns with the routine

operations/products.
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Figure 5.31: Performance matrix for the twenty-six sample organisations (note: - some

samples have identical values)
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In the financial performance category, very little difference was noted between the first
wave and the second wave organisation (37% to 44%, respectively). So in essence,

second wave is more about cultivating qualitative measures and essential organisation
support systems in an organisation. However, with respect to the third wave, financial as
well as non-financial performances improvement is recorded. The main difference
between the second wave and the third wave organisations are the knowledge
management efforts and the competence development programmes, and these
organisations have experienced direct benefits of such implementation. These results are
in line with the framework developed in Chapter 4 emphasising that non-financial
measures are the key difference betweén the first, second, and third waves of quality.
Finally, Table 5.3 summarised the overall profile of the twenty-six organisation
respondents. Also presents the correlation between the respondent perception and the
framework evaluation to validate the three waves of quality. Table 5.3 indicts that
eighteen organisations (70%) of the respondents were found belongs to the role of -

framework analysis. Eight organisations (30%) were found not matched that role.

5.7 Summary

Whilst 6rganisations recognise the importance of creating, processing and transferring
knowledge, so far they have been unable to translate this competitive need into
organisational strategies. This observation is supported by the fact that only two
respondents reported that their organisations currently were ‘very efficient’ at
leveraging learning to improve performance. In fact altogether, 65% respondents
reported that their organisations were developing dyhamic system wide performance as
an organisational strategy. However, only 15% of the respondents indicated that their
organisations were ‘extremely good’ or ‘very good’ at generating new knowledge, using
knowledge in decision-making or accessing external knowledge (the third wave

. organisations).

To verify these findings, each respondent was asked (within the questionnaire) to
indicate whether their organisation was developing an organisational learning strategy
and/or if the organisation was either implementing or had developed specific continuous
improvement programs. A total of nine respondents (35%) stated that their organisations
were developing TQM as a base line for the organisational learning. Most of the
seventeen organisations (65%) were in the early stages of rolling out programmes and

initiatives to support their organisation learning strategies. Of these thirteen
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organisations (50%) were in the second wave of quality implementing dynamic system

wide performance. On the other hand only four organisations (15%), were actively

introducing all of the organisational learning activities listed in the framework.
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Table 5.3: The overall profile and results of the twenty-six sample organisations

Survey results indicate that organisations are experiencing great difficulty in translating
organisational learning theory into practice. Few organisations have effectively adopted
a holistic approach to organisational learning. In fact, essential ‘building blocks’ for

speeding the learning process in the organisation, such as, embedding new knowledge
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into the organisation and measuring the strategic value of competence assets, are almost

completely absent or ineffectively performed in most of the surveyed organisations.

The organisations with strategies that correspond to the third wave strategies, reported
that learning is taking place both at the organisational as well as at the individual level.
However, for organisations still adapting first wave techniques, no or very little learning
take place to improve production or training practices. The second wave creates an

atmosphere where the individual learns by acquiring specialised skills.

In conclusion, from this sample group of organisations it is seen that although most of
them understand the commercial or institutional demands to introduce organisational
learning as a business strategy, few benchmarks of best practice have emerged. Indeed,
when considering the noted lack of learning process expertise and skills and the cited
organisational barriers to create knowledge-based organisations, the substantial
difficulties organisations face in this critical transformation process becomes readily

apparent.

In the next two Chapters, combining systems thinking, modelling technology and
system dynamics to create appropriate learning environment for individuals as well as
organisations would be discussed and may be one way forward. In order to ideﬁtify
learning barrier' and to analyses how the information and knowledge is disseminated
over time the dynamic model would be developed. It intends to ensure that information
and knowledge are getting to the right place within the shortest duration. The dynamic

model would speeds up the learning process within an organisation.
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CHAPTER 6

LEARNING PROCESSES MODELLING

6.1 Introduction

Learning for the purpose of this section is studied as a process to detect and correct the
error and to challenge the existing knowledge in order to develop new norms. This
concept can be applied at individual, teams and/or organisational levels and is
anticipated to develop explicit link between‘ learning and performance. Relationships
between, training, skills and competence development and knowledge are explained,

which the present author believes are the main ingredients in the learning process.

Elements of TQM and organisational learning identified respectively, in Tables 4.1 and
4.2 (Chapter 4) showed that many enablers are common (e.g. benchmarking, leadership,
organisation structure, management responsibility, empowerment, rewards/recognition
and training and education). Other enablers indicate that there is an implicit relationship
between TQM and organisational learning. In this Chapter, TQM and learning
organisation relationship is illustrated more explicitly in a causal-loop form using
system dyhamics. Also guidelinés are provided how to understand the time-based

dynamics of skills attribution and training programmes within an organisation setting.

6.2 System dynamics

System dynamics is defined as a modelling and simulation rriethodology to study the
““complex dynamics of large, non-linear managerial, socio-economic, human systems
(Richardson, 1981). There are three main tools to represent a system dynamics model:
Causal-loop or influence diagrams, stock flow diagrams and equations, in increasing
order of detail and precision. An example of how to develop a system dynamics model

is illustrated in Appendix 6.1.

Causal thinking is at the core of organising ideas. The core of a system is the
composition of its structure, which contains circular chains of cause and effect
relationships (causal feedback loops) to control its behaviour. Causal-loop diagrams
display all the major influences and feedback loops that exist between variables; they

provide a qualitative. representation of the feedback structure of the system. A more
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detailed and precise representation is the stock flow diagram. A stock flow diagram
consists of stocks, flows and converters. Stocks reflect the condition and accumulations
within the system at any point of time. Flows represent activities that change the stocks
in the system. They are connected to stocks that they either fill or drain over time.

Mathematically, flows represent the time rate of change of stocks.

Converters are intermediate conversion variables used to model the effect of several
variables on a flow variable. A stock flow diagram is a more concrete and detailed
model of the dynamics of the system than causal-loop diagrams. Finally, the most
precise representation consists of equations that describe how all the variables are
interrelated in the system. Mathematically, a system dynamics model corresponds to a
set of non-linear simultaneous differential equations (Rfchardson, 1981). There are no
analytical solutions for such models. Computer simulation is therefore used to analyse
the behaviour of such complex dynamic models. Various software packages exist for

system dynamics modelling and for the purpose of this study ithink software is used.

System dynamics as a modelling tool is used in this work due to its following

advantages (Purnendu, 1998).

e System dynamics considers a holistic view of the problem. The modeller can
integrate a number of subsystems to give an overall picture of the continuous
improvement processes system (e.g. a step by step procedure for developing TQM

model in this work).

e The modelling effort goes towards experimentation on policy issues (e.g. how many

employers to retain).

e Dynamics of the process in a medium to long term. Since system dynamics is a
methodology for analysing strategic issues, a long term horizon is desirable (around

two years in this study).

e Feedback loops as the basic building blocks of a model. A feedback loop is created
whenever an input to a system is affected by its output. For example, the
organisation, when selling goods from built-up inventories, usually takes into
account the current inventory level when planning future production. If inventory is

too high, production will usually be slashed; if the inventory is too low, production
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will go up. This creates a loop in which inventory affects production which affects

inventory, which, in turn, influences production.

e Endogenous explanation of system behaviour. Modelling causal structures in
feedback loop helps the endogenous explanation of real system behaviour (e.g. how

staff training would improve productivity or quality).

e Structure rather than the parameter values for a system. A feedback structure can
generate similar behaviour for a wide range of values of parameters. Thus, model

structure is given priority over model parameters (a total system view).

e Validation through a multi-stage procedure. Building confidence in a system
dynamics model and its usefulness are considered more important than the absolute
model validity. Model validity in system dynamics isv established though qualitative
judgement and quantitative analysis (this is quite useful for modelling soft issues

such as skills and training).

* Model understanding as the basis for designing new policy. System dynamics
requires a complete understanding of the causal structures and mechanisms, which
generate the behaviour of interest. This understanding paves the way for designing

new policy structures (for example new recruitment or training policy).

Causal-loop diagramming has been applied in areas such as production, inventory
management, manpower planning, research and development management, capacity
planning, corporate planning and quality management (Purnendu et al., 1998). An
earlier project used system dynamics to model the interaction between competitive
capabilities of quality and cost during total quality management (TQM) initiatives
(Burgess, 1996). System dynamics has been around for a number of years (Forrester,
1961) and has received a boost recently with the prominence of systems thinking as
promulgated by such as Senge (1990). System dynamics has often been seen as a hard-
edged approach because of its quantitative aspects. Nowadays, its use as a “soft” tool in
problem structuring is increasingly recognised. This is particularly the case with TQM
where system dynamics is used to develop high-level models (Purnendu et al., 1998 and
Anil, 2000).
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6.3 System approach for organisational learning

System dynamics is used in the current work to develop a family of conceptual learning
models, which describes the relationships and influences between the three waves of
quality. The models are used to highlight the main variables that have a dominant
impact on the functioning/performance of the learning organisation. These models
represent the major feedback loops that would stimulate or inhibits the learning process

in an organisation.

Influence diagram (causal-loop) (Coyle, 1977; Mohaparta et al., 1994) are constructed
in order to link the major variables of the first-loop, double-loop and triple-loop, as
identified in Chapter 4, through cause and effect relationships. The primary focus in
system dynamics (and in causal-loop diagramming) is the examination of the effect of
one element on another. The overall simplistic causal-loop diagram as identified in
Figure 6.1 establish the cause-effect relationships among the major factors or variables

of the first-loop, double-loop, and triple-loop learning.

[\

Correct the First
error wave Detect the

(Actions)  \Rework error

TR

Second
wave
(Change

procedure)

Challenge the
existing

knowledge
Third

wave
+ (Change

policy)

Challenge the
mental model

Figure 6.1: Influence diagram of the three quality waves.

The simplistic model is composed of those components of a quality waves concerning

flow of information and allowing for a way of intervention. More specifically, the

model is built to analyse the learning loops. As such, the model must represent the

learning processes like, skill acquisition through training, the existing knowledge to
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introduce new norms by learning, and how to develop the organisation competence
pool. The definitions of the learning, knowledge, skill and competence are presented in
Table 6.1.

Term Definition Author

) The process of improving actions through better | Fiol and Lyles
Learning
knowledge and understanding (1985)
Knowledge 1is the appropriate collection of )
o ) o i Gene Bellinger
Knowledge | information, such that it’s intent is to be useful. (1997)

Knowledge is a deterministic process.

Skill is the ability to master the concepts of a
Sanchez et al,

Skill discipline or domain, and to apply this knowledge (1996)

appropriately in new situations.

The set of skills and knowledge that an individual | Baker et al.
Competence

needs in order to effectively perform a specified job. (1997)

Table 6.1: Definitions of learning, knowledge, skill and competence.

6.3.1 First wave influence diagram

Quality improvement is determined by defect correction less the rate of defect
generated. Work processes sometimes fail to cover inputs into the desired outputs; items
produced incorrectly are termed defects. Defect will be used as a generié term for any
undesirable outcome of a conversion process (Schneiderman, 1988). For example a
product produced correctly but delivered late is defective if timely delivery is a desired
attribute of the conversion process. Figure 6.2 shows the basic physical relationship
between training rate, the skill level, defect generated and quality improvement in the
form of a causal-loop diagram (Forrester, 1961 and Richardson, 1991). In Figure 6.2, an
increase/decrease in defect correction causes an increase/decrease in quality
improvement. Also, an increase/decrease in quality improvement causes an
increase/decrease in training rate. But skill level increases by increasing the training

rate. Evidently increasing the skill level reduces the defect generated.
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Figure 6.2: A causal-loop diagram of skill and quality improvement

A fundamental contribution of TQM’s founders. was to recognise the distinction
between “correcting” defects and “preventing” them from occurring (Deming, 1986).
The present author agrees with the view that the causes of defects may be attributable to
the actual skill level. Skill is the ability to master the concepts of a discipline or domain,
and to apply this knowledge appropriately in new situations (Sanchez et al., 1996). The
skill level in an organisation should have an effect on the defect rate. As shown in
Figure 6.3 the actual skill pool is increased through skill acquisition. Similarly, skills
acquired increase by increasing the rate of skill recruitment. The organisation needs to
bonstantly check the skill level as skill gap may arise due to employ turnover (skill

pool) or by chariges in products and process that render existing skills and procedures

obsolete (skill level).

, Skill
recruitment
rate
+
skill ‘
~ acquired defect
/ generated
» + +
Actual Defect
skill level correction
|
(pool) +ve
+
+
training quality

rate - improvement
u

Figure 6.3: Causal-loop diagram of skill level
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Consider the feedback loop by which managers regulate the skill level. Managers assess
the adequacy of actual skill level by comparing it to desired skill level (Figure 6.4).
Desired skill pool is determined by the demand for the organisation’s products or

services. The comparison of desired and actual skill level generates the skill gap.

& skl
recruitment
' rate
Skill gap defect
correction rate £ + / generated \
; +
Desired * a cSl:ilrl od Actual Defect
skill level - ve ) 8¢q skill level correction
+ (pool)
\/ + +ve
. skill gap _ +
training ~ quality
rate - improvement

Figure 6.4: Causal-loop diagram of skill level with skill gap correction.

Figure 6.4 represents a negative or self-reinforcement feedback loop in which an
increase in the skill gap correction rate attributed t.o adjust the skill gap. This would
dictate the additional skill recruitment rate, which in turn would.lead to increase the
actual skill pool. The loop is created by adding a link between skill gap and recruit skill
rate. Also this loop attempts to control the level of actual skill such that the gap between
. the organisations desired skill level and its current skill level is minimised. This model

has the same structure as of standard IOBPCS (Coyle, 1977).

The causal-loop diagram shown in Figure 6.5 illustrate that, starting from the basic
feedback configuration of skill level based on recruit skill control system, a more
complicated model is obtained using feed-forward of the present skill loss rate to
influence directly the skill recruitment rate. In section 6.5.1 present skill loss rate is
- exponentially averaged and feedback to the original recruit skill rate. The average skill

loss rate is referred to as an inertial component of the system as shown in Figure 6.5.
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Figure 6.5: Causal-loop diagram for skill loss rate

When employees are asked to participate in the transformation to a quality organisation,
extensive training is imperative. Samson and Terziovski (1993) believe training is vital
to the internal diffusion of quality ideas and practices, as without it there is no solid
foundation for formal quality programme. Training basically has two major benefits, it

is a method for involving employees and it increases the skill level of employees.

Training is measured by the level of acquired skill. Figure 6.6 provides a broad picture
of what the most important variables and feedback loops are. The additional variable
and links creates another positive feedback loop. This balancing loop is related to the
effect of training on the skill level. The loop consists of actual skill level - skill gap 2>
skill gap correction rate —>- skill recruitment rate > training completion rate, which
close the loop by affecting actual skill level. This loop captures the development of
trainees. While the linkage that it is created it is strongly supported by the desired value
of trainees, the main impact is the adjustment of the trainee development that should
result in better overall business. Clearly the rate of trainee development increases the

skill rate as shown in Figure 6.6.
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Figure 6.6: Causal-loop diagram representing first wave of quality

As shown in Figure 6.6, first wave describes a learning process as a learning to detect
and correct the error from the existing norms and values. In an organisation cohtext
learning processes are usually measured by efﬁciency. The measure of objective
fulfilment is attained with the help of effective adaptation of given objectives and norms
without being at a tangent to the central organisational system of defaults and standards
(Probst & Buchel, 1994). The optimisation of the existing system, by identification and
elimination of errors, is the essential aim. Because existing norms and defaults are not

reviewed, the total capacity to solve problems cannot be increased (Figure 6.6).

6.3.2 Second wave influence diagram

As explained in Chapter 4 double-loop learning has challenged the existing knowledge
to introduce new norms and ideas. As shown in Figure 6.7 with the birth of new ideas as
the results of the increase the acquiring the applicable knowledge to the organisation.

Similarly, the feedback from the implementation of new ideas would affect the level of

actual knowledge.
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New ideas

implementatio
1’\

Actual Knowledge
knowledge applicable to the
level company

+

Figure 6.7: Causal-loop diagram illustrating the relationship between knowledge and

new ideas

Also, with this research the actual knowledge level is a function of learning completion
rate, which is affected by the knowledge acquisition rate. Also, the higher the
knowledge acquisition rate means the higher the learning rate as shown in Figure 6.8. In
reality the extent to which an organisation is involved in adjustment the knowledge gap

has an impact on the growth of this actual knowledge level.

knowledge
acquisition
rate
: + New ideas
implementation
Learning .*.‘\
rate
+ Actual Knowledge
knowledge applicable to the
level company

+

Figure 6.8: Causal-loop diagram representing knowledge and learning relationships.

For this study, the knowledge gap is a function of the actual knowledge repofting and
desired knowledge level needed to conduct business in a new market or introduction of
new product. Higher the desired knowledge level, higher the knowledge gap.
Knowledge gap decreases with the progression of knowledge depository. The variables
on this loop are, actual knowledge level = knowledge gap = knowledge acquisition
rate > learning completion rate, which then influences the actual or residing knowledge
level as shown in Figure 6.9. This loop attempts to control the level of actual knowledge
such that the gap between organisation’s desired and its current knowledge level is
minimised. If knowledge gap is being actively pursued by management policies, it

enhances the rate of knowledge acquisition.
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Figure 6.9: Causal-loop diagram representing flow of knowledge within organisation.

In reality present organisation knowledge could erode with time due to change in
environment or people leaving the organisation taking important knowledge away with
them. This additional influence may be represented using a feed-forward loop of
knowledge erosion. This influence is between the knowledge erosion and the actual
knowledge level as shown in Figure 6.10. More the knowledge erosion rate, the actual
knowledge level decreases. The management needs to take appropriate action to
maintain the needed knowledge through new recruitment and/or training existing

employee.

knowledge
acquisition
rate +

Leaming New ideas

rate implementation
Average
knowledge
erosion

Actual Knowledge

knowledge applicable to
level

the company
knowledge /

knowledge

. erosion
Desired

knowledge

Figure 6.10: Causal-loop diagram representing knowledge acquisition and erosion
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Knowledge in process, which is defined as the interpretation of information and
understanding the data, increases the rate of acquisition knowledge. This rate of increase
depends on the feedback of adjustment knowledge in process, which equal the
difference between the desired knowledge in process and the actual knowledge in
process as shown in Figure 6.11. Knowledge in process is affected by the learning rate
and the knowledge acquisition rate. Knowledge in process also influences the actual
knowledge level as it identifies the gained knowledge over the learning time and

feedback that gained to the knowledge acquisition rate.

As explained in Chapter 4 the second wave summarises learning processes that lead to a
modification of organisational norms or standards and challenge the existing knowledge
(Figure 6.11). Within this process, single-loop learning is the foundation of double-loop
learning as shown in Figure 6.1. Compared with the conventional control of
divergences, used in single-loop learning, a modification of governing values also
becomes feasible (Probst & Buchel, 1994; Wright, 1997). The simplified causal-loop

diagram shown in Figure 6.11 illustrates the major feed-forward and feedback loops.

Desired
knowledge

New ideas

implementation :\
+

+ knowledge @ Knowledge
+ ga + applicable to

knowledge - the company
acquisition Actual
rate knowledge Average
g ve eve knowledge
erosion
Knowledge /
in rocess * Leammg knowledge
P rate erosion
_' Desired
Knowledge knowledge
in process in process
adjustement “-——/

Figure 6.11: Causal-loop diagram of second wave of quality
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. 6.3.3 Third wave influence diagram

As in Chapter 4 the third wave prescribe for a complete change and renewal. This
requires an individual to reflect on his/her mentéll models by challenging it, thereby
learning to learn new things. Increasing/decreasing the learning rate in this context is
attributable to external teaching (consulting) and internal training as shown in Figure
6.12. Also training needs depends on learning rate and internal training. Increasing
training needs increases the internal training. But increasing the learning rate would
decrease the organisation’s needs of training. From this perspective, increase the
learning rate would increase the knowledge and skill development as shown in Figure
6.13. Knowledge and skill development are fundamental to organisational competence.
The competence pool is defined as the set of skills and knowledge that an individual

needs in order effectively to perform a specified job.

Internal

trammg

xtemal

teaching
(consultm
Leammg
rate
Tralmng
needs

Figure 6.12: Causal-loop diagram representing the learning and training relationships.

+ Internal
training

+ve External
teaching

(consulting)
+
@ Learning
rate

Trammg
needs <-/

Organisation +
competence Knowledge/skill

ool
P Uvelopment
+

Figure 6.13: Causal-loop diagram representing knowledge/skill development

relationships.
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Competence gap is defined as the difference between the desired value of competence
pool and the actual one. This would eventually lead to reduce the training needs, which
should further increase the importance of learning. The feedback from the competence

gap would control the learning rate through the adjustment of the competence correction

rate as shown in Figure 6.14.

Competence
adjstment

+ correction rate
+
Internal
training
e Exte}:nal
teaching
competence (consulting)
gap
+
Leammg
.. rate
. =+ Training
Desired needs 4/
competence -
Organisation +
competence g wledge/skill

pool

development
+\/

Figure 6.14: The effect of competence gap on competence pool

Another link is presented as a feed-forward to the learning rate. This link is between the
present competence loss and the actual competence pool. The competence loss is
defined as, decreasing the ability to implement and understand the knowledge/skill
development to a work activity. Higher the competence loss would decrease the actual

competence pool as shown in Figure 6.15.

Competence under development is the evidence that links the learning rate with the
knowledge/skill development that would place it as part of a feedback loop. The
adjustment competence in process is driven by the difference between the desired
competence in process and the actual value of competence in process. The adjustment

value of competence in process is feedback to control the learning rate as shown in
Figure 6.16.
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Figure 6.15: Causal-loop diagram of competence pool with the effect of the present

competence loss

Figure 6.16 shows the feedback and feed-forward loops of the third wave of quality. A
simplified balancing loop is consciously used to develop the feedback to competence
pool. This loop variables are competence pool = competence gap —> competence
adjustment correction rate = learning rate > knowledge acquisition which completes
the loop by impacting on competence pool. This loop attempts to control the
organisation’s level of competence such that the gap between desired and its current
competence level is minimised. Another balancing loop is related to the effect of
training on organisation competence. This loop variables are, competence pool —>
competence gap —> training needs = external teaching (consulting) > learning rate >
knowledge acquisition, which closes the loop by influencing the level of competence

pool.
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Figure 6.16: Causal-loop diagram representing the third wave of quality

6.3.4 Summary of the three waves

From a system dynamics point of view, the outputs of the causal-loops or influence
diagrams as describéd above are similar to what one would expect at the end of a typical
conceptualisation phase with a model building exercise. System dynamics have
employed various approaches to facilitate the front-end of the modelling process in
different settings (Senge, 1990 and Richardson & Steinhurst, 1992). The purpose of
many conceptualisation efforts is seen as the beginning steps towards the development
of a system dynamic computer model. The purpose of the methodology outlined above,
however, is to help elicit an individual’s understanding of an issue and map it out in a
systemic representation. A major distinguishing feature of this methodology relative to
many other methods used for conceptualisation is the relative representation and heavy
focus on an inductive process at the very front end. Causal-loop diagrams are not
intended to provide mathematical specification of the relationships, which may be linear

or non-linear, and may include time delays between cause and effect.
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6.4 Simulation analysis

Skill, knowledge and competence, as a measure of improvement, cannot be bought and
delivered instantly. It takes a considerable amount of time to develop and support
infrastructure. As shown with the causal-loop diagrams, the scope of the model is too
large if one were to measure the performance of an organisation in all aspects.
Therefore a simplified model is constructed to focus the dynamic response of one key
variable i.e. skill. The skill base of an enterprise can rise as a result of training. The skill
can be removed or loss if people leave an organisation. This loss has to be replaced
either by new recruitment or by training and development within the existing workforce.

These two are time consuming and costly activities.

The Skill Pool Model (SKPM) is developed to help understand the dynamics of skill
acquisition and retention, particularly during times when an organisation is going
through major change. This model implicitly link with the organisation environment to
show how new skills would improve the organisation productivity and would develop
new product. Also it aims to respond to the training and learning needs as a result of

present skill loss rate (feed-forward) as well as skill level and training performance
(feedback). |

6.5 The Skill Pool Model (SKPM)

The Skill Pool Model (SKPM) is adapted from the Inventory and Order-Based
Production Control System (IOBPCS). The IOBPCS model has been identified by
Coyle (1977) as representing much of UK’s industrial practice associated with manual
production control systems. He simulated the response of this system to a range of
dynamic inputs and selected optimum parameter values using some empirical
procedure. Coyle stated that the model described many industrial systems, which also
involve human experience. Towill (1982) shows how the IOBPCS model can be shaped
to satisfy those conditions under which analogous linear control systems for other
applications have been regarded as optimum. Hafeez et al. (1994 & 1996) have shown

its usefulness for modelling supply chains.

The IOBPCS fofms the basis of a generic family of production control systems whose
behaviour has been tested against the performance of sectors of UK industry (Edghill,
1990). The model makes use of feed-forward information, with regards to ordering

trends and variance and target customer service level, and the feedback of information
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on finished goods stock, and product lead-times (Cheema et al, 1989). Relevant |
conceptual and block diagram of the IOBPCS model are given in Appendix 6.1.
Appendix 6.2 illustrates the variation of the actual IOBPCS model for a range of

scenarios (Ferris and Towill, 1993).

6.5.1 SKPM block diﬁgram

The influence diagram for SKPM is shown in Figure 6.17. For organisations to
anticipate the skill loss replacement requirement in future, some kind of forecasting is
useful. Therefore the present skill loss rate is exponentially averaged over a time T, and
added back to the original training rate as illustrated in a block diagram form Figure
6.18. The forecast expected skill loss rate is referred to as an inertial component of the

system as shown in Figure 6.18.

. Actual level of
Trainees #’

skill pool

Training Training Present Skill
rate corrrlstl:tlon Loss rate
...|_
+ \_/V
Training lead
time (Tp) -
Desired Skill gap
level of skill _
pool +
R Demand average
Scovery : time (Ta)
Time (Ti)

Forecast skill +
loss rate

Figure 6.17: Influence diagram of SKPM.

Figure 6.18 illustrate that the organisation-training rate comprises two parts. One is due
to the present skill deficit/gap, and the other due to the forecast skill loss rate. Training
rate is therefore effectively controlled via T, (the average time to determine the forecast
skill loss rate), and T; (the time over which the present skill gap is to be recovered). The
difference between the present skill loss rate and recruitment or skill development rate,
the change in acquired skill is accumulated to give the present actual level of skill pool.
Finally, the skill gap is determined by subtracting actual level of skill pool from the

desired level of skill pool. Therefore the model as shown in Figure 6.18 consists of two
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parts; feedback control based on skill gap and the feed-forward control based on the

forecast skill loss rate.

Desired
level of Skill
Skill pool gap

Forecast 1 Present skill

skill loss 4_'1 +T,.8 < loss rate

rate

.. Actual

.. Training level of
Training completion Kill !
) rate skill poo

©
|C0|'—-|

Figure 6.18: A block diagram representation of SKPM.

As shown in Figure 6.18 the policy parameters T;, T, and T, are needed to be varied to

determine their optimum settings using simulation results. Once selected, the system

operates with the recruit skill rate automatically governed by T, and T; for a present skill

loss rate and skill gap. During normal operation, the management would observe skill

gap and training completion rate to meet the organisation’s requirement.

" The main blocks and flows of the SKPM block diagram as shown in Figure 6.18 are: -

Present skill loss:

Forecast skill loss:

Desired level of skill pool:

Skill gap:
Training rate:

Training completion rate:

it is a rate of losing skill due to staff leaving or skill
obsolescence and it refers to present loss rate. The units of
skill loss rate are skill unit/week.

it is a time average of skill loss rate and refer forecast loss
rate. The units of forecast skill loss rate are skill unit/week.
it is a level of a desired skill pool so it is a target. It refers
to desired pool levels. The unit of desired level of skill
pool is skill unit.

it is the difference between the desired level of skill pool
and the actual level. The unit of skill gap is skill unit.

it is a demanded training rate and it refers to the present
skill loss rate. Skill unit/week are the units of training rate.

it may refer to skill acquisition rate. Skill unit/ week are

the training completion rate units.
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- Actual level of skill pool: it is the actual skill pool an organisation needs to run its
daily operation. The units are skill unit.

1 It is the proportional constant to deal_with the discrepancy

' T between the desired and actual values of skill. T; is used in

the control algorithm determining the training rate placed

in the light of any skill stock discrepancies from the

desired level.

This represents the level of skills pool accumulated over

Al —

time through the training development and imported by the

present skill loss rates.

It is the training process to acquire skill during the

1+ T .S . . . . , .
P training session or overall development time (Tp). Tp is

the actual learning and training lead-time.

It is the process to average the skill loss rate over the

T+T,8 demand average time (T,). T. refers to exponential

smoothing time over which skill loss has been averaged.

6.5.2 Transfer function of SKPM

The simulation of time varying system requires the solution of differential equations
(when written as a function of continuous time), or difference equations (when written
as a function of discrete time). The ready availability of cheap digital computing poWer
means that the solution of difference equations is now a matter of routine. This means
that except in the case where real-time simulation of relatively fast systems is required,
the problem will be written in difference equation from even if the real system operates

in continuous time (Daves, 1984).

Figure 6.18 shows the block diagram representation of the key variables of the model
and their interactions. Equations (6.1) to (6.5) outline the main structure of SKPM in
terms of its variables. Equation (6.1) calculates the skill gap as the difference between a

fixed or constant desired level of skill and the actual level of skill pool.
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Equation (6.5) shows the forecast skill loss rate as a smoothing function, [1/(1+Ta S)],
of the present skill loss rate. The later are then used to derive the scheduled training rate
in Equation (6.2). The schedule aims to meet the forecast skill loss rate but adjusts this
target to take into account current skill gap. The adjustment is given by function (1/T;)
representing a control algorithm as shown in Equation (6.3). The training completion
rate is given as the result of delaying function [1/(1+T, S)] of the schedule-training rate
in Equation (6.3). Finally in Equation (6.4) the actual level of skill level is shown as the
accumulation onto its previous level, function (1/S) of the training completion rate less

present loss rate. These equations can be written down directly from Figure 6.18 using

the control theory.
SKG = DLSKP — ALSKP (6.1)
TRATE = SKG - G + FSKLR (6.2)
TCRATE = TRATE -| — (6.3)
1+7,-§
ALSKP = (éj -(TCRATE - PSKLR) (6.4)
FSKLR = PSKLR-| — (6.5)
1+7,-S

Equations (6.1) to (6.5) are solved to develop actual level of skill pool/present skill loss
rate transfer function (Equation 6.6), and actual level of skill/training completion rate

(Equation 6.7) as shown in the following: -

ALSKP (T, +7T,)-S+7,T,5

T P p _ (6.6)
PSKLR (+7,8)1+7,S +17,5)
TCRATE 1+(T,+T,)-S (6.7)

PSKLR  (1+T,S)(l+ TS +TT,s?)

Equations (6.6) and (6.7) are extremely useful in understanding how the two parameters
Ti and T, to be set by the system designer, interact and affect the actual level of skill

pool dynamic recovery pattern. If the feed-forward component is removed, so that the
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control law is actual level of skill pool only based, then application of the Final Value
Theorem shows that there is steady-state skill deficit of T; for a sudden unit change in
present skill loss rate. With the feed-forward component added, it may be similarly
shown that this deficit is eliminated. Equations (6.6) and (6.7) are the form required if
the recovery is to be calculated via standard Laplace Transform Tables, such as those

provided by Barbe (1963).

6.5.3 Systém performance indices

Any system evaluation requires measures of performance to determine the system
behaviour. In the case of SKPM it has been decided to highlight the actual skill level
(Equation 6.6), and training completion rate (Equation 6.7). The selection of
performance criteria for particular applications may be subject to much debate, which is
one reason why they must be agreed as acceptable prior any analysis. Dorf (1989)
discussed the importance of the selection of appropriate criteria. Dorf defines the
performance index as a quantitative measure of the performance of a system and is
chosen so that due emphasis is given to important system specification. In order to

evaluate SKPM the performance indices are shown respectively in Figures (6.19) and
(6.20).

6.5.3.1 Skill level measurements
Figure 6.19 shows the time response for a typical SKPM plot with selected performance
measures. The system shows the characteristic skill pool droop, which then recovers and

eventually attains steady state. The following characteristic properties are important for

this analysis.

e Initial skill pool droop (Y1)

A step increase in present skill loss is used to induce a transient in the model and an
initial drop in the skill level is observed. This is due to initial loss being compensated
from skill level whilst extra recruit skills are being acquired on the training session. It is
important to measure this droop (Y;) so as to minimise the probability of skills
obsolescence. An obvious way of eliminating this problem is to hold large number of

skilled staff, but this has the detrimental affect on the overheads and there is a real risk

of skill obsolescence.
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Figure 6.19: Skill level measurements

e Duration of the skill pool deficit (X;)
The duration of the skill pool deficit (X;) gives an indication of speed of recovery from
the skill pool deficit. This is calculated by looking at the time it takes for the skill pool

level to return to its initial value after the skill pool droop.

e Peak skill pool overshoot (Y5)

The peak skill pool overshoot (Y>) is an illustration of how well the skill pool control
laws are behaving. A large overshoot would mark itself as low skill level turnover. The
overshoot is therefore an essential measurement both in satisfying the organisation>
needs and also in having an efficient level control policy. For the purpose of simulation,
it is measured by looking at the difference of the peak overshoot value and the initial

skill pool level.

6.5.3.2 Training completion rate measurement
Figure 6.20 shows a typical training completion rate time response showing an initial

rise with an overshoot and finally reaching steady state.

e Rise time (X5)
The smoothing response of the step input system can be measured by its rise time (X2).
For the purpose of the analysis, the rise time is.considered to be the time taken to first

attain its final value that is zero to 100% Dorf (1989). A measurement of rise time will
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give the manager a useful indication of how long it will take to first hit the steady

training completion rate and hence refill demand service shock.

» Peak overshoot (Y3)

A peak overshoot (Y3) will only occur with an under-damped system and it’s defined as
the maximum value of the output to a step change in its input. For the purpose of
analysis, the definition of peak overshoot is the difference of the maximum value of
training completion rate from its final steady state value. To achieve a level of good
management control, large overshoots are to be avoided as they put an undue strain on
trainee capacity. A small overshoot has to be balanced against a rise time that is not

excessively long, hence the designer must find a compromise between the two.
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Figure 6.20: Training completion rate measurement

e Duration of overshoot (X3)

The duration of overshoot (X3) is an important measure to see the length of time the
system is over trainee. This will manifest itself in large skill levels and a poor level
turnover ratio. In the analysis the duration of overshoot is calculated between the times

the peak overshoot starts and finishes.

6.5.4 Dynamic behaviour analysis
It is important to recognise that how to manage actual level of skill pool. To reach the

desired value, a policy must be defined by which to achieve this. A simple and
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appropriate policy for this is proportional control, where information concerning the
magnitude of the level (actual level of skill pool), is feedback to control the training
rate. The training rate is calculated by dividing the discrepancy between the desired and
actual value of the level by a time factor, which represents the average delay in

performing the training rate.

The assumption is that recruits will be taken on as available and that the delay in
recruitment will vary about the average due to variation in the time of response to
acquire the new skill, training time, and availability of skill. All these factors could be
explicitly modelled but are combined here for simplicity under an average recruitment

delay.

However to analyse the skill pool model dynamic response it is needed to find a suitable
way of describing the process delays, which exist within the system. In other words,
how to represent the practical effect of T, (training lead time) and T, (averaging time for
forecast skill loss rate) in difference equation form. Towill (1982) has found the
exponential delay particularly suitable for industrial dynamics simulation, and so it is
the discrete version which be used in SKPM. Delays are a major feature of dynamic

behaviour and are illustrated in Appendix 6.3.

The pool of skill is initially made equal to the value of desired level of skill (400 unit of
skill per week). A skill drop of 20% is implemented at time 2 weeks. Figure 6.21a
shows the actual skill level response of the model to a step input in the present skill loss
rate. When the present skill loss rate is suddenly increased the actual skill level falls as
shown in Figure 6.21a but this in turn causes the present skill loss rate to fall. The

simulation is implemented using ithink simulation package.

Figures 6.21 examine the step response of the skill pool level and training completion
rate depends on the influence of the parameter T; whereas T, and T, are time constants
(4 weeks). As shown in Figure 6.21a, the largest value of T; gives the largest droop in
the skill level at the initial, which means larger risk of obsolescence. But the smallest
value of T; explored in the Figures reverses this trend, protecting skill level, and in so
doing, creates an oscillatory response. Yet smaller values of T; would induce instability

in a real system. The characteristic in these responses is an acceptable drop in skill
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levels whilst satisfying the initial increase in skill loss. This is then followed by a

recovery facilitated by increased the training completion rate.

The duration of the skill pool deficit increases for high values of T; It gives an
indication that recovery takes longer with the increasing of T;. Also increasing T; would
decrease the peak skill pool overshoot. It illustrates how well the skill pool control laws
are behaving. It should also be noted that increasing T;j gave a linear development in

response characteristics.

Figure 6.21b concentrates on the influence of T; on the training completion rate. Clearly
the largest value of T; gives the smoothest training completion rate. But at lowest value
of T; some oscillation would occur, which indicates the system is under-damped.
Managers tend to be more concerned to avoid larger overshoots then to deal with the
rise time. In other words, increasing overshoot would decrease rise time but smaller
overshoots reverse this trend. Also increasing T; would decrease the duration of

overshoot as shown in Figure 6.21b.

Figure 6.22 shows the influence of T, the parameter reflecting the exponential
smoothing coefficient to forecast skill loss rate. The distinctive skill level droop is again
evident but with less oscillation than the effect of T;. Figure 6.22a, shows that the actual
skill level responses indicate that as T, increase the overshoot is damped down,
although there is a corresponding increase in settling time. Figure 6.22b illustrate the
training completion rate responses for a step input. The aim is to observe how the
system recovers to such an input. The training completion rate shows that with
increasing T, the overshoot slightly decrease while there is slight increase in the
duration of overshoot time. Decreasing T,, the rise time or the dynamic recovery to the
input improves. Also to note is the narrower range of behaviour demonstrating that the
feedback path design discussed above is the most inﬂuen_tial. and thus of primary

importance rather than the feed-forward path in which T, is the controlling parameter.
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Figure 6.21: Step response of SKPM for varying values of Tj.
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Figure 6.22: Step response of SKPM for varying values of Ta.
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Figure 6.23 shows the actual skill level and training completion rate response while
varying the lead-time/training time T,,. As shown in Figure 6.23a, reducing T, improves
the system response to the step up in skill loss. But increasing the T, causes the system
to be more oscillatory. As shown in Figure 6.23b, increasing T, would increase the
system oscillation, as well as increase the settling time. Whereas the changes in the

rising time are slightly the same.

The second and third waves models follow exactly the same simulation patterns. These

two waves influence and block diagrams respectively are presented in Appendix 6.4.

From the presented results, the question of which values of T, T, related to T, yields the
best performance. Towill (1982) optimise the IOBPCS model using the “trade off”
between the given parameters. Translating those into the present model would give rise
to the following optimisation guidelines: -

e Good skill pool recovery in response to changes in skill loss

e Good training completion rate in response to skill loss changes including the ability

to attenuate fluctuations that lead to increased training on-cost.

The SKPM optimum is stated as T; = T, and T, = 2 T, at T,;= 4 weeks. It should also be
noted that the response of the actual skill pool, as shown in Figures 6.21, 6.22, and 6.23,
at the optimum values are the recovery rate to skill changes is marginally the lowest.
Also at the optimum values these Figures show the response of the training completion
rate rising to reflect the organisation skill loss, and less the worst training completion
overshoot. The latter is explained theoretically because the skill level droop that is being
recovered during the peak training completion rate is the least at the optimum value of
" design parameters. Table 6.2 summaries the effect of T;, T,, and T, on the measurement

of performance indices.
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Figure 6.23: Step response of SKPM for varying values of Tp.
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6.6 Summary

In practice, most organisations are focused on the single-loop Iearhing, which aim to get
organisation skilled in their work and create competitive advantages based on these
skills. Single-loop learning is the first step to understand the organisational learning
especially learning among front-line workers. These workers typically rely more heavily

on skill acquisition.

The skills and capabilities of learning organisations are the capacity of individuals,
teams, and eventually larger organisations to orient toward what they truly care about,
and to change because they want to, not just because they need to (Senge, 1990).
According to Senge, the category of learning skills is the motivation to learn and
improve. This includes having time for learning, learning objectives, interest in
learning, etc. Management commitment for learning tasks is also one of the aspects that

fall under aspiration.

Managers are more likély to be concerned with managing the desired parameter (T, T,,
and Tp) of learning behaviours that exist in a large workforce. In this situation, manager
can use the optimum values of the parameter to control the difference between the
current reality and a desired future. The gap between the current reality and the desired
future should not be too large, because the objectives of the organisation become too
abstract and concrete actions towards improvement are not clearly visible. On the other
hand, the gap between current reality and the desired future should not be too small
either, because this will result in no action at all, since the need for action might seem
unnecessary. This creative tension principle indicates to set reachable objectives for

learning.

The situation remains relatively straightforward in terms of gradual change due to slow
change in the exterﬁal environment and/or internal initiative like continuous
improvement. In this case the skill loss rate can be counter balanced by increased
training. However, the situation become more difficult to handle if staff turnover is
significant at such times, particularly if replacements tend to have skill levels
significantly lower. Training must then be relied upon to make up for shortfalls due to
turnover, as well as with loss skill. In such times, clearly minimising turnover is going

to be highly beneficial.
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To improve the organisation-training dynamic response and to minimise the staff
turnover an extra feedback term is added to SKPM. The pipeline policy and the
automated pipeline policy are presented and discussed in next Chapter to improve the

performance indices measurements.
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CHAPTER 7

OPTIMISING DYNAMIC BEHAVIOUR OF SKILL POOL MODEL

USING THE PIPELINE POLICY

7.1 Introduction

In order to improve the business results Sterman (1989) has emphasised the significance
of the process pipeline control based on the work in progress. He sets out the premise
that dynamic response of a system greatly improves by using a pipeline control policy
based on work in progress. For this research work in process or pipeline delay concerns
the training lead-time. In this particular case pipeline policy is concerned with how
many people are undergoing training and what skills are on offer during the
organisation’s training programme. The skills in process or under development are a
function of the expected skills loss rate and the time it takes to acquire skill ie. training
lead-time. However it is not proposed to update the system controller settings in real
time during the robustness experiments: this accords with known industrial practice
(Cheema, 1994, and Hafeez ef al., 1994).

During periods when there are deficiencies of skills, for example, after a step change in
the skill loss rate, then it would be beneficial to increase the recruitment and/or training
to account for the skill shortfall with the pipeline policy. However there will be periods
when there are excessive skills in an organisation if the skill pool and present skills loss

rate policies don’t consider the effects of the time delays in the system.

It has already been proven that the addition of feedback loops can increase the
robustness of a system (Horowitz, 1963). This has been confirmed by Towill (1981) for
a number of commonly met practical system designs. In the skill control model pool
feedback is provided to help counteract drift problems met with skill levels. Pipeline
control is then referring to the act of taking into account resources already committed
(that is, those in the pipeline) when determining the rate at which resources are to be
committed in subsequent time periods. In a production system the amount of resource in

the pipeline would be referred to as work in progress.
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This Chapter discuss and analyse two models, the first one is the Pipeline Skill Pool
Model (PSKPM), which is developed to improve the dynamic behaviour of the SKPM
model by adding an extra. feedback term to SKPM. However, for a step change in
present skill loss rate this introduces a final value offset in the actual skill level. The
second model is the Automated Pipeline Skill Pool Model (APSKPM). It is shown how
the addition of an extra feed-forward path to PSKPM, representing the pipeline skills in

process target value eliminates the actual level of skill pool offset problem.

7.2 The Pipeline Skill Pool Model (PSKPM)
Adapted from (Cheema, 1994) Pipeline Inventory and Order-Based Production Control
System (PIOBPCS), Figure 7.1 illustrates the Pipeline Skill Pool Model (PSKPM). The
PSKPM shown in Figure 7.1 allows suitable consideration of the pipeline to stabilise
dynamic behaviour of thé performance measurements. The terminology and
nomenclature used are based on the baseline SKPM, which was developed in Chapter 6.
This model has three controllers, skill loss, skill in process and skill pool.

Skill in

process

Time to adjust

skill in process
correction rate

Desired
skill in

+
adjustment ‘\

process

(Tw)
Skill in g Actual level of
. process Training skill pool Present skill
Training completion rat loss rate
rate
- "
+ .
Training lead
: time (Tp)
Recovery .
Time (Ti) Skillgap _
+
Desired Dem.and average
level of time (Ta)

skill pool

Forecast skill
loss rate

+

Figure 7.1: Influence diagram of PSKPM.

The purpose of simulation. would be to show how these controllers affect the skills

recruitment requirement, how they interact with each other, and how the emphasis can
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be shifted from one controller to another by altering the values of Ti, T, and Tw.’ The
feed-forward of forecasted skills loss rate and skills pool and skills in process feedback
loops are the main influences on the system. These are in turn greatly affected by the
time to average skill loss, T, fraction 1/T; and fraction 1/T,. The skill pool target and
pipeline skills in process targets also affect the response, but only in the magnitude of

the level in the system.

There are two important advantages in utilising skill under development feedback: On
the one hand the benefits of obtaining better visibility of the pipeline. On the other hand
it allows to cater for any change in the process pipeline due to skill obsolescence or
disturbances are compensated for the number of experienced staff leave. The results

depend on obtaining an accurate estimate of the training lead-time.

7.2.1 PSKPM block diagram
In comparison with the SKPM model, PSKPM consider the addition of a feedback loop

to improve fhe dynamic performance. A block diagram representation of PSKPM with

training lead-time is presented in Figure 7.2.

Forecast < 1 < Present skill
skill loss loss rate
rate 1+T,.S
Desired ' ) - .. Actual
level of Skill iy Training level of
: Training completion il pool
Skill pool gap 1 rate 1 rate 1 SeTp
—N% ) > — —p il —p
Ti 1+ 7T » .S S
Skills in

: process
! X
—_ —r T .
T, < s
Skills in
Desired process
skills in adjustment

process C :

Figure 7.2: A block diagram representation of PSKPM.
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In addition to the main blocks and flows described in section 6.5.1 for SKPM there are

another four parameters as shown in Figure 7.2, as described in the following: -

Skill in process:

Desired skill in process:

Skill in process adjustment:

1
Iz

is concerned with how many people are under an
orgailisation’s tr;ciiniﬁg programme. The unit of skill in
process is skill unit/week.

it is a level of a desired skill in process so it is a target.
It refers to skill obsolescence as well as the skill loss
level due to the experienced staff leave. The unit of
desired level of skill in process is skill unit.

it is the difference between the desired level of skill in
process and the actual value. The unit of adjustment
skill in process is skill unit.

It is the proportional constant to deal with the skill in
process adjustment. Ty, is used in the control algorithm

refers to time to adjust skill in process

7.2.2 Transfer function of PSKPM
The transfer functions for PSKPM can be derived using the block diagram analysis as

shown in Figure 7.2. A detailed analysis is presented in Appendix 7.1.

T T,T, ,
LT, +T,+2 |- S+TI,T,S
T P

ALSkP | T, ’ an
PSKLR T , '
(+T,8)|1+{1+2|-TS+T,T,S
a Tw i pri
TCRATE _ 1+(T,+T)-8 72)
PSKLR T, ) '
(1+T7,8)|1+ 1+}£ TS+T,T,S
(1+TaS)[1+(1+§F]-7}S+TPT}S2]
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7.2.3 PSKPM performance indices

For this model, the performance criteria measurements are the actual skill level, training
completion rate and skill in process level. The first two measurement criteria are
illustrated at section 6.5.3. Skill in process is an important measurement, which depends
on the training delay. Therefore the total skill pool at a given time is the sum of skill
inventory and the amount of skill acquired during the training programme. The training
delay is a function of the actual training lead-time. Figure 7.3 shows a typical skill in

process time response.

550 -

450 - X

A
A 4

400 1

Skill in process level (units)

20 40 60 80 100

(=]

Time (weeks)

Figure 7.3: Measurement of skill in process criteria.

e Rise time (Xy)
The rise time is defined in similar terms to that of training completion rate (X4 in Figure
7.3). The importance of measuring the rise time gives the management information at

what rate skills are being developed in the training programme.

e Peak overshoot (Y3)
The peak overshoot in the skill in the process is defined in similar terms to that training
completion rate (Y4, Figure 7.3). A large value may imply training programme

problems i.e., large lead-time and consequently more than desired skill levels.
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e Duration of overshoot (X5s)
The duration of overshoot is defined in similar terms to that of training completion rate
(Xs, Figure 7.3). This measure will give a true picture of the problematic areas and

inefficiencies in training programme.

7.2.4 Dynamic behavioui' analysis

As discussed earlier, the addition of an extra feedback term to the original SKPM model
i.e. decision rule based on expected number of staff in the training programme
(PSKPM) improves dynamic performance. The simulation runs confirm that. For a step
change in the present skill loss this introduces a final value offset in the actual skill
level. This creates a constant deficiency of skill pool in an organisation. Therefore with |
the PSKPM the skill gap is never recovered and there is the associated risk of skill

obsolescence due to the fixed value of desired value of skill under development.

In order to simulate dynamically the design parameter must be identified. Appendix 7.2
provide some guidance how the design parameters T,, T; and Ty, to be set by the system

designer. It can be seen that for T; >10 the value of { is greater than one (i.e. the system

is over damped). Therefore the design parameter T; is set as 0 < T; < 10. Whereas the

parameter settings for T,, ranging 0 < T\, < 16 have ideal values of €. The following

section investigates the performance criteria of the PSKPM using the values of the
design parameters as 1< T; < 8 and 1< T, <16. These parameters settings give values of

€= 0.75, which is within the standard acceptable system design criteria.

The response to a step change is of importance not only because it gives a shock to the
system but also additionally it is an input that is easily visualised (the response of which
are also easily interpreted) and determines the basic dynamic characteristics of the
system (Edghill, 1990). The system behaviour to this step change for actual skill pool,
training completion rate and skills in process for PSKPM is present by varying the
design parameters T, T,, and T, between “0.5” to “16”. The simulation is implemented
using itkink simulation package, and the simulation equations are given in Appendix
7.3.

Figure 7.4 shows the effect of T; on the actual skill pool level, training completion rate,
and skills in process, following a step increase in the skill loss rate from 100 to 120

units/time at time = 2 weeks. This may be attributable to skills shortage in the
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organisation for new products/process or due to skill staff turnover. The actual skill pool
has been reduced from its nominal value (Fig. 7.4a), while the training completion rate
and skills in process have experienced 5% overshoot to its nominal values at T; = 1
week (Fig. 7.4b). Decreasing value of T; reduces the maximum skill pool deficit and
reduces the offset value of recover. For T; < 2 there are some oscillation but the peak
values still under the nominal value of actual skill level. As T; > 6 the actual skill pool

deficit increases correspondingly. There is no recovery for skill pool with this design.

As shown in Figure 7.4b, increasing T; values will damp the training completion rate
overshoot but it will take longer for the organisation to recover the skill gép. AtT;<6
weeks the system response with the training completion rate overshoot which is
manifested in over staffing or over training for a period of time. The organisation would
recover the skill loss at the values of 6 < T; < 8 without overshoot. For T; > 8 the
organisation would never recover. This is due to _‘the‘ extra damping introduced by

increasing the skills in process feedback gain.

As shown in Figure 7.4c T; has the similar impact to that of training completion rate on
the skills in process. But at the large value of overshoot may imply training programme
problem in terms of, large training lead-time and consequently excess skill level. Also
an increased of settling time may give some indication of some problem at the

organisation training programme and the inefficiencies in that programme.

Figure 7.5 concentrates on the effect of T, of the actual skill level, training completion
rate and skill in process responses. Figure 7.5a shows that for the best T, values, the
organisation would recover only up to 80% of thé nominal value of actual skill level. At
value of T, < 1 there is initial skill pool drop at the 80% of the nominal value. By
increasing T, > 1, the initial skill pool drop increases and so is the settling time for
récovery. Also there is no skill pool overshoot at any value of Ta.. This gives the
indication that either improve the organisations training recruitment efforts or to

increase the level of skill pool (staff members).
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Figure 7.5b shows that for all values of T, the maximum training completion rate
overshoot is 1.35% of the nominal value, and there is no peak overshoot. The maximum
rise time is 30 weeks at value T, = 0.5, that decrease by increasing T,. This means that
the organisation needs at least 30 weeks to hit the steady training completion rate.
Comparing the Figures 7.5b and 7.5¢ show that T, has the similar impact to that of
training completion rate on the skills in process. Decreasing T, has a similaf effect to T;,
but is less pronounced as shown in Figure 7.5. T, will reduce the skill pool freefall
considerably less than reducing T; T, also has the advantage over T; in that the offset

value is less.

Figure 7.6 shows the skills level, training completion rate, and skills in process at
different values of skill pipeline control parameter T,,. The aim is to observe how the
system recovers to step input changes. Figure 7.6a indicate that as Ty decreases the
~ actual skill level overshoot damps down although there is a corresponding increase in
settling time. Specifically at Ty < 1 the actual skill level fall even below then the
negative value after 30 weeks. This is due to the extra damping introduced by increasing
the skills in process feedback gain. But at high T, values the actual skill level gap
diminishes within 20 weeks. Also at value of Ty, < 8 organisation would never have the
needed skill level. Generally, the actual skill level responses show that for the cases
when Ty, # oo, there is a final value steady state offset. Figure 7.6a also shows that as Tv;,
decrease from oo this final value offset increase, as does the peak skill pool deficit.
Therefore, with the PSKPM the skill pool deficit is never recovered and there is the

associated risk of skills obsolescence.
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The training completion rate responses Fig. 7.6b show that with Ty, = o (as this is the
response of SKPM), the response is quite good however has an overshoot. As Ty
decreases, the dynamic recovery to the input improves as both the magnitude of the
peak overshoot and the corresponding settling time decreases. Also for the value of Ty, <
4 there is no overshoot but the rise time is relatively high and approximately equal to
two years. But at the value of T, > 8 the system has more overshoot values and the
lower setting time which the manager can hit the steady training completion rate in 35
weeks. This is due to the additional damping introduced by the extra feedback term
(John, 1994). Figure 7.6¢ shows the skill in process responses. As shown the résponses
are similar to that of training completion rate. The overshoot again decrease as Ty

decrease from infinity which is the original SKPM case.

Figure 7.7 illustrates the responses of actual skill level, training completion rate and the
skill in process at different values of the training lead-time Tp. Comparing Figures 7.4,
7.5, 7.6 and 7.7 the responses shown at Figure 7.7 are drastically different. As shown in
Figure 7.7a the actual skill level approaches zero and cross over the negative values at
Tp> 5 weeks. At 4 > T, > 5 values of the actual skill level are around the nominal value.
But at T;, less than the value of four weeks the actual skill level is more than the nominal

values that means the organisation has an abundance of skills or redundant skills.

Figure 7.7b shows that at T, = 4 weeks the training completion rate equal 100
units/week initially which is equal to the initial values of the present skill loss before
applying the step increase unit/week. At the values of T, < 4 the training completion
rate starts with overshoot values, which increases for decreasing T,. But at T, > 5; there
is no overshoot for the training completion rate. Also the initial response values
decrease by increasing T, and equals zero at T, = 9 weeks. This slow recovery trend
deteriorates for increasing values of T,. The best response is at the values of 4 > Tp = 5
for the training completion rate. At such values the rise time to recover the skill loss
equals 12 weeks. As well as the maximum overshoot equals to 1% of the nominal value

for a duration of 38 weeks.
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Figure 7.7c shows the variation of T}, on the skill in process level. T}, has not the same
impact to that of training completion rate. For increasing values of T), skill in process
overshoots increase. At T, < 3 weeks there is no overshoot however the skill in process
doesn’t recover and the rise time has excessive values. Also at Tp 23 ‘weeks the

duration of skill in process overshoot is too large and never regain its nominal value.

7.2.5 Summary

The analysis, as indicted above, shows that there is a final value offset of skill pool level
in the oppdsite direction to the change of the present skill loss. Training completion rate
eventually equals to the present loss rate. While the skills in process level reaches a
steady state value proportional to the training lead-time. The main problem with the
PSKPM structure is that an undesirable permanent deficit results in actual skill level for

a step change in skill loss rate for all values of Ty, except Ty, = .

7.3 The Automated Pipeline Skill Pool Model (APSKPM)

This skill pool offset is addressed in an Automated Pipeline Skill Pool Model
(APSKPM) by incorporating an extra feed-forward path where the desired level of skills
in process is calculated as justified by current organisation demand. The skill
recruitment rule takes into account any excesses or éhortfalls in skills in process. On the
basis that no skill pool offset is the desired behaviour to meet the organisation skill

requirement level, the folloWing sections consider the APSKPM structure.

The model in Figure 7.8 is a time—varying extension of the baseline SKPM. It is adapted
from the simplified Work In progress (WIP) feedback and an automated PIOBPCS
model (APIOBCS) as detailed in (John ef al., 1994 and Cheema, 1994). The model

shows that the desired value of skill in process is.controlled by the adjustment time
(Tw).

The influence diagram as illustrated in Figure 7.8 incorporates an experiment to
eliminate some of the fluctuations. This policy experiment is set up to take into account
the skills in process when defining the skill recruitment rate. The desired skill in process
equals the product of the forecast skill loss rate and the T¢. The discrepancy between the

desired and actual skill in process was then divided by the recruit skill delay T, and
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~ used as an additional component of the recruitment skill rate equation. Such a policy is

generally referred to as proportional plus pipeline control.

/_\ Desired skill
Skillin + (V in process -+
Time to adjust process

skill in process adjustment _ Estimated

correction rate training
(Tw) lead-time (T¢)

Skill in s . Actual leve;
process Training of skill poo

Training completion
rate \//-I-' rate
Training lead
time (Tp)

Present skill
loss rate

Recovery Skill gap
Time (Ti)
+

Desired /

level of

skill pool

A y
Demand average Forecast skill

time (Ta) - loss rate

Figure 7.8: Influence diagram of APSKPM

7.3.1 APSKPM block diagram
Figure 7.9 shows a generalised form of the APSKPM model that incorporates skill in
processes feedback. The terminology and nomenclature used relates to the baseline

SKPM model (Chapter 6).

The structure and methodology of the design of APSKPM are derived as functions of
the present skill loss rate, actual skill and skill in process levels. The skill gap is the
difference between a constant desired level of skill pool and the actual skill level. The
error is covered over a period specified by the proportional controller (1/T;). The skill in
process adjustment is the difference between the desired skill in process of the forecast
skill loss rate multiplied by a gain of T, (the theoretical value of training lead time) and
the current skill in process level. The skill in process adjustment is covered over a

period specified by the proportional controller (1/Ty,).
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- Figure 7.9: A block diagram representation of APSKPM.

The forecast skill loss rate is a function of the présent loss rate where the forecast is
based on exponential smoothing (this is shown as an equivalent of a first order delay
with time constant equal to T;). The organisation-training programme is controlled by
the feedback from the skill in process and the actual skill level control loops as well as
the smoothed forecast skill loss rate. The organiéatibn training delay time is also based
on exponential smoothing equivalent to a first order delay with time constant T,. The
organisation training programme completion rate is a function of the initial/start training
programme and the training time delay. The actual skill level pool is the accumulation

of the difference of the training completion and the present skill loss levels.

7.3.2 Transfer function of APSKPM

The aim of the simulation studies is to examine the effect that skill in proéess feedback
has on the dynamic performance of APSKPM. It investigates the influence of the desigh
parameter Tj, T,, Ty and T, on the dynamic behaviour of skill level, training completion
rate, and skill in process. Prior to undertaking simulation studies of these controllers the

transfer functions of interest are developed (the details are illustrated in Appendix 7.4).
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The transfer function models of the APSKPM are: -
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7.3.3 APSKPM performance indices

In thq case of the APSKPM, the measurement criteria are defined in similar terms to
that of PSKPM, which are illustrated at section 7.1.3. These criteria highlight the actual
skill level, training completion rate, and skills in process. Nine performance criteria
have been chosen to describe the simulation of the model. Those are adopted from

Edghill (1990) where these were used in the analysis of production control systems.

7.3.4 Dynamic behaviour analysis

The response to a step change in present skill loss rate is of importance as it is an input
that is easily visualised (the responses of which are also easily interpreted) and
determines the basic dynamic characteristics of the system (Coyle, 1977; Edghill, 1990).
The basis of the simulation is the block diagram as shown in Figure 7.9. The simulation
is implemented using ithink simulation package, and the simulation equations are given

in Appendix 7.5.

The APSKPM is subjected to 20% drop in present skill loss rate from an initial steady
state rate of 100 units of skills. The system behaviour to this step change for the three
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controllers named as actual skill level, training completion rate, and skills in process for
APSKPM are investigated. The design parameters T, Ti, T,, Tw and T have been
varied between 0.5 and 16 weeks. In the case of APSKPM, although the additional feed-
forward term, T has the effect of increasing the response time, it is counteracted and the
response in fact is dominated by the damping of T.. Also for APSKPM actual skill level

recovers quy to its desired level. In general the addition of skills in process feedback |
leads to added system stability. The skills in process error are recovered over a period

specified by the proportional controller (1/Ty).

Figure 7.10 shows the dynamic response to a 20% step increase in the present skill loss
rate for actual skill level, tfaining completion rate and skills in process by changing the
value of T;. Figure 7.10a shows that the step increase in the present skill loss causes an
initial deficit whilst skill losses are met from the existing skill level. The response then
shows a moderate overshoot before setting to its steady state value. This is due to initial
skill loss being met from actual skill level pool whilst extra staff is being recruited on
the training programme, or new skilled staff is recruited. An obvious way to eliminate
this problem is to hold extra numbers of the qualified staff or to conduct more frequent
training sessions but this has the detrimental affect on the total costs. Also training is
dependant on the individual capacity of acquiring these skills to become an expert or
competent. Also, increasing T; will increase the duration of the skill pool deficit. This
durétion gives an indication of speed of recovery from a skill pool deficit. This is
calculated by looking at the time it takes for the actual skill level to return to its initial
value after the skill pool drop. As T; increases the peak skill pool overshoot reduces as
well. This pool is an illustration of how well the inventory control laws are behaﬂling. A
large skill pool will manifest itself as less skill level or turnover. But this has to be
balanced against a net skill pool deficit and would present difficulties with meeting the

organisation requirement.

Figure 7.10b illustrates that a step change in training completion rate shows an
overshoot before settling to a steady state value. Increasing T; will reduce the peak
overshoot as shown in Figure 7.10b. A peak overshoot will only occur with an under-
damped system and is defined as the maximum value of the output to step change in its
input. Obviously, to achieve a level of good control, large overshoots are to be avoided.
A small overshoot has to be balanced against a moderate skill recovery rise time, hence

a trade-off is needed.
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Figure 7.10: Step response of APSKPM for varying values of T;.
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Figure 7.10: Continued.
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Figure 7.10b show that increasing T; increases the rise time. The rise time is the time
taken to attain the final value of a system; (that is from 100 to 120). This rise time
measurement will give the manager a useful indication of how long it will take to
acquire the stéady training completion rate and hence to control the frequency of
training sessions. Skill in process is one of the important controllers in the training delay
of uncompleted training programme. Therefore the total skill pool within the system at
any point in time is the sum of actual skill level and skill in process. The training delay
is also a function of the actual training lead-time. If the theoretical and actual lead-times
are similar this may also imply that skill in process is being controlled, however, any
deviation would show an excessively high values of skill in process. The responses for
skill in process show similar properties to that of training completion rate but with the

actual values multiplied by T, as shown in Figure 7.10c.

Figure 7.11 illustrates the variation of T, the exponential smoothing coefficient for
estimating the expected skills loss rate in the skill recruitment rate decision. The actual
skill level drop and training completion rate overshoot are again evident. Also of note is
the relatively narrower range of dynamic behaviour demonstrating that the feedback
path design is the most influential and thus of primary importance rather than the feed-
forward path in which T, is the controlling parameter. Clearly as shown in Figure 7.11a
the large value of T, gives a slow actual skill level recovery. For decreasing T, the skill
level drop decreases as well as the settling time. For example, if the organisation
forecast the skill loss rate of 20% of its pool over a period of 2 weeks, the actual skill

level recovery would take about 30 weeks.

On the other hand, if the organisation is slow to react by averaging the skill loss over 16
weeks time the skill recovery time is 90 week. This means by changing the averaging
time (T,) from 2 to 16 week the actual skill level recovery time increases by 300%. As
shown the smaller value of T, explored in the Figure 7.11a reverse this trend, but in so
doing creates an oscillatory response. That is to say, smaller values of T, would induce
instability in a real system. At all values of Ta there is no skill pool overshoot, which

gives indication that the recruitment skill is always under or equal the nominal values.
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Figure 7.11: Step response of APSKPM for varying values of T,.
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Figure 7.11b show that the largest value of T, gives less oscillatory response for the |
training completion rate. Also the changes in rise time are relatively low. For example at
Ta = 0.5 the rise time equals 5 week and for T, = 16 it equals 10 week. Also the
smoothing response of the. step input is not affected strongly by changing the value of
T, At T,= 6 the training completion rate peak overshoot reach the maximum value of
4.125% of its nominal value. As T, decreases (than 6 weeks) the training completion
rate overshoot increase, but the settling time decrease. However increases T, beyond 6
weeks the overshoot decrease and the settling time increase. Figure 7.11c presents the
skill in process responses, which are similar to that of training completion rate with a

multiplying factor of Tp,.

Figure 7.12 illustrates the behaviour of the three controllers namely, the actual skill
level pool, training completion rate and skill in process at varying Ty. As shown in
Figure 7.12a for Ty, less than 4 weeks there is no overshoot. For Ty, > 4 weeks the actual
skill level overshoot increases. Also the actual skill level recovers fully to its desired

level.

The actual skill level responses indicate that as T,, decreases, the overshoot.is damped
down although there is a corresponding increase in settling time. At the same time the
initial skill pool deficit increase slightly for smaller values of Ty,. Also as T, decreases
from infinity the peak skill pool deficit increases but the dynamic recovery does

improve showing a very small deficit.

For the training completion rate, with T, = o« the response is SKPM. As shown in
Figure 7.12b as T,, decrease (from infinity) the training completion rate overshoot
decrease in magnitude. However the time it takes the system to reach its steady state
value slightly increases. The additional feedfforward term T, has the effect of
counteracting the damping introduced by the extra feedback term. This shows there is
still enough damping present to improve the dynamic performance as Ty, decreases. The
training completion rate responses show that as Ty, decrease, the dynamic recovery to
the input improves as both the magnitude of the peak overshoot and the settling time

correspondingly decrease.
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Figure 7.12: Step response of APSKPM for varying values of Ty.

166




(syun) 1oasy ssaooad ut S[[INS

Time (weeks)

4 weeks)

(c): Skill in process level behaviour (T,

Figure 7.12: Continued.

167



Actual skill level (units)

1000‘1
8001 i,

11}
It
600_ ,’ "',’ U 1
il

i u‘::: ',”””l””’

il
I

} T
1]

T
(i

i
i1}

i

M

// 1l
400" T
Hitttiiiy

Hil
THIHT
Hilj

i
T
]

T
I
200 / ‘l‘l‘l'“ll HHHTTH 8,5

i
I T

0 o\
20 40 ©
60 ‘ 0.5

80
Time (Wee]_(s) 100

I 12.5

16.5

(a): Skill level behaviour (T, = T, = T\, = Ti = 4 weeks)

e (units/week)

letion rat

ining comp

Tra

5001
400+

3004

Sy
p /;222222222222222654aﬂaacccac/4'
s 5552

s 1177,
/4 5554 % s s 5%
< 7 L 7irrzyy,, 7,
LAt L2 2117777770000
Ll Ay, 1211112,,
L P sl s &%
L5 L4
~”

Time (weeks)

(b): Training completion rate behaviour (T, = T, = Ty, = T; = 4 weeks)

Figure 7.13: Step response of APSKPM for varying values of Tk.
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The skill in process response is similar to that of training completion rate but with a
multiplying factor of T, as shown in Figure 7.12c. The peak overshoot decrease as Ty
decrease from infinity. For the APSKPM structure Figure 7.13 illustrates the influence
of the parameter T on the same three controllers as indicated above. This parameter is

used to estimate the training lead-time to control the desired skills in process.

Figure 7.13a shows that at T < 2 weeks the actgal skill level pool drop below negative
values, (skill backlog). The actual .skill pool level“has satisfactory behaviour for T,
between 2 and 4 weeks. At T. equals 4 week, the actual skill level initial drop and the
duration of the skill deficit are small and there is no overshoot. For T, > 4 weeks the
actual skill level pool constantly increase and it doesn’t get to steady state value. These
are unrealistic values shqwing organisations needs a huge space and budget to

continually undertake recruitment and training resulting in excessive or redundant skills.

As mentioned earlier the simulation analysis shows the dynamic response to 20% skill
loss. The training completion rate initial is set to 100 units. As shown in Figure 7.13b
the training completion rate graph shows values for T, = 4 week up wards. At T, < 4
week the starting value is less than 100 units. Clearly for all T, values, the training

completion rate is completely recovered to the nominal value as shown in Figure 7.13b.

Figure 7.13c shows the skill in process responses for different values of Te. There is no
overshoot at T, =4 week. For T > 4 weeks the skill in process level drop extenuates and
skill pool never recovers, (i.e. the duration of skill in process drop equal infinity). As T,

decrease less than 4 weeks, the skill in process level overshoot increase permanently.

Distinctive in the response of T¢ parameter is an unacceptable drop or rise in the actual
skill level, training completion rate, and skills in process. This indicates that T as a
design parameter is very sensitive at certain values. The results shown in Figure 7.13

indicate that T, should be equal 4 weeks, same as-Tp.

Figure 7.14 presents the effect of T, variation on the three controllers, actual skill level,
training completion rate and skill in process. Figure 7.14a shows that at T, = 4 the actual
skill level behave as an optimum behaviour. At that training time the actual skill level
initial drop equal to 17% of the nominal value and the settling time is 35 weeks with no

overshoot. As T, decrease below 4 weeks, the system response show a permanent
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overshoot. While for T, > 4 weeks, the initial skill level drop get worse and so is the
recovery time, which tends to infinity. This means if the training programme takes
longer than 4 weeks, the system would suffer a constant skill shortage over a sustained

period of time.

Figure 7.14b illustrates that the training completion rate response experience an
overshoot values for T}, less than 3 weeks. The settling time to control the duration of
overshoot is 25 weeks. As T} increase over 4 weeks, the response is under the nominal
value and it doesn’t recover completely. But at value of T, = 4 week the training

completion rate has a good behaviour. The maximum peak overshoot at Tp =4 is 4% of
| the nominal value and the duration of this overshoot takes 42 weeks, while the rise time
is 8 weeks. So the organisation can compensate for the step change in skill loss within

two months.

The skill in process behaviours is different comparing to the training completion rate for
varying T, as shown in Figure 7.14c. As T, increase the oscillatory fesponse increases.
For Tp < 4 weeks, the skill in process level response is under the nominal value. For all
other values greater than 4 weeks, the responses are a pronounced overshoot. Obviously
at Tp = 4 week the skill in process has good response with the rise time equal to 8
‘weeks. The peak overshoot is 4.25% to its nominal value, and duration of overshoot

equals 42 weeks.

From the dynamic analysis as shown in Figures 7.10, 7.11, 7.12, 7.13 and 7.14,
illustrate that by making skill recruitment rate a function of the skills in process change
the behaviour of the system. The actual skill level reach to steady state value with no
overshoot and the recruit skill rate stabilises at the new present skill loss fate with
relatively less overshoot than in Figures 7.4, 7.5, 7.6 and 7.7 (PSKPM).
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7.4 Comparison between SKPM, PSKPM and APSKPM

A comparison of the two pipeline models PSKPM and APSKPM with SKPM on the
basis of the simulation results is conducted. The intention is to proposes an optimum
value of the time to recover the skills in process adjustment (Ty). The smoothing
element (T,) and the time to recover skill gap (T;) are varied and good design values for

these variables are obtained.

As illustrated in the previous sections the basic PSKPM model has a permanent final
value offset for all values of Ty expect Ty, = oc. This skill pool offset difficulty is
addressed in APSKPM by the extra feed-forward path where the desired level of skill in
process is calculated and justified by curreht organisation skill level. This is compared
with the actual skill in process level and adjusted to show any excesses or shortfalls.
This offset is completely recovered when the gain in the feed-forward path (T;) equals

the training lead-time (Tp), the accuracy of estimating T is also important.

The improvement in the actual skill pool offset and its steady state recovery to a step
change follows a deterioration in the training completion rate and the skill in process
level. The responses show an increase in overshoot for the APSKPM for all values of

Tw, however smaller the overshoot, larger the T,,.

In summary, the addition of the extra feed-forward path containing Tc improves the
final value pool offset difficulty nofed in PSKPM but consequently increasing the
training completion rate and skill in procéss overshoot. APSKPM is the preferred model
due to its ability to overcome the skill pool offset without making the training

completion rate and skill in process level much worse.

John et al. (1994) have shown that T,= 2T, and T; = T, appear to be satisfactory designs
as fluctuations are removed and the system recovers well. They determined the
optimum setting for the design parameters as T; = T = T, and T, = Ty, = 2T,,. SKPM is
the same as the APSKPM without the skill in process feedback loop. The SKPM
optimum was stated as T; = Tp and T, = 2T, (Towill, 1982). Now T, stays the same, and
is not altered by the addition of the skill in process loop. Ti would naturally decrease
slightly as it now has the help of Ty to reduce the rise time. This comparison is

illustrated in Figure 7.15, showing the response of the three controllers for the actual
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skill level, training completion rate and skill in process level at the optimum design

values.
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It is evident that the robustness of the algorithm to training programmes variation is
improved by the inclusion of skill in process information. Also the effect of varying the
training lead-time is investigated. As shown in Figure 7.14, the selective/optimum value
of T, = 4 week. For all other T, values, there are permanent skill pool deficit and
overshoot. Whereas at the optimum values of Tj, the skill pool is completely recovered,
but with an increase in overshoot in training completion rate and skill in process. The
skill pool offset that occurs can only be corrected by accurate estimations of the lead-
time. The value of training lead-time (Tp) should be selected by the human resource
development manager. The skill in process loop also improves the filtering
characteristics of the algorithm. This is because this loop forces the training rate to be
closer to the forecast skill loss rate, i.e. it is counteracting the effect of the skill pool
signal. However, it was shown earlier that the skill in process loop moderately increases
the settling time. Table 7.1 summarise the effect of the optimum desjgn parameter and

corresponding performance indices.

7.5 Summary

The analysis of the system dynamics models developed above illustrate that Human
Resource managers should use the identified design optimum parameter to develop
training and recruitment policies. The skill gap can be identified by auditing the
organisation’s existing skills and devising training for basic learning activities and the
management of the independent learning process. These skills are essential to sustain a

competitive advantage and must be persistently developed over time.

The flow of appropriate skills has to be deployed rapidly to compensate the organisation
changes. The rapid deployment would concern the speed at which an organisation can
build, and acquired new skills. The skill development process needs to be carefully
managed. In particular, it is vital to match the speed of skill development to the degree

of change in organisation.

Long-term skill planning should be an important feature of a learning organisation. The
culture of organisational learning allows for the systematic storage of information for
future decision-making by others in the organisation or in other words embedding the
knowledge. Possession of such skill can make the difference between success and
failure (Nigel, 1997).
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The next Chapter concludes this thesis by presenting discussion of conclusions,

contribution to knowledge and recommendations.

Performance index at the optimum design Skill pool models
parameters (T; = Tc = Tp and T, = Ty = 2T) SKPM PSKPM ASKPM
Initial skill inventory drop
' = ©2037% 23.1% 20.65%
_ ,.2 (Percentage from the desired value)
% % Duration of the skill inventory deficit
- 9 22 oc 40
:-a ; (Week)
«
© g Peak skill inventory overshoot
0.46% 0% 0%
(Percentage from the nominal value)
o Rise time
L2 B 8 10 8
B ﬂé (Week)
o
g g Peak overshoot
S @ ] 6.94% 3.3% 4.99%
o0 g (Percentage from the nominal value)
=]
g 9 Duration of overshoot
8 ® 17 30 30
= (Week)
Rise time .
" N/A 10 9
A ,g (Week)
5]
2 QE) Peak overshoot
2 o N/A 3.29% 4.99%
R § (Percentage from the nominal value)
=
v g Duration of overshoot
75) N/A 60 64
. (Week)

Table 7.1: Summary the effect of the optimum design parameters and corresponding

performance indices.
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CHAPTER 8

DISCUSSION AND CONCLUSIONS

>8.1 Introduction

This study has reinforced that total quality management is a fundamental dynamic step
on the path to become a learning organisation. This research developed a questionnaire
desighed to examine the organisation efforts (first, second, or third wave) and measure
the effect of learning on the organisational performance. However, close examination of
the questionnaire reveals more attention to organisational learning enabler, as well as,
the organisation outcomes (organisation performance). In general, it may be too much to
expect conventional questionnaire items to capture the events implicit in a learning

process, even if they are administered at different points in time.

For the present author it was beneficial to combine the outcome and process approaches,
thereby establishing a stronger association between actions that are construed as learning
and the outcomes of learning. The research method that most commonly incorporates
both process and outcome is simulation (e.g., March, 1991 and Ouksel et al., 1997).
However, simulations only achieve their knowledge of process because the researcher
has created a mathematical model to represent it. The learning process is both described
“and deliberately manipulated to study the effects of alternative processes on outcomes.
Obviously, simulation studies are limited in their capacity to represent events in the real

world, although they have generated valuable insights in many cases.

The purpose of this Chapter is to present the discussion and conclusions, and
contribution to the body of knowledge, which are significant to the fields of total quality
management, learning organisation, system thinking and system dynamics. A cfitically

assessment and recommendations for future research directions are also be made.

8.2 Discussion of conclusions for exch Chapter

Chapter two provided an assessment of the meaning of quality and total quality

management. A literature review was undertaken to establish whether a generic
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definition of quality exists. The various definitions of TQM in the literature, rely on the
hard aspects of quality (production/operations aspects, measurement and control of
work.) i.e. tools and techniques, without reference to organisational design and human
issues. TQM has been superimposed on existing organisational structures with
minimum attention paid to wider issues of organisational structure, worker dignity,
process improvement, communication, culture and organisational politics. Furthermore,
two types of the quality award models, which are the Malcolm Baldrige National
Quality Award (MBNQA) and the European Foundation for Quality Management
(EFQM) have been presented and discussed. Chapter two concluded by identifying the
gaps and weakness in TQM field and synthesising the information in the literature into a
coherent framework in an attempt to portray the key principles and components of

TQM.

Chapter three conducted a detailed literature review of learning and organisational
learning. The difference between organisational learning and learning organisation has
been presented. The literature of learning organisation has tended to focus on the
learning process; many of the recipes offered by authors in this field has been concerned
with the social interactions and cultural precedents which encourage the learning
process within teams and between teams in organisations. Rather less attention was paid
to the outcome of the learning process. These outcomes are in the form of set of skills
and knowledge that are created within the organisation. More recently contributions to
the debate have considered the knowing, and knowledge creating, organisation, and the
field of knowledge management has encouraged the perspectives on how knowledge can

be created and managed.

In the present author’s view a learning organisation is an organisation skilled at creating,
acquiring and transforming knowledge, and at reforming the behaviour patterns of
workers and decision makers to reflect new knowledge and insights so as to evaluate
total quality management in every process. Organisation failing to grasp the basic truth
that TQM requires a commitment to learning is the reason that failed programme
outnumbers successes, and success rates remain distressingly low. In order TQM to

succeed the entire workforce must acquire new knowledge, skills and abilities.

~
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Chapter four offered a historical account of the evolution of TQM. It has identified
eighteen essential factors contributed to total quality management Table (4.1). Table
(4.1) concluded by identifying the minimum and maximum ratings of these elements.
The most important element is the continuous improvement (6.5). This is matched with
the objectives of the TQM is the continuous improvement process. However it is
highlighted in order TQM to succeed, management commitment to learning and
acquiring new knowledge and skills are required. The learning cycle element scored
very low (1.75) which provide some explana‘tion'why do TQM implementation success
rates remain distressingly low? Also, this Chapter delivered a survey of ten most notable
authors in the learning organisation field in a tabular form (Table 4.2), where various
subjective weightings have been assigned identifying learning characteristics. This is to
help organisations see the learning organisation elements and systems benchmarked in a
compact format. Further a relationship between TQM and organisation learning has
been established in the form of learning flywheel (Figure 4.2), and transformation from
TQM to learning organisation has been described in a step-by-step procedure (Figure

4.3).

The main deliverable of this Chapter was the conceptual framework for the learning
organisation (Figure 4.4). The conceptual framework consists of twenty-eight elements,
which are again categorised under the Technologies and tools (T), Organisation and
system (O), and People (P) dimensions. Nineteen endogenous dependent outcomes has
also been identified and grouped under, non-financial and financial performance
categories. Chapter four laid out framework for illustrating the link between the total
quality management (first wave), dynamic system wide performance (second wave) and
organisational learning (third wave). The relationships between training, skills,
knowledge and competence developments are the main ingredients in the learning
processes, which are equivalents to the three waves of quality. Another contribution of
this Chapter was identifying and providing the relationships of non-financial measures

in the context of TQM and organisational learning.

Chapter five provided the findings of a questionnaire survey, which was used to evaluate
the conceptual framework for both manufacturing and non-manufacturing organisations.
Through analysis of the collected data, some important research findings have been

summarised and presented. In fact only four organisations were found to be in the third
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wave of quality. Nine organisations were found to be in the second wave of quality.

Seven of them had not yet embarked on a journey to become a learning organisation.

The overall results have shown that more than half of the respondents expect that
organisational learning should benefits in terms of reduced defect rates (37%); increased
customer satisfaction (47%); improved information sharing process (81%); individual
competence development (68%), increased productivity (46%) and reduced order cycle
time (51%). Only a few respondents did not anticipate any improvement in organisation
performance, and 2 respondents thought that improved learning process would not help

to speed up the innovation process for new products/services.

In the financial performance category, very little difference was noted between the first
wave and the second wave organisation (37% to 44%, respectively). So in essence,
second wave is more about cultivating qualitative measures and essential organisation
support systems in an organisation. However, with respect to the third wave, financial as
well as non-financial performances improvement has been recorded. The main
difference between the second wave and the third wave organisations are the knowledge
management efforts and the competence development programmes, and these
organisations have experienced direct benefits of such implementation. These results are
in line with the framework developed in Figure 4.4 emphasising that non-financial
measures are the key difference between the first, second, and third waves of quality.
Finally, Table 5.3 summarised the overall profile of the twenty-six organisation

respondents.

Whilst organisations recognise the importance of creating, processing and transferring
knowledge, so far they have been unable to translate this competitive need into
organisational strategies. This observation was supported by the fact that only 2
respondents reported that their organisations currently were ‘very efficient’ at leveraging
learning to improve performance. In fact altogether, 50% respondents reported that their
organisations were developing dynamic system wide performance as an organisational
strategy. However, only 15% of the respondents indicated that their organisations were
‘extremely good’ or ‘very good’ at generating new knowledge, using knowledge in

decision-making or accessing external knowledge.
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To verify these findings, each respondent was asked to indicate whether their
organisation was developing an organisational learning ' strategy and/or if the
organisation was either implementing or had developed specific continuous
improvement programs. A total of nine respondents (35%) stated that their organisations
were developing TQM as a base line for the organisational learning. Most of the 17
organisations (65%) were in the early stages of rolling out programmes and initiatives to
support their organisation learning strategies. Of these thirteen organisations (50%) were
in the second wave of quality implementing dynamic system wide performance. On the
other hand only four organisations (15%), were actively introducing all of the

organisational learning activities listed in the framework.

Survey results have been indicated that organisations are experiencing great difficulty in
translating organisational learning theory into practice. Few organisations have
effectively adopted a holistic approach to organisational learning. In fact, essential
‘building blocks’ for speeding the learning process in the organisation, such as,
embedding new knowledge into the organisation and measuring the strategic value of
competence assets, were almost completely absent or iﬁeffectively performed in most of

the surveyed organisations.

The organisations, which introduce the third wave strategies, believe that learning is
taking place both at the strategic organisational level and at the level of individual
worker. However, for organisations still utilising first wave téchniques, no or very little
learning take place within production practices or training practices. The second wave

creates an atmosphere where the individual learns by acquiring specialised skills.

In conclusion, from this sample group of organisations it was seen that although most of
them understand the commercial or institutional demands to introduce organisational
learning as a business strategy, few benchmarks of best practice have emerged. Indeed,
"~ when considering the noted lack of learning process expertise and skills and the cited
organisational barriers to create knowledge-based organisations, the substantial
difficulties organisations face in this critical transformation process becomes readily

apparent.
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Chapter six presented causal relationships for the three learning waves. The value of
system dynamics model, both theoretical and problem specific, in establishing cause-
effect relationships and providing a vehicle for studying design alternatives has been
highlighted. The learning process system is complex and time varying, often with
counter-intuitive relationships between cause and effect. This has been shown that using
the dynamic analysis techniques and computer simulation model of IOBPCS greatly
improves the understanding of system behaviour. This has been lead to a better system
design in terms of skill level control without excessive fluctuations in the skills
recruitment. Using IOBPCS model the Skill Pool Model (SKPM) has been used as a
datum for the dynamic analysis. Computer simulation was used to find the criteria
values for the step input responses for a combination of parameter values for the skill
models. Using an industrial dynamics simulation model of skill pool has been lead to a
better system design (Human resources system in this case) in terms of skill level
control without excessive fluctuations in the rate at which skills are recruited. SKPM

optimum was stated as T; = T and T, = 2 T}, at T,= 4 weeks.

The primary concern is what happens when an organisation faces fundamental change.
The organisation can possibly utilise consultants to assist in the change implementation,
but of equal cdncem is how its regular managers will be able to manage the new
situation. In this case there is significant skill reduction as the new processes. To boost
the necessary skill through training may not be feasible, and even if it were, there are
long time lags. The other option is to acquire the necessary skills by recruiting new staff
who already possesses those skills. This highlights the skill paradox, that if growth is
not generating the need for new posts that can be filled by staff with the new skill then
this may only be possible if the organisation has staff leaving who can be replaced
(Winch, 1998). |

The recruitment may be an expensive way to acquire the new skill, particularly if
redundancy, early retirement or other inducement has been required to create the space
for the new staff. It also assumes that the necessary new skills are readily available in

the employment market place.

Chapter seven improved the dynamic behaviour of the skill-acquired model by adding

an extra feedback term to SKPM. The addition of an extra feedback term to SKPM
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algorithm based on expected skill in process pipeline levels improves the dynamic
performance of PSKPM. However, the analysis has been shown that the main problem
with the PSKPM structure was that an undesirable permanent deficit results in actual
skill pool level for a step change in the present skill loss rate for all values of Ty, (except
Tw = a). This skill offset has been addressed in APSKPM by adding the extra feed-
forward path where the desired level of skills in process has been calculated as justified
by current organisation demand. Although APSKPM reduce the risk of skill
unavailability, the downside is that increased amplification is evident in training

completion rate for the corresponding values of T,.

The addition of an extra feed-forward path to PSKPM, representing the pipeline skills in
process target value based on the knowledge of expected training lead-time and
smoothed skill recruit rate, eliminates the actual skill level offset problem although this
is based on accurate visibility of the training such that T, = Tp. whilst in reducing or
eliminating this offset, this however increase the overshoot for the training completion

rate and skill in process level for the step input.

It was concluded that the APSKPM would be a good model for the skill recruitment and
training. The optimum design parameter values are T; = T, = T, and T, = Ty, = 2T, for
the given values of skill level and skill loss rate. It can also be concluded that this design
responds well to an expected step input, and following the input signal closely for

training completion rate without worsening the actual skill levels.

8.3 Contribution to the body of knowledge

The overall contributions of this work are summarised as: -

1. The characteristics of TQM and organisational learning are identified in a very clear
format.

2. The conceptual relationships between TQM and organisational learning are clearly
established, and the process to move from TQM to become a learning organisation is
identified.

3. A structured framework is devised to link organisational learning elements with the
financial and non-financial performance measures. This allows organisations to
structure their strategic thinking and operational processes in line with the

organisational learning elements.
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4. On the basis of the framework, a questionnaire survey has been designed and
implemented as a means to identify the milestones reached Afor an organisations on
journey to become a learning organisation.

5. Introduced the system thinking tools to provide a better understanding of the causal
relationships for the first, second, and third waves of quality.

6. A quantitative analysis of the fields of organisational learning, TQM and human

resource management is provided on the basis of system dynamics models.

The above contributions are of particular relevance to the fields of total quality
management, organisational learning and system dynamics. This is reviewed in detail in

the following sections.

8.3.1 Contribution in TQM field

TQM is not just about improving production steps and reducing cycle times, however. It
is a thought revolution in management (Ishikawa, 1985). In other words, TQM is about
changing the mental models of management in order to enhance an organisation’s
fundamental capability to determine its own future. This change requires more than a
one-time shift in thinking; it means continually re-evaluating the way managers think.
Sustaining this thought revolution requires not only engaging in the continual
improvement activities already accepted by many organisations, but also changing the
conventional wisdom and mental models shared within an organisation. As Garvin
(1993) states “continuous improvement requires a commitment to learning. How after

all can an organisation improve without first learning something new?”

8.3.2 Contribution in organisational learning field

The outcome of the learning process is the ability to continue to learn, the set of skills
and knowledge that are created within the organisation, and are accessible to those who
might be in a position to use them in contributing towards the vision of the organisation.
More recently contributions to the debate have considered the knowing, and knowledge
creating, organisation, and the field of knowledge management has encouraged the
development of perspectives on how knowledge can be created and managed as

described in Chapter 3.
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In this dissertation, the main building blocks of the learning drganisation are identified
to meet objective 1 as described in Chapter 4. Also the conceptual framework and a
theory for linking total quality management to organisational learning have been
developed and outlined in Chapter 4. Chapter 5 evaluates the learning organisation
framework through the questionnaire survey. The dynamic simulations of the first wave
learning are presented. A methodology and research process was proposed for making
progression link between the first, second and third wave of quality using causal-loop

tool.

A learning organisation should be an organisation skilled at creating, acquiring and
transforming knowledge, and at reforming the behaviour patterns of decision makers to
reflect new knowledge and insights so as to evaluate total quality management in every
process. Organisations failing to grasp the basic truth that TQM requires a commitment

to learning is the reason why failed programmes outnumber successes.

8.3.3 Contribution in the system thinking and system dynamics fields

It is estaBlished that the field of system dynamics, its methodology, principles, and
practices, can make a significant contribution in helping to understand the dynamic
complexity of organisational learning. Intuitively, managers find value in the approach
because of its ability to capture complex organisational dynamics, but the methodology
can be very difficult to put into practice. This research gained some important insights in

attempt to translate the methodology into more digestible pieces for mass consumption.

One lesson is that causal-loop diagrams can be made easier to use by delineating a step-
by-step process for constructing them. Causal thinking is at the core of organising idea.
Causal-loop diagrams are to display all the major influences and feedback loops that
exist between variables; they provide a qualitative representation of the feedback

structure of the system as outline in Chapter 6.

The present research has proved the application of system dynamics in the field of
organisational learning whose visual form supports understanding of the problems of
retaining and developing the skills base as illustrated in Chapter 6 and 7. This model
would apply to most kind of organisation. However, some organisations, large multi-

divisional organisation in particular, may have additional means of supplementing their
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skill base in times of major change. One form of enhancement is through job rotation or
secondment with sister organisations, which is available as an option to the

organisation; this can be called upon to quickly boost the skill base.

8.4 A critique

Many organisations for example, manufacturing, as well as private organisations
delivering professional services and operating in a rapidly changing socio-economic
environment are often concerned mainly with the production of any tangible outputs
rather than innovation, problem-solving and learning. An innovation organisation must
necessarily incorporate a strong interplay of the learning processes which regulate the
creation of knowledge, skills, and its competence in the organisational context and
which would constantly improve operations affecting productivity. All three learning
loops, as identified in this thesis, have an information exchange with one another, in the
form of three high-level feedbacks. This creates an extended interdependence between
the roles played within the context of each learning loop. These relaﬁonships form the
basis for the development of a formal system dynamics model, which is presented in

Chapters 6 and 7.

There are however, a number of limitations in the present work: -

e No clear criteria to chose the TQM elements in Table 4.1 and use of subjective
weighting against each quality Guru. This also applied to organisational learning
Table 4.2.

o There is a lack of explicit inter-relationships between the learning organisation
framework enablers with results.

e A small sample size to validate the framework.

e The questionnaire is based on subjective assessments.

e Crisp rules were used to distinguish between the first, second, and third wave

organisations.

The system dynamic models need validation in a “real” case scenario.

8.5 Future directions

Along with the limitations identified in section 8.3, future work could build on this

study in a number of ways.
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First, field research (questionnaire survey) can be conducted to develop some
explicit and quantitative relationships between learning organisation framework
element and continuous improvement, continuoual learning and organisation
performance.

Second, the system dynamics model developed here can be challenged and
improved. This work has drawn on one model of learning loops (skills inventory
model) and on supporting theory (organisational learning framework). Therefore,
some alternative organisational learning theories can be studied to formulate the
relationships between organisational learning and the new product development

Process.

Third, the simulation model can be extended by linking the three learning waves and
by including other feedback loops. There are numerous factors that affect learning
organisation and organisational performance that can be represented in such a
model. Factors and mechanisms affecting learning loops/processes could be studied

and incorporated into the model.

Fourth, further work is needed for a better understanding of the role of mental model
in individual and organisational learning, especially the types of mental models that
are appropriate for representing dynamic complexity, the methods with which to
capture the understanding of such complexity, and the means through which new

learning’s can be transferred to the whole organisation.

A way forward is the examining of the influence of process-oriented learning, which
is based on interactions between the members of the organisation and its objectives.
On the basis of the so-called holographic-learning (Morgan, 1986) learning
processes would be self-organising instead of being initialised by their environment
conditions, or by the management interventions. The question is what kind of effects
will appear if employees gain the ability of self-recognising and self-solving

- problems which belong to their own reality, and which are original and new to them.
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APPENDIX 2.1

QUALITY DEFINITIONS

Table below defines quality from the viewpoint of different quality professionals and to
provide a conceptual scheme for the discussion of TQM. This can be classified in three

sections: - customer-base, Service and Manufacturing-base, and Value-based definition.

o 1 - Customer-base definition.

ISO 8402 | The totality of features and characteristics of a product or service that bare |
(1986) on its ability to satisfy a given need.
Garvin Quality is measured by the degree to which the wants and needs of
(1988) customer are satisfied.

~ Juran Quality is fitness for use.
(1988)
Morris The degree of fitness for purpose or function indicating that quality is a
(1992) measure of the satisfaction of customer needs.

Oakland The core of a total quality approach- is to identify and meet the
(1993) requirements of both internal and external customer

| 2 - Service and Manufacturing-base definition. -
Crosby . | Quality means conforrﬁéhcé fo réqﬁirexﬁenté. — |
(1979)
Garvin Quality refers to the amount of desired attributes contained in the product.
(1988)
Price Do it right first time.
(1990)




3 -‘Value-base'd definition.

A predictable degree of uniformity and dependability at low cost and

Deming
(1986) suited to the market.
~Garvin Quality is measured by the percentage of scrap or rework required during
(1988) the production process.
Ishikawa Quality management is a revolutionary management philosophy
(1990) characterised by the quality strategic goals
Kanji Quality is to satisfy customer’s requirements continually; TQM is to
(1990) achieve quality at low cost by involving everyone’s daily commitment.
Feigenbaum | Quality is the degree to which a specific product conforms to a design or
(1991) specification.
Dale Quality must be achieved in five basic areas: people, equipment, methods,
(1991) materials and the environment to ensure customer’s need are met.
Taguchi The quality of product is the minimum loss imparted by the product to the
(1996) society from the time the product is shipped.

There are some more precise terms and descriptions are gaining international

acceptance: -

Quality management

That aspect of the overall management function that determines and implements the

quality policy.

Quality policy

The overall quality intentions and direction of an organisation as regards quality, as

formally expressed by top management

Quality assurance

All those planned to provide adequate confidence that a product or service will

satisfy given requirements for quality.

Quality control

The operational techniques and activities that are used to fulfil requirements for

quality




e Quality system

The organisational structure, responsibilities, procedures, processes and resources

for implementing quality management

. uality plan
A document setting out the specific quality practices, resources and sequence of

activities relevant to a particular product, service, contract or project.

e Quality audit

A systematic and independent examination to determine whether results comply
with planned arrangements and whether these arrangements are implemented

effectively and are suitable to achieve objectives.
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APPENDIX 3.1

FIVE DISCIPLINES

o Systems thinking

System thinking is a conceptual framework that has been developed in an attempt to
clarify how the patterns of inter-correlated actions within a system affect the entire
system, and thus it provides ideas for how to change the system effectively. This is the
fifth discipline, according to Senge, the most important discipline, because it suggests
that the five disciplines must be viewed as part of a larger system, and any attempt at
creating a learning organisation must start from the premises of the organisation as a

system.

What Senge stresses in his account of what constitutes a learning organisation is how

systemic orientation integrates the disciplines into a coherent whole that exceeds the

sum of its parts. He believes a vision without systems thinking ends up glorifying the

future without understanding the forces that must be over-come in order to arrive there.

However, just as important, systems thinking need the other disciplines to realise its

potential:

e Building a shared vision is necessary for fostering a long-term commitment;

e Mental models contribute to the openness needed to see reality for what it is and
unearth the organisation’s present short-comings;

e Team learning develops the skills necessary for people to see beyond themselves
and focus on the organisational perspective;

e Personal mastery is important for developing the personal motivation to try
continuously to understand how we as individual’s influence and are influenced by

our surrounding environment.

It must be emphasised that Senge sees systems thinking as the foundation upon which a
learning organisation must be founded. At the heart of the learning organisation is a
shift of mind — from seeing ourselves as separate from the world to connected to the
world, from seeing problems as caused by someone or something “out there” to seeing

how our own actions create the problems we experience (Senge, 1990).
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e Personal mastery

Personal mastery is “the learning organisations spiritual foundation” (Senge, 1990). It
refers to a personal commitment of continuously clarifying and deepening your personal
vision, of focusing your energies, of developing patience, and the ability to see reality as
objectively as possible. Senge (1990) argues that the organisation’s commitment and
capacity for learning can be no larger than that of its members. He argues further that
few organisations focus on encouraging the personal growth of its members, and that
this results in vast untapped resources not being developed. It is not quite clear how
personal mastery can be fostered throughout an organisation, except through key people
modelling behaviours and attitudes that reflect their personal commitment to growth and
development. Organisations can learn only if the individuals in them are learning.
“Personal mastery” is the phrase used to describe the discipline of personal growth, the

goal of which is to expand one’s ability to produce desired results.

¢ Mental models

A mental model is another word for world-views, narratives, organisational Gestalts, or
organisational cognitive structures. It refers to deeply held assumptions or metaphors
through which we interpret and understand the world, and take action. Senge argues that
many new insights into new market opportunities or outdated managerial practices fail
to be put into practice because they conflict with strongly held, unconscious mental

models.

Mental models govern how we make sense of the world and how we take action in it.
An easy example is the generalisation “people are untrustworthy”. Such a sentiment

shapes how we act and how we perceive the acts of others.

e Building shared vision

Building shared vision is important for bringing people together and to foster a
commitment to a shared future. According to Senge, this idea of leadership has inspired
organisations for thousands of years, but what have been lacking are principles and
guiciing practices for translating a personal vision into a truly shared vision. He believes
that a shared vision for the organisation must transcend a charismatic leader or a
galvanising crisis that brings people together temporarily, and binds people together

around a common identity and a sense of destiny. Building a shared vision must start




with a personal vision to which one is committed. It is only through personal choice that
people can become committed to a shared vision. Governing ideas can be used to aid in
this process, ideas about future states, purposes, and values. However, it is not enough
to state governing ideas, they must be the ideas by which key people in the organisation
live. Shared vision is vital for learning organisations that want to provide focus and

energy for its employees.

e Team learning

Team learning is vital according to Senge (1990) because in a modern organisation,
teams are the fundamental learning units. The paradox of teams is that they can both
perform well below or well beyond the capacity of any one individual. Senge feels the
discipline of team learning confronts this paradox. Further, team-learning starts with
“dialogue” which is the ability of team members to suspend assumptions and judgement
and enter into a free flowing dialogue in which different ideas can be explored together.
This means that it is essential to develop an understanding of the practices that
_encourage as well as hamper such a dialogue. Research into techniques and practices of
dialogue have been initiated through the dialogue project at MIT’s organisational

learning centre (Isaacs, 1993).

Team learning is really the process of aligning a team to avoid wasted energy and to
create the results its members want. Team learning builds on the disciplines of shared
vision and personal mastery, because talented teams are, necessarily, made up of

talented individuals.
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APPENDIX 4.1

CONCEPTUAL FRAMEWORK ELEMENTS

4.1.1 Technologies and tools elements |

4.1.1.1 First wave elements

¢ Single-loop learning

Single-loop learning primarily concentrates on specific activity or direct effect.
According to Dodgson (1993) single-loop learning can be equated to activities that add
to the knowledge base or organisation-specific competences or routines without altering
the fundamental nature of the organisation’s activities. Single-loop learning has also
been referred to as lower-level learning by Foil and Lyles (1985) adaptive learning or
coping by Senge (1990) adaptive/maintenance learning; learning from experience;
coping by Dixon (1993) and non-strategic learning by Mason (1993). Adaptive learning
is usually fairly straightforward. The organisation identify a problem or a gap between

where it is and where it want to be, and set about to solve the problem and close the gap.

Many authors for example, (McKee, 1992; Nonaka and Takeuchi, 1995; Slater and
Narver, 1995) believe that the Single-loop learning is the most fundamental and passive
learning style. With Single-loop learning the organisation finds out a solution to
differentiate the results and the expected outcomes, but does not analyse their causes.
The errors are tracked down and corrected within the existing set of rules and norms
because the organisation concentrates on what is already being done. Single-loop
learning is related to individual activities directed towards providing a solution to
specific problems and can be associated to a linear process of innovation. For example,
when a product manager sees that new product sales have fallen below expectations,
he/she may inquire into the shortfall, hoping to uncover the reason and adjust the
organisation’s marketing strategies to bring sales performance back in line (Argyris and
Schon, 1996). While the single-loop learning process is open to feedback, it does filter
incoming information through current norms or capabilities, which can cause problems

to be hidden, disguised, or denied (McKee, 1992).

Because single-loop learning focuses on immediate problems and opportunities it limits

knowledge development and behaviour modification to the task at hand, which may




speak to why so many organisations employ the same organisational learning

techniques time and time again.

e Problem solving
Problem solving is bringing a group of individuals together to analyse a situation,
determine the real problem, look at possible solutions, evaluate these solutions, and

choose the best one for the given situation (Jay, 1997).

Systematic problem solving relates to the philosophy and methods of the quality
movement relying on the scientific method, rather than guesswork, uses actual data,
rather than assumptions, and simple statistical tools for diagnosing problems (Garvin,
1993). One example of this is Deming’s cycle, i.e. Plan, Do, Check, and Act. The
organisation has to introduce mechanisms to collect data on which decision-making and
problem solving can be based. These include the introduction of various quality oriented
programmes; quality history sheets; or a customer feedback study to determine which of

their products were in demand and why?

Most training programmes focus primarily on problem solving techniques, using
exercise and practical examples. These tools are relatively. straightforward and easily
communicated. The necessary mind-set is more difficult to establish. Accuracy and
precision are essential for learning. Employee commitment is a must. If there were a
problem that the employees do not care about, it would not be sensible for them to be

involved in the problem solving process.

The problem-solving process will most likely increase the motivation and satisfaction
not only of employee, but also of the management. It will give the employee a chance to
voice their ideas and be listened to. This will also give them a feeling of participation by
having input into the solution. Many managerial studies have found a direct correlation

between employees’ motivation, satisfaction increased, and productivity (Jay, 1997).

e Benchmarking

Bendell ef al. (1993) define benchmarking as the process of identifying and learning
from best practices anywhere in the world in the quest for continuous improvement.
Rank Xerox, provides the most practical definition; benchmarking is a continuous,

systematic, process of evaluating organisations -recognised as industry leaders, -to
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determine business and work processes that represent best practices, establish rational
performance goals (Zairi, 1994). The primary objective of benchmarking is performance
improvement. Identifying opportunities for performance improvement by comparing
one organisation’s performance with that of another is a reflex of learning organisation.
Benchmarking is the internal/external activity for identifying opportunities and ensuring
that the wheel of improvement is turning in the right direction and is making the
necessary effort towards the end destination, i.e. achieving high standards of
competitiveness. Many best organisations are using benchmarking as a tool for
obtaining the information to be used in the continuous improvement process, and to

gain competitive edge (Booth, 1995; McNair and Leibfried, 1992).

Benchmarking is an ongoing investigation' and learning experience that ensures that best
industry practices are uncovered, analysed, adopted and implemehted (Camp, 1989). It
is a discipline process that begins with a thorough search to identify best-practice
organisations, continuous with careful study of one’s own practice and performance,
progresses through systematic site visits and interviews, and concludes with an analysis
results, development of recommendations, and implementation. Customers are one of
the sources of ideas. Conversation with customers invariably stimulates learning; they
are after all experts in what they do. Customer can provide up-to-date product
information, competitive comparisons, insights into changing performance, and
immediate feedback about service and patterns of use. Organisations need these insights

at all levels, from the executive suite to the shop floor.

e Action learning

Bourner et al. (1996) describe the approach of action learning as the process of
reflection and action, aimed at improving effectiveness of action where learning is an
important out-come. The approach involves testing out ideas and then modifying the
respective ideas as a consequence. Sandelands (1998) views action learning as a form of
learning by doing, i.e. working on real life issues, focusing on learning and

implementing pragmatic solutions.

Action learning is concerned with generating new ideas by putting them into natural
experience, seeking to make meaning from experience (Raelin, 1997). The action
learning approach suggests that people learn best about work, at work and through

work, within a structure, which encourages learning (Peters, 1996).
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Limerick et al. (1994) cited Pedler’s description of action learning as an approach to the
development of people in organisations, which takes the task as the vehicle for learning.
It is based on the premise that there is no learning without action and likewise no sober
and deliberate action without learning. It results both self-development and

organisational development.

In order for the process of action learning to happen, each participant must select a
problem. It may sound like an exercise in semantics; however, in action learning there is
a clear distinction between a puzzle, which usually has one “correct” answer, and a

problem, which may have a number of different answers.

Action learning is single-loop learning because the opportunity to reflect on experience
with the support of others followed by action means that members engage in learning
from repeating previous patterns of behaviour. Action Learning satisfies both individual
and team learning needs by providing effective ways of identifying and addressing these
needs in the workplace. Action learning is providing means for the creation and

development of new skills, ways of working and approaches.

e Continuous improvement

Continuous improvement means incremental improvement of products, processes, or
services over time, with the goal of reducing waste to improve workplace functionality,
customer service or product performance (Suzaki, 1987). Process subjected to analysis
by this concept characteristically reveals significant opportunities for reductions in
process time or expense, and improvements in quality or customer satisfaction.
Continuous improvement principles, as practised by the most devoted manufactures,
result in astonishing improvements in performance that competitors find nearly

impossible to achieve.

So far, continuous improvement principles are mainly applied in manufacturing
industries and then predominantly in repetitive environments. There is growing interest
in applying continuous improvement principles to product development and innovation
processes (Barthezzaghi et al., 1998). The common basis of these studies is that the
successful application of continuous improvement to non-repetitive activities requires a

deep understanding of the processes of focused improvement over time (Hayes et al.,
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1988). Many authors have highlighted that sequences of learning cycles are the basis of

continuous improvement (Deming, 1986; Bessant et al., 1994).

e Learning cycle
Figure 4.1.1 illustrates the typical elements of a learning cycle (Handy, 1995). As Senge
stated, “all in the organisation must master the cycle of thinking, doing, evaluating, and

reflecting. Without, there is no valid learning” (Senge, 1990).

Questions,
Thinking
. Learning Theory,
Reflection I Ideas,
cycle Doing
Tests,
Evaluating

Figure 4.1.1: Learning cycle.

There is a general progression through these stages as shown by the arrows. Such
learning occurs continuously, largely through social processes, and is primarily tacit in
most organisations. This permeates the organisation, existing at multiple levels in the
organisation ranging from individual to organisational. Therefore, the organisational
learning cycle articulate as a process, which can be applied to a specific learning unit to

develop organisational learning skills.

e Data management

Data in general refers to a collection of facts, which may or may not be related. A unit
of data is quantitative or qualitative description of a physical or abstract entity. A unit of
data compromise two elements one is the name of the attribute referred to; the other is
the value of that attribute for a given entity. For example the attribute is monthly salary
and the value is £1000 (Kenneth, 1999). Data is raw. It simply exists and has no
significance beyond its existence. It can e_xist in any form, usable or not. It does not

have meaning of itself (Gene Bellinger, 1997).
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Data are carriers of knowledge and information a means through which knowledge and
information can be stored and transferred. Both information and knowledge are
communicated through data, and by means of data storage and transfer devices and
systems. In this sense, a piece of data only becomes information or knowledge when it
is interpreted by its receiver (Kock Jr et al, 1996). In the same sense, information and
knowledge held by a person can only be electronically communicated to another person
after they are encoded as data. Printed-paper and computer disks are examples of data
storage devices. A corporate e-mail and the international airmail systems are examples
of data storage and transfer systems. Data management is defined as the process of
collecting, analysing and interpreting related data to the causes of variations in

organisation characteristics (Gene Bellinger, 1997).

4.1.1.2 Second wave elements

e Double-loop learning

Double-loop learning is described as the second or the higher-level learning (Fiol and
Lyles, 1985), generative learning (or learning to expand an organisation’s capabilities)
(Senge, 1990), anticipative/innovative learning or productively creating (Dixon, 1993)
strategic learning (Mason, 1993). However double-loop learning is about changing the
organisation’s knowledge base or organisation-specific competence’s or outlines
(Dodgson, 1993). |

With double-loop learning, the errors are tracked down and corrected, and accordingly
organisation incorporates changes in its fundamental rules and norms involving action
and behaviour (Argyris and Schon, 1978). It questions the overall effectiveness of
current norms, values and practices, and suggests that fundamental changes my be
required to improve performance. For example, after introducing the concept of the
learning organisation, Federal Express challenged employees to rethink its delivery
process for a major bio-chemical customer. As a result, employees mapped-out a new
delivery system in just two days, which saved the customer $1.3 million a year. Using
double-loop learning, the employees solved a problem in a few days instead of nearly

two years (Worrwll, 1995).

Double-loop learning is more related to iterative models of innovation. Innovation
processes cover the stages of new product, service or process development, from idea

conception to market acceptance and should perform the activities of prototype
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development, testing, production and commercialisation. Innovation is an iterativé,
double-loop organisational learning process that, undertaking short-term specific
activities, overcomes problems and, in the long term, modifies the fundamental rules
and norms underlying actions and behaviours (culture). Hence, innovative organisations
have to consider that problems lead, on the one hand, to individual actions to solve them
and, on the other hand, to a collective reflection of the problem itself, of its causes and

of the possible strategic options that may provide a solution to it.

¢ Learning orientation

Learning orientation is an organisational characteristic that affects the organisation
propensity to value double-loop learning. Learning orientation is reflected by a set of
knowledge-questioning values (Sinkula et al. 1997) and is a set of critical dimensions of
organisational learning. Learning orientations are the values and principles that reflect
where learning takes place and are the methods of sharing, developing, and utilising
knowledge (Nevis, 1995). It defines the organisation’s values, principles, and actual
venue where learning takes place within an organisation; it is the organisation’s learning

personality.

For example Nevis, (1995) documented seven learning orientations that can be used to
describe an organisation. These are:

o Knowledge source: internal-external, is there a preference for developing
knowledge internally or acquiring knowledge developed outside the
organisation? |

o Product-process focus: what? -How? A focus on the product or service itself,
or on how it is produced or delivered. |

o Documentation mode: personal-public, knowledge is possessed by
individuals or is pﬁblicly available.

o Dissemination mode: formal-informal, formal and prescribed methods of
sharing knowledge or an informal casual process based on daily interaction.

o Learning focus: incremental transformative, incremental or corrective
learning versus transformative or radical learning.

o Value-chain focus: design-deliver, a focus to invest learning activities in
design/production or in sales/service functions.

o Skill development focus: individual-group, a focus on the development of

individual skills versus team or group skills.
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Learning orientation is conceptualised as a set of values that influence the degree to
which an organisation is satisfied with its theories in use (Argyris and Schon 1978).
Organisations with strong learning orientations encourage, or even require, employees
to constantly question the organisational norms that guide their learning process
activities and organisational actions (Garvin 1993). In this respect, learning orientation
affects the degree to which organisational members are encouraged, even required, to
“think outside the box.” Hence, it has a direct bearing on the degree to which higher

order learning occurs (Slater and Narver 1995).

A learning orientation is likely to increase the rate of internal and external change in an
organisation, but the process of establishing a learning orientation takes time. Changes‘
in an organisation’s learning orientation, as Garvin (1993) noted are “the product of
carefully cultivated attitudes, commitments, and management processes that have

accrued slowly and steadily over time”.

e Information system

An information system is a specific kind of a technology. Dodgson (1993), Brown and
Puguid (1991) merely make a passing mention of the influence of technology on
learning. Both suggest that new technologies such as multimedia communications,
computer-aided learning, information dissemination and training will be a great ground
for future research in this area. Gershman (1993) states that technology can be used to
clarify assumptions, speed up communications, elicit tacit knowledge, and construct
histories of insights and catalogue them. The influence of information systems, in
particular, can be considered two-fold: direct influence and indirect influence.
Information systems can indirectly influence organisational learning by affecting
contextual factors such as structure and environment, which, in turn, influence learning.
They can also directly influence the organisational learning processes. For example, in
recent time information systems may be viewed as database, which allows a result to

conduct transactions.

Learning is important for organisations to survive and sustain competitive advantage
and promote innovation. Information systems can enable this survival strategy, the

innovative spirit, and the competitive edge.
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e Information management

Information is a basic resource like materials, money and personnel. Information can be
considered either as an abstract concept (ideas) or as a commodity, usually in the form
of letters and reports. Information is a data that has been directed to the right place (or
person) at the right time (or decision instant). Information is data that has been given
meaning by way of relational connection. This “meaning” can be useful, but does not
have to be (Gene Bellinger, 1997). Essentially, therefore, information has become a
critical resource, just like energy, both of which are vital to the well being of individuals

and organisations in the modern world.

Information management has been defined as the organisation-wide capability of
creating, maintaining, retrieving and making immediately available the right
information, in the right place, at the right time, in hands of the right people, at the
lowest cost, in the best media, for use in decision making (Langemo, 1980). In the same
vein, Best (1988) defines information management as the ecohomic, efficient and
effective co-ordination of the production, control, storage and retrieval and
dissemination of information from external and internal sources, in order to improve the
performance of the organisation. Therefore, the key issue involved in information
management is managing information in an organisation using modern information

technologies.

Garvin, (1988), found that high quality performance organisations generate, process,
and distribute more information about their products, processes, and failure-rates than
low quality performance organisations. For example, leading edge quality organisations,
such as Xerox, Federal Express, and Texas Instrument, generate and process scores of
pieces of information to create useful knowledge about customer satisfaction and the

quality and the performance of their products and services (Fortune, 1993).

Practically speaking,‘any orgénisation needs information both about its own internal
processes, in order to ensure effectiveness and efficiency, and about its environment, in
order to respond and adapt to the actions, attitudes and decisions of external agencies
such as governments, competitors and social groups. Both types of information must be
put together in a coordinated manner so that the actions and decisions of the

organisation can be matched closely to its external circumstances.
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4.1.1.3 Third wave elements

e Triple-loop learning

According to (Argyris and Schon, 1996) triplé-loop learning is the most advanced level
of learning that seeks to gain insight into the “learning process” itself while addressing
the problems or opportunities at hand. This learning level is required when the existing
knowledge is no longer adequate in order to reach the objectives. There is a need for a
complete change and renewal, which requires the individual to reflect on its mental
models, thereby learning to learn new things (Argyris & Schon, 1978). Triple-loop
learning involves learning how to learn and it requires organisational members to

inquire into the nature of their learning system and its effects on their inquiry.

Argyris & Schon (1978) and Swieringa and Wierdsma (1992) distinguish between three
levels of learning — single-loop learning: questioning how things are done; double-loop
learning: questioning underlying purposes and why things are done; and triple-loop
learning: questioning essential principles on which the organisation is based, and
challenging its mission, vision, market position and culture. Double-loop and Triple-
loop learning are concerned with the why and how to change the organisation while
single-loop learning is concerned with accepting change without questioning underlying
assumptions and core beliefs. A major benefit of the learning processes, according to
Schrange (1989), is that “organisations that learn how to fail intelligently outperform

organisations that seek to minimise the frequency of failure.”

While each learning process creates varying degrees of information, this review
suggests that Triple-loop learning may offer more value to organisations challenged
with generating a steady stream of product innovations. The missing ingredient has been
the lack of field-testing to evaluate the linkage between organisational learning, total

quality management, knowledge development and organisational behaviour.

¢ Knowledge management
Knowledge is the appropriate collection of information, such that it’s intent is to be
useful. Knowledge is defined as a set of beliefs held by an individual about causal

relationships among phenomena (Sanchez et al., 1996). Knowledge can be viewed as

the interpretation of the information.
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Knowledge (broadly conceived to include both what we know and what we can do)
indicates a state, i.e. a person or organisation has a certain measure of knowledge, which
creates the potential for action and decision. Learning indicates some change in the state
of knowledge, which is often manifested, by a change in explanation, decision or action.
Learning must involve an increase in knowledge or a change in something previously

known (i.e. we correct an error or change from one theory to another).

Knowledge management has been broadly defined as “the acquisition, sharing and use
of knowledge within organisations, including learning processes and management
information systems” (University of Warwick, 1999) or, more specifically, knowledge
management is a knowledge creation, which is followed by knowledge interpretation,
knowledge dissemination and use, and knowledge retention and refinement (De Jarnett,
1996). Knowledge management is the process of critically managing kﬁowledge to meet
existing needs, to identify and exploit existing and acquired knowledge assets and to

develop new opportunities (Quintas et al., 1997).

The purpose of knowledge management is to integrate internal and external knowledge
at all times in order to cope with environmental changes both within and outside the
organisation, to solve existing problems as well as to innovate for organisation
expansion. However, to fulfil these functions, the organisation has to provide a learning

process to speedup the flow of information.

To enhance organisational learning aBility is to practice knowledge management. A
good knowledge management system not only helps establish internal consensus and a
competition mechanism, but also contributes to corporate competitiveness and adapt-
ability in the face of rapid external changes. Therefore, the knowledge management
system in a learning organisation must be able to coordinate work and learning
activities, and it should contain enough stimuli or incentives to attract all members to

get involved in learning activities (Quintas et al., 1997).

4.1.2 Organisation and systems elements

4.1.2.1 First wave elements
e Culture
Culture can be defined as, a pattern of basic assumptions invented, discovered, or

developed by a group as it learns to cope with its problems of external adaptation and
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internal integration that has worked well enough to be considered valid and, {herefore,
to be taught to new members as the correct way to perceive, think, and feel in relation to
those problems (Schein, 1985). Learning culture support shared learning from
experience to perceive and understand a new vision. The learning culture of an
organisation can be considered as “a constantly changing, multi-faceted organism,
which draws on the collective energies of the learning conditions of its people”
(Johnson and Scholes, 1993). 4

Culture is the first aspect, which needs to be appraised with a view to establishing the
current state of learning in the organisation. Culture means the way in which learning is
viewed, talked about and interpreted in the organisation. Culture is something that every
person in the organisation contributes to and has a role in either perpetuating or
changing over a very long period of time. Implementing organisational learning in any
organisation requires a large amount of change. People behaviour and attitudes must
change. Manager and staff must be able to do their jobs more skilfully. New attitudes
are needed which stress the importance of meeting customer requirements. Culture
change is therefore a sensitive issue and management must lead the whole process all

the time.

¢ Organisation structure

A critical issue concerning the process of organisational learning is the effectiveness of
the organisation at processing information and influencing different factors throughout
the organisation. One of the structural determinations is the structure of the organisation
(Foil and Lyles, 1985). Organisation structure can be defined as the arrangement among
people in order to get work done (Perrow, 1967). The organisation structure can be
viewed as a facilitator of interaction and communication within the organisation to’

control and coordinate the organisation’s activities.

Organisational structure is characterised by its size, its degree of specialisation and
integration, its configuration of positions, information flow and location. The division
of functions among the departmental sub-structures in the organisation and their
specialisation characterises the way organisations’ activities are structured (Pugh and
Hickson, 1976; Pugh et al., 1988). An additional characteristic of the structure is the
stability of configuration of positions. Intensive changes lead to instability of all

processes in the organisational and the management block. With regard to the
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communication system, two essential characteristics are specified: information supply
(i.e. the structure of information channels and the continuity of information flow, the

nature of the information itself and the degree of formality (Arnold and Feldman, 1988).

A useful way to conceptualise organisational structure is from an information
processing view. The key characteristic of such structure is that it links the various
elements of the organisation through the transformation of information. The structure of
the ofganisation provides channels of communication through which information flows
in the organisation (Duncan and Weiss, 1979). An appropriate structure can foster the

information processing cycle, a process that requires significant human interactions.

e Communication

Communication is part of the cement that holds together the bricks of the learning
process supporting the principle of organisational learning. Communication is vital in
the empowerment process. If employees are to share the decision-making in the
organisation, they must know and understand organisation objectives and values, and
have access to the information relevant to their area of responsibility. Communication is
defined as the process by which an idea is transferred from a source to a receiver with
the intention of changing his or her behaviour. Thus, effective communication results in

changes intended by the information source (Rogers et al., 1976).

In addition to traditional forms of information distribution such as telephone, facsimile,
face-to-face meetings, and memorandums, computer-mediated communication systems
such as electronic mail, bulletin boards, computerised conferencing systems, electronic
meeting systems, document delivery systems, and workflow management systems can
facilitate the sharing of information. Studies have shown that such systems increase
participation and result in better quality decisions since decisions are made by
consensus and not by domination (Hiltz & Turoff, 1993). These systems, also called
groupware or collaborative systems, allow the joint interaction and distribution of
experiences and insights. They also enable social contraction or the creation of social
networks of members narrating and sharing their stories. These systems can also support
feedback and review mechanisms among members of a team. Thus, they not only
support communication but also collaboration. The development of such information
systems-enabled communities results in better interpretation of information and greater

understanding In addition, groupware enables equal participation at all levels and
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supports members learning from each other simultaneously (unlike traditional learning
systems which are usually top-down and time-consuming) thereby reducing cumulative
learning cycle time. Group calendars and workflow management systems can help

ensure the timely participation of members in the learning exercise.

Communication needs to be clear, fast and focused to transfer knowledge across
departmental boundaries and to transfer knowledge from the external environment, e.g.
from suppliers, customers and even from benchmarking of competitors (Garvin, 1993).
The amount of information flow or communication between organisational units and
individuals determines learning. Poor communication between people and

organisational units can be a major block to learning and quality improvement.

e Shared vision

Shared vision is the process whereby the personal views of key leaders are translated
into forms that can be shared by all members of the organisation (Senge, 1990). He
believes that “a shared vision for the organisation must transcend a charismatic leader or
a galvanising crisis that brings people together temporarily, and binds people together
around a common identity and a sense of destiny”. Building a shared vision must start
with a personal vision to which one is committed. It is only through personal choice that

people can become committed to a shared vision.

Shared vision is vital for organisations that want to provide focus and energy for its
employees. People learn best when they strive to accomplish things that matter to them.
In fact, you cannot have a learning organisation without shared vision. The overarching
goal that the vision establishes brings about not just commitment but new ways of
thinking and acting. It fosters risk-taking and experimenting. It also encourages a
commitment to the long term. Learning strategy can be determined essentially by
leadership at the top or be incrementally emergent, involving a ngmber of layers of

management.

Mastering the discipline of shared vision means you have to give up the idea that
visions come from top management or from an institutionalised planning process. To
begin the process of encouraging vision, leaders must instead share their personal
visions and ask that employees follow them. Leaders must ask for support, then be

patient as the shared vision takes time to emerge. It will grow as people interact with
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their own visions — as people express their dreams and learn how to listen to the dreams

of others. When listening, new insights and beliefs as to what is possible will surface.

e Performance management

Rogers S., (1994), argue that performance should be defined as the outcome of work
because it provide the strongest linkage to the strategic goals of the organisation,
customer satisfaction, and economic contributions. Performance management is an
approach to management, which harnesses the endeavours of individual managers, and
workers towards organisation’s strategic goals. It defines goals and the outputs needed
to achieve those outputs, and monitors outcomes. Performance management is an
integrated set of planning and review procedures, which cascades down through the
organisation to provide a link between each individual and the overall strategy of the

organisation (Rogers, 1994).

A typical statement of the goals of performance management is expressed in question
form by Walters (1995a):

o What are organisational objectives? What do we wish to achieve and over
what time-scale?

o How do we prioritise objectives? Do we expect prioritisation to change over
time?

o What kinds of qualities are needed to deliver these objectives? What are the
implications in terms of corporate skills and competencies, values,
behaviours and working styles?

o What are our current strengths and weaknesses in relation to these
objectives? What do we need to change or develop in order to achieve our
goals?

o What specific contributions do we require from particular parts of the

organisation?

Most organisations can benefit from a periodic review of this kind. However, as
detected in the following the outcome of such review a more prescriptive model of a

performance management system emerges (Walters, 1995b):
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o “Establish a portfolio of measures, quantitative and qualitative, designed to
track both inputs and outputs

o Forge forward-looking appraisal schemes, underpinned by clear and precise
information, to enhance everyday management activities throughout the year

o Design up comprehensive personal development plans based on careful
analysis of opportunities and needs. '

o Encourage learning and development, overcome the obstacles to learning
and evaluate the results

o Design and implement schemes for performance-related pay, which motivate

and reward employees for achieving corporate goals.”

- Any enterprise would benefit from clarifying goals and monitoring progress. It is with

the prescribed formula for controlling performance that there are difficulties.

4.1.2.2 Second wave elements

e Fostering new ways of thinking

This can be described as a learning process which deliberately; creates opportunities for
informal employee learning, both “on the job” and “off the job”; and stimulates
employees not only to attain new knowledge and skills, but also to acquire skills in the
field of learning and problem solving and thus develop their capacity for future learning,

or “learning to learn” (Tjepkema and Scheerens, 1998).

Thus, fostering new ways of thinking seeks to become one of the critical elements of a
learning organisation, and attempts to achieve this by supporting individual lifelong
learning, whether formal or informal, and by encouraging the sharing of this learning in
order that all members of the organisation might learn and change and improve

- performance (organisational learning and development).

e Change organisation’s potential behaviour

In an attempt to define organisational behaviour, Financial Times Mastering
Management series pointed out (1997) that: “organisational behaviour is one of the
most complex, but perhaps least understood academic elements of the modern general
management, but since it concerns the behaviour of people within organisations it is
also one of the most central, its concern with individual and group patterns of behaviour

makes it an essential element in dealing with the complex behavioural issues thrown up
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in the modern business world”. Organisational behaviour particularly relates to setting
business goals and performance measure, which have a significant influence on

decision-making and action-plans.

While there is a tendency to state that organisations do not learn, people do; the
organisational potential behaviour emphasised as the basic unit of analysis. Morgan
(1997), consider the notion that organisations learn, as opposed to individuals in
organisations learning together, which introduces an unnecessary level of abstraction to

the debate.

The notion of the learning organisation is unhelpful if it leads to the attribution to the
organisation of systems properties, which are in some way independent of its fnembers.
Viewing organisations as systems is essentially adopting the metaphor of organisations
as organisms. Such a metaphor has significant limitations primarily its assumption of
functional unity, whereas in reality organisations are not normally characterised by

harmony.

4.1.2.3 Third wave elements

e Establish learning communities

The learning community is a vehicle for meaningful involvement of community
residents, program participants, clients and other stakeholders in program activities and
the assessment of program performance. The learning community strategy is not a
substitute for conventional evaluation designs (Daniel et al. 1997). It assumes that
traditional data collecting methods are available as a source of information for learning
community dialogues. A learning community dialogue provides space for stakeholders
to continuously examine and negotiate programme goals, activities and desired outcome

within an atmosphere of trust, collaboration and inquiry into producing effective results.

e Learning strategy

Learning strategy is not only /regenerative for the organisation, but is also a learning
activity. The importance of a learning dimension in the strategy process is one of the
critical elements to implement organisational learning. Strategy is the key link between
theory and practice, and it is what relates the team to its role within the organisation.
Hayes, (1988), observed, “unless one understands how an organisation got where it is, it

is difficult to determine the appropriate steps to take next. If not properly understood,
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the forces that drive it in a certain direction will continue to operate, despite whatever

well intentioned decisions are imposed upon it”

Strategy can be determined essentially by leadership at the top or be incrementally
emergent, involving a number of layers of management. The important point to note in
‘relation to organisational learning is that strategic decisions, like all decision-making,

turn a complex of information inputs into action.

4.1.3 People

The people element is common to all three waves of quality. However the nature and
emphasis of these elements would have different degree of weighting (involvement) for

the each wave of quality.

e Leadership

Leadership is the necessary mediating function between the organisation and its
members, imprinting on both e.g. (Schein, 1988). Schneider depicts as (yet again) a
circular model of attraction-selection-attrition (Schneider, 1987; Schneider et al., 1995).
Leadership play a key role in reshaping and transforming shared mental models.
Leadership is mentioned by virtually all writers as an important element in fostering a
learning climate through their behaviours, such as seeking feedback, being open to
criticisms, admitting mistakes and empowering their employees to make decisions and
take some risks (Garvin, 1993). The role of the leader in facilitating movement through

the learning process, by interacting with individuals and teams, is crucial for success.

In a learning organisation, a leader is not just a charismatic decision maker but also a
teacher, a designer, and a steward of change (Senge, 1990). The essential function of
leadership is to build an organisation quotes culture and shape its evolution. Leaders are
designers who help build a strong foundation of purpose and core values. They should
shape the design of -the organisational structure and policies so as to best fulfil the
corporate mission. Leaders should foster systems thinking and system dynamics to
facilitate both individual and organisational learning (Stata, 1989). System dynamics
can be used as a training tool while planning and quality improvement can accelerate
organisationél learning. Leaders as teachers should help individuals restructure their

views of reality by identifying and challenging prevailing mental models and
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fundamental assumptions and by promoting double-loop learning. Leaders as stewards

should have a sense of purpose and commitment to the organisation’s larger mission.

e Management responsibility

The role of managers in change and managerial commitment to change are key concerns
for organisations. Commitment has become an element of the dynamics of business
strategy (Ghewamat, 1991). Any type of change requires managerial support and
commitment, in essence, a powerful actor for leading and accomplishing change efforts.

In organisational behaviour, managing organisational change is one of the key issues.

The implementation of TQM is an organisational change process that involves learning
and often requires an extensive cultural change. In this process, managers are
responsible for the improvement of management systems; collaborative/participatory
management style seems to be essential for the process of implanting new ideas and

practices.

Managers are assumed to be loyal professionals dedicating themselves to the
organisation's goals. Research is especially needed to increase the understanding of the
managerial commitment process in the context of change. The issue related to
commitment formation is: what are the behavioural consequences of commitment? For
example, what is the relationship between commitment and learning in organisational
change processes; do they reinforce each other? How does a varying “psychological
bond” affect a learning process? Management is a natural part of these processes by
which different types of organisational issues are resolved and reformed. Therefore, the
systematic evidence of the managerial behaviours stemming from commitment is
needed. According to the philosophy of organisational learning managing requires new

attitudes and skills from.all managers.

e Empowerment

The term empowerment is generally used to refer to a form of employee involvement
initiative. In the workplace, the term “empowerment” carries two different meanings,
which are often confused: the process by which management delivers power to
employees, and the process by which an employee assumes power. Much of the
management literature emphasises the first of these meanings. For example, Pearn et al.

(1995) discuss the need to both empower employees (that is, supply power) and equip
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them to behave in new ways (supply the right skills and attitudes). Plunkett and
Fournier (1991) describe empowerment as a mechanism for investing responsibility in
individuals and teams. Quigley (1994) illustrate empowerment as a process in which

power flows down from the enterprise’s vision to leaders and on to those below.

Within the literature of organisational learning, there is a close link between the
concepts of “empowerment” and “learning”. For example, according to Watkins and
Marsick (1993), “a learning organisation has a culture of empowerment”. Some authors
argue, “the learning organisation is the result of empowerment” (Watkins and Marsick,
1993). Pearn et al. (1995) echo these views: “it is not possible to become a learning

organisation without a high commitment to empowerment”.

The result is a self-reinforcing cycle — empowerment results in learning, which further
empowers. In the role of empowered learner, employees can act autonomously and

flexibly to interpret, absorb and apply knowledge (Nonaka, 1993; 1994).

e Rewards and recognition

Rewards and recognition are the enablers, which maximises employees’ potential and
involvement, and in doing so, become one of the main contributors to the organisation’s
journey to organisational learning. As Bennett and O’Brien, (1994) stated, “reward and
recognition systems must support and encourage individual and organisational
learning”. Bennett and O’Brien insist reward and recognition are essential aspects of
building a learning organisation. Recognition considered as one of the most important
steps of the continuous improvement process. In good organisations, rewards and
recognition are linked to sustaining the appropriate behaviour. Reward and recognition
is an essential element of the learning process and a prerequisite to achieving and
maintaining a corporate culture, which embraces the learning process. Rewards and

recognition schemes must continually evolve to meet the organisation’s changing needs.

e Team learning

A team is people doing something together. Team learning is vital according to (Senge,
1990), because in a modern organisation, teams are the fundamental learning units. The
paradox of teams is that they can both perform well below or well beyond the capacity
of any one individual. Senge feels the discipline of team learning confronts this

paradox. Teams are social units engaged in collective learning and sites for the cross-
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fertilisation of ideas and for setting learning norms (Masrick, 1994; Senge, 1990). This
perspective draws attention to team members’ skills and competencies as well as to
informal processes linking individual and organisational learning, and the role of self-

managed or self-directed teams.

The most frequently cited forms of small group/team-working are cross-functional
problem solving/project teams, quality improvement teams, TQM action groups, and
communication groups. A number of organisations were using more than one form of
team working. The main functions reported for these groups/teams were: quality
improvement, better communication, development of team-working/team spirit, and

greater employee awareness of organisations’ problems.

Team learning is a critical element for organisational learning to succeed. Successful
organisations have teams for solving problems, for improving quality, for introducing
new processes and products. Compared to employees, who work individually, effective
teams tend to have higher morale and productivity, and take pride in the job and the
organisation. Getting employees together in groups does not guarantee a successful
outcome. Members need to work effectively as a team. Team learning is characterised

as a triple-loop learning process.

e Training and education

Training has been identified as the single most significant factor in improving quality
(Oakland, 1993). Effective training pursuits must be planned systematically and
objectively. Training and education are key aspects of the learning organisation. As
Gephart et al. (1996) note, training is a tool for learning; learning as a desired outcome
influences performance improvement. Some scholars believe the goal of training and
education in learning organisations is to reach the level of learning facilitation
(Cusimano, 1996). Nadler (1994) argue that training leads to learning and learning leads
to improved job performance. Moreover, they go on to state there are three domains of
learning- skills, knowledge, and attitude. These three domains are the result of training
and education, which ultimately lead to enhanced performance. McManus (1996)
echoes this approach as well. He states knowledge, skills, and aptitudes are éssential for
organisational success and learning, and avoiding extinction, in the twenty-first century.
Iles (1994) and Robinson et al. (1997) join the argument by emphasising that

knowledge and skills must be developed in order for organisations to learn.
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4.1.4 Organisational performance

Organisation hoping to become learning organisations cannot rely exclusively on the
traditional measures such as cost and schedule performance, while ignoring learning
that affects other variables such as quality and new product developments. Hultink and
Robben (1995) concluded that performance measurement impact an organisation by
shaping the behaviour of managers and employees alike. For example, the Apple
Computer case, Kaplan and Norton (1993) found that measures which include financial
as well as customer, innovation and learning perspectives, had benefited executives
more than the pufe financial measurement. Therefore two sets of performance
measurements are identified to evaluate the output performance. The ﬁrstv set is
concerned with quantifying non-financial performance. The other set include a financial

factors.

4.1.4.1 Non-financial performance
4.1.4.1.1 First wave measures
A description of the non-financial measure specific to the first wave is given in the

following subsections.

e Customer satisfaction

Customer satisfaction is a psychological concept that involves the feeling of well being
and pleasure that results from obtaining what one hopes for and expects from an
appealing product and/or service (WTO, 1985). Customer satisfaction can also be
defined as satisfaction based on an outcome or a process. Vavra (1997) characterises
satisfaction as the end-state resulting from the experience of consumption. This end
state méy be a cognitive state of reward, an emotional response to an experience or a
comparison of rewards and costs to the anticipated consequences. Vavra, (1997) also
puts forth a definition of customer satisfaction based on a process, emphasising the
perceptual, evaluative and psychological processes contributing to customer
satisfaction. In this definition, assessment of satisfaction is made during the service

delivery process.

o Delivery reliability
Consistent and on-time deliveries are a key objective of world-class manufacturing. The

detailed analysis of the production process that is required when total quality is

29



introduced has the objective of removing the variability within the production plant. As

variability is reduced it becomes possible consistently to deliver the products on time.

Delivery reliability is one of the organisation’s objectives is to deliver on time all the
time, then this is a good, clear measure of the success or failure of that policy on a
continuous basis (Brian, 1989). It is also a measure of the stability and efficiency of the
total master scheduling and production planning process. In addition any unnecessary or
unplanned changes to an order or a schedule is wasted effort that must be eliminated.
The number of changes to customer orders, purchase orders or the production schedule

is a leading indicator of the future delivery problems.

e Order cycle time ,

Order cycle time can be defined as the time from receipt of order until the product is
delivered to the customer. Reducing cycle time is success because time is the ideal
driver of process performance and time can be managed (Grubb, 1998). Theré are
important distinctions between driver measures and results measures. The order cycle

time is consists of two times, one is process time and the other is the delivery time.

The process time stands for the total manufacturing lead-time of a product, including
the time it takes to order and receive components, the time to make sub-assemblies and
the finished product assembly. This is sometimes called the cumulative lead-time of the
product. The delivery time is the delivery lead-time offered to customers. This may be
the delivery lead that the organisation has traditionally offered or it may be the lead-
time the customer would like to have or the lead-time that would provide advantage

over other suppliers. The objective of all world-class manufacturers is to so reduce their

order cycle time.

o Innovation (produce new product)

Innovation is a crucial process for the well being of an organisation. Kay (1993)
considers that innovation can be competitive advantage and the key to sustained
innovation arises from the architecture of the organisation. Informal structures, speed of
response and free sharing of information form part of these foundations. Managers
should be able to protect, exploit and appropriate innovation and create time for
individuals and groups to consider change and fund the staff resources, familiarise

training needs to turn ideas into implementation. Utterback (1994) deals with issues of
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strategic innovation and how technologies, and the organisations that support them, are
displaced by newer technologies and new organisations. He provides histories of

various product developments and how organisations have dealt with declining markets.

The importance of innovation to organisational performance has led to a growing
interest in the topic by the European Commission (Commission of the European
Communities, 1995) and the UK government (DTI and CBI, 1994). The DTI state that
in nine out of ten “winning” UK organisations studied, the characteristics of innovation
best practice are: leadership by visionary, enthusiastic champions of change; knowing
their customers; constantly introducing new, differentiated products and services;
delivering products and services that exceeded customer expectations; and unlocking
the potential of people by good communications, team work and training, flattening the
organisational pyramid and creating a customer focused culture. The relevance of
innovation to business success led the UK government in 1993 to support the
development of modules for the teaching of innovation on continuing education and
Master's programmes in business schools. The resulting curriculum analysis and design
led to a framework for innovation management training, comprising five core areas:
product innovation; process innovation; technology and strategy; creative problem
solving; and implementing technological innovation. Innovation together with
continuous improvement requires a commitment to continuous learning otherwise

organisation repeat old practices.

e  Workflow improVement

Workflow is concerned with the automation of procedures where documents,
information or tasks are passed between participants according to a defined set of rules
to achieve, or contribute to, an overall business goal. A wprkﬂow management system
provides procedural automation of a business process by management of the sequence
of work activities and the invocation of appropriate human and or information

technology resources associated with the various activity steps (Hollingsworth, 1994).

e Data collection/procéssing capability

The first step to induce learning is when an organisation introduces a data collection
mechanism for decision-making and problem solving. Acquisition of declarative data or
facts is achieved by monitoring the environment, using information systems to store,

manage, and retrieve information, carrying out research and development, carrying out
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education and training, and patent watching (Dodgson, 1993). Learning occur not only
due to data collection from outside the organisation but also due to the rearrangement of
existing data, the revision of previous data structures, and the building and revision of
theories. According to Dodgson (1993), organisational learning occurs when it creates a
database, organisation-specific competence, and routines. Database is created by
acquiring, storing, interpreting, and manipulating information both from within and

outside the organisation.

e Data storing capability

The concept of data storing capability springs from the combination of two sets of
needs; the business requirement for an organisation-wide view of information and the
need of the information systems department to manage organisation data in a better
way. Data warehousing is one of the data storing capability. Devlin (1997) defined the
data warehouse simply as a single, complete, and consistent store of data obtained from
a variety of sources and made available to end users in way they can understand and use
in a business context. A data warehouse is a large physical database that holds a vast
amount of data from a wide variety of sources. Data warehousing consists of data
importing and exporting for accessing, transforming, distributing, storing, and exporting

the data.

e Skills development

Skill is a combination of ability, knowledge and experience that enables a person to do
something well. Skills are as competences that can generate explicit knowledge. Skill is
the ability to master the concepts of a discipline or domain, and to apply this knowledge
appropriately in new situations. Skill is lisually task-related competence (Garavan,
1991). A learning skill defines a generic heuristic that enables mastery of a specific

domain.

Learning skills, however, are developed by learning from experience and as a result are
more variable and subject to intentional personal development. For example, Anderson
(1982) described the acquisition of cognitive skill as a “learning by doing” system that

translates declarative knowledge into procedural knowledge.
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4.1.4.1.2 Second wave measures
A description of the non-financial measures specific to the second wave is given in the

following subsections.

e Information acquisition capability

The organisational learning cycle starts with the collection of information, both from
internal and external sources (Dixon, 1994). Market research, corporate intelligence,
and news from published sources constitute the external information source. Learning
the experience of other organisation and new employees is a common phenomenon in

organisations (Huber, 1991).

e Information storing capability

Organisational memory refers to the repository where information is stored for future
use. Organisationai memory can be made of both hard data such as numbers, facts,
figures, and rules as well as soft information such as tacit knowledge, expertise,
experiences, anecdotes, critical incidents, stories, artefacts, and details about strategic
decisions (Morrison, 1993). Most organisations have various kinds of information
systems such as inventory control systems, budgetary systems, and administrative
systems to store and retrieve hard data or facts but do not have similar systems to
capture softer information. Organisational memory plays a very critical role in
organisational learning. Both the demonstratability and usability of learning depend on
the effectiveness of the organisation’s memory. The major challenge for organisations
exists in interpreting information and creating organisational memory that is easily

accessible.

e Knowledge development

Knowledge development actively is usually based on the difference between the needed
and available knowledge. It starts from information collection and distribution, which is
then given some meaning. “Interpretation is the process of translating these events, of
developing models for understanding, of bringing out meaning, and of assembling
conceptual schemes” (Weick and Daft, 1984). Events are translated into stories,
paradigms, and frames for interpretation (Levitt and March, 1988). Insights are
developed for improving existing skills and routines, understanding the cause-and-effect

relationship, changing the central norms and underlying assumptions, which are
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described by Argyris and Schon (1978, 1996) as “single-loop” and “double-loop”

learning, respectively.

Strategic applications of information systems for knowledge acquisition can take two
forms (Mason, 1993): capabilities for assimilating knowledge from outside (such as
competitive intelligence systems acquiring information about other organisations in the
same industry) and capabilities for creating new knowledge from the reinterpretation
and reformulation of existing and newly acquired information (such as executive
information systems or decision—support systems). They can also be environment

scanning and notification systems, and intelligent and adaptive filters.

4.1.4.1.3 Third wave measures
A description of the non-financial measure specific to the third wave is given in the

following subsections.

e Knowledge processing/analysis capability

How knowledge is acquired, disseminated and interpretation, is critical to organisational
learning. Nonaka (1994) believes that successful organisations are those that
consistently create new knowledge, are able widely to disseminate it throughout the
organisation and embody it in new technologies and innovation. Huber, (1991), refers to
organisational learning as the “development of insights or awareness, which is a change

in states of knowledge that expands the range of potential behaviours”.

Slater and Narver (1995) suggests that organisations acquire knowledge through one of
three .ways: direct experience, the experience of others, and organisational memory.
Direct experience can originate from within the organisation, such as corporate reports
covering inventory, cost-of-good sold, sales, market-share, etc. or outside the
organisation through marketing intelligence gathering and feedback systems (Kotler,
1997). Learning from others, occurs when managers interface with individuals or
groups outside of the business. For example, through benchmarking, forming joint
ventures, networking, making strategic alliances, and working with lead customers, who
both recognise strong needs before the rest of the market and are motivated to find

solutions to those needs (Slater and Narver, 1995).
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Once collected, management must then disperse the knowledge on a timely basis
(Cooper and Klindschmidt, 1991). They suggest that two benefits derived from
enhancing the flow of communications when launching a new product are rapid
decision-making or effective strategy implementation. The third stage of knowledge
processing involves the ability to gain consensus on the meaning and implications of the
new knowledge. Slater and Narver (1995) write, “to ensure that all information is
considered, organisations must provide forums for knowledge exchange and

discussion”.

e Knowledge retrieving capability

Organisational memory addresses the issué of how knowledge resides in the
organisations. It is embedded in different entities, namely physical location, operating
procedures, individuals, codes of conduct and culture. Walsh and Ungson (1991) argue,
“organisational memory is both an individual and organisational level construct”. The
implications for this definition of organisational memory concern the way information
is stored, the types of information contained and the information acquisition and

retrieval process.

¢ Individual/team competence development
Competencies defined as a system of human beings, using (hard) technology in an
organised way and under the influence of a culture to create an output that yields a

competitive advantage for the organisation (Drejer, 1996).

McClelland, (1993), describes competence as basic personal characteristics that are
determining factors for acting successfully in a job or a situation. Individual competence
are concerned with the fundamental personality characteristics that are inherent in a

person’s actions in relation to all kinds of tasks and situations.

4.1.4.2 Financial performance
Unlike the non-financial measures, this report suggests that financial measures are
common to all the three waves. A description of these is given in the following

subsections.
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e Inventory turnover

Inventory turnover is defined as the cost of goods sold divided by average inventory
(Manuel, 1996). This is the traditional financial accounting measure to evaluate
inventory management. Inventory turnover rate is the number of times that the average
inventory level could be sold per year if consumed at the average annual rate (Ronald,
2000). In addition to investigating unplanned stock-outs, the inventory turnover rate

should be checked at the end of each order cycle to see if it is out of control.

e Productivity

Productivity relates to the efficient utilisation of inputs in producing prescribed outputs
of goods or services. Definitions of productivity are numerous, but in the simplest
terms, productivity is measurement of output relative to an input (Siegel, 1986). The
challenge for learning organisation is to minimise input for an improved output while

remaining flexible and meeting customer demands.

e Employee productivity

Lagasse (1995) refers to two types of productivity: Productivity is in its pure sense the
ratio of outputs to inputs and has been classically computed at two levels: Type I
productivity, defined as employee productivity, is very specific to the type of service
provided and does not allow for easy comparison across different services. An example
of this would be to try and compare the number of visits per hour for primary care
physicians to the number of procedures performed by a surgeon. Type II, or multi-factor
productivity, is a more generic form that transforms all outputs and inputs into a
cdmmon unit of measure, making comparisons across services effective. Historically,
productivity has been measured accurately in manufacturing environments and, in
general, poorly in service related fields due to the difficulties in measuring outputs and

inputs whose work content vary widely.

e Market share/profit

The relationship between market share and profitability is strong and positive as evident
from recent analysis of market share and profitability (Kuzma and Shanklin, 1992).
They surveyed 1,000 industrial product manufacturers identified in 239 four-digit
Standard Industrial Classification (SIC) codes. Focusing on improving the profitability

of middle market share organisations, they found that improving product quality is the
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first step toward improving profitability, and that target marketing and rapid response to

change are crucial elements for success.

e Defect rate/quality cost

The relation between the defect rates and cost of quality is positive and very strong.
Quality costing can provide a measure of quality in the language that most senior
manager know best money. Quality costing puts a financial sum against people,
materials, equipment and over head cost resulting from the activities relating to meeting
the agreed requirements of external and internal customer. Quality costing provides a
financial measure of the state of heath of organisation. The aim is simple to achieve

least cost to meet agreed customer requirements first time every time. .
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APPENDIX 5.1

THE COVERING LETTER
Organisational practice and organisational performance
<Date>

Dear <Title> <Name>

I am sure you are a very busy person because you hold a very important position in your
organisation. I am a PhD research student at Sheffield Hallam University, UK, currently
doing a questionnaire survey on organisaﬁonal practice and organisational performance.
The present survey is an integral part of my research, which will help me to obtain
required information in order to develop a learriing organisation and to examine the
relationships between total quality management and organisational learning to improve

the organisational performance.

Your organisation has been selected from the CBI-UK Kompass source. You could
significantly contribute to the research by participating in the survey. Consequently, I
would be most grateful if you could spare a little of your time to complete the enclosed
questionnaire and returning it as soon as you can. Please use the provided pre-paid

envelope.

If you have any questions at all, please don’t hesitate to contact me. I respect the
confidentiality of information you provide and therefore give assurance of anonymity in
the research report. Please, cross the box at the end of questionnaire if you wish to have

a summary of findings. Thank you for your co-operation.

Hamdy Abdelmeguid

Sheffield Hallam University
School of Engineering

City Campus

Howard Street

Sheffield, S1 1WB

UK
Tel: 0114-2253091
Fax: 0114-2253433

E-mail: H.Abdelmeguid@shu.ac.uk
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The revised covering letter

Organisational practice and organisational performance

<Date>

Dear <Title> <Name>

I would like to remind you of a request for your participation in a recent survey on
developing a learning organisation. As of this time, I am afraid I have not received your
organisation’s completed questionnaire. Data from your organisation is very important
to be included in this study to develop a learning organisation to improve the
organisational performance. In case your organisation does not implement one of the
continuous improvement programmes, which are presented in section 3, I would be very

grateful if you could write no in the space provide.

I would be extremely grateful if you could spend a few minutes of your time to complete
the questionnaire and return it to me when you can by surface mail using the pre-paid
provided envelop. Please, let me know if you need another copy of the questionnaire so

that I could provide you with one.

Your time and interest are sincerely appreciated. Please ignore this letter if you have

already responded to the questionnaire.

Thank you.

Yours sincerely,

Hamdy Abdelmeguid
Sheffield Hallam University
School of Engineering

City Campus

Howard Street

Sheffield, S1 1WB

UK

Tel: 0114-2253091

Fax: 0114-2253433

E-mail: H.Abdelmeguid@shu.ac.uk
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Organisational practice and organisational performance

Questionnaire

Introduction S 5«,I;»,g‘,,,,.jOrgani'sa_tional ',pfactice»and‘q‘prjganis’atidnal’performance

PLEASE READ THIS BEFORE YOU FILL IN THE QUESTIONNAIRE

The aim of the survey is to examine the strength of the relationship between

organisational practice and organisational performance.

e The research is for educational purposes only and is not a commercial activity
e All individual and company data will be treated in confidential

¢ Please indicate if you wish to receive a copy of the final analysis

Hamdy Abdelmeguid

Sheffield Hallam University
School of Engineering

City Campus

Howard Street

Sheffield

S11WB

UK :

Tel: 0114-2253091
Fax: 0114-2253433
E-mail: H.Abdelmeguid@shu.ac.uk
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Section 1 Technologles and TOO]S - oy
> Indicate the following characteristics for your organisation.
Not No Some Satisfactory Good  Achieved
Applicable  progress  progress progress
N/A 0% 25% 50 % 75 % 100 %
e The organisation is

continuously evaluating the
work processes against an
industry leader.

e The employee know how to
learn from mistakes

o The organisation is continuously
introducing advanced
technologies

e Individuals and teams have an
easy access to the information
relevant to their area of
responsibility.

¢ A data collection mechanism for
decision-making and problem
solving is in place.

e The organisation understands the
process by which
individuals/teams learn.

e The organisation has developed
a model to facilitate learning

process.

Any other:

[
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Section 2

> Do the following factors support organisational process in your
organisation?

Not Disagree Slightly Agree Strongly  Very

Applicable Agree Agree  Strongly

agree

N/A 0%

e Culture | m

e Rewards/recognition

25% 50% 75 % 100%

e Leadership

¢ Organisation structure

¢ Information system

e Communication

e Empowerment

¢ Management responsibility

e Individual/team development

e Performance management

¢ Continuous improvement

e Shared vision/strategy

Any other:
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Section 3

> Does your organisation implement one or more of the following continuous
improvement/learning process/advanced technology programmes:

1. TQM 2. Organisational learning 3. BPR

[ [

5. Supply chain
4. Knowledge management 6. Information Technology
management

Any other:

> When did your  organisation implement the  continuous

improvement/learning process/advanced technology programmes?

10 years ago 5 years ago 3 years ago less than 3 years
| [
> Please indicate the effect of your continuous improvement/learning

process/advanced technology activities on the following performance measure:

Not Gone No Improved Improved Substantially
Applicable Worse change between improved
N/A 0 % 25 % 50 % 75 % 100 %
e Customer satisfaction [ e y i |

Delivery reliability ]

Order cycle time (time from

receipt of order to delivery to
customer)

Inventory turnover

Productivity
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Not Gone No Improved Improved Substantially
Applicable Worse change between improved
N/A 0 % 25% 50 % 75 % 100 %
Employee productivity IJ ; i g

H
H

® Market share

Information sharing process [ |
Defect rates m E:
Innovation (new products) I::f ........ E

Workflow improvement

o Individual competence

development

Knowledge collection /

acquisition capability

Knowledge storing capability

Knowledge processing / analysis

capability

Knowledge retrieving capability. r-i

Any other:

Section4 | o GENERAL INFROMATION -~ =

> Please provide the following information about you and your company.
Your name: e o s Tel:

Your position in the organisation: - ——= -~

Organisation name and address: -
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Number of employees
Under 100 100-200 201-500

at your organisation

Estimated sales for the last Under

financial year "( £ m/ year) 5 5-50

Would you like to participate in a second survey to this study?

Would you be interested in to receive a copy of the final analysis?

Thank vou for taking time to complete this questionnaire

501-1000

50-500

Over 1000

Over
500
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APPENDIX 5.2
SURVEY ANALYSIS OF THE TEN ORGANISATION

As reported in Chapter 5 the initial analysis of the questionnaires revealed that ten out of
the thirty-six returned questionnaires were either not completed or had some
contradicted information, therefore they were excluded from the analysis. As shown in
Tables 5.2.1 and 5.2.2 organisations numbers two, four and eight are partially
completed, while organisations one and three have some conflict information between
the enablers and the results ratings. On the other hand, the average va.lues of T, O, and P
for the organisations five, six, seven, nine, and ten are not consistent with the role of
categorise the organisations under the three waves of quality. For example, the average
values of T, O, and P for the organisation seven are 0.1875, 0.40625 and 0.70833
respectively. According to the T, O, and P role, which is discussed in Chapter 5, it is
difficult to identify the organisation wave (first, second or third wave) because the T
value is in the first wave, the O value is in the second wave and the P value is in the

third wave.
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APPENDIX 6.1

- CAUSAL-LOOP DIAGRAMS

The methodology is a synthesis of several disciplines, the philosophy of systems
thinking, the principle of feedback dynamics, and the experimental methodology of
computer simulation. A feedback exists whenever there is a two-way causal relationship
between variable. A change initiated by variable X causes Y to change, which in turn
causes Z to change, which finally closes the loop by influencing X. There are two types
of feedback loops. A balancing or negative loop represent the case where a change
initiated by X propagates through the loop and returns to X in a way to counter the
direction of initial change in X. A reinforcing or positive loop on the other hand
reinforces the change initiated by one of its variables. Typically, reinforcing loops
generate growth patterns over time. When many balancing and reinforcing loops act and
interact simultaneously over time, they create the dynamic behaviour patterns of the
system. To better understand the system structure the diagram shown in Figure 6.1.1

illustrates the graphical notation for representing the influence diagram.

Figure 6.1.1 defines notation for the causal-loop / influence diagram. This diagram is an

annotated causal-loop diagram for a simple inventory based production system. This

diagram includes elements and arrows (which are called causal links) linking these

elements together. It also includes a sign (either + or -) on each link. These signs have

the following meanings: -

e A causal link from one element A to another element B is positive (that is, +) if

~ either A adds to B or a change in A produces a change in B in the same direction.

e A causal link from one element A to another element B is negative (that is, -) if

either A subtracts from B or a change in A produces a change in B in the opposite

direction.

The causal-loop diagram shown in Figure 6.1.1 illustrates this notation. For example, if
the “demand production rate” is increased then the “Rate at which orders are
completed” increases. Therefore, the sign on the link from demand production rate to

COMRATE is positive. Another example, the “inventory error” element is the
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difference between the “desired inventory” and “actual inventory level". From this
definition, it follows that an increase in AINV decrease EINV, and therefore the sign on

the link between these two elements is negative.

The arrow tells the direction
of causality for a link

Actual inventory

Desired inventory correction rate Demand production
level (DINV) rate (ORATE)
The sign for a loop tells whether
\ it is a positive (+) or negative
(-) feedback loop.
+ Inventory error +
(EINV)

Rate at which orders

" are completed
/ (COMRATE)
. +
Actual inventory /

The sign for a link tells whether
the variables at the two ends
move in the same (+) or
opposite (-) directions.

level (AINV)

Figure 6.1.1:Causal-loop diagram notation

In addition to the signs on eabh link, a complete loop also is given a sign. The sign for a

particular loop is determined by counting the number of minus (-) signs on all the links

that make up the loop. Specifically,

e A feedback loop is called [positive, indicated by a + sign in parentheses, if it
contains an even number of negative causal links.

e A feedback loop is called negative, indicated by a — sign in parentheses, if it

contains an odd number of negative causal links.

Thus, the sign of a loop is the algebraic product of the signs of its links. Often a small
looping arrow is drawn around the feedback loop sign to more clearly indicate that the
sign refers to the loop, as is done in Figure 6.1.1. Note that in this diagram there is a
single feedback (causal) loop, and that this loop has one negative sign on its links. Since

one is an odd number, the entire loop is negative.

e Stock-flow diagrams
Stock-flow diagram are composed of four different components: stocks, flows,

converter, and connectors. The labels shown in Figure 6.1.2 may vary slightly in
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different arenas. These labels were taken from the ithink software documentation. There
are several conventions for stock-flow diagrams: -

e Flows can influence stocks

¢ Stocks can influence flow or converters

e Converters can influence flows or other converters

e Flows cannot influence converters or other flows

e Converters cannot influence stocks

e Stocks cannot influence other stocks.

Flow Stock

R O—

o

Converter

Connectors

Figure 6.1.2: Stock-flow diagram

The language of system dynamics is simple (Figure 6.1.2). Stocks (also called Levels)
contain quantities describing the state of the system. If the model (or system) were
stopped, each of these would continue to hold its quantity for observation. For example,
the amounts of money in various financial accounts are typically levels in a financial

system. In a typical system dynamics diagram, these appear as labelled rectangles.

Flows (also called Rates) are the inflows to and outflows from the various levels. These
appear as labelled valves on pipes connecting levels. If the system were stopped, rates
also stop. For example, the paying of interest into an account is a rate. If the system

were frozen in time, there would be no flow of interest into accounts.

Connectors and converters (also called auxiliaries) measure the quantities in levels and,
through various calculations, control the rates. These appear as lines with arrows and as
circles. Management policies (the rules by which managers make decisions) are

modelled by these calculations.
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e System dynamics equations

The equations for the model shown in Figure 6.1.2 are: -

Stock:

Stock (t) = Stock (t — dt) + Flow * dt

Document: This is the stock of the system. It corresponds to the bank balance, the stock
of knowledge, the population and inventory in the example above. |

UNIT: units

Converter:

There are two types of converters

1. If the converter is the compounding fraction or growth factor. The equations for the
flow and compounding fraction are: -

Inflows:

Flow = Stock * Converter

Document: The flow is the fraction of the stock that flows into the system per unit time.

It corresponds to the interest earned, the learning, and the birth.

UNIT: units/time

Compounding fraction = a constant

Document: This is the compounding fraction or growth factor. It determines the inflow

to the stock. The compounding fraction corresponds to the interest rate and birth

fraction. It is the amount of units added to the stock for every unit already in the stock,

every time.

UNITS: units/unit/ time

2. If the converter is a time constant. the equation for the flow and time constant would
be: -

Inflows:

Flow = Stock/ time constant

UNITS: units / time

Time constant = a constant

Document: This is the time constant. It is adjustment time for the stock. It corresponds

to the time to learn and production time in the above example. This is the time for each

initial unit to compound into a new unit.
UNITS: time
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e Block diagram

The first step towards the model building is to transform the conceptual model into a
block diagram. A block diagram representation of Inventory Order Based Production
Control System (IOBPCS) is given in Figure 6.1.3. In this format, the flows of
information and materials are represented via various paths. Production, ordering and
other physical/administrative operations are represented using blocks. The block
diagram describes how the system works and which shows the exact relationship
between variables by including a mathematical notation. It’s very common in control
theory and it is very applicable when describing production and inventory problems.

The block diagram aids in formulating mathematical and simulation models.

Actual Demand Rate at which
Desired level Inventory inventory production order are
inventory error completed
(COMRATE)

Exponential Smoothing

Average

sale rate . 1 Instantaneous
< sale rate
(AVCON) 1+7,.8 (Sales)

feed-forward

placement of factory orders
based on average consumption

control

(Time reduce inventory
deficit to zero)

correction rate
(DINV) (ENV) | 1 rate (ORATE) [ ___t
> 1+T .S
7; P

(Production process
exponential time delay)

Feedback control placement of
factory order based on inventory error

Actual
inventory
level
(AINV)
—>

Figure 6.1.3: Block diagram of IOBPCS
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APPENDIX 6.2

A GENERIC FAMILY OF IOBPCS

Nomenclature:

DINV: Desired inventory.

AINV: Actual inventory.

EINV: . Error inventory.

CINV: Change in inventory.
SALES/CONS: Sales or consumption.
ORATE: Order rate placed on pipeline.
AVCON: Average sales or consumption.
COMRATE: Completion rate.

T; Time to recover the stock deficit.

Tp The factory pipeline lead-time.
T, The demand averaging time.
Levels:

AINV: 1t is a level of an actual inventory that an organisation to store and it refers to

acquired stocks. It considers that the units of the actual inventory are widgets.

WIP: It is a state to refer a process production. It considers that the units of the work

in process are widgets.

Rates:

ORATE: It is a demanded production rate and it refers to process order.
Widgets/weeks are the units of order rate placed on pipeline.

COMRATE: 1t is a rate at which orders are completed and it refers to process

acquisition rate. Widgets/weeks are units of completion rate.
SALES/CONS: 1t is a rate of sales or consumption and it refers to present loss rate. The
units of sales/consumption are widgets/weeks.
AVCON: It is an average sales/consumption rate and it refers forecast expected

loss rate. The units of average consumption/sale are widgets /weeks.

61



Constants:

DINV: It is a level of a desired inventory so it is a target. It refers to desired stocks
levels. The units of desired inventory are widgets.

Ti. It is the time to adjust inventory and it is proportional of inventory error that is
feedback. It is important because adjustment order for supply chains effects. The
units of time to adjust inventory are weeks.

Tp: It is the actual pipeline lead-time and it refers to a process acquisition lag.
Weeks are the units of actual pipeline lead-time.

Ta: It is the time to average consumption/sales. It refers to exponential smoothing
parameters used when forecasting expected loss rate. The units of time to

average consumption are weeks.

Benchmarking a generic family of IOBPCS.

A manufacturing ordering and control system’s operation can be viewed in some
conceptual terms. These conceptual terms are the interaction between the system and its
environment as well as between the sub-systems of which it is comprised (Patching,
1990). Such systems operate within the environment of a market from which it hopes to
gain customer orders. In turn it aim to respond with products that have been generated
as a result of information flow between sales forecasting, stores and production

capabilities. This simple model is shown in Figure 6.2.1.

The models of different ordering and control structures were assembled into a generic

progression from the simplest viable structure. This created the nucleus of family,

which could be compared via analysis and simulation (Edghill, 1990). The generic

development ensured that the increasing complexity in the ordering and control

algorithms considered would be judged in terms of the change in performance from a

simpler model. The manufacturing models considered herein cover the following

strategic consideration: -

e Whether to fix or vary desired inventory levels as a function of demand (IOBPCS;
VIOBPCS1 And 2)

o The consequences of utilising information on real-time shop-floor production
performance in the algorithm to modify factory orders (CPIOBPCS)

o The relative merits of allowing for production lead-times by incorporating a
despatch delay (DIOBPCS).
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Customers Orders

Market Place

Sales
Forecast

Final Goods
Stores

Production
Cavabilities

Manufacturing Ordering
and Control Svstem _.

.

Products

Figure 6.2.1: Initial soft system model of an inventory and order based manufacturing

control system (Ferris, 1993).

The additional complexity for each of the above options comes from the [presence of
additional feedback and feed-forward paths. Table 6.2.1 givés the strategic development

between different family members using IOBPCS as a baseline.

The family of manufacturing ordering and control models studied are variants of the
IOBPCS structure. The variations used to date are summarised in Figure 6.2.2 and relate
to the strategies listed in Table 6.2.1. The first pair of variants form the IOBPCS
considers freeing inventory levels from a predefined constant value. This is represented
by the Variable Inventory and Orders based Production Systems (VIOBPCS1 and
VIOBPCS2). These differ from IOBPCS in only one respect: the desired inventory level
varies as a multiple (K) of the estimated weekly sales/consumption. Thus should sales
fall, so too will the target stock levels and the reverse will happen if the market is
buoyant. This is shown in Figure 6.2.2 where path b is used in the calculation of the
inventory deficit contribution to the order rate scheduled (T, = T,) rather than the

constant input DINV.
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‘Generic family | -~ Development strategy . Assumptions that might be

~members | - forthe structure’s de81gn o problelﬁatic in practice

IOBPCS | The simplest effective structure considered, | Ensuring the accuracy of the stock
without counter intuitive steady state offsets. levels.

Adding an extra control path around the shop | Ensuring that the shop floor

CpIOBPCS floor to decrease the effective production lead- | performance information used in
time. scheduling decisions is accurate.
Extending the feed-forward path to vary target

VIOBPCS1 s P e
stock levels in line with market demand.
Adding an extra feed-forward path to vary

VIOBPCS2

stocks levels in line with market demand.

. . Ensuring that the estimation of
Allowing for a delivery delay as part of .
DIOBPCS o production lead-time used to set
marketing policy. .
the delivery delay is accurate.

Table 6.2.1: The proposed generic family of manufacturing system structural designs,
given in terms of both their strategic design and their practical

assumptions (Ferris, 1993).

In VIOBPCS2 any variation in the desired stock is restrained by heavier smoothing in
path b, whilst path a is used with smoothing on it deliberately chosen to be of a shorter
duration (T, > T,). This lighter, direct contribution to the order rate ensures that the
production ordering is responsive to changes in sales, whilst changes in stock holdings

more cautious.

In the conditional feedback Inventory Order Based Production Control System includes
current production performance levels and it is represented by the conditional feedback.
This structure differs from the IOBPCS in one respect: the added consideration of shop
floor performance in the order rate calculation shown in Figure 6.2.2 via path d. This
additional path speeds up the system response provided there is the ability to constantly
“fine tune” plant leading available. It compares the production currently completed with
the sum of the current inventory error and sales rate estimates that form the IOBPCS
style current production order rate. CpIOBPCS then further adjusts the order rate
proportional to the difference between the two signals. In this model, it is included here
in a simple form with only the proportional control law used and the process model

being assumed to be unity.
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The final scheduling strategy represenfed is that of scheduling within a despatch
delayed, Delivery Inventory and Order Based Production Control System (DIOBPCS).
This again builds from a basis of the IOBPCS with the targeted constant inventory
(DINV) set to zero. The strategy modelled is to include a despatch delay allowance to

the customer, which allows for production time and negates the need for stock.

Table 6.2.2 summarises which feed-forward and feedback paths are included in the
different model structures. It also quotes the parameters included in each model.
Showing those values that were treated as constants in this study and those, which were
varied. The values of the parameters are normalised by being quoted as multiples of Ty,

i.e. the delay time in the function modelling the production process and manufacturing

lead-time.

Information paths
Family (w.rt. Fig. 2) System parameters

Feed- .
member Feedback

, forward

a b C d Tp Ti T. Tb Tf TD K DINV
IOBPCS — | W N | --- | Fixed | var. | var. 0 0 0 0 100T»
DIOBPCS | - | ¥ | ¥V | - | Fixed [var. [ Vvar. | 0 | o | Tp | © 0
VIOBPCS1 N N Y | -—- | Fixed | Var. | var. Ta 0 0 Tp 0
VIOBPCS2 | ¥ | ¥ | V| -~ [ Fixed [Var. [ T2 [Var.| o | 0 | T | o
CpIOBPCS | — | ¥ | V| ¥ | Fixed | var. [ o2 0 [var. | 0 | 0 |100Ts

Table 6.2.2: Summary of the feed-forward and feedback paths used by the different
structures in the study and their parameter values. (Ferris, 1993)

Where: -

T,:  was fixed throughout at 4 weeks and other values held constant as given above.

Var.: parameter value varied as part of the assessment of the family. The range over

which individual parameter values were varied from T,/8 to 4 T,

The system transfer functions for each of the family members are shown in Table 6.2.3.
These functions describe how both production output and stock levels would be affected
by any change in sales. The transfer functions are straightforward to obtain, given the

information in Figure 6.2.2 and Table 6.2.3, by following the rules of block diagram
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manipulation. Classical control theory offers several techniques by which these transfer

functions can be interpreted to predict the system’s dynamic behaviour (Towill, 1982).

Constant multiplier

K |«

Exponential Smoothing

1

Instantaneous

<

Average 1
Variabl =
desli?edc sale rate 4 1+7,.8 N
inventory
ath b
® ) Average 1
order rate
(path a) 1+ TD.S
Constant _Actual Production .
desired Inventory inventory Demand process Rate at which
inventory error correction production order are
1 rate rate ) completed
> 7; 1+ 7T » .S

Actual
inventory
(path ¢)

1+T,.S

Exponential Smoothing

sale rate

Shop Floor
performance
(path d)

Despatch
allowance
(DIOBPCS
only)
1 Actual
! |———J inventory
S level

Figure 6.2.2: Block diagram of the generic family members: (Ferris, 1993)

IOBPCS: - constant Desired inventory (DINV) and paths b and c.
CPIOBPCS: - constant DINV and paths b, ¢, and d.

DIOBPCS: -
VIOBPCSI: -
VIOBPCS2: -

Dvnamic performance assessment

constant DINV, despatch allowance and paths b and c.
paths a, b and ¢ (T, = Tp).
paths a, b and ¢ (T, < Tp).

Any assessment should therefore be carried out across a wide range of parameter values

within the region of absolute stability. The range chosen over which to vary the

parameter values for individual family members is given in Table 6.2.2. The

experimental design was such that only two parameter values were varied for any one

family member. The choice of which combination to vary was made with regard to

which parameter was likely to be the most influential on the behaviour characteristics

(i.e. Ti) or formed part of the distinguishing feature of the family member in comparison

66



with IOBPCS. In every case the production lead-time (T,) was fixed at four weeks as
the benchmark for the other parameter values. The responses were assessed by a variety
of measurements, e.g. for the pure step responses production output rise time, overshoot

value and maximum stock level droop were selected.

Figure 6.2.3 shows typical step responses from these alternative plans of action. The
different family members were clearly specialists. CPIOBPCS is the most complex
system to operate but is a more responsive system whilst still providing the scope for
stock level reduction. It is a good compromise performance, especially for operational
characteristics that encourage inventory reduction. DIOBPCS is the smoothest system to
operate but obviously requires tolerant customers or market dominance. Generally it
reduces operational pressure due to sluggish market response requirements. VIOBPCS
structures are those where the stock levels varied to reflect sales, stock holdings would
fall with a falling market and rise to meet a buoyant one. Furthermore VIOBPCS
systems are also very sensitive to constrain or varying production capabilities.
VIOBPCSI1 requires careful parameter selection, thought altering target stocks levels to
reflect market needs. VIOBPCS?2 is responsive to market need but weak in terms of

production considerations.
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IOBPCS  ————- DIOBPCS  -----+--- CPIOBPCS —-=-—- VIOBPCS! —--=-- - VIOBPCS2 |
(a)
140
130
m
=
g 120 - \_),,:k .......
110
100 T T T T T T L T T T T T T
40 60 80 100
Time (week)
IOBPCS ————- DIOBPCS ~ -+------- CPIOBPCS  —-—-—- VIOBPCS!  —+-—-- - VIOBPCS2
(b)

Figure 6.2.3: AINV and COMRATE comparative of IOBPCS, DIOBPCS, VIOBPCSI,
VIOBPCS2 and CPIOBPCS behaviour (Ti = 4, Ta = 4) for the system step

response to a change of 100 to 120 produced units per week in customer

demand.

Conclusion

IOBPCS model is representative of much industrial practise associated with manual

production control systems also it is a system for which an analytical solution exits, but

it was the simplest effective structure considered and it is suitable for ensuring the

accuracy of stock levels.
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Each model from the generic family is typical of a branch of industrial practice. The
most common model (IOBPCS) has been used as a datum against which the remaining
four configurations have been compared on a strength-weaknesses basis. The potential
user can then select for the design most clearly matching their performance
specification. It is a feature of the generic family that it is in a form for expansion,
ideally inspired by industrial case studies and theoretical justification. Computer
simulation was used to find the criteria values for the step input responses of

combinations of parameter values for the family members.

Finally the use of generic family has been tested on an industrial case study, which has
been well documented (Edghill, 1990 & Olsmats, 1988). This evaluation proved the
practical relevance of the family members selected and that access to the collated results
of such a generic family could be a valuable short cut to understanding the dynamic
behaviour exhibited by manufacturing systems. Table 6.2.4 summaries the main points

of the IOBPCS generic family.

e Needs careful parameter selection but can match individual operational

IOBPCS L )
characteristics with respect to other family members
e Generally reduces operational pressure due to sluggish market response
requirements

DIOBPCS

e It is the smoothest system to operate but obviously requires tolerant customers or

market dominance

VIOBPCS2 | ¢ Response to market needs but weak in terms of production considerations

e Though altering target stock levels to reflect market needs, requires careful
parameter selection
VIOBPCS] e VIOBPCS 1 & 2 structures are those where the stock levels varied to reflect sales;
: stock holdings would fall with a falling market and rise to meet a buoyant one.
Though responsive, and a way of efficiently tailoring inventory profiles, the
VIOBPCS systems are also very sensitive to constrained or varying production

capabilities.

e Good compromise performance, especially for operational characteristics that

encourage inventory reduction
C,IOBPCS

e It is the most complex system to operate but is a more responsive system whilst

still providing the scope for stock level reduction

Table 6.2.4: Summary of the IOBPCS generic family
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APPENDIX 6.3
DELAYS REPRESENTING

A delay is essentially a conversion process that accepts a given inflow rate and delivers
a resulting flow rate at the output. The outflow may differ instant by instant from the
inflow rate under dynamic circumstances where the rates are changing in value. This
necessarily implies that the delay contains a variable amount of the quantity in transit.
The content of the delay increases whenever the inflow exceeds the outflow, and vice

versa.

The concept of delay implies thaf resources or information will be held up relative to
other flows in the system. This suggests that delays can be represented by levels. In
other words how the practical effect of T, (production delay) can be represent in
difference equation form. The type of delay used in the simulation can very according to
the system designer. Figure 6.3.1 shows the simplest form of a resource delay in
influence diagram form. This delay, which consists of one delaying level only, is
referred to as a first-order resource delay and has already been encountered in the basic
structure of the skill model. Figure 6.3.2 shows a third-order resource delay its
associated equations, where the total delay (DEL) is split into three equal parts to

control the resource flow between three levels.

3 % P Level X -3
INRATE \\—ﬁaRATE
DEL

Figure 6.3.1: Influence diagram for a first-order resource delay.

———C—p Level2 Level 3 % >
Level 1 eve OUTRATE

=l
INRATE RATE 1 RATE 2
DEL 1 DEL 2 DEL

Figure 6.3.2: Influence diagram for a third-order resource delay.

72



Three possible delay representations are shown in Figures 6.3.3, 6.3.4 and 6.3.5. The
concept of delays applied to information flows creates the idea of a level within an
~ information flow. Such an information level has already been encountered in the skill
model and is commonly known as a smoothed level. This differs from a resource level
and its name arises from the fact that delaying of information effectively represents

smoothing of information.

The easiest way to understand the effect of delays on system behaviour is to consider the
response of a delay to impulse and step input. Figures 6.3.3, 6.3.4 and 6.3.5 show
selections from the exponential family. In the Figures the solid line represents the input
to the delay; the dotted line shows the output. Time moves to the right along the
horizontal axis. In each Figure the left-hand diagram is for an impulse input; that is, a
quantity is inserted into the delay in a negligibly short time, and the dotted line shows
the rate of arrival at the output. In the right-hand diagram, the input is a sudden step
increase in input rate, and the dotted line again shows the resulting output rate. Figure
6.3.3 shows a first-order exponential delay. In Figure 6.3.3a the maximum rate of output
occurs immediately after an impulse input, and the output rate declines exponentially
thereafter. Figure 6.3.3b represents a step change in input rate and the resulting
exponential rise in output rate from a first-order delay. The area between the solid and
dotted curves is a measure of the quantity that accumulates in the in-transit level in the
delay. So long as there is a flow through the delay, the total amount delivered at the

output is less than total amount that has been put in.

Figure 6.3.4 is the output response of a second-order exponential delay. The second-
order delay is the equivalent of two first-order delays cascaded one after the other so that
the output of the first is the input to the second. In Figure 6.3.4a the initial output rate in
response to an impulse input is zero, and the output curve has its maximum slope at the
origin. In Figure 6.3.5 is a third-orderAexponential delay. This shape of output response
is the first of the sequence that satisfies the more obvious characteristics of the actual
shipping process. In Figure 6.3.5a the output response to an impulse input is initially
zero. Also the initial slope of the output curve is zero. The curve begins to rise slowly,
reaches a maximum slope and then a peak value, and falls off. In Figure 6.3.5b is the

output following a sep change in the input rate.
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" To refine the delay function further would require a careful study in the actual system
of item-by-item delays and their time distribution. It is unlikely that any further on

refinement will have appreciable effect on system behaviour.
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Figure 3.3: First-order exponential delay
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Figure 3.5: Third-order exponential delay
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APPENDIX 6.4

KNOWLEDGE AND COMPETENCE BLOCK DIAGRAMS

Actual
E:)' Z = Knowledge:X:»
Knowledge in process| Learning knowledge| Knowledge
acquisition completlon erosion

+ rate rate
+T1+

Pipe-line lead

Knowledge time (Tp) Step
correction rate input
+
knowledg
g4
. +
Recovery time +
(Ti) Desired Average Estimated piple-line
knowledge k“°w'_edg° lead-time (Tc)
erosion
Demand average
time (Ta)
+
Desired
knowledge
Time to adjust In process
knowledge in
process (Tw)
Knowledge in .
process Adjustmen
correction rate knowledge

+  in process
+

Figure 6.4.1: The influence diagram of knowledge model
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Desired Adjﬁstment
lfnowledge knowledge
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Figure 6.4.2: Block diagram of knowledge model
The transfer functions of knowledge model are: -
(T, -T T,T
("—L)+ T,+T,+—L|-S+T,T,S*
Actual knowledgelevel _ .| T, T, 64.1)
Knowledge erosion rate : T o
((+1,8) 1+ 1+T—” T8 +T,T,S*
L w J
T.T
1+ T, +T, +—=|-S
Learning completion rate _ T, (6.4.2)
Knowledge erosion rate T ) o
(1+7,8) 1+ 1+T—” T8 +T,T,S
. 1+(Ta +T +T}T"J.-S
Knowledge in process level _7 : w (6.4.3)
Knowledge erosion rate d T
(1+7,8)1+ 1+T—" -T,8+T,T,S*
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Where learning is defined as: -

Learning is the process by which existing knowledge is enriched or new knowledge is
created (Van Solingen et al, 2000). Learning deals with expanding knowledge.
Knowledge is the personal ability that enables a person to perform a certain task. This
ability is the product of information, experience, skill and attitude of a person at a

certain time (Van Solingen et al, 2000).

+

~
Competence Adjustment -
nproees compeenc
rate in process
- Desired
Time to adjust competence -

competence in process In process

correction rate (Tw)

Estimated pipline
lead-time (Tc)

o 2z Competence <z > Competence f———-Z———pg{™3

- in process : pool Present
™ Experience + Lerzgtrémg competence
rate \—’/ 0ss
+ + .
Pipe-line lead
time (Tp) - iSntggt
Competence
correction rate K
Desired Average losing
+ competence time (Ta)
+ /
" y Average
competence competence
~ Recovery gap loss

time (Ti)

Figure 6.4.3: The influence diagram of competence model
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Competence in
process Competence
correction rate 1 | inprocess
> —_—
2 S

\4

Desired Adjustment
competence Cpmpetence
in process in process

-

Figure 6.4.4: Block diagram of competence model

The transfer functions of competence model are: -

(Tp - TC) TaT 2
— + T‘,+’I‘P+—T——L -$+T,T,S
Competence pool _ w w (6.4.4)

Present loss competence rate i
(1+T,8)| 1+

T TT 2
]+“'_—P M S'I' S
T ! Pl

w

1+(T,l +T, +——T°T‘J-S
T,

w

Learning raté _
Present loss competence rate
(1+T,S)| 1+

- (6.4.5)
1+—PJ-TiS+T T.Szj
T P

w

I+(T, +T, + S
Competence in process level =T T,

Present loss competence rate " T
(1+T,S) 1+ 1+T—" ‘TS +T,T,S?

(6.4.6)

Where: the definition of competence is:
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The competence is defined as the set of skills and knowledge that an individual needs

in order effectively to perform a specified job (Baker, 1997).

Reference ,

Van Solingen R., Berghout E., Kusters R., Trienekens J., (2000), “From process
improvement to people improvement: enabling learning in software
development”, Information and Software Technology, Vol. 42, 965-971

Baker J.C., Mapes J., New C.C., Szwejczewski M., (1997), “A hierarchical model of
business competence”, Integrated Manufacturing Systems, Vol. 8, No. 5, PP.

265-272
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APPENDIX 7.1
PSKPM TRANSFER FUNCTION

Investigation of the transfer functions

For the PSKPM model: -

DLSKP = DSKIP =0

FSKIR €— 157 5 ¢ PSKLR
o

—P(g) 7 > T T, s l’@ 3 >
i ev‘ 1| SKIP
—_— — T
T, < s
SKIPA
DSKIP

Figure 7.1.1: PSKPM Block diagram

The extra feedback algorithm can bé reduced to one block as shown the following.

> > T 7,.S >

) SKIP
i Q{1

DSKIP

Figure 7.1.2: The extra feedback loop.
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From Figure 7.1.2: -

Y=X,[I+ITPSJ (7.1.1)
SKIP = (X, - Y)(éj (7.12)
SKIPA = — SKIP | (7.1.3)
X, =X — SKIP (%] (7.1.4)

From Equations (7.1.1) and (7.1.2)

SKIP =[r(1+7T,S)- Y](%J
SKIP =T, | (7.15)

From Equations (7.1.5) and (7.1.4)

X, =X-1T, (-TI—J (7.1.6)

w

Equating Equation 7.1.6 and 7.1.1

TP
X=Y|1+T,S+22 ~ (7.1.7)

w

This reduces the block diagram shown in Figure 7.1.1 to: -

1
1+ 7,.8

< PSKLR

TCRAT l

TRATE . ) 1 1 ALSKP
>— T ———»@——>— —>
T, 1+ T,S + T 2

FSKLR ¢——

DLSKP SKG

—

Figure 7.1.3: The reduced block diagram.
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The equations can be written down directly from Figure 7.1.3 using the block diagram

analysis. These equations are: -

SKG = DLSKP — ALSKP

1

FSKLR = PSKLR | ———
14T, -8

TRATE = FSKLR + SKG- (TL
i)

1
Tr
1+TP-S+(—”)
T,
1

ALSKP = (E) -(TCRATE — PSKLR)

TCRATE =TRATE -

(7.1.8)

(7.1.9)

(7.1.10)

(7.1.11)

(7.1.12)

Equations (7.1.8) to (7.1.12) are solved in therorder listed to develop the actual level of

skill pool/present skill loss rate (ALSKP/PSKLR) and training completion rate/present

skill loss rate (TCRATE/PSKLR) transfer functions.

-TP TUTP 2
——+|T,+T, + -S+T,T,S
T P

w

ALSKP _ .| T,
PSKLR !

L

w

T
1+7T S)(l+(l+—”J-T.S+T T.Szj
a T i pri

TCRATE _ 1+(T, +7,)-S

PSKLR T
(1+7,5)|1+ 1+?"~ T8 +T,T,S*

w

(7.1.13)

(7.1.14)

The SKIP transfer function is derived algebraically from Figure 7.1.1 as follows.

TRATE = TCRATE-(1+ T, - S)

(7.1.15)
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SKIP = (TRATE — TCRATE)- &) (7.1.16)
From Equations (7.1.15) and (7.1.16)

SKIP

TCRATE = =" (7.1.17)
TP

TRATE = SKG - (—;—J + SKIPA - (Ti) + FSKLR (7.1.18)

SKG =- ALSKP

ALSKP = (%) (TCRATE - PSKLR) . (7.1.19)

From Equations (7.1.17) and (7.1.19)

ALSKP =| —1 (SKIP - PSKLR-T,) (7.1.20)
T, -S
SKIPA = - SKIP (7.1.21)
FSKLR = PSKLR | — (7.1.22)
1+T, -S

From Equations (7.1.20), (7.1.21), (7.1.22) and (7.1.18)

(7.1.23)
T,-T,-S T 14T, -S

w

SKIP - PSKLR -T
TRATE:_( ,,]_(SK]P}_( PSKLR]

From Equations (7.1.15), (7.1.17) and (7.1.23) the transfer function of SKIP is the

following.
SKIP _ . 1+(T, +T)-S (7.1.24)
PSKLR " T
1+T7,8)] 1+ 1+T—” -T,8 +T,T,S*
L w J
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APPENDIX 7.2

INVESTIGATION OF THE DESIGN PARAMETERS SETTING

Investigation of the design parameter setting
The transfer function models of the APSKPM are :-

—(Tp_Tc)

i) .
<P 7 + T, +T,+ T” -S+T,T,S
ALS =-T| — L (7.2.1)

PSKLR T, )
(+T.8)1+|1+=L |- TS+ T, TS
a Tw i pri
1+ TH+Y}+TJZ S
TCRATE _ T, 722)
PSKLR T , o
(+T,S)| 1+ 1+=L |- T,S+T,T,S
TW
1+(TG+T,. +Z;,T—CJ-S
PSL;'KKTR=T” TS (7.23)
(1+71,S)[1+(117"—).7",.5+T,,T,.32]J

Equations (7.2.1), (7.2.2) and (7.2.3) are useful to understand how the design parameters

T, Tj and T, to be set by the system designer, interact and affect the ALSKP dynamic
recovery pattern. Equations (7.2.1), (7.2.2) and (7.2.3) can be normalized. So that the

effect of the design parameters can be more readily observed.

-
TP
-
. L | (7.2.4)
A, ==
Tp
oL
TI’
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Since T, will now occur everywhere that s occurs, it will also simplify matters to define
a normalized Laplace operator, S = T, s, leading to normalized time (T/T;) as a

convenient horizontal axis. The normalised transfer functions are now: -

. &%2+(l+la+%]-S+laS2
ALSKP _ —AT,| —* W (7.2.5)
PSKLR 1 ,
(1+4,8)| 1+ L+ |- AS+4S
TCRATE l{l"”ﬁ%&)'s
=- L (7.2.6)
PSKLR 1 ,
(1+4,8) 1+ I+ AS+AS
SKIP 1+(ﬂa+/1,+%)$
ookin = W (7.2.7)
(1 +zas)(1+(1 +zl—]-/1,.S+/1,.SZJ

The quadratic term in the transfer functions in Equations (7.2.5), (7.2.6) and (7.2.7),
which emanates from the feedback loops, can be written in the standard second order

form in control theory (Marshall 1986). The characteristic equation is: -

{1+£S+%S2} (7.2.8)
@, .
Where: -

@, 1sthe undamped natural frequency

g is the damping ratio

The damping ratio is regarded by systems engineers as a direct measure of system
performance. A value of £>1 indicates a system which is over damped (which can
imply long recovery times), whilst £ <1 denotes a system that is under damped. A value
of £=1 indicates that a system is critically damped. The ideal values of 0.5 < £ < 0.707
are considered to be ideal (Towill, 1982).
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Equating the quadratic term of the transfer functions in Equations (7.2.5), (7.2.6), (7.2.7)
and (7.2.8) give the following relationships: -

24_{1 +_1..).l,.
@, Ay
( (7.2.9)
1
—= A,
Q.

The relationship between , A; and A can be determined from Equation (7.2.9) as the

following.

4'20.5.\/1_1..(1+II—J (7.2.10)

Figure 7.1:The relationships between the damping ratio £, Ty and T;.

Equations (7.2.1), (7.2.2) and (7.2.3) are useful to understand how the design parameters
T, Ti and Ty, to be set by the system designer, interact and affect the ALSKP dynamic
recovery pattern. Equations (7.2.1), (7.2.2) and (7.2.3) can be normalized. So that the

effect of the design parameters can be more readily observed.
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Figure 7.1 shows a three dimensional relationships between {, Ty and T; Ty and T;

have been varied between 1 and 16 respectively. Figure 7.1 will be used to determine

the boundary limit of the parameter T, and T; for an ideal range of values for .

It can be seen that for Ti/ >10 the value of £ is greater than one (i.e. the system is over
damping). Therefore the design parameter T; is setting as 0 < T; < 10. whereas the
parameter settings for Ty, ranging as 0 < Ty, < 16 which have ideal values of £. The
following sections investigate the performance criteria of the APIOBPCS model using
the values of the. design parameters as 1< T; < 8 and 1< T, <16. These parameters

settings give values of £= 0.75, which is within the acceptable design criteria.

References

Marshall, S. A., (1986), “Introduction to control theory”, Published by Macmillan
Education Limited, ISBN 0-333-18311-8, Chapter 5

Towill, D. R., (1982), “Dynamic analysis of an inventory and order based production

control system”, IJPR, Vol. 20, No 6, PP. 671-687.
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APPENDIX 7.3

PSKPM ITHINK MODEL

The following figure shows the PSKPM simulation model using the ithink software.

#ithink®6.0
{Ede Edit Model Bud { H
B 1 skill 7-5.1TM

O OXN OHFB (HEeA

=

SKIPA DSKP et

g

T\, IRATE SER TCRATE ALSEP PSKLR &
5

| :6:"")@ !

% 4 #5

: P E

N s

£

. [ D ResiPiaver inerent. [ hinkes 0%

Figure 7.3.1: PSKPM model

The ithink simulation equations for the PSKPM model are:
ALSKP (t) = ALSKP (t - dt) + (TCRATE - PSKLR) * dt
INIT ALSKP = DLSKP

INFLOWS:
TCRATE = SMTH1(TRATE, Tp)

OUTFLOWS:
PSKLR = STEP(20,1)+100
SKIP (t) = SKIP (t - dt) + (TRATE - TCRATE) * dt
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INIT SKIP = FSKLR*Tp

INFLOWS:
TRATE = (SKG/Ti)+FSKLR+(SKIPA/Tw)

OUTFLOWS:

TCRATE = SMTHI(TRATE, Tp)
DLSKP = 400

DSKIP = 400

FSKLR = SMTH1(PSKLR, Ta)
SKG = DLSKP-ALSKP
SKIPA = DSKIP-SKIP

T.=4

Ti=4

T,=4

Ty =4
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APPENDIX 7.4

APSKPM TRANSFER FUNCTIONS

Investigation of the APSKPM transfer functions

The transfers functions of the APSKPM can be derived algebraically form the block

diagram as shown in Figure 7.4.1 as following: -

For the APSKPM model: -
DLSKP =0
— FSKLR <€—— 75 ; = < PSKLR
DLSKP SKG l Kp

p—
/T\

TRATE 7 TCRAT 1] AS

-’@ > T, > T+7,.s l*@ ’B >
Y 1 1| SKIP

1) [ * |

DSKIP

SKIPA

Figure 7.4.1: APSKPM block diagram

The (ALSKP/PSKLR) transfer function is derived algebraically from Figure 7.1.1 as

follows.
TRATE = TCRATE-(1+T, - S) (7.4.1)
SKIP = (TRATE—TCRATE).&) (7.4.2)

From Equations (7.4.1) and (7.4.2)

TCRATE = SKIP

(7.4.3)

14

TRATE = SKG - [%] + SKIPA- (TLJ + FSKLR (7.4.5)

i w
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SKG =- ALSKP (7.4.6)
ALSKP = G?—) (TCRATE — PSKLR) | (7.4.7)

From Equations (7.4.7) and (7.4.3)

SKIP =T,-S (ALSKP — PSKLR- (l—lg_)) (7.4.8)

SKIPA =Tc 1 PSKLR-T,-S| ALSKP — PSKLR (—1—) (7.4.9)
1+TS P S

FSKLR = PSKLR- ! o (7.4.10)
v 1+7T,-S )

From Equations (7.4.5), (7.4.6), (7.4.9) and (7.4.10)

TRATE = —ALSKP - (%)

i

+| Te I PSKLR-T -S| ALSKP — PSKLR - (—1- . i
1+TS p S T,

+PSKLR-( 1 )

1+7T,-S
| (7.4.11)
" From Equations (7.4.1), (7.4.3) and (7.4.8)
TRATE=(1+TP-S) (ALSKP—PSKLR-(%D-S , : (7.4.12)

By equating Equations (7.4.11) and (7.4.12) the (ALSKP/PSKLR) transfer function is

(T -T Iy
7, c)+ T +T +-22|.S+TTS? (7.4.13)
a V4 T a-p

ALSKP _ T,

PSKLR T )
1+1.8)|1+ 1+F" TS +T,T.S

w

w

i

The derivation of the (ALSKP/PSKLR) transfer function is as follows: -

From Equations (7.4.7) and (7.4.11)
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TRATE = —(—;—) : (é) (TCRATE - PSKLR)

i

w

J{Tc( 1 )PSKLR-T,,((TCRATE—PSKLR)—PSKLR-)M—l—)
1+T,8 T

+PSKLR- 1
1+T, -S

(7.4.14)

By equating Equations (7.4.1) and (7.4.14) the (TCRATE/PSKLR) transfer function is

1+(7;+7}+%£"J-S

w

TCRATE _
PSKLR

! P

(7.4.15)
T, )
1+7,5)| 1+ 1+—T -TS+T,TS

w

The derivation of the (SKIP/PSKLR) transfer function is as follows: -
From Equations (7.4.8) and (7.4.11)

TRATE = | || L |(skzp + PSkLR -T,)
T,-S)\T, ’

p’ i

(g 5o sn s (5 )

+PSKLR - !
1+T, -S

(7.4.16)
From Equations (7.4.1), (7.4.3) and (7.4.16) the transfer function of SKIP is the

following.

1+ T‘,+T,+ZT° S
SKIP _ . T,
PSKLR " T (7.4.1.7)
(+T,8)| 1+|1+=L |- TS +T,T,S>

92



APPENDIX 7.5

APSKPM ITHINK MODEL

The following figure shows the APSKPM simulation model using the ithink software.

[ Eie ; EGit_ Model. Bun Help:
[ 1% skill 7-7.1TM
e orY

OH@

Figure 7.3.1: APSKPM model

S I RigS L b

The ithink simulation equations for the APSKIM model are;
ALSKP (t) = ALSKP (t - dt) + (TCRATE - PSKLR) * dt
INIT ALSKP =DLSKP

INFLOWS:

TCRATE = SMTHI(TRATE, Tp)

OUTFLOWS:

PSKLR = STEP(20,1)+100

SKIP (t) = SKIP (t - dt) + (TRATE - TCRATE) * dt
INIT SKIP = FSKLR*Tp
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INFLOWS:
TRATE = (SKG/Ti)+FSKLR+(SKIPA/Tw) .

OUTFLOWS:

TCRATE = SMTHI(TRATE,Tp)
DLSKP = 400

DSKIP = FSKLR*Tc

FSKLR = SMTH1(PSKLR, Ta)
SKG = DLSKP-ALSKP

SKIPA = DSKIP-SKIP

Tw=
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