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ABSTRACT

Analysis and Implementation of Volume Flexibility in Manufacturing Plants

Manufacturing flexibility — the ability to change or respond quickly has been heralded as
a major competitive weapon for manufacturing organisations operating in turbulent
markets and markets characterised by fierce competition and rapid developments in
technology. It is also important for the achievement of new management paradigms such
as time-based competition, lean production, business process re-engineering and mass
customisation. However, many issues on the concept of manufacturing flexibility such as,
the clarification of why flexibility is needed, when it is needed, and how it can be
implemented in manufacturing organisations have not been sufficiently addressed and
resolved in the literature. This research project has been carried out to resolve some of
these issues by focusing on one aspect of manufacturing flexibility — volume flexibility.

The research design, which was developed to address the research issues, comprised the
use of both quantitative and qualitative research methods. The quantitative research
method is an exploratory mail survey of UK manufacturing plants in all the major
industrial classifications. The survey was used to obtain broad patterns and evidence
concerning the conditions that drive manufacturing plants to require volume flexibility
and also to identify the mechanisms which manufacturing plants employ to achieve
volume flexibility. The qualitative research method is an explanatory case-based
research. Manufacturing plants in each sector that responded to the survey and provided
rich and contrasting information about the issues being investigated were selected for the
case study research. The case study research was used to confirm the survey results
(triangulation) and more importantly to explain the trends and patterns observed in the
survey analysis.

The research concluded that high variability in demand levels is a major driver of volume
flexibility and that it is generic in nature. Other drivers of volume flexibility were also
identified. However, the applicability of these drivers to manufacturing plants was found
to be independent of the sector to which the plants belong but on other specific
characteristics of the plants. Mechanisms being employed to achieve volume flexibility in
UK manufacturing plants were identified and referred to as enablers of volume
flexibility. These enablers are not sector dependent but they do depend on specific market
conditions, and their perceived costs and benefits. Substitute and complementary enablers
were identified. Substitute enablers can be used to replace other enablers to achieve
volume flexibility and complementary enablers aid other enablers in achieving volume
flexibility. The research project also identified strategies, which can be employed by
manufacturing plants to implement the enablers in achieving volume flexibility.
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Chapter One - Introduction

IChapter 1 — Introduction

The discussion in this chapter can be divided into two parts. The first part focuses on why a

study of flexibility is essential to the world of knowledge. Over the last few decades many
markets have witnessed a number of changes including a transition from a seller’s market
to a buyer’s market. As such, manufacturing organisations’ response or business paradigm
has shifted from mass production to new paradigms such as mass customisation, lean
production and time-based competition. It is argued that for the successful implementation
of these new paradigms, a manufacturing organisation requires high levels of flexibility.
The summary of this discussion is shown in Figure 1.0. Having highlighted the importance
of flexibility in organisations operating in the current dynamic market environment, the
second part of the chapter focuses on how the research intends to address the unresolved
issues on flexibility implementation in manufacturing organisations and what the research
hopes to contribute to knowledge.
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Figure 1.0: Changing market environment and organisations’ response: Rationale for research on flexibility



Chapter One - Introduction

1.0 The Changing Market Environment

The global market place is now characterised by intense competition and a scramble for
increased market share. There exists limited demand for consumer products resulting in
global over-capacity (Porter, 1986). Gone are the days when demand for products exceeded
their supply in most markets. According to Pine (1993), those days are typified by the
paradigm of ‘mass production’, a paradigm that is supported by theories such as the
classical theory of organisations . The mass production era was basically a seller’s market,
having characteristics described by Pine which have been summarised below:

e Emphasis is on volume. High product volumes reduce manufacturing costs through
economies of scale. Selling the most products at the lowest cost generates the most profit
and keeps the company in business.

e More products can be sold in large, homogeneous markets. Hence, niche markets that
represent different customer desires and support only relatively low volumes are ignored
since they merely increase costs.

e The stability of the inputs, process and outputs is important. This is achieved through
product standardisation and inventory levels to adjust to changes in demand levels.

¢ Long product life cycle is encouraged as it reduces the development costs per unit and
investments in product and process technology. Research and development should focus on
new product breakthroughs that can be mass-produced. Marketing and sales should focus
on selling what production makes with little regards to what customers want.

New forms of competition that are increasingly successful have challenged the mass
production system, which in fairness, has been successful for many manufacturing firms for
a number of years. Not only has competition changed, but so have societies, countries,
markets technologies, and consumers (Pine, 1993). The market has witnessed a shift from a
seller’s to a buyer’s market. Pine defines two factors, which best capture, the new form of
the market environment. These are:

" The classical theory of organisations posit that organisations deal with the external environment by differentiating their
tasks into functions where each function is required to deal with a portion of the external environment (Fayol, 1925;
Gulick, 1937, Urwick, 1937, Mooney, 1958). Lawrence and Lorsch (1969) argue that the classical theory of organisations
only tends to hold in a stable environment.
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1. Demand Factors - factors that indicate the degree to which a firm can control and reduce
the uncertainty within its market. These include:

Unstable and unpredictable demand levels — resulting from fragmentation of demand into
new market segments.

Uncertain needs and wants — lack of knowledge about what the market will respond to
Heterogeneous demand — differences in demand that can be met with greater product
variety and customisation

Quickly changing needs and wants — customer needs are not only fragmented but evolve
quickly and constantly

Price consciousness — price-conscious customers who readily switch between brands if
they find a better deal

2. Structural Factors — factors that reflect the basic nature of the industry and are therefore
less subject to manipulation by individual firms. These include:

High buyer power — implies that firms have to respond more to what their customers need
and want

High competitive infensity — contributors include the globalisation of markets and the
blurring of industry lines resulting in high number of competitors battling for market share.
High levels of saturation — markets are becoming increasingly saturated resulting in the
need for increase in product innovation rate, product variety and entering new markets.
Many substitutes — the more close substitutes there are to a company’s products, the more
the need for the company to differentiate its products to enhance its competitive position.
Short product life cycle — this calls for increased and fast product innovation rates.

As a result of increased competition and new opportunities opened through flexible
automation, consumers have become more sophisticated, demanding increased
customisation, higher quality, variety, innovation and novelty. Because of the need to avoid
increasing risk of obsolescence and the need to implement low inventories policies,
industrial customers are demanding smaller order quantities, rapid delivery on a short
notice and reliable delivery (Hill and Chambers, 1991). Fast technological change,
increased competition and customers demanding variety, novelty and innovation have led
to more unstable demand patterns and shorter product life cycles, especially in high-tech
markets (Chambers, 1992). These growing market constraints call for suitable coping
strategies by organisations. According to Handy (1989), this change sequence has led to the
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questioning of old ways, which results in the emergence of new patterns of organisation. In
view of these changes, the focus of the management literature in recent times has been on
the necessity for organisations to change. Even as far back as the 1960s, early organisation
theorists recognised the dynamics of the business environment and the need for
organisations to adapt to the environment in order to survive, resulting in the proposition of
the contingency theory of organisations and more recently resource-based theory’ (Prahalad
and Hamel, 1990). The contingency theory of organisations, proposed by Lawrence and
Lorsch (1969), provides a good theoretical foundation for studies that seek to explore how
organisations respond to the uncertainty in the business environment.

Contingency theory explains the results of Burns and Stalker’s (1961) study of ten
industrial firms each in a dynamic and a more stable industry in the UK. Their work
focused on how the pattern of management practices in these companies was related to
certain facets of their external environment. The study revealed that organisations in a
stable industry tended to be what they refer to as “mechanistic” i.e. having formal rules and
procedures with a highly centralised level of decision making and narrow spans of
supervisory control. Effective organisations in a more dynamic industry were typically
more “organic” with almost opposite structural attributes to those of the mechanistic
organisations referred to above. Woodward’s (1958) study of about 100 firms in widely
diverse lines of business in the South Essex area of England revealed that successful
organisations in different industries with different technologies are characterised by
different organisation structures. Chandler’s (1962) in-depth study of four major American
companies led him to conclude that new strategic choices arise from environmental
changes. He argues “strategic growth resulted from an awareness of the opportunities and
needs - created by changing population, income and technology - to employ existing or
expanding resources more profitably”. For instance, his research reveals that “growrh
through geographical dispersion™ led to the establishment of territorial offices. In other
words, organisational structures follow and are guided by strategic decisions.

What the above studies suggest is that different technical and economic conditions outside
the firm require different organisational responses or patterns within it. Other studies have
looked at organisations and the environment in the same light. Lenz (1980) argues that the
external environment of an organisation is viewed as the source of events and changing

! The resource-based approach advances the view that a company’s strategy should seek to maximise the competitive
benefit offered by the resources to which it has access. These resources include “core competencies”, technological and
production skills and “collective learning™ about products and processes (Prahalad and Hamel, 1990).



Chapter One - Introduction

trends, which create opportunities and threats for individual firms. Lawrence and Dyer
(1983) propose a concept of adaptation, which they define as the “process by which an
organisation and its environment reach and maintain an equilibrium ensuring the survival
of the system as a whole”.

Over the years organisations have sought for ways of coping with the demands of the
market environment. For instance, manufacturing firms have introduced a number of
strategies to reduce internal and external uncertainties. For example, buffers help to reduce
internal uncertainties, and the use of excess capacity cushions and forecasting techniques
help to reduce some of the external uncertainties. However, many of these have proven to
be inadequate. For instance, having excess capacity to deal with an unexpected increase in
demand will be cost ineffective in times of a slump in demand. The implication of this is
that organisations need to rethink the way that they carry out their operations. As explained
earlier, the old way of doing business is characterised by the pursuit of increased
productivity, a “mass production” regime. It was time to make a change, a significant shift
in paradigm to one that provides the capability of coping with the dynamic market
environment. Pine (1993) argues that “when one paradigm fails, it is time to shift to
another”. For many organisations, the regime of mass production has been replaced with
new paradigms such as mass customisation, time-based competition and lean production.
Piore and Sabel (1984) have referred to this shift in paradigm as “the second industry
divide”.

1.1 The New Paradigms of Competition

A term first coined by Davis (1987), mass customisation refers to the manufacture of
products that meet exactly an individual customer’s wishes, but at costs and within time
scales equivalent to a mass-produced standard item. Pine (1993) argues that the focus of
mass customisation is the creation of variety and customisation through flexibility and
quick responsiveness. Lampel and Mintzberg (1996) posit that mass customisation (which
they refer to as “the logic of individualisation”) has always been practised in some areas of
economic activity such as personal tailoring, fine jewellery making, fine restaurant cooking,
engineering capital goods and grinding prescription eyeglass lenses. More recently, there
has been a move to greater customisation in a wide variety of industries, including services
(Lampel and Mintzberg, 1996).
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Mass customisation does not occur in isolation. The achievement of mass customisation is
linked with advances in management such as lean production, time-based competition and
manufacturing flexibility (Pine, 1993). Womack et al (1990) introduced the concept of
“lean production”. They argue that lean production is “lean” because,

“...1t uses less of everything compared with mass production — half the human effort in the factory, half the
manufacturing space, half the investment in tools, half the engineering hours to develop a new product in half
the time....and produces a greater and ever growing variety of products.”

Thus, the lean producer, “combines the advantages of craft and mass production, while
avoiding the high cost of the former and the rigidity of the latter” (Womack et al, 1990).
Stalk and Hout (1990) introduced the term “time-based competition”. According to Stalk
and Hout (1990), the idea behind time-based competition is fo “give customers what they
want when they want it”. They argue that time-based competitors are offering greater
varieties of products and services, at lower costs and in less time than are their more
“pedestrian competitors”.

A common theme appears to underpin each of the new paradigms discussed above. That is,
organisations must be able to respond in a timely manner to satisfy customers’ demands
which may be uncertain and may vary, while keeping their cost of operation low. In other
words, organisations need to be flexible for a successful shift from the paradigm of mass
production to a new paradigm such as mass customisation, lean production and time-based
competition. For instance, in their discussion of the transition process from flexibility to
innovation, Bolwijn and Kumpe (1990) argue that, it is quite possible to be flexible without
being innovative, but the reverse is not true: “you cannot be innovative without being
flexible”. Other authors have also recognised the central role of flexibility in the new
paradigms. According to Stalk and Hout (1990), companies are dramatically improving
their manufacturing response times by streamlining their factories and becoming more
flexible. For instance, new-generation competitors use flexible operations to respond to
their customers’ needs by expanding variety and by increasing the rate of innovation in the
least elapsed amount of time (Stalk and Hout, 1990). Womack ef al (1990) argue that in
order to achieve increased flexibility and low cost, the lean producers employ teams of
multiskilled workers at all levels of the organisation and use highly flexible, increasingly
automated machines to produce volumes of products in enormous variety.
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In an exploratory survey of UK firms to determine the effects of mass customisation on
operations management, Ahlstrom and Westbrook (1999) report that implementation of
mass customisation requires manufacturing flexibility and a change in view of the
company’s product variety. Lampel and Mintzberg (1996) develop a continuum of
strategies with pure standardisation (having “zero” flexibility) at one end and pure
customisation (having maximum flexibility) at the other end of the continuum. Pure
standardisation is based on a “dominant and standard design” targeted to the broadest
possible group of buyers. With pure customisation, the customer’s wishes penetrate into the
design process itself and the product is truly made to order (Lampel and Mintzberg, 1996).
Between these two extremes are different strategies that depend on the degree of flexibility
of the firm or the extent to which specific individual’s wishes can be met by the firm.

In spite of the recognition of the central role of flexibility as discussed above, a number of
questions on the issue of flexibility remains unanswered for both academics and
practitioners. Until these questions are resolved, it is doubtful that any meaningful advances
can be made in managing effectively, the evolution process of the paradigm shift from mass
production to the “so called” new paradigms. This project seeks to expand the
understanding on the issue of flexibility. It identifies and addresses some of the unanswered
questions on flexibility in the context of manufacturing organisations. These issues are
addressed in the main body of the thesis. The project, however, starts by reviewing the
importance of flexibility and concludes this introduction chapter by highlighting the
contribution of the research and describing the structure of the thesis.

1.2 The Importance of Manufacturing Flexibility

Flexibility is becoming a frequently used concept in the business literature. It is often seen
as a “panacea” for manufacturing companies experiencing increasingly complex and
turbulent environments, and it is a central concept used to describe a whole new generation
of production equipment. And yet it presents a conundrum, a paradoxical concept where
authors cannot agree on the answers to even the most basic questions. What is 1t? When
should a company strive for it? And how it can be implemented in manufacturing
organisations?

Flexibility can be defined broadly as the ability to change quickly (Bolwijn and Kumpe,
1990). The Collins English dictionary (1990) defines ‘flexible’ as something that can bend
or be bent easily or that is manageable and adaptable. Slack (1997) argues that this
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definition translates into the ability of a system to adopt a range of states and the ease with
which it moves from one state to another. The definitions of flexibility reveal the multi-
dimensional nature of the concept of flexibility. Clearly the concept of flexibility is broad
in scope. The challenge, therefore, lies not in expanding the concept but in focusing its
content to the uses that are relevant.

As discussed earlier, a number of factors are responsible for the increased international
competition, erosion of traditional types of comparative advantage and removal of entry
barriers to market segments. These factors are what most rationales for flexibility are built
on. Based on the studies by Porter (1986) and Sanchez (1991), Table 1.0 has been used to
summarise the reasons for more competition in the market place (threats) and the
opportunities these provide for manufacturing organisations operating in the competitive

environment (introduction of more flexible automation).

Threat: More competition

Opportunity: More flexible automation

» Growing similarity of countries in terms of infrastructures and
buyers needs
¢ Transportation costs have fallen

* More compact, lighter products ease transportation
o Falling tariff barriers

o Information technology makes integration of geographically
distant activities easier

« Slowing rates of economic growth increases the importance of
geographical expansion for companies

» Technological restructuring e.g. microelectronics, information
systems and advanced new materials shake up industry structures
and create opportunities for shifts in international industry leadership
o New global competitors principally from East Asia

o Global over-capacity. New technologies are making direct labour
costs less - important for comparative advantage

¢ New technologies diffuse rapidly among countries through
licenses, engineering companies, the scientific community, and
multinational companies themselves. The new technologies do not
always need a highly developed economy to thrive

» Markets for natural resources and components have become
increasingly global, largely eliminating access to them as a
sustainable edge

o The falling costs of advanced manufacturing technology
(AMT) and IT solutions

¢ The growing expertise in the implementation and use of
AMT and IT

o CAD/CAM offers new levels of flexibility and creates
opportunities for increased segmentation and responsiveness
o Global competition has increased industry concentration;
firms have the cash to finance new investment

© The slowing growth has created mature firms who are being
outperformed by flexible competitors.

» The demand for autonomy in the work place might have
pushed some firms to automate trivial tasks

o The unstable demand patterns and increased perceived risk.
Opportunity for flexible operators to position themselves due
to their ability to cope with unstable demand patterns.

o The demand for quality has led to complex products that
can only be made on advanced equipment

» Competitors installing AMT and competing on the
parameters of customisation, variety, innovation and novelty.

Table 1.0: Reasons for more competition and use of flexible automation
Source: Madsen (1993), adapted from Porter (1986) and Sanchez (1991)
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A number of authors have argued that, flexibility provides manufacturing organisations
with the capabilities of adapting to the requirements of a fast changing environment. This
includes the ability to change levels of production rapidly, develop new products, and
respond to competitive threats (e.g. Garett, 1986; Swamidass and Newell, 1987; Tombak,
1988 and De Meyer ef al, 1989). These authors argue that the increasingly turbulent market
environment warrants the need for organisations to look beyond the traditional
manufacturing objectives of achieving quality consistency, low cost and high reliability
towards the more difficult goal of flexibility.

Flexibility is one of the key objectives of any manufacturing system (Chatterjee et al,
1984), since it provides a critical measure of total manufacturing performance (Hayes and
Wheelwright, 1984). Garrett (1986) argues that manufacturing flexibility is significant in
coping with turbulence both within and outside the organisation. Internal organisational
turbulence may be due to equipment breakdown, high absenteeism, rejects and rework
(Buzacott and Mandelbaum, 1985). External turbulence may arise from high variability in
demand levels, product mix, shortened product life cycle and actions of competitors
(Zelenovic, 1982; Garrett, 1986, Guptal and Goyal, 1992). Global competition and
shortening product life cycles demand manufacturing flexibility in terms of designing,
developing and delivering products faster and in greater variety (Oliff and Marchand,
1991). Herroelen and Lambrecht (1989) posit that marketing pressures call for flexible
systems, which are in strong contrast with large volume production of standardised
products. According to Goldhar, Jelinek and Schlie (1991), the conditions that formerly
supported economy of scale type logic are gone. In their place, conditions now support and
reward factories that exhibit economy of scope and strategies that utilise flexibility.

Hyun and Ahn (1992) argue that, as competition grows fiercer in global markets, meeting
customer needs requires an enhanced manufacturing capability such as manufacturing
flexibility. Swamidass and Newell’s (1987) study of thirty-five Pacific Northwestern
machine tool manufacturing firms found a high degree of positive correlation between firm
performance and flexibility. Thus, flexibility has major implications for a firm’s
competitive strength (Gupta and Somers, 1992). Flexibility can be used as an offensive
strategy in which the firm is proactive and uses flexibility to create more uncertainty for
others than for itself (Hyun and Ahn, 1992). It can also be used as a defensive strategy in
which the firm becomes highly responsive to changing demand imposed on it (Swamidass,
1988).



Chapter One - Introduction

To further highlight the strategic importance of flexibility, De Meyer ef al’s (1989) study of
manufacturers in Europe, North America and Japan showed that flexibility and cost
efficiency are not necessarily trade-offs. Their study further revealed that in future,
competitive battle would be waged based on manufacturing’s ability to overcome the age-
old trade-off between efficiency and flexibility. Miller and Roth’s (1987) study of 270 large
manufacturing firms revealed that flexibility was ranked from fourth to eighth (depending
on the industry) with respect to future competitiveness. Cox’s (1989) review of
manufacturing strategies in eleven assembly plants revealed that the majority of the plant
managers interviewed identified flexibility as a critical task for future competitiveness.

In spite of the recognition given to the issue of flexibility as outlined above, manufacturing
flexibility does not appear to receive adequate attention with regard to investment in
technology (Lim, 1987) and in implementation (Jaikumar, 1986). For instance, Cox’s
(1989) study mentioned above revealed that although all the managers interviewed
identified flexibility as a critical task for future competitiveness, none of the plants included
it among their top three formally tracked objectives for planning and control. In a
comparative study of flexible manufacturing systems in the US and Japan, Jaikumar (1986)
concluded that:

“...they (US organisations) are buying the hardware of flexible automation — but they are using it very poorly.
Rather than narrowing the competitive gap with Japan, the technology of automation is widening it further.
With few exceptions, the flexible manufacturing systems installed in the United States show an astonishing
lack of flexibility. In many cases, they perform worse than the conventional technology they replace. The
technology itself is not to blame; it is management that makes the difference. Compared with Japanese
systems, those in the U.S. plants produce an order-of-magnitude less variety of parts”.

The implication of the above is that flexibility must be carefully planned and managed and
cannot be bought (Gustavsson, 1988). Slack’s (1987) study of ten manufacturing
companies echoes Jaikumar’s observation. Slack’s study revealed that managers had a
partial rather than comprehensive view of manufacturing flexibility, and, that managers
focused on resource rather than on system flexibility. The study also found that managers
sought to limit the need for flexibility by pursuing three broad strategies:

1. Limiting product range and discouraging frequent product modifications

2. Pursuing make to stock rather than make to order strategies

3. Matching market segmentation with segmentation of the production system, thus
reducing product range within each segment.

10
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The general lack of proper understanding of the concept of flexibility and the neglect of the
issue by practitioners is due to the multi-faceted nature of the concept itself. Because
flexibility cuts across the entire organisation and academic literature, it has proved to be
difficult to adequately conceptualise and understand, by both practitioners and academics.
This research project has been undertaken to improve the understanding of manufacturing
flexibility, thereby partially filling the gaps in the literature and practice of manufacturing
flexibility.

1.3 Research Agenda

This thesis places the concept of manufacturing flexibility into a framework of
manufacturing strategy. The reason for this is to make sure that nothing important is left
out. As will be shown in the literature review, one can rarely argue sensibly about
manufacturing flexibility without considering the appropriate strategic context. On the
other hand, this thesis will not go further than manufacturing strategy. It will not consider
how the corporate or business strategy is formulated, even though manufacturing strategy
must operate within this context. The review of the manufacturing strategy literature is
covered in Chapter 2 of the thesis.

In reviewing the literature cn manufacturing flexibility, this project adopts a classification
proposed by Suarez ef al (1996). They suggest that studies on manufacturing flexibility can
be classified into the following categories.

Taxonomies of flexibility
Data-based studies of flexibility and performance
Historical and economic analyses of flexibility

bl ol e

Analysis and implementation of flexibility (theoretical frameworks and empirical
evidence)

Many of the studies on manufacturing flexibility have focused on developing typologies of
the concept (group 1 above). On the other hand, studies that seek to provide empirical
evidence on the analysis and implementation of flexibility in manufacturing plants have
attracted the least attention from researchers in the field (group 4). This project provides a
critical review of the studies in the four groups stated above in Chapter 3.

11
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Slack (1987) and Suarez et al (1996) classify the major taxonomies of manufacturing
flexibility as follows.

1. Strategic or first-order manufacturing flexibility (i.e. types of flexibility that directly
affect the firm’s competitive position, €.g. volume, mix, delivery time and new-product
flexibility).

2. Resource or Lower-order flexibility (e.g. routing, component, material flexibility,
labour flexibility etc.)

This thesis will critically examine and contribute to the debate on manufacturing flexibility
classification. The review of the manufacturing flexibility literature in Chapter 3, reveals
that, of the strategic or first-order flexibility types, studies on the provision of empirical
evidence on the analysis and implementation of volume flexibility in manufacturing plants
have attracted the least attention in the literature. Thus, the thesis is focused on providing
empirical evidence to understand better the issue of volume flexibility, and its
implementation in manufacturing plants. This involves addressing issues such as, what is
volume flexibility? When should a company strive for it? And how can it be implemented in
a manufacturing plant? In order to maintain a logical chain of argument, these issues are
covered in Chapter 4, where the literature on volume flexibility is reviewed, and the
Research Questions for the project are developed.

The figure 1.1 below shows the road map for the literature coverage.

12
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Figure 1.1: Road map for literature review coverage.

1.4 Research Strategy

Empirical research will be used to address the Research Questions developed for the
project. It is planned to address the questions using research strategies that provide insights
into the Research Questions from different perspectives (i.e. quantitative and qualitative
research approaches). The main empirical research will be preceded by a pilot study. This is
required to explore and provide insights into the basic issues of volume flexibility in
manufacturing plants. The pilot study is also required to help refine data collection plans
with respect to both the content of the data and the procedures to be followed (Yin, 1994).

1.5 Contribution of the Research

Voss (1995) proposes that because of the applied nature of the operations management
field, many of the new developments in the field come from the interface between
operations management and other disciplines. This study aims to bridge the gap between
labour flexibility issues in the human resources management literature and technical aspects
of production flexibility. This is addressed by identifying labour based solutions for
achieving volume flexibility in manufacturing plants and explaining why and how these

13
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solutions are used to achieve volume flexibility. This has important policy implications in
terms of how to achieve volume flexibility in manufacturing plants. It also has implications
for the management of change in a production environment. Likewise, the research
provides insights as to which solutions to employ and how to implement them for
practising managers involved in managing in highly turbulent and uncertain environments.

The thesis builds on previous studies in the analysis and implementation of volume
flexibility (e.g. Suarez et al, 1996). It expands the understanding of the classification of
manufacturing flexibility and how volume flexibility can be measured in manufacturing
plants, thus making a contribution to the manufacturing flexibility literature.

The study aims to identify the drivers of volume flexibility in manufacturing plants. This
research also seeks to identify the contexts in which these drivers are applicable. These
have important implications for the manufacturing flexibility literature as they show that
volume flexibility is not an attribute that is always applicable to all manufacturing plants.
Also, practising managers are able to do a proper assessment of volume flexibility needs
prior to implementing volume flexibility.

14
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1.6 Structure of the Thesis

Figure 1.2 below shows an overview of the structure of the thesis.

Chapter 1 Chapter 2 Chapter 3
o) Marufactuning Strategy Manufacturing Flexibility

Introduction p| ° Manufacturing strategy | | Anclytical models

* Competitive 7| process &content varicbles - Enpirical shudies

Chapter 6 Chapter 5 v Chapter 4
: Research Methodology| Volume Flexibility
zu‘jlof;ndyg&&rvey ” 2 Pilgfs-ru#y < * Definition of volume flexibility
ministration * Mal Survey * Drivers of volume flexibility - RQL
* Cose Study  Implementation of volume flexibility - RQ2
‘pnpter 7 Chapter 8 Chapter 9 Chapter 10
Survey Analyses »| Survey Analyses »| Case Study Analyses| | Case Study Analyses
- RQI Aralyses = * RCR Amalyses 7| - Within case andlyses 1 "1+ Within case analyses 2
Chapter 13
Chapter 12 Chapt

Sunmary & Conclusions i 1117

* Main findings ' Methodological Triangulation Case Study Analyses

* Corclusions <  Cormparing the srvey ond case | TG :

- Limitations of shudy shudy results e

* Contribution of research

* Future research areas

Figure 1.2: Structure of the thesis

The body of the thesis consists of thirteen chapters. The literature review is contained in
Chapters 2, 3 and 4. Chapter 2 reviews the literature on manufacturing strategy. The
chapter introduces two dimensions of manufacturing strategy as the process and content
variables. Of the content variables, manufacturing flexibility is identified as the most
suitable to cope with environmental uncertainty.

Chapter 3 reviews the literature on manufacturing flexibility. Studies within the
manufacturing flexibility literature are classified as analytical models and empirical studies.
Empirical studies on manufacturing flexibility are further divided into four groups
including studies on the development of flexibility taxonomies, an area that has witnessed

15
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the bulk of the studies on manufacturing flexibility. In contrast, studies on the analysis and
implementation of flexibility have attracted the least attention from researchers in the area.
The research gap is identified within this group of studies and focuses on volume
flexibility, a strategic flexibility type on which there is a dearth of studies compared to
other strategic flexibility types such as mix and new product flexibility.

Chapter 4 reviews the literature on volume flexibility. It proposes a definition for volume
flexibility from the review of various definitions proposed by notable researchers in the
field. The chapter addresses the complex problem of measuring volume flexibility. It does
this by reviewing the literature on volume flexibility measurement and contributing to the
literature by suggesting a way forward. The chapter also compares the use of volume
flexibility with the use of stock levels to cope with demand fluctuations. The discussion
leads to the development of the first Research Question for the project. The chapter
discusses various sources of volume flexibility and develops the second Research Question
for the project to conclude the literature review phase.

The empirical phase for the project is covered in Chapters 5, 6, 7, 8,9, 10 and 11. Chapter 5
explores the suitable research strategy for carrying out the empirical phase of the project.
Based on the nature of the Research Questions, a combination of mail survey and case
study is proposed. These are to be preceded by a pilot study, which is used to explore the
basic issues of volume flexibility in respect of the Research Questions and to test data
collection procedures.

Chapter 6 describes the pilot study. Four manufacturing plants from various sectors similar
to targeted sectors for the mail survey and case studies are selected for the pilot study. The
chapter presents the analyses of the cases and presents the variables identified in respect of
the two Research Questions. These variables and others identified from the literature
review are used to design a questionnaire for the mail survey. The chapter presents a
justification matrix for the questionnaire design and describes the administration of the mail
survey of 529 UK manufacturing plants selected from the Cranfield Best Factory Award
database.

Chapter 7 describes the steps undertaken to analyse the survey response questionnaires in
respect of first Research Question. This chapter compares the conditions identified from the
pilot study with those identified from the survey analyses. Generally, this chapter provides
some insights to answer the first Research Question.

16
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Chapter 8 describes the survey analyses done in respect of the second Research Question.
Labour based solutions for achieving volume flexibility are identified in this chapter.
Furthermore, the chapter investigates the relationships between these solutions in achieving
volume flexibility. Based on the results of the analyses, two additional Research Questions
are developed in this chapter.

Chapter 9 describes the research design and analyses for the case studies. Of the 120 plants
that responded to the survey, 8 manufacturing plants are selected for the case studies based
on the richness of the information they provided. The selection is done using the replication
rather than the sampling logic. The chapter describes the within-case analyses carried out in
four plants relating to the Research Questions. The analyses also reveal the benefits derived
from using various volume flexibility solutions and identify the key factors for
implementing the solutions in manufacturing plants. Chapter 10 is a replica of chapter 9 but
contains within-case analyses in the four remaining plants of the case study research.

Chapter 11 describes the cross-case comparison. It explores the similarities and differences
in and across the 8 cases in respect of the four Research Questions. Chapter 12 is the
methodological triangulation chapter where the results of the survey research are compared
with the results of the case studies. Tentative conclusions resulting from the project are
derived from this comrparison.

Chapter 13 summarises and concludes the study. The chapter summarises the literature
review and the main findings of the study in line with the Research Questions developed
for the project. The chapter discusses the limitations of the research project and the
contributions of the research to knowledge. Finally, the chapter identifies future research
areas.
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Chapter 2 — Manufacturing Strategy

2.0 Introduction

Figure 2.0 below has been used to summarise the literature coverage area of the literature
review.

Competitive Environment - 1.0

Chapter 1
Nﬁ,uires

Manufacturing Strategy - 2.1

/ Consis‘f&

Process Variables - 2.1 1  Content Variables - 2.1.2

Chapter 2

Manufacturing Flexibility - Chapter 3
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i
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Figure 2.0: Structure of the literature review. Chapter coverage shaded

The literature review for this thesis is covered in Chapters 2, 3 and 4. Chapter 2 discusses
the need for organisations to have an adaptive manufacturing strategy in a competitive
environment. The chapter thus focuses on reviewing the manufacturing strategy literature.
Chapter 3 reviews the literature on manufacturing flexibility. Chapter 4 reviews the
literature on volume flexibility and identifies the research gap for the project.

The concept of manufacturing strategy has attracted increasing attention from researchers

and practitioners. Over the years, manufacturing organisations have realised the importance
that manufacturing strategy plays in firms’ competitiveness. Reduced competitiveness,
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increasing turbulence and uncertainty in the market environment are some of the drivers of
the need to re-evaluate the role of manufacturing in organisations (Skinner, 1969).

In reviewing the literature on the concept of manufacturing strategy, this chapter focuses on
the process and content of manufacturing strategy. The chapter is concluded with the
introduction of manufacturing flexibility as the content variable of manufacturing strategy
needed by manufacturing organisations operating in highly turbulent and uncertain market
environments.

2.1 Manufacturing Strategy

Hofer (1975), and Hofer and Schendel (1978) suggest a hierarchy of strategic decision
making consisting of three levels. The first is the corporate strategy, which operates within
large multi-business corporations. This involves the selection of product markets or
industries and the allocation of resources among them. The second level is the business
strategy required by business units within a multi-business corporation, which is required to
identify and use the business’s distinctive competencies as competitive weapons. The third
level consists of a cluster of functional strategies of which manufacturing strategy is one.
Others include marketing strategy, research and development strategy and financial
strategy. These functional strategies are formulated to complement the business and the
corporate level strategies. For a manufacturing organisation, “an effective manufacturing
strategy clarifies the links between overall competitive strategy and the development of the
company’s manufacturing resources” (Slack, 1991).

Skinner’s (1969) contribution is widely regarded as the pioneering work in helping to
conceptualise manufacturing strategy as a significant enabler of competitiveness in
manufacturing organisations. Traditionally, manufacturing was seen simply as an
operational function. With increased technological changes in production equipment and
increased foreign competition, the potential of manufacturing as a competitive weapon
could no longer be overlooked by manufacturing organisations. Thus, Skinner (1969, 1974)
advanced four principles which were later summarised by Adam and Swamidass (1992) as:

1. The manufacturing function can and should be employed as a competitive weapon
Cost and efficiency are inadequate goals for manufacturing

3. A factory that focuses on a narrow product mix for a particular market niche will
outperform a conventional plant (Skinner, 1974)
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4. The successful implementation of manufacturing strategy is a top-down process that
requires manufacturing to conform to a manufacturing task derived from competitive
Strategy.

A number of authors have since addressed the strategic role of the manufacturing function.
In support of Skinner’s first principle above, Hayes and Wheelwright (1984) argue for the
transformation of the manufacturing role from being primarily reactive to being primarily
proactive. The fourth level of their stages in the evolution of manufacturing’s strategic role
proposes that manufacturing should develop capabilities in advance of need.

In respect of Skinner’s second principle above, a number of authors have identified other
goals for manufacturing, other than cost and efficiency, in support of Skinner’s argument
(e.g. Buffa, 1984; Hayes and Wheelwright, 1984; and Hill, 1993). These are referred to as
manufacturing strategy content variables and are discussed in detail in Section 2.1.2.

Skinner’s third principle is that of focus, and this leads to his “plant within a plant”
concept. Focus in manufacturing is achieved by concentrating each part of the
manufacturing system on a particular set of products and markets. So each “sub-plant” or
“plant within a plant” would have its own dedicated facility and workforce, and concentrate
on its own manufacturing task. Skinner (1978) describes the “manufacturing task” as a
clear and concise statement of the goals and priorities which the manufacturing function
must seek to deliver in terms of cost, quality and other applicable objectives of the
manufacturing function. Hill (1993) extended Skinner’s concept of focus by defining the
“manufacturing task” as the means of determining an appropriate focus.

The concept of the focused factory advanced by Skinner has attracted some controversy.
Hayes and Pisano (1996) argue that the “lean manufacturing” principle (Womack ef al,
1990) appears to refute the necessity for focus. Womack et a/ (1990) argue that, by
combining the advantages of craft and mass production (i.e. avoiding the high cost of craft
and the rigidity of mass production), the lean producer is able to achieve different
manufacturing objectives such as, lower cost, higher quality, faster product introductions,
and greater flexibility — all at the same time. Ferdows and De Meyer (1990) argue that
different competitive priorities are not necessarily in conflict with one another, and that
they could even reinforce one another. According to Skinner (1996), “advocates view the
preview of focus as product and volume; that is, if you confine a plant to a limited product
line and range of production schedules, you will have a focused factory”. He argues that
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focus is about directing the entire set of a factory’s manufacturing policies, toward one
single manufacturing task. “...this has nothing to do with size; it has everything to do with
design of the system. Focus is a state of mind and focusing is the management process of
designing a coherent structure to accomplish a strategic task” (Skinner, 1996).

Skinner’s third principle of focus invariably leads to making choices in manufacturing. “In
each decision area — plant and equipment, production planning and control, and so forth —
top management needs to recognise the alfernatives .... It needs to become involved to the
extent that the alternative selected is appropriate fo the manufacturing task determined by
the corporate strategy” (Skinner, 1978). According to Schonberger (1985), operations must
aim to be good at everything. Heskett ef al (1997) argue that trade-offs do not result in
‘outstanding’ achievements. However, in support of Skinner’s views, New (1992) argues
that although advances in technologies and process capabilities have overcome some trade-
offs, others still exist. New (1992) argues “...every manufacturing mix is a set of decisions
about trade-offs and, however good you become at minimising the effects of the trade-offs,
they will not all go away. You can certainly become better at everything simultaneously but
some trade-~offs, particularly those associated with levels of customisation/standardisation,
will not go away”.

Slack (1991) notes that the idea behind manufacturing management appears to consist
almost entirely of handling trade-offs. He argues that while there is some truth in the trade-
off argument, “it is certainly not the only way to gain long-tferm competitive advantage”
(Slack, 1991). Using a conventional seesaw as an illustration Slack (1991) argues that in the
short term, one performance objective can be improved at the expense of another. But over
the longer-term horizon, it is possible to make improvements in all aspects of performance
by “moving the pivot” (i.e. making changes in the structure, constraints, assumptions and
culture of the manufacturing system). Slack (1998) reiterates this view by arguing that in
the longer term, there is a need for the moderation of the trade-offs.

While the trade-off argument has attracted a lot of debate amongst researchers in the
operations management field, a number of authors have agreed on the primary aim of
manufacturing strategy, which is to support the achievement of an organisation’s
competitive advantage (Wheelwright, 1984; Buffa, 1984 and Skinner, 1985). Thus,
Swamidass and Newell (1987) define manufacturing strategy as “the effective use of
manufacturing strengths as a competitive weapon for the achievement of business and

corporate goals”.
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The common themes in the manufacturing strategy literature are classified as
manufacturing strategy process and content (Adam and Swamidass, 1992). Issues regarding
manufacturing strategy process and content have been discussed by many authors in the
manufacturing strategy literature. The process of manufacturing strategy refers to how
strategic decisions are reached in an organisational setting (Chin-Fu, 1996). Skinner’s
fourth principle, which suggests a top-down approach for defining and implementing
manufacturing strategy, is an example of a process model of manufacturing strategy.
Manufacturing strategy content refers to the specifics of what was decided in terms of the
strategy (Adam and Swamidass, 1992). The manufacturing strategic process and content
are examined next in Sections 2.1.1 and 2.1.2 respectively.

2.1.1 Manufacturing Strategy Process

This refers to the process of formulating and implementing manufacturing strategy.
Skinner’s model of manufacturing strategy process as discussed earlier is essentially a top-
down view of manufacturing strategy. Others including Wheelwright (1978) and Womack
and Roos (1996) have also supported this view. Swamidass and Newell (1987) propose
three stages in the top-down manufacturing strategy process shown above as Skinner’s
fourth principle:

1. Developing a manufacturing task based on business strategy — making sure the goals
and objectives of the manufacturing function are in line with the business strategy

2. Aligning the policies and efforts of the manufacturing infrastructure to the task
developed - Skinner (1978) identifies the significance of the manufacturing
infrastructure in the process of developing and implementing manufacturing strategy.
Manufacturing infrastructure refers to the internal systems through which the
production process is carried out. These include wage systems, organisations levels,
production control and the like (Skinner, 1978). Thus, for an effective manufacturing
strategy the internal systems must support or be compatible with the task or the
statement of what the manufacturing function must accomplish.

3. Involving the manufacturing managers in the definition and implementation of the
manufacturing strategy - In their empirical work on 35 manufacturers, Swamidass and
Newell (1987) found that environmental uncertainty influenced the role of the
manufacturing manager in strategic decision making. This study highlights the
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significance of the role of the manufacturing managers in strategy formulation and
implementation, thereby supporting Skinner’s (1978) view on strategy formulation.

Hill (1993) argues for the need for manufacturing organisations to distinguish differences
as part of the strategy formulation process. He suggests that this should be achieved by
identifying and applying the concept of “order winners” and “qualifiers” to the
manufacturing task. Order qualifiers are defined as those criteria that are necessary even to
be considered by a customer as a possible supplier. Order winners are those criteria which
win the order (Hill, 1993). He argues that in developing a manufacturing strategy, the
identification of relevant order-winners for different products is a key step. Manufacturing
strategy, therefore, should consist of the strategic tasks required of manufacturing in order
to support those order-winners and qualifiers which exist in a company’s markets and
which relate directly or indirectly to manufacturing (Hill, 1993). This reflects a bottom-up
view of manufacturing strategy development.

Harrison (1997) argues that neither bottom-up nor top-down versions are satisfactory. He
proposes basing manufacturing strategy development on three categories of enablers, which
combine the advantages of both versions of manufacturing strategy development. These are
- trade-offs, best practice and specific enablers. Many authors have made a number of
contributions to the process of developing manufacturing strategy. The core process
variables identified in the literature have been summarised by Adam and Swamidass (1992)
in the table below.

Process variables Hill Miller Schroeder Skinner Swamidass Wheelwright

(1993) | and Roth | eral(1986) | (1978) and Newell | (1984)
{1988) (1987)

Infrastructure Yes Yes

Manufacturing task Yes Yes

Order winning criteria Yes

Role of Manufacturing managers Yes Yes

Consistency between manufacturing and Yes Yes

business strategies

Consistency between manufacturing and Yes Yes

other functional strategies

Consistency between manufacturing task Yes Yes

and infrastructures

Table 2.1: Manufacturing strategy process variables in the literature.
Source: Adam and Swamidass (1992).
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2.1.2 Manufacturing Strategy Content

The manufacturing strategy content focuses on the specifics of what was decided (Adam
and Swamidass, 1992). These are the objectives of the manufacturing function.
Traditionally, manufacturing objectives were limited to achieving low costs, high efficiency
and productivity. The changing nature of the market environment has rendered these
objectives inadequate for the achievement of excellence in the market place. The inclusion
of other objectives or dimensions of manufacturing strategy such as quality, dependability,
service and reliability, and flexibility has been suggested by a number of authors (Skinner,
1969, 1992; Buffa, 1984; Wheelwright, 1984).

Wild (1980) classifies the manufacturing objectives into those concerned with customer
service and those concerned with resource productivity. He defines the customer service
objectives as those related to product specification, delivery time and cost. The resource
productivity objectives are concerned with the measures of the utilisation of the
manufacturing resources. Hill (1993) defines manufacturing objectives in terms of “order-
winning criteria” which include reliability, delivery speed, quality, price, colour range and
design leadership. Slack’s (1991) definition of manufacturing objectives includes cost,
responsiveness, quality, dependability and flexibility.

Adapted from Adam and Swamidass (1992), the contribution of various authors on the
issue of manufacturing strategy content or objectives are summarised in Table 2.2.
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Chapter Two — Manufacturing Strategy

It is pertinent to note from the above table that the most frequently stressed content
variables in the literature appear to be cost efficiency, delivery speed and dependability,
quality and flexibility. Adam and Swamidass (1992) refer to the four variables as the core
content variables of manufacturing strategy.

As argued previously, cost efficiency and productivity have been the traditional focus of the
manufacturing function. In the seventies, in response to the increasing competitive
strengths of some Japanese companies, the objective of achieving consistency in product
quality came to the fore of manufacturing objectives in western countries such as the
United States and the United Kingdom. As the environment becomes more competitive and
increasingly uncertain, the objectives of achieving delivery speed and dependability as well
as flexibility have become increasingly important competitive priorities for manufacturing
organisations in addition to the traditional objectives. Thus, in terms of manufacturing
content, the shift of the manufacturing literature in the last few years has been towards
emphasising the increasing importance of achieving delivery dependability and flexibility.
However, it is not sufficient to focus only on the content variable in the formulation of
manufacturing strategy. Swamidass and Newell (1987) argue that getting the process and
content of the manufacturing strategy right is vital to the success of a firm’s manufacturing
strategy.

Swamidass and Newell (1987) propose a model, which shows that manufacturing strategy
content as well as process is influenced by environmental uncertainty. The model shown in
Figure 2.1 is based on the premise that since industrial organisation, marketing and
administrative behaviour literature have identified strategy to be a major determinant of a
business’s performance, and the environment in turn a determinant of strategy (Jemison,
1981; White and Hamermesh, 1981), there exists a sequential relationship among external
environment, strategy and business performance (Swamidass and Newell, 1987).

Skinner (1978); Wheelwright (1978); Raffi and Miller (1983); and Raffi (1984a,b) all
recognise the importance of the ‘role of manufacturing managers’ in the formulation and
implementation of manufacturing strategy. Schonberger (1982); Hall (1983); Buffa (1984);
Wheelwright (1984); Slack (1991); and Chambers (1992) recognise the value of flexibility
in adapting to changes. Swamidass and Newell (1987) argue that of the core dimensions of
manufacturing strategy content and the dimensions of manufacturing strategy process,
‘flexibility’ and the ‘role of manufacturing managers in strategy formulation’ are
respectively the most significant in coping with environmental uncertainty.
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Content Variable

Flexibility
Environmental ‘ . Business
Uncertainty Manufacturing Strategy Performance

Process Variable

y

Role of Manufacturing
Managers
in strategic decision
making

Figure 2.1: A contingency theory based model of manufacturing strategy
Source: Swamidass and Newell (1987)

Very few empirical studies have been carried out on manufacturing process variables. This
may be due to the general agreement that exists in the literature about the process of
developing manufacturing strategy (Correa, 1992). For instance, many authors agree on a
top-down approach of formulating manufacturing strategy. Also, there is a general
agreement about the need for the manufacturing function to assume a proactive rather than
a reactive role within the organisation, implying that a bottom-up component should be
incorporated into the top-down approach (Correa, 1992; Hill, 1993 and Harrison, 1997). In
contrast, there has been a general lack of consensus on the manufacturing strategy content
issues especially on the concept of manufacturing flexibility. In a market environment
witnessing increasing uncertainty, fierce competition and turbulence it has become
absolutely necessary for practitioners and academics to address the issue of manufacturing
flexibility, which appears to be the most novel of the manufacturing strategy content
variables. Thus, the literature review process in this research is narrowed down to the issue
of flexibility in manufacturing plants, a manufacturing strategy content variable that
provides the necessary hedge against environmental uncertainty and turbulence.
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2.2 Chapter Summary

This chapter builds on the introduction chapter. The introduction chapter examined the
nature of today’s competitive environment and highlighted the fact that strategic decision
making provides organisations with the capability of adapting to the environment. For
manufacturing organisations, defining the direction of manufacturing through the
formulation of a manufacturing strategy within the context of an organisation’s corporate
strategy is vital for effective competitiveness. This chapter has reviewed the contributions
of various authors on the issue of manufacturing strategy formulation. The dimensions of
manufacturing strategy classified as the process and content of manufacturing strategy have
been discussed. Based on the summary of literature on these dimensions, the chapter has
identified the core manufacturing content variables of which flexibility is one. The chapter
is concluded with a focus on the issue of flexibility in manufacturing organisations as a top
priority objective of manufacturing organisations operating in an uncertain and turbulent
environment. The next chapter will review the literature on manufacturing flexibility.
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Chapter 3 — Manufacturing Flexibility

3.0 Introduction

Following the discussion of manufacturing strategy and the identification of flexibility as
the research focus in Chapter 2, this chapter builds on this work by reviewing the literature
on the manufacturing flexibility concept. Studies in the literature on manufacturing
flexibility are grouped as analytical and empirical models. The chapter focuses on empirical
studies of manufacturing flexibility. It discusses the various taxonomies of manufacturing
flexibility and concludes by focusing the research on the issue of volume flexibility in
manufacturing plants. An edition of this chapter titled, “Manufacturing flexibility, an
invaluable component of manufacturing strategy” was presented at the International
Symposium on Manufacturing Strategy (ISMS ’98) in Tokyo, Japan, November, 1998.

The shaded portion of the figure below shows the focus of the literature coverage in this
chapter.

Competitive Environment - 1.0

Chapter 1
N:uires

Manufacturing Strategy - 2.1

Chapter 2
Consists of

Content Variables - 2.1.2

\ Such as

Process Variables - 2.1.1

Manufacturing Flexibility\- Chapter 3

Comprising
/ l \ A
New product Mix
Flexibility Flexibility

hapter 4
Research Questions chdpfen

Figurc 2.0: Litcrature review road map. Focus of the chapter (shaded)

29



Chapter Three - Manufacturing Flexibility

3.1 Manufacturing Flexibility

The concept of flexibility has attracted much attention in recent years from managers and
academic researchers concerned with firms’ competitiveness and the evolution of
production and design technology. As noted in the previous chapter, flexibility is seen as
one of the core content variables of manufacturing strategy. Slack (1989) initially argues
that flexibility is a second order competitive criterion as it only supports the other criteria
upon which a firm wins orders. Subsequently, Slack (1991) promotes flexibility as not only
a means to an end but an objective that could sometimes be a direct competitive criterion.
Correa (1992) argues along the same lines. He notes that although flexibility can have an
important role in supporting the achievement of the other competitive criteria, there are
circumstances where it can be a first order criterion for a firm.

This research project posits that the interactions between flexibility and some of the other
performance objectives are not always in one direction. In other words, some performance
objectives support the achievement of flexibility just as flexibility supports their
achievement. Take for instance a performance objective, speed. A certain plant ‘A’ may be
inflexible (referring to the inability of the equipment set to switch between different
products without significant loss in total output), but is able to operate a particular
production process to produce a particular product at high speed. This plant will be able to
change into producing a different variety of products quicker than a similarly inflexible
plant ‘B’ that has the same equipment set configurations but a slower production process.
From the customer’s point of view, plant ‘A’ is perceived to be more flexible than plant ‘B’
at least in terms of supplying a variety of products quicker. In other words, speed enables
plant ‘A’ to have the flexibility of being able to change from the production of one product
to the other quicker than its competitor. It is, however, also true that having this type of
capability may result in lower cost for plant ‘A’; better dependability and even further
improves the speed of delivery.

Some researchers have discussed flexibility in terms of the versatility of people and skills
(e.g. Piore and Sabel, 1984) while others have viewed it in terms of programmable
machines and capabilities for mixing models in production (Jaikumar, 1986, Fine and
Pappu, 1988). Generally the literature on the concept of flexibility is fragmented and
attempts to reach a consensus on its definition have been inconclusive.
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Mandelbaum (1978), reported in Gerwin (1987) defines flexibility as “the ability to respond
effectively to changing circumstances”. Mandelbaum’s definition highlights the complexity
of the concept of flexibility. As Correa (1992) argues, “.the ability to..” in the above
definition implies a “potential”. Suarez et al (1996) highlight the importance of
differentiating between aspects of flexibility as the “ability” to cope with change and as
“efficiency of effectiveness in coping with change”. The latter implies a flexibility measure
that can be based on historical records, that is a demonstrated flexibility. However, this past
performance may not give a true reflection of the system’s ability (or potential) to cope
with changes. This poses another challenge in terms of measuring flexibility. Measurement
of flexibility is an issue, which has been dealt with but not yet resolved by researchers in
the flexibility literature.

The “...changing circumstances..” part of Mandelbaum’s (1978) definition of flexibility
has two underlying factors of uncertainty and variability (Correa, 1992). This adds to the
complexity of the definition and indeed of the flexibility concept itself. Bhattacharya ef al
(1995) reported in Harrison (1996) describe variability measures as “the changes in
demand on a manufacturing system over a given sequence of time buckets forecasted at a
given point in time”. Uncertainty is defined as “the changes in demand on a given time
bucket as it moves in time and approaches the delivery due date”. Slack (1991)
differentiates between short-term and long-term uncertainty. Short-term uncertainty relates
to a situation whereby demand is highly unpredictable from period to period but the overall
total demand over the planning horizon may be relatively predictable. With long-term
uncertainty, a firm cannot be sure of the demands placed on it over the planning horizon.
Thus, with an umbrella term like “changing circumstances” Mandelbaum’s definition may
not be that useful to a firm exposed to either of the conditions of variability or uncertainty.
This is because different conditions may require different coping strategies. This further
highlights the complex and generic nature of Mandelbaum’s definition of flexibility.
However, this definition has been very useful as pioneering work in understanding the
nature of the concept of flexibility.

The general lack of a proper understanding of the concept of flexibility and the neglect of
the issue by practitioners is due to the multi-faceted nature of the concept itself. Because
flexibility cuts across the entire organisation and academic literature, it has proved to be
difficult to adequately conceptualise and understand, by both practitioners and academics.
However, a number of authors have tried to conceptualise and provide classifications of
flexibility.

31



Chapter Three - Manufacturing Flexibility

Suarez et al (1991, 1996) classify the literature on manufacturing flexibility into two broad
groups. These are analytical models and empirical studies.

3.2 Analytical Models

The literature in this group has provided a set of models that try to capture, usually in rather
restrictive settings, the relationship between flexibility and other policies such as inventory
levels, and the conditions under which flexibility may be valuable. Fine (1989) classifies
the studies under this group into four areas.

Flexibility and life cycle theory
Flexibility as a hedge against uncertainty
Interactions between flexibility and inventory

A e

Flexibility as a strategic variable that influences competitor’ actions (mainly game-
theoretical models).

Most of the modelling work on flexibility has actually come from the operations research
and operations management fields. Many of these models are based on the premise that
there are two types of production technology available to a firm. One is dedicated and the
other is a flexible manufacturing system (Suarez ef a/, 1991). These models of flexibility
are also based on different assumptions about demand. Demand could be random, seasonal
or cyclical. Suarez et al (1991) argue that different assumptions are also made in terms of
timing and investment reversibility in order to suit the particular problem being explored by
the researcher.

By evaluating the benefits which flexible manufacturing systems provide over a dedicated
line, one would observe that the benefits vary for each area of studies outlined above.
Studies in areas listed above have been analysed for their benefits below.

1. Flexibility and life cycle theory - Flexible Manufacturing Systems (FMS) give the
possibility of capturing inter-temporal economies of scope (Goldhar and Jelinek, 1983).

2. Flexibility as a hedge against uncertainty - The ability of flexible manufacturing
systems to cope with a range of types of uncertainty in production provides the benefits.

3. Interactions between flexibility and inventory - Flexible Manufacturing Systems tend to
reduce the need for inventories, hence saving possible inventory holding costs.
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4. Flexibility as a strategic variable that influences competitors’ actions - By their very
nature, flexible manufacturing systems provide the firm with the ability to enter new
markets. FMS could also involve heavy investments thereby increasing barriers to entry
to potential competitors having traditional dedicated lines. In both cases, they tend to
act as a strategic weapon against competitors.

Critique of Analytical Models

Analytical models have added important insights and dimensions to the problem of
technology selection, but there are some problems associated with the studies. Suarez ef a/
(1991) argue that in many of the mathematical models, the players are worse off with
flexible manufacturing systems. For instance, in studies of group four above, Fine and
Pappu (1988) argue that the FMS player’s creation of barriers to entry may not hold since
firms with dedicated lines have investments that are irreversible and may not be interested
in shifting the focus of manufacturing.

Most analytical models make no distinction between flexibility and flexible manufacturing
systems. The studies regard flexibility as a box of embodied technology that a firm can
easily buy and operate (Hutchinson and Holland, 1982; Karmarkar and Kekre, 1987; and
Fine and Li, 1988). The models focus on issues in operations management including
inventories and scheduling and neglect the strategic and organisational issues of flexibility
(Caulkins and Fine, 1990). For instance, the analytical models ignore the human resources
aspects of flexibility such as the role of workers in providing flexibility for a firm (Suarez
et al, 1991). This narrow view of flexibility by authors in this area is due to the way that
flexibility has been defined. Many of the models define flexibility as the ability to produce
a variety of products. Thus, the studies all tend to fall within a dimension of flexibility
referred to as mix flexibility.

The table below summarises the studies that are based on analytical models of flexibility.
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Flexibility & Life Cycle Fine and Li (1988)
Theory Hutchinson and Holland (1982)
Hutchinson (1986)
Flexibililty & Uncertainty Kulatikala (1988)
Gupta, Buzacott and Gerchak (1988) b
He and Pindyck (1989)
Flexibility & Inventory Porteus (1985, 1986) F
Levels Karmarkar & Kekre (1987)
Caulkins & Fine (1990)
Graves (1988)
Flexibility & competitive Gaimon (1988)
Dynamics Fine & Pappu (1988)
Tombak (1988)

Table 3.0: Summary of studies on analytical models of flexibility
Source: Suarez et al (1991)

3.3 Empirical Studies

The literature in this group addresses issues such as the importance of flexibility, and the
characteristics of flexible manufacturing systems and organisations as compared to more
rigid “mass production” regimes (Suarez ef a/, 1991).

Studies in this group are classified into four groups. These are:

Data-based studies of flexibility and performance

Historical and economic analyses of flexibility
Strategic frameworks used for analysing flexibility.

BN

Taxonomies of flexibility

Most of the studies relating flexibility to performance have been based on hypothesis
testing, where data on flexibility are collected and analysed to test specific hypotheses.
Studies in this group includes Tombak’s (1988) sample of 1445 business units using PIMS
data and Fiegenbaum and Karnani’s (1991) analyses of the relationship between size of
firm and output flexibility. The research carried out by Fiegenbaum and Karnani (1991) is
critically evaluated in Chapter 4.

The studies in the second group (i.e. historical and economic analyses of flexibility)
consider the strategic importance of flexibility for the firm, industry or country
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competitiveness. Embedded mainly in the social sciences, economics, management and
political science disciplines, these studies generally seek an understanding of the
relationship between flexibility and industrial competitiveness as an evolutionary process.
The studies differ from those in the first group in that they seek to develop frameworks to
understand the concept of flexibility rather than collect data to test specific hypotheses.
Examples of studies in this group include Piore and Sabel (1984), Womack ez a/ (1990) and
Cusumano (1992).

Studies in the third group build strategic frameworks for the analysis and implementation of
flexibility. The studies in this group can be sub-divided into two areas. These are:

a. Studies that provide theoretical frameworks for analysing the implementation of
flexibility (e.g. Cox 1989; Sethi and Sethi 1990; Suarez ef al/ 1991; Gerwin 1991; and
Hyun and Ahn 1992).

b. Studies that provide actual empirical evidence for the implementation of flexibility (e.g.
Suarez ef al, 1996). By and large there has been a general dearth of studies in this

group.

The fourth group consists of studies that develop and discuss the various dimensions and
taxonomies of the concept of flexibility.

Taxonomies of Flexibility

Manufacturing flexibility is a complex, multi-dimensional and difficult-to-synthesise
concept (Sethi and Sethi, 1990). In trying to understand the concept of flexibility, various
authors have recognised the necessity of identifying and presenting taxonomies of
manufacturing flexibility. In fact the bulk of research on the issue of flexibility deals with
identifying the taxonomies of flexibility. These classifications vary according to the
approach adopted by the particular author (Correa, 1992).

Mandelbaum (1978) defines two types of flexibility as sfafe and action flexibility. State
Sflexibility is the ability to function with an unchanged system under new circumstances.
Action flexibility is the ability to implement changes to the system itself under new
circumstances.
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Zelenovic (1982) defines two types of flexibility as design adequacy and adaptation
flexibility. Design adequacy is the probability that the given structure (i.e. measuring
equipment, machines, storage and control devices, handling equipment and plant layout) of
a production system will adapt itself to the changing environmental conditions and to the
process requirements within the limits of the given design parameters. Adaptation flexibility
is the ability of the system to transform from one to another job task in a minimum amount
of time.

Buzacott (1982) classifies manufacturing flexibility as job and machine flexibility. Job
Sflexibility is the ability of the manufacturing organisation to cope with the changes in the
jobs to be processed by the system. Machine flexibility would be a lower level flexibility
defined as the ability of the system to cope with changes at the resources or machine level.
Increasing total capability can increase job flexibility at the system level and increasing
machine capability can increase job flexibility at the machine level. Machine flexibility can
be increased at the machine level by buffering the machine with inventory and at the
system level by being able to route products through different machines in case of
breakdown on one machine.

Brown et al (1984) develop a broad typology of flexibility as follows:

Machine Flexibility - ease of retooling for a given part

Mix Flexibility - ease of changing the part being processed

Design Flexibility - ease of changing a single product design

Routing Flexibility - ease of circumventing a halted system component
Volume Flexibility - ease of operating at non-optimal levels of output
Expansion Flexibility - ease of expanding plant capacity

Operation Flexibility - ease of changing the sequence of operations
Production Flexibility - ease of changing the universe of part types produced.

Based on the above definitions, Brown et al (1984) build a model that shows the inter-
relationships between the different types of flexibility identified.
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Product Flexibility
Machine Flexibility = process Flzxibilify

Operation Flzxibilify\

Production
Flexibility

Volume Flexibility
Routing Flexibility mmm————p
Expansion Flexibility

Figure 3.1 Dependency between flexibility types. Source: Brown et al. (1984)

Slack (1983) suggests looking at flexibility as a manufacturing objective. He divides the
concept into dimensions of range and response. Range flexibility is the total envelope of
capability or range of states which the production system or resource is capable of
achieving. Response flexibility is the ease (in terms of cost, time or both) with which
changes can be made within the capability envelope. These dimensions are not entirely
independent. Systems tend to be more responsive to small changes than to big changes
(Slack, 1989). Slack’s response dimension appears to be similar to Zelenovic’s adaptation
flexibility defined earlier.

Slack (1987, 1991) further defines four types of flexibility, which were similar to a
previously published typology (Slack, 1983) with the omission of quality flexibility. The
types identified are:

Product flexibility - the ability to introduce and manufacture novel products, or to modify
existing ones.

Mix flexibility - the ability to change the range of products being made by the
manufacturing system within a given period.

Volume flexibility - the ability to change the level of aggregated output
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Delivery flexibility - the ability to change planned or assumed delivery dates.

According to Slack, the typologies above can be used to describe the manufacturing system
flexibility.

Gerwin (1987) identifies different types of flexibility necessary for organisations to cope
with different types of uncertainty with which they are faced. The types, which are, in many
aspects, similar to Brown ef al’s (1984) typologies, are:

Mix - the ability of a manufacturing process to produce a number of different products at a
certain point in time

Changeover - the ability of a process to deal with additions to and subtractions from the
mix over time

Modification - the ability of a process to make functional changes in the product

Re-routing - the degree to which the operating sequence through which the parts flow can
be changed.

Volume - the ease with which changes in the aggregate amount of production of a
manufacturing process can be achieved.

Material - the ability to handle uncontrollable variations in the composition and dimensions
of the parts being processed

Sequencing - the ability to rearrange the order in which different kinds of parts are fed into
the manufacturing process.

Carlson (1989), an economist, divides flexibility according to time scale into operational,
tactical and strategic flexibility. These are defined as:

Operational flexibility - is short-term so plant, equipment, routine, procedures and
schedules are considered fixed. Operational flexibility is built into the plant and procedures
permitting a high degree of variation in sequencing and scheduling, thereby
accommodating breakdowns, shortages of materials and expediting.

Tactical flexibility - is medium-term and built into the organisation and production
equipment. It enables the firm to change output, product mix and make moderate changes
in design. It is determined by the choice of technology and therefore reflects the firm’s
expectations as to future developments.

38



Chapter Three - Manufacturing Flexibility

Strategic flexibility - is the long-term ability to strategically reposition the firm in a market.
Technology is not fixed. The barriers are cultural and organisational.

Dooner and De Silva (1990) identify four types of manufacturing flexibility. These are:

Machine flexibility - the ability of a machine to accommodate different tasks.

Mix flexibility - the ability of a system to accommodate different types of part design which,
can be manufactured simultaneously.

Part flexibility - the ability of a system to accommodate new or modified part designs.
Volume flexibility - the ability of a system to accommodate variations in the production rate

Hyun and Ahn (1992) develop a unifying framework, which classifies various types of
manufacturing flexibility into three perspectives namely the systems view, the
environmental associated view and the decision hierarchy view. The figure below shows
the system’s view as described by the authors.

Total system
Business level flexibility

Marketing
flexibility

Financial
flexibility N

Msanufacturing Oexibllf

Functional level

R&D
Flexbility

‘\
\
1 RN
1 '

Worker flexibility

Component

level Control flexibility

Routing flexibility

Figure 3.2: The system’s view conceptualisation of manufacturing flexibility
Source: Hyun and Ahn (1992)
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The idea behind the system’s view is that the total system flexibility depends on functional

flexibilities such as manufacturing flexibility, design flexibility, marketing flexibility,

financial flexibility and the like. Each functional flexibility is a system that comprises

component flexibility. For example, manufacturing flexibility, as a system, comprises

flexibilities provided by the hardware and the software of the system. The flexibility of the

hardware includes machine and routing flexibility, while control and worker flexibility are

considered to be software components (Hyun and Ahn, 1992).

The system’s view components of manufacturing system flexibility are defined in the table

below.

Flexibility types [ Definitions

Machine Flexibility The ability to replace worn out or broken tools, change tools in a tool magazine, and assemble or
mount the required fixture, without interference or long setup time, and the capability to process
wider range of products.

Routing Flexibility The ability to vary machine visitation sequences (for example, in case of breakdowns), and to

Control Flexibility
Worker Flexibility

continue producing the given set of part types.

The ability to interchange the ordering of several operations for each part type

The ability of line workers to operate various types of machines, to alter working methods and
standards

Table 3.1: The systems view of manufacturing flexibility
Source: Hyun and Ahn (1992)

The environment-associated view of flexibility posits that the components of flexibility are

characterised by the types of interactions they have with environmental uncertainties. The

flexibility types that fall within this category include expansion flexibility, product, mix,
volume and program flexibility.

Flexibility types [ Definitions K B

Expansion flexibility The ability of the system to handle increases in capacity or change in the product range

Product flexibility The ability to handle difficult, non standard orders and to take the lead in new product introduction. It
encompasses the ability to make functional or engineering design changes.

Mix flexibility The adaptability of a manufacturing system to changes in product mix (changes in the relative

Volume flexibility

Program flexibility

volumes of products or production sets)

The ability to accelerate production very quickly and juggle the orders to meet demands for unusually
rapid delivery, and to operate profitably at different production volumes.

The ability to handle various contingencies during operations such as machine breakdowns, quality
problems, input material associated problems, and so forth

Table 3.2: The environment-associated view of manufacturing flexibility
Source: Hyun and Ahn (1992)
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Hyun and Ahn (1992) argue that the concepts of flexibility identified in Table 3.2 above are
static because their uncertainty handling capabilities are defined under a fixed product and
production structure. In a changing environment, the dynamic aspect of flexibility becomes
relevant. They argue that static flexibility is conventionally embodied in process technology
while dynamic flexibility is embodied in organisational culture. The implication of this is
that it is necessary to evaluate the viability of the flexibility types in non-stationary and
dynamically changing environments.

The decision-hierarchical view of flexibility proposed by Hyun and Ahn (1992) has three
main components. These are long-term (strategic), mid-term (tactical) and short-term
(operational). Long-term decisions deal with strategic issues involving major decisions
about market segments, missions, goals, requirements in technology and the like. Mid-term
decisions deal with changes in product mix, design changes and variability in demand
levels. Short-term decisions typically consider short-term uncertainties within the plant
such as absenteeism, and change of tools.

Hyun and Ahn (1992) also classify flexibility types in terms of the types of uncertainties
imposed on them i.e. external or internal. They argue that there are different types of
uncertainty strategies required for externally and internally imposed uncertainties. These
are:

Reactive internal uncertainty strategy - means of acquiring smooth production without
intervention by internal contingencies, e.g. routing and worker flexibility (multiskilling)
that relate to process and program flexibility.

Reactive external uncertainty strategy - means of absorbing external environmental
uncertainty (also related to the environment-associated view). This includes having mix,
volume and product flexibility.

Proactive internal uncertainty strategy - means of rooting out causes of internal
uncertainties. This includes continuous improvement, manufacturing reliability
programmes and the like.

Proactive external uncertainty strategy - means of exploiting superior information

advantage to create more uncertainty for competitors. This includes having dynamic
process or product flexibility that gives process or product innovation.
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Faced with this array of different aspects of ‘flexibility’, it is essential to provide some
framework that helps to bind these together. Fortunately, this has already been done by

Hyun and Ahn (1992) who developed a “flexibility map’ shown in Table 3.3,

Environmental Static Dynamic Static Dynamic | [ Static Dynamic
uncertainty
Flexibility type Program Program Volume Volume Expansion Process
Process Product
Product Expansion
Decision Short - term  Flexibility Mid - term  Flexibility Long - term Flexibility
hierarchy
flexibility
components
Static Flexibility 1Dynamic Flexibility r
Program o ability to handle quality or materials problems e ability 1o conduct continual improvements on  Short term
flexibility » ability to control high degree of variations in procedures or NC programming skills operational
(internal) sequencing and scheduling e ability to improve quality or materials flexibility
problems
« high degree of accumulated worker
knowledge
Volume e ability to adjust to short-term volume e ability to improve static volume flexibility Mid-term
flexibility fluctuations measured in time or cost tactical
(external) » wide volume range of profitable operation flexibility
» ability to adjust relative volume change within
mix (volume mix flexibility)
Process o short setup or changeover time » ability to conduct continual improvements on  Long-term
flexibility » wide range of specifications processes (plant layout, setup time, etc.) strategic
(internal)  multi-function, general-purpose machines e ability to innovate processes flexibility
* more integration between workcentres
Product '« capability in minor design changes | « ability to introduce new products or major
flexibility o ability to change product mix set (product mix | design changes
(external) flexibility) » ability to introduce new product families
e ability to improve static flexibility
Expansion  aggregate capacity adjustments capability e ability to improve in t-un; and costs ;or
flexibility ® modular process or layout designs capacity additions
(external)

Table 3.3: Integration and manufacturing flexibility map
Source: Hyun and Ahn (1992)
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The flexibility map in Table 3.3 above unifies the various views of flexibility (i.e. decision
hierarchy, environmental associated and system views). However, unlike many other
studies on flexibility, Hyun and Ahn did not classify mix flexibility, as a separate
dimension of flexibility. They classified mix flexibility as falling under product flexibility.
This research has critically reviewed and modified this flexibility map and adopted it as a
framework for analysing flexibility. The modified framework is presented in Section 3.5.

The table below summarises the studies classified under the empirical studies of flexibility.

Taxonomies of flexibility Mandelbaum (1978) Brown et al (1984)
Zelenovic (1982) Gerwin (1987)
Buzacott (1982) Dooner and De Silva (1990)
Slack (1987) Piore (1989)
Carlson (1989) Hyun and Ahn (1992)
Flexibility & Performance Jaikumar (1986) De Meyer et al (1989)
Tombak (1988) Tombak & de Meyer (1988)
Fiegenbaum & Karnani (1991)
Historical & Economical Piore & Sabel (1984) Jaikumar (1988)
Analyses of flexibility Cusumano (1988) Piore (1989)
Womack et al (1990)
Analyses & Implementation Cox (1989) Sethi & Sethi (1990)
Of flexibility Suarez et al (1991) Hyun & Ahn (1992)
Gerwin (1991) Suarez et al (1996)
Correa (19973 J‘

Table 3.4: Summary of empirical studies of manufacturing flexibility
Source: Suarez et al (1991).

Critique of Empirical Studies on Flexibility

Starting with the second group in the table above (i.e. flexibility and performance), like the
analytical models, most of the studies in this group view flexibility as a uni-dimensional
concept ignoring the multi-dimensional nature of the concept. For instance, Jaikumar’s
(1986) study implicitly refers to flexibility as the ability to produce a wide variety of parts,
which is what has been defined as mix flexibility. Thus, the study ignores the existence of
other possible sources of flexibility that have been identified by studies in the first group of
the above table, such as volume, delivery and product flexibility. In contrast, Fiegenbaum
and Karnani (1991) focus their study only on volume flexibility (which they refer to as
output flexibility). The fact that they identify and differentiate between volume flexibility
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and other flexibility types mitigates against their study suffering from the drawback of
studies in this group.

Studies in the third group of Table 3.4 (historical & economic analyses of flexibility) share
some of the weaknesses of the studies in the second group discussed above. Many
propositions are put forward but few of the studies present data to back up these
propositions. Also, many of the studies have a narrow view of flexibility, referring to it as
product diversity or mix flexibility (Suarez et al, 1991).

As explained earlier, most of the existing literature on flexibility has been concentrated in
group one of Table 3.4 (i.e. taxonomies of flexibility). However, the literature in this group
has produced little consensus over the years. It appears that different names have been used
to refer to the same type of flexibility thus causing some unnecessary confusion. The
unified framework developed by Hyun and Ahn (1992) is a good way of unifying the
different types of flexibility and understanding their relationship with internal and external
uncertainties. However, the link between the flexibility types defined from the systems
view (such as worker and routing flexibility) and those defined from the environmental-
associated (such as mix and volume flexibility) view is missing from the framework
(Figure 3.2). A review of the other studies on the development of flexibility typologies
(e.g. Brown et al 1984; Slack, 1987; and Suarez ef al, 1996) establishes that component
flexibility types such as routing and worker flexibility are actually needed to support the
Hyun and Ahn’s environment associated flexibility types (e.g. volume and mix flexibility).
These would in turn provide the required manufacturing flexibility, which is a component
of total system flexibility.

In line with Hyun and Ahn’s framework, some authors have identified types which look at
flexibility from the manufacturing system’s strategic point of view (e.g. Slack, 1987) while
others have included the component or resources flexibility types as the main typologies of
flexibility. The classification developed by Brown ef al (1984) helps to distinguish between
the two different levels of flexibility. It shows the relationships between the flexibility types
identified (Figure 3.1). However, only the product and volume flexibility types (Brown et
al’s) are similar to Slack’s (1987) manufacturing systems flexibility typologies.

Suarez et al’s (1996) work supports Slack’s major typologies of the manufacturing

system’s flexibility. They refer to them as “first-order” flexibility types, since they argue
that, these flexibility types directly affect the competitive position of a firm in a market.
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They argue that the other types of flexibility proposed in the literature such as routing,
component, material and machine flexibility do not by themselves directly affect the
competitive position of the firm but rather operate through the so called “first-order”
flexibility types. They called these other types, “lower-order” flexibility types (see Figure
3.3). This research study agrees with Suarez ef al’s view, but proposes a slightly different
classification that is discussed in the later part of Section 3.4.

Lower-order flexibility types First-order

flexibility types
routing flexibili Mix
component flexil Volume firm’s
material flexibili New Product competitive
machine flexibility Delivery time position

Figure 3.3: The Flexibility Funnel
Source: Suarez et al (1996)

Slack’s (1987) and Suarez ef al’s (1996) classifications described above appear to be
dominant in the literature on flexibility classifications.

3.4 Identification of the Research Gap

Figure 3.4 below shows the grouping of the empirical studies on flexibility adapted from
Suarez et al’s (1991, 1996) classification. The figure has been used to identify the research
gap and the focus for this thesis. It is pertinent to note that the research focus is centred
around groups 1 and 4 of the empirical studies on flexibility. The reason for this is
explained in the following discussion. Group 1 produces the dimension of flexibility that is
of interest (i.e. volume flexibility) and group 4 produces the issue of interest.
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Figure 3.4: Identification of the Research Gap

Studies in the fourth group (1.e. analysis and implementation of flexibility) include those by
Cox (1989), Sethi and Sethi (1990), Suarez ef a/ (1991), Gerwin (1991), Guptal and Goyal
(1992), Hyun and Ahn (1992), Correa (1992), Upton (1994) and Suarez ef al (1996). Apart
from the studies carried out by Correa (1992) and Suarez ef al (1996), all of the other
studies in this group provide only strategic frameworks for analysing flexibility. They do
not provide empirical evidence for the implementation of flexibility.

In order to carry forward the research on manufacturing flexibility, it is necessary to
undertake research in the fourth group (i.e. provide empirical evidence for the
implementation of manufacturing flexibility), before any further useful and meaningful
research can be carried out in groups 2 and 3 of Suarez et al’s (1996) classification. Thus,
this research is located in the fourth group of the above classification (box 4b of Figure
3.4). That is, the “analysis and implementation of flexibility: theoretical frameworks and
empirical evidence”. But there is another problem.

As argued previously, one of the weaknesses of the empirical studies and the analytical

models on flexibility has been the tendency to treat flexibility as a uni-dimensional concept.
The foregoing discussions and argument have highlighted the multi-dimensional and
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complex nature of the concept. Hence useful and meaningful research on the issue of
flexibility needs to treat the dimensions of flexibility separately within an integrative
framework.

Although the lower-order flexibility types are fundamental to the overall manufacturing
flexibility, they are too far removed from strategic manufacturing flexibility. In other
words, they do not affect the competitive position of a firm directly and are not readily
perceived by the customers like the first-order types (systems and environmental-associated
view of Hyun and Ahn, 1992). For instance, consider a lower-order flexibility type, routing
flexibility (the ability to route production through different production paths). A customer
would not care about a firm having more routing flexibility, but this flexibility type gives a
firm more delivery time or volume flexibility, since the plant will probably be able to
deliver a given production order faster or change production volume faster than its
competitors (Suarez ef al, 1996). 1t is this ability (i.e. delivery time and volume flexibility)
that is visible to the market place, not routing flexibility. Furthermore, of the two (i.e. first-
order and lower-order) types of manufacturing flexibility, more studies have been carried
out on the lower-order types such as machine flexibility. Because of the strategic
importance of the first-order flexibility types, the research is narrowed down to the analysis
and implementation of the strategic (or first-order) flexibility types, which are mix, volume,
new product and delivery time flexibility (Figure 3.4, box 1a).

Some researchers (e.g. Cox, 1989 and New, 1996) have argued that volume and mix
flexibility are the two most important strategic manufacturing flexibility types. This is
because of the close relatedness of volume with delivery time flexibility and, product with
mix flexibility. One could argue that the classifications that have been proposed depend on
how the flexibility components have been defined. As Hyun and Ahn (1992) put it, “there

2

is no refined concept of flexibility....”.

Consider Slack’s (1987) definition of volume flexibility (incorporating the response
dimension of time and cost implications of changing aggregate production volumes). The
implication of the definition is that a plant that cannot deliver varying volumes of orders to
its customers when the orders are required cannot be said to be truly volume flexible, even
if it is able to meet the volume requirements at a later date. One could argue that this
therefore incorporates the delivery time flexibility type. In other words, a plant, which is,
truly volume flexible is by definition capable of delivery time flexibility. This suggests that
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delivery time flexibility should not be seen as separate, but as falling under the umbrella of
volume flexibility.

The major strategic flexibility types proposed in this project can be illustrated using Suarez
et al’s (1996) flexibility funnel as shown in Figure 3.5 (also box 1b in figure 3.4). Note that
volume flexibility now incorporates delivery time flexibility.

Lower-order flexibility types First-order
flexibility types

Routing flexibili Mix firm’s
Component flexip Volume competitive
Material flexibil New Product=> position
Machine flexibil8
Worker flexibilit

Firm p Market

Figure 3.5: Modified flexibility funnel
Adapted from Suarez et al (1996)

Focusing on Volume Flexibility

The ability to create new products (new product flexibility) quickly is an attribute that has
become extremely important in many industries today. This research project will not be
looking into this flexibility type. This is because, compared with mix and volume
flexibility, the issue of new product flexibility in the form of new product development has
theoretical affiliation with and has received relatively greater attention from the marketing
and general management literature (e.g. Urban and Hauser, 1980; Abegglen and Stalk,
1985; and Imai ef al, 1985).

Thus, the area of interest has been narrowed down to the analysis and implementation of
volume and mix flexibility in manufacturing plants. Although the two types of
manufacturing flexibility (volume and mix) are required by a plant to achieve total
production flexibility, factors affecting volume flexibility have been found to be completely
distinct from those affecting mix flexibility (Suarez ef al, 1996), suggesting the need to
separate them for analysis purposes. Relatively speaking, mix flexibility has received more
attention in the literature. In contrast, apart from identifying volume flexibility as one of the
major classifications of a firm’s flexibility, very little work has been done on the analysis
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and implementation of volume flexibility in manufacturing plants. Therefore, in order to
avoid the problem of treating flexibility as a uni-dimensional concept and to achieve a
manageable focus for the research, the research is focused on the analysis and
implementation of volume flexibility in manufacturing plants. This represents the gap in the
literature on manufacturing flexibility and provides the title for the thesis (Figure 3.4).

The research recognises that volume flexibility is just one of the components required by
manufacturing organisations to attain manufacturing system flexibility. Therefore, the
Hyun and Ahn’s (1992) system’s view framework of flexibility has been adapted in this
research (Figure 3.6) to show the relationships between first-order flexibility types,
manufacturing flexibility and total system flexibility as a complete system.

Total system

Business leve) flexibility

Marketing
flexibility

Financial
flexibility

Functional level

R&D
Flexibility

First-order

zevel . Volume flexibility
Suarez et af,
1996)

flexibility

Figure 3.6: System’s view of the relationship between flexibility types
Source: Adapted from Hyun and Ahn (1992)

The framework in Figure 3.6 shows the relationships between the total system flexibility,
manufacturing flexibility and the strategic flexibility types (i.e. volume, mix and new
product flexibility). Unlike Hyun and Ahn’s system’s view of flexibility, the framework in
Figure 3.6 proposes that all component or resource level flexibility types (e.g. routing,
material, worker etc — not shown) express their final competitive effect through any one of
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the three first-order types shown in Figure 3.6. These first-order flexibility types give a
manufacturing firm its required manufacturing flexibility.

The flexibility map of Hyun and Ahn has also been modified and adapted in this research.
Flexibility types are classified as static “....in the sense that their uncertainty handling
capabilities are defined under a fixed or given product and production structure. Dynamic
[flexibility is concerned with a system’s capability to cope with a changing environment”
(Hyun and Ahn, 1992).

In other words, when the fixed product values change, static flexibility is no longer viable.
Table 3.5 below shows that in the short to medium term, all the flexibility types can be
classified as static (except volume flexibility, which can be classified both as static and
dynamic). For example, new product flexibility is obtained from inherent capability to
make minor design changes. It is rather difficult to achieve a dynamic state (when new
products are required) for new product flexibility in the short-medium term. In contrast, it is
relatively easier to achieve dynamic volume flexibility through varying labour hours to
meet short-term demand fluctuations as long as there is sufficient machine capacity.
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Environmental Static Dynamic Static Dynamic
uncertainty
Flexibility type Volume Volume Volume
Mix Mix
New product New product
Decision hierarchy Mid - term flexibility Long - term flexibility
flexibility
components
Static Flexibility Dynamic Flexibility H
Volume e Ability to adjust to short-term volume e Ability to improve static volume flexibility = Mid-term
flexibility fluctuations measured in time, cost & other competitive tactical
» Wide volume range of profitable operation  criteria flexibility
e Ability to adjust relative volume change ¢ Ability to improve in time, cost and other Long-term
within mix (volume mix flexibility) competitive criteria for capacity additions strategic
flexibility
Mix flexibility | e Ability to change product mix setfor | » Ability to change product mix set for
existing products potential new product families measured in
time, cost and other competitive criteria
New Product "e Capability in minor design changes | « Ability o introduce new products or major
flexibility design changes quickly and cheaply
» Ability to introduce new product families
measured in time, cost and other competitive
criteria
» Ability to improve static flexibility

Table 3.5: Flexibility map incorporating different views of flexibility
Adapted from Hyun and Ahn (1992)

3.5 Chapter Summary

The classification of studies on manufacturing flexibility proposed by Suarez ef al (1996) is
adopted. These are studies on analytical models and empirically based studies of flexibility.
The two groups are each sub-divided into four areas. The review of the literature in each of
these areas reveals that the bulk of the studies on manufacturing flexibility have
concentrated on the development of flexibility taxonomies. The contributions of different
authors in this area have been discussed in this chapter and it is suggested that
manufacturing flexibility can be looked at from the systems view (Hyun and Ahn, 1992).
The firm’s total system flexibility is characterised by functional flexibilities of which
manufacturing flexibility is one. Manufacturing flexibility as a system comprises first-order
flexibility types, which are mix, new-product, delivery and volume flexibility. Due to the
inter-dependency that exists between volume and delivery time flexibility, it is proposed
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that delivery time flexibility fall under the umbrella of volume flexibility. The three first-
order flexibility types identified, therefore, are volume, mix and new product flexibility
(Figure 3.6). These first-order flexibility types in turn comprise components or flexibilities
embodied in both the hardware and software aspects of a manufacturing system. These are
not shown in Figure 3.6 but include routing, machine and worker flexibility.

The review of the literature also reveals that there is a dearth of study in the area of
providing empirical evidence on how to implement manufacturing flexibility. The research
gap is located in this area of study. Flexibility is a multi-dimensional concept. However,
most of the empirical studies have treated flexibility as a uni-dimensional concept. In order
to make the research manageable and to carry out an in-depth analysis, this research
focuses on just one dimension of flexibility (i.e. volume flexibility). But the research
recognises that this is only looking at a single aspect of manufacturing flexibility.

The next chapter will review further the limited literature on volume flexibility. It will

explore the issues on the analysis and implementation of volume flexibility in
manufacturing plants, and will identify the Research Questions for the study.
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Chapter 4 — Volume Flexibility: Research Issues and Questions

—

4.0 Introduction

Main research area

Competitive —»  Supporting research area
environment

Manufacturing
strategy Analyses of literature
» (e.g. Jaikumar, 1986;
Process Content When is it Slack, 1987 etc.)
issues issues required?
RQ1
Manufacturing Volume
flexibility flexibility - What is it? Synthesis of
New Product "4 \ definitions
Flexibility Mix (e.g. Slack, 1987;
Flexibility How can it New, 1996;

be implemented? Suarez ef al, 1996)

Internal sources

External sources : :
/ Working definition
Reduction Resources of Volume flexibility
Supply chain mgt. in throughput +others
Alliances time, control /
Networks etc. & srocess systems
e.g. set-up fime  Equipment
reduction

Labour RQ2

Figure 4.0: Summary of literature coverage. Chapter coverage is shaded

This chapter builds on the previous chapters, which have discussed and identified
manufacturing flexibility as the content variable of manufacturing strategy that is helpful in
coping with environmental uncertainty. Within the manufacturing flexibility literature the
research gap is identified around the issues of volume flexibility in manufacturing plants.

Analysis of volume flexibility involves defining what the concept is, when it is required
and desirable and how it can be measured and implemented in manufacturing plants. Thus,
this chapter has been divided into four main sections. Section One presents the background
to volume flexibility and reviews the definitions of the concept in the literature and
proposes a working definition of volume flexibility for the research. Section Two discusses
the need to identify when volume flexibility is required in manufacturing organisations and
the section identifies the first Research Question for the project. Section Three reviews the
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literature on volume flexibility measurement. Section Four discusses how volume
flexibility can be implemented from sources both internal and extemal to the firm and
concludes with the identification of the second Research Question for the research project.

An edition of this chapter (Section 4.2) titled “How should we fill our orders, use stock
levels or volume flexibility?” was presented at the International Symposium of Inventories
Research held in Budapest, in August, 1998.

4.1 What is Volume Flexibility?

Stigler introduced the concept of volume flexibility into economics literature in 1939.
Stigler’s reasoning is that a firm’s volume flexibility is reflected in the shape of its average
total cost function. He formulated a model based on a ‘U’ shaped average total cost curve
as a function of volume. So, a flat average cost function gives a firm more flexibility, as it
can depart from the optimal output” without much cost penalty (Figure 4.1). The most
influential assumption of Stigler’s (1939) model is that flexibility is not a free good.

Unit
cost

Inflexible firm

Flexible firm

v

Volume

Figure 4.1: Average total cost curves
Source: Carlsson, (1989)

' According to basic economic theory, a firm in competition maximises profits by producing at the lowest point of its average cost curve,
where marginal revenue equals marginal cost. This point gives the optimal output for the firm.
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Oi (1961) elaborated on Stigler’s analysis and introduced it into the area of industrial
organisations. He showed that expected or average profits would increase with the variance
of price if a firm producing a single output under increasing marginal cost equates (ex post)
marginal cost to price. Thus, increased uncertainty of demand would attract new firms into
the industry because it increases expected profits (O1, 1961). Sheshinky and Dreze (1976)
examined the implication of this theory under less restrictive assumptions and concluded
“demand fluctuations increase the number of firms sustained in competitive equilibrium,
and each firm produces less on average with fluctuations than without”.

Over the last two decades, several authors in the manufacturing and operations
management literature have proposed definitions for the concept of volume flexibility
within the overall issue of manufacturing flexibility. Some selected definitions of volume
flexibility are listed below:

Gerwin (1987) defines volume flexibility as the ease with which changes in the aggregate
amount of production of a manufacturing process can be achieved.

Slack (1987) defines volume flexibility as the ability to change the level of aggregated
output.

Dooner and De Silva (1990) define volume flexibility as the ability of a system to
accommodate variations in the production rate.

Hyun and Ahn (1992) define volume flexibility from an environment-associated view as
the ability to accelerate production very quickly and juggle the orders to meet demand for
unusually rapid delivery and to operate profitably at different production volumes.

Suarez ef al (1996) define volume flexibility as the ability to vary production volumes
without any detrimental effect on efficiency and quality.

New (1996) states that “volume flexibility of a plant is concerned with the range over
which the output volume of the plant can be varied on a daily/weekly/monthly/yearly basis
and with the impact such variability in output has on the unit cost characteristics of the
plant”.
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The common characteristic of the above definitions is that all the authors agree that the
volume flexibility of a firm relates to its ability to vary production outputs or volumes. If
one sticks by this definition, then, in theory, volume flexibility will only be constrained by
capacity availability. However, as Stigler (1939) argues, flexibility does not come as a free
good. Achieving higher than normal production volume may mean investing in excessive
overtime hours for employees or building additional machine capacity. In other words,
there are cost implications for achieving flexibility. Some of the authors listed above
recognised this fact (e.g. Slack, 1987; Hyun and Ahn, 1992; Suarez ef al, 1996; and New,
1996). Slack (1987) defines a response dimension of volume flexibility, which includes the
time, and cost of achieving any changes in say production volumes within or outside the
current range. The use of the term profitably by Hyun and Ahn (1992) in their definition
implies that a volume flexible firm will not prejudice its profit in meeting different
production level requirements. Suarez ef al (1996) refer to efficiency and quality as the
critical factors that must not be prejudiced while New’s (1996) focus is on the impact on
the unit cost characteristics of the plant.

The above analyses of the definitions raise the issue of the critical success factors or the
competitive criteria required in the industry where a firm operates. For instance, if quality is
the competitive criterion in a particular industry, a firm seeking to achieve volume
flexibility in that particular industry should do so without sacrificing the level of quality of
its product. Slack (1998) notes that:

“..all measures of performance will not have equal importance for an individual operation. ...their relative
importance being determined by both the competitive characteristics of the market in which the operation is
competing and, more importantly, the way in which the company chooses to position itself within that
market”.

Rather than proposing a narrow definition of volume flexibility based along the lines of
certain competitive criteria or critical success factors, a generic definition of volume
flexibility for manufacturing organisations is proposed as follows:

The extent to which a manufacturing system can vary its output level for a given product

mix, within a given time period without any unacceptable effect on cost and other
competitive criteria of the plant.
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4.2 When does a Manufacturing Plant require Volume Flexibility?

Slack (1987) suggests that general trading turbulence has increased the need for flexibility
in manufacturing plants. The increase in the turbulence is due to large demand fluctuations,
technological advances and increasingly effective competitors (Slack, 1987).

Goldman et al (1995) highlight that the pressure on organisations to become flexible comes
as a result of’

e Increasing market fragmentation

e Growth in the need to produce to order
e Shrinking product life cycles

e Globalisation of production

¢ Co-operation and competition between firms

The uncertainty that results from changes or fluctuations in demand levels leads to external
disturbances that increase the pressure on manufacturing organisations to have volume
flexibility (Garrett, 1986; and Gupta and Goyal, 1992). These issues raise the questions,
‘why volume flexibility?’ ‘Is volume flexibility the only strategy available to plants fo meet
volatile demand requirements?’

Plants have in one way or the other always taken steps to be able to meet volatile demand
requirements. In the case of ‘stockable’ products, volatile demand was almost always met
by using inventories. This typifies a make-for-stock (MFS) business where, “the
manufacturing/procurement cycle time is totally speculative for the producer and the
customer sees a zero lead-time (or rather dispatch time only)” (New and Sweeney, 1984).
Where the product was not ‘stockable’, demand was still met usually by offering a
customer a delivery lead time sufficient to cover the whole manufacturing lead time. New
and Sweeney described this as a ‘make-to-order on manufacturing lead-time’ (MTO) type
of business. It assumes that materials (not products) are ‘stockable’ and are immediately
available. The ‘true make-to-order’ business must offer the customer a delivery lead time
that must not be less than the full composite lead time (New and Sweeney, 1984). In this
type of business, the activities of making a product from the purchase of raw materials
through to manufacturing are not triggered off until a firm customer order is received. Thus,
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as one moves from one end of the continuum (‘true make-to-order’) to the other end (make-
for-stock), the degree of volume flexibility that a firm has, by our definition, decreases.

Today, due to increasing competition and the need to remain competitive, plants are more
conscious of the time, cost and quality implications of responding to volatile demand. Thus,
there is less use of stock levels (for cost saving and risk of obsolescence reasons), in favour
of volume flexibility to cope with demand level fluctuations.

The model below has been developed to compare the use of two strategies (inventories and
volume flexibility) to cope with high variability in demand levels (Oke, 1998).

Use Stock Levels Use Volume Flexibility

Continuous production system

Stockable product item
Non-continuous production system

Non-stockable product item

“must” be stocked (MFS) “cannot” be stocked (MTO)

¢.q. aluminkun smelting, “con” be stocked (MFS and MTO)

film extrusion and chemical
synthesis

e.g. specialised capital
equipment & sandwiches

€.g. margarine and domesti
oppliances

Market environment with variability and uncertainty in demand levels or production requirements

Figure 4.2: Contextual Framework: Using volume flexibility versus using stock levels (Not to scale)

Group A consists of plants having continuous production systems (i.e. 24 hour operation, 7
days a week). Such plants are usually limited to the option of producing to stock and
responding to variations in demand levels through variations in inventory levels. This is
because it is either too costly to switch off the equipment and restart, or it may be that it is
not technically feasible. When there is a slump in demand, such systems continue to
produce for stock at a normal rate and when there is a surge in demand above capacity,
stock is depleted until used up and then a ‘backlog’ of orders is created and lead time is
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extended. In general, such plants are either ‘on’ or ‘off” for relatively long periods. The
products of such systems are usually standardised, inseparable (being produced in an
endless flow) and of high volume. Continuous processes are often associated with relatively
inflexible, capital-intensive technologies with highly predictable flow (Slack er al, 1995).
However, very few operations fall within this area. Examples include aluminium smelting
plants and film extrusion plants.

Group B consists of plants having “stockable” product items but a non-continuous
production system. Such plants can use stock or volume flexibility to respond to demand
variations. The plants in this group often produce standard products, which have relatively
long shelf lives. Examples include the manufacture of domestic appliances.

Group C consists of plants that are limited to the option of either varying lead time or using
volume flexibility. The non-stockable nature of the products of these plants implies that the
businesses are either largely “make to order’(at least for part of the manufacturing
processes) or the products themselves may be perishable. Examples include the sandwich
making business.

The implication of the model is that not all manufacturing plants can or even need to
employ a volume flexibility strategy. This can be used to explain the results of Jaikumar’s
(1986) study in which he found that implementation of “flexibility” by some companies in
the United States resulted in more inflexible operations. He noted that this was due to the
inadequate assessment of flexibility needs by management prior to implementation. Slack
(1991) also argues that one of the ways in which flexibility can be improved is to clarify
why flexibility is needed. Thus, although flexibility in manufacturing in the 1990s is seen
as a way of gaining competitive edge, some plants have more need for it than others.

The above argument leads to the first Research Question of the project:

RQ1: Under what conditions does a manufacturing plant require high levels of volume
[flexibility?
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4.3 Measurement of Volume Flexibility

Clearly, the definition of a concept provides a way for its measurement. Slack (1988)
argues that unlike other manufacturing objectives (such as cost and quality) which can be
assessed by their historical operating behaviour, the assessment or measurement of
flexibility is not straightforward. He argues that any measure of flexibility has to rely on the
relevant manager’s subjective opinion of how the operation could perform and under what
conditions. He proposes the use of a model (Figure 4.3: range-response curve) for the
measurement of the manufacturing system flexibility based on the managers’ opinions on
how far and how quickly the operation could change (range and response dimensions of
flexibility). The general type of information produced (in the case of volume flexibility) is
shown in Table 4.0.

A
Limit of m ITT
1 ccpnbllh;ys"

Range of

system

capability

Limit of systemI
capability
System1
System IIT
A Limit of system IT
capability
System I1
5 —>
Response time affowed for
A=R of capability for which no ch time i ded
B= Ml?lgrreum :anee nu%;:o mken:ny ;‘zga elanes or needed for change

Figurc 4.3: Range ~ Response curves
Source: Slack (1988)
Flexibility Type Range of what is needed Response; time to make changes
Volume flexibility Limits to aggregate output fluctuations Lead-time to effect output change

Table 4.0; Flexibility audit
Source: adapted from Slack, (1988)
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The range-response curves are helpful tools that can be used only in some circumstances.
They are good for auditing by how much a plant can expand its production volume and how
long it takes the plant to do so. However, they are not of much help when considering the
economics of contraction in production volume. It is pertinent to note that volume
flexibility is the ability to operate economically at any level of production (above and
below the normal production volume).

Slack (1988) argues that flexibility does not have to be demonstrated for it to be real. He
notes that the measurement of flexibility cannot be based solely on historical data. The
implication of this assertion is that using historical data may measure the flexibility of a
system in terms of its effectiveness in coping with change. But this should be
complemented with subjective measures such as the range-response curves to provide a
measure of the ability of the system to cope with change.

Cox (1989) argues that like other measures of efficiency, flexibility is mainly concerned
with the speed and cost of accomplishing a task. He then suggests the use of perceptual
measures of flexibility, such as Slack’s (1988) range-response curve model, as a
supplement to the objective measures.

Fiegenbaum and Karnani (1991) carried out a research study (mentioned in Chapter 3) to
investigate the issue of volume flexibility as a source of competitive advantage for small
firms in the USA. Their research measures volume flexibility in small and large firms and
reveals that small firms will use volume flexibility to secure competitive advantage as a
trade-off for their cost inefficiencies when compared to large firms. An earlier study carried
out by Mills and Schumann (1985) focused on the trade-off between size, static cost
efficiency and volume flexibility, and the results are similar to those obtained by
Fiegenbaum and Karnani (1991).

Fiegenbaum and Karnani (1991) measure volume flexibility as the standard deviation of
annual sales while Mills and Schumann (1985) measure it as the sales deviation from a
trend line over time. If New’s (1996) and Suarez ef al’s (1996) definitions of volume
flexibility are anything to go by, then one can argue that what Fiegenbaum and Karnani
(1991) and Mills and Schumann (1985) measure are sales or volume fluctuations rather
than volume flexibility. This is because the implications of the sales variations on cost,
quality and efficiency or any other applicable competitive criteria were not taken into
consideration in the analyses. Also, their use of sales variations (either over a trend line or
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as standard deviation) to operationalise production volume variation is highly questionable.
Price fluctuations and other factors that are unrelated to production volume may actually
influence the sales variations. Also, the effects of lead-time manipulation to level load and
failure to deliver an item would not have been reflected in the sales profile. It is also
pertinent to note that the measure only accounts for effectiveness (as it considers only
demonstrated capability) and does not include the abilify to cope with change.

It will be recalled that Stigler’s (1939) work, described in Section 4.1, measures volume
flexibility of a firm by how flat the bottom of the firm’s unit cost function is. In other
words, the flatter the unit cost function, the more volume flexible the firm can be
considered to be (Figure 4.1). Falkner (1986) tends to support this view by suggesting that
volume flexibility can be measured by looking at the stability of costs as production
fluctuates. Gerwin (1987) argues it can be measured from the ratio of average volume
changes to the production capacity limit while Sethi and Sethi (1990) suggest that a
measure of volume flexibility would be to determine the range of volumes in which the
firm can run profitably.

Suarez ef al (1996) suggest that volume flexibility can be measured by taking the logarithm
of the ratio of production volume fluctuations to the product of cost per placement and
number of rejects. This measure that they used places a penalty on cost and quality. It is an
improvement over Fiegenbaum and Karnani’s (1991) measure because it uses actual
production volume fluctuations and penalises the plants on both cost and quality. However,
the measure is also inadequate in the sense that it only considers demonstrated capability of
the plants and neglects the potential volume flexibility. There was no justification for
penalising the plants only on cost and quality when there might have been other factors
critical in the printed circuit board assembly industry, which they studied, such as the time
taken to respond to the required fluctuations.

The above discussion highlights the inconclusive state of research on the measurement of
volume flexibility and the flexibility concept as a whole. What is clear from the above is
that future measures of flexibility need to be based on a combination of objective measures
that utilise historical data and perceptual measures that measure the potential or ability of
the system to cope with future changes.

62



Chapter Four — Volume Flexibility: Research Issues and Questions

4.4 Implementation of Volume flexibility

Implementing volume flexibility in manufacturing plants depends on some factors that are
external and others that are internal to the plant. Cox (1989) identifies sources of flexibility
as being dependent on:

The input-supply network
The labour force
Facility/equipment

Y-

Production control processes.
Suarez et al (1996) identify sources of flexibility as:
Production technology

Production management techniques
Relationships with subcontractors, suppliers and distributors

hall i e

Human resources

Hill (1993) defines resources in organisations as infrastructural and processes.
Infrastructural resources include the set of structures, controls, systems, experience and
skills of the people involved with the manufacturing system. Processes deal with the
technology, equipment and facilities of the system.

Slack (1989) classifies the sources of manufacturing flexibility as infrastructural and
structural resources, and the supply and control systems. The infrastructural resources
include relationships and information couplings that bind the operations together. Structural
resources are defined as labour and technology. The labour issue is classified as a structural
and an infrastructural resource by Slack and Hill respectively. Correa (1992) argues that
since the workforce is being regarded as the most important asset of organisations, making
or changing decisions about people issues in organisations generally does take a long time
and a considerable amount of organisational effort. Hence, labour is better classified as a
structural resource.

Slack (1991) further posits that an operation’s flexibility depends on the flexibility of its
resources, which are:
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1. Flexible technology
2. Flexible labour
3. Flexible supply networks

Labour and technology are classified as structural and the supply networks as
infrastructural. This research agrees with Slack’s (1989) and Correa’s (1992) classification
of structural resources to include labour resource. However, two broad sources of volume
flexibility are adopted in this research. The first is based on external sources of volume
flexibility, which incorporate Slack’s flexible supply systems. The second is based on
internal sources, which incorporate, Slack’s structural and infrastructural internal resources
(i.e. technology, labour and control systems). The classification of the sources of volume
flexibility used in this research is shown in the figure below:

Volume
Flexibility

External Internal
Sources Sources

v iy

Input - supply Infrastructural Structural
network resources resources

ot

Control Information Technology  Labour
systems couplings

B Research focus
————p Supporting areas

Figure 4.4: Sources of volume {lexibility
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4.4.1 External Sources

Integrating the input-supply network is vital to the achievement of flexibility in
manufacturing plants. The importance of integrating the functions within an organisation in
order to achieve a common strategic goal and avoid sub-optimisation cannot be
overemphasised. Integration is achieved via many routes including the formulation of
multi-disciplinary teams that cut across the entire functions of the organisation.

The importance of integration can be illustrated with the story concerning the development
of radar before and during the Second World War as reported by Burns and Stalker (1961).
The British Air Ministry had been interested in the feasibility of stopping aircraft engines
by wireless ‘death rays’ directed from the ground. After a series of exchanges between the
ministry and the head of the radio research station at Southampton, the latter advised that
you couldn’t destroy an aircraft in flight with death rays but you could use the same
technique to identify its position in flight. This led to the formation of a team at the
Bawdsey Research Station to develop radar and the creation of what was known as the
British equivalent of the Manhattan project. The research team that actually developed
radar into a workable system comprised quite an astonishing galaxy of British scientific
talents drawn from a whole variety of places put together in a way that would not have been
possible other than in war time. The success of that team, as Burns and Stalker (1961)
noted, depended not only on the scientific talents assembled but the incredible social and
communication systems that it led to. They introduced a system whereby every Sunday
afternoon, meetings were held over drinks not only amongst the team of researchers but
with a whole variety of people who might be potential users or in some cases potential
victims of radar. Thus integration of technical knowledge with users’ requirements through
social contact and communication was vital for the success of the team.

Supply chain management extends the concept of functional integration beyond the firm to
all firms in the supply chain (Ellram and Cooper, 1990). Due to the continuous search for
competitive edge, emphasis is now being placed on managing the process from the point of
raw materials supply through to the consumer end of the chain. For instance, “what used to
be thought of as a purely tactical exercise - purchasing- is now regarded as a strategic
function” (Goffin et al, 1996). And, “external suppliers now exert a major influence on a
company’s success or failure” (Monszka et al, 1993). Thus supply chain management has
been defined as “an integrative philosophy to manage the total flow of a distribution
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channel from supplier to user” (Jones and Riley, 1985; Houlihan, 1985, 1988; Steven,
1989; and Ellram and Cooper, 1990).

If one recalls the story of the radar development, one recognises the importance of close
relationships and communication to achieve integration. Clearly then, close relationships
amongst the players of the supply chain is an important ingredient for achieving effective
management and securing competitive edge. Slack (1991) notes that for industries subject
to fierce competition these relationships have changed substantially over the last decade.
The idea of partnership with suppliers, based on trust, shared destiny and long-term
development with fewer suppliers has taken over the traditional arm’s length customer-
supplier relationships. Womack et al (1990) note that closer relationship is one of the
reasons why lean manufacturers are more flexible in their operations.

A number of studies, especially in the supply chain management literature, have looked at
ways of achieving close relationships between the members of the supply chain. One of
these is by having a reduced number of players within the supply chain. Goffin ef al (1996)
argue that a reduced supplier base makes available more time for the development of the
relationship. Backler (1991) argues that shippers in Europe are gradually reducing the
number of hauliers with whom they are involved. Hellberg and Engh (1990) note that firms
see a reduction in the number of suppliers as a means to an end. The end is attaining a win-
win situation via continuous co-operation between the purchaser and the supplier. This
close co-operation is demanding on resources, hence the need for the reduction in the total
number of suppliers.

Having fewer suppliers or distributors or even shippers from the supplier’s point of view
results in a partnership type of relationship. Supply chain management is made up of a
series of partnerships among firms working together and sharing information and channel
risks and rewards (Eliram and Cooper, 1990). LaLonde et al (1989) defines partnership as
“a relationship between two entities in the logistical channel that entails a sharing of
benefits and burdens over some agreed upon time horizon”. It can be likened to the “for
better for worse” vows of marriage.

A number of studies have identified several benefits which partnering amongst the players
in the supply chain can bring. Ellram and Cooper, (1990) classify the benefits as economic,
managerial or strategic and view the benefits from the both the buyer’s and the seller’s
perspectives. Eliram and Cooper (1990) argue that partnerships bring such economic
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benefits as lower cost, increased quality and the transfer of financial risks from the buyer’s
perspective. Managerial benefits obtained will include the ability to concentrate on the core
business and efficiencies obtained in managing fewer relationships. The strategic benefits
include the ability to position the supply chain for competitive advantage through gaining
global flexibility and meeting customer service objectives. According to Hellberg and Engh
(1990), a closer relationship leads to trust which results in higher confidence in the quality
of information between the buyer and the seller. Thus, there is a reduction in the amount of
time spent on inspection of incoming goods and simplified ordering routine, leading to
increased responsiveness of the firm to production requirements (or volume flexibility).

The classical economic theory of ‘economies of scale’ encourages buying in large
quantities to obtain lower unit cost (higher discount) of raw materials. The effect of this on
the production system is high inventory of raw materials, large batch sizes, high work in
progress inventory, increase in lead-time and decrease in flexibility. Close relationship
between the supply chain partners can help to achieve increased frequency of small size
deliveries (Just in Time deliveries) without adverse impacts on purchasing price. Small lot
sizes give low inventory, shorter lead-time and increased flexibility.

Ellram (1991) cautions that supply chain management should not be seen as a cure and that
its drawbacks must be evaluated. Ellram and Cooper (1990) identify some economic,
managerial and strategic risks that shippers may be exposed to in supply chain
management. The economic risks include the cost of switching (or alimony payments in the
case of a marriage!) if the partnership eventually ends in a dissolution, since a long-term
relationship which supply chain management encourages will have involved deep
integration and transfer of proprietary information between the players. Managerial risks
include information transfer risk since trust and close relationship warrant that participants
have access to sensitive information about each other.

Strategically, there may also be a risk of losing flexibility from the participants’ point of
view. A long-term relationship locks in the parties and where, for example, a single-source
supplier is concerned, there is the possibility of a drop in efficiency or rates of innovation
due to reduced competition (complacency). It is also the case that, even where the
efficiency does not drop, a highly uncertain market situation may cause a dramatic shift in
the buyer’s needs. If the supplier is not capable of matching the requirements, the buyer
will have to worry about changing his sourcing and logistics strategy, which may involve
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high switching costs and take a considerable amount of time. By and large, the market may
not wait for the length of time required for these unforeseen changes.

Generally, studies in the supply chain management literature recognise that close
relationships are facilitated by the use of Electronic Data Interchange (EDI). Close
relationships also encourage small lot sizes and JIT deliveries between the buyer and the
seller, which will reduce the lead-time and increase volume flexibility. Subcontractors may
be asked to absorb some of the volume fluctuations that the buyers face. In the
manufacturing strategy literature, very few studies have been carried out to show the link
between effective supply chain management and manufacturing flexibility. Although there
have been contributions from various authors in the field (e.g. Hayes and Wheelwright,
1984; Schonberger, 1990; Womack et al, 1990; and Slack, 1991). However, Suarez ef al’s
(1996) study on the implementation of volume flexibility in 31 printed circuit board plants
in Europe, Japan and the United States reveals that a close relationship with suppliers and
sub-contractors will increase volume flexibility as sub-contractors may be asked to absorb
some of the volume fluctuations.

4.4.2 Internal Sources of Volume Flexibility

Volume flexibility within the manufacturing plant can be obtained from infrastructural and
structural resources (Figure 4.4).

Infrastructural Resources

Few authors have analysed the flexibility of infrastructural resources. These are specifically
the manufacturing planning and control systems and procedures that support the
functioning of the structural resources (Berry and Hill, 1988; Slack, 1989; and Tidd, 1991).
Examples of such control systems in manufacturing include Just-In-Time principles,
Materials Requirement Planning and Optimised Production Technology.

Slack and Correa (1992) stress the importance of distinguishing between the “philosophy”
that underpins the systems and the “technical core” of the control system when exploring
the relationship between the system and volume flexibility. The philosophy consists of the
implicit and explicit assumptions and the general ideas underpinning the system. The
technical core includes the actual software and tools required for the implementation of the
control system. For instance, the philosophy underpinning Optimised Production
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Technology (OPT) are the ten rules of OPT (Goldratt and Cox, 1994) while the technical
core might be an OPT software package.

Slack and Correa (1992) examined two manufacturing plants for their use of different
manufacturing planning control systems to cope with different circumstances. Using the
range-response curves (discussed earlier), they found that in neither of the two cases
studied did the technical core of the systems (in this case JIT: Kanban and MRP) have any
significant effect on the plant’s volume flexibility. But they found also that in one of the
plants, the JIT philosophy had a more significant impact.

Other studies (e.g. Cusumano 1985; Krafcik, 1988 and Womack ef al, 1990) have shown
that production management techniques such as “lean production” tend to reduce set-up
times, which leads to faster response and an increase in volume flexibility. Suarez ef al’s
(1996) study, however, did not reveal any significant differences between the use of
production management techniques (such as participation in quality circles and techniques
that reduce set-up times) and volume flexibility.

Structural resources

The structural resources in manufacturing organisations are classified as technology and
labour (Slack, 1989 and Correa, 1992).

a. Production Technology

The flexibility of the technological resources appears to be the first major source factor
associated with flexibility. The advent of Numerically Controlled Machines, Flexible
Manufacturing Cells, Machining centres and Flexible Manufacturing Systems have been
significant in the achievement of flexibility in manufacturing plants. Correa (1992)
describes each of these technology elements as follows:

Numerically Controlled (NC) Machines. a process whereby operations are performed
automatically according to a detailed set of coded instructions.

Machining centres: the combination of different NC operations into one centre.
Optimisation of operations is achieved due to the localisation of the NC machines.
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Flexible Manufacturing Cells: Machining centres with automatic loading and unloading
(Voss, 1989).

Flexible Manufacturing Systems:. combination of NC machines and other automated
handling systems at a single location to achieve fast changeovers between operations.

Zelenovic (1982) argues that by changing the production elements (such as assembly lines
and materials handling systems) in a manufacturing system to more highly automated
concepts, the flexibility of the production elements can be increased. Having flexible
automated technology as listed above leads to more uniform loading and a decline in
defects, which results in higher quality products (Kaplan, 1996). Higher quality products
mean faster response to demand since delays due to quality problems are eliminated. Hill
(1993) argues that the NC machines are able to cope with a wider range of products over
time than the non-NC alternatives. Hence, the former are able to provide more mix
flexibility. Where the machines are able to adjust to relative volume changes within the
mix, volume flexibility is enhanced.

Suarez et al (1996) found that the use of newer and programmable machines in the plants
they studied increased the levels of volume flexibility in the plants. However, Jaikumar’s
(1986) study of U.S. flexible manufacturing systems reveals that generally the flexible
manufacturing systems installed in the USA show “an astonishing lack of flexibility”
compared to their Japanese counterparts. The implication of this is that unless managed
adequately, new manufacturing technologies cannot provide the flexibility or competitive
advantages sought through their adoption (Hyun and Ahn, 1992). To summarise the state of
research on the flexibility benefits of new manufacturing technology, Correa (1992) argues
that there is yet to develop a consensus on how to actually assess the impact of such
technologies on flexibility.

b. Human Resources Flexibility

Atkinson’s (1985) model of the flexible firm was the first major study into the issue of
human resources flexibility in firms. The flexible firm model consists of a structure
involving the division of the labour force into peripheral (or numerically flexible) groups of
workers (who usually have weaker links with the company) clustered about a numerically
stable core group, which conducts the organisation’s “firm specific activities” (Figure 4.5)
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Figure 4.5: The Flexible Firm Model.
Source: Atkinson (1985)

In a volatile demand environment, the peripheral staff (temporary staff, part-timers etc.)
expands to take up the slack (or provide additional capacity) as demand grows and
contracts (the workers are easily released) as demand slows. The implication of the model
is that workers at the core are only involved in changes in tasks and responsibilities and are
insulated from medium term fluctuations while the peripheral workers are more exposed to
them. He defines three types of human resources flexibility as functional, financial and
numerical flexibility, and relates these to the model of the flexible firm.

Functional flexibility is described as that type of flexibility which enables employees to be
re-deployed quickly and smoothly between activities and tasks (Atkinson, 1985). The
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requirement for this is that employees are highly trained in multiple tasks such that the
same labour force changes its activities as the products and production methods change. If
workers are multi-skilled, they can easily be moved from a quiet area of process
requirement to a busy area (thus providing volume flexibility — especially if there are
relative volume changes in aggregate production volume). In relating this to the flexible
firm model, Atkinson (1985) argues that employees who provide functional flexibility for a
firm form the core group in the model. They are characterised by their firm specific skills
(i.e. skills that cannot be easily bought-in), and level of training and re-deployment (i.e.
there is likely to be a higher proportion undergoing retraining at any one time in multi-task
oriented areas and general problem solving).

Suarez’s (1992) study in the electronics industry reveals a significant positive correlation
between the percentage of workers that regularly use computers to perform their work and
mix flexibility. He argues that the results support the notion that computer-literate workers
should enhance a plant’s ability to deal with variety (mix flexibility) in an automated
industry like printed circuit board (PCB) assembly in terms of being able to down-load
information and programme machines faster to perform different tasks.

Financial flexibility 1s sought so that pay and employment costs reflect the state of the
external labour market in terms of supply and demand and as a means of facilitating either
numerical or functional flexibility in the long term (Atkinson, 1984). In his work, Suarez
(1992) describes financial flexibility as changes in the workforce wage level and structure
associated with the type of labour policies employed by the firm. He argues that a firm
whose wage system is localised and contingent on the firm’s performance in the market
place will have less difficulty in coping with production volume variations than a firm that
sets wages by bargaining and wage formulas.

Numerical flexibility is described as the ease with which the number of workers employed
(or hours worked) can be adjusted to meet fluctuations in the level of demand (Atkinson,
1985). This type of flexibility will provide tactical volume flexibility for a plant.

The literature has identified various forms of flexible working practices through which a
firm can achieve numerical (and hence volume) flexibility. These include part-time
working, temporary or non-permanent working, overtime, shiftworking, annual hours and
teamworking. Further discussions on the issue of human resources flexibility will be
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restricted to the various ways of achieving numerical flexibility. This is because the impact
of numerical flexibility on volume flexibility (the research subject) is more direct.

The objective of part-time employment is to enable employers to tailor labour costs to
regular peaks and troughs in demand and help to meet regular variations in workload
(Brewster et al, 1993). One could argue that this description of part-time employment does
not make it exactly a source of numerical flexibility, which deals with uncertain and regular
variations in demand or workload. Part-time employment will only provide volume
flexibility where the hours of the part-timers can be increased or decreased as the
requirement varies.

Temporary employment includes casual, freelance, short-term cover and fixed-term
employment. The use of these employment forms provides flexibility for employers in that
it enables them to cope with fluctuations in workload due to variations in demand without
incurring premium costs accruing from recruitment. However, employees engaged in this
way may lack motivation or commitment to the organisation because of the nature of their
employment terms. This may lead to low productivity, an increase in the number of rejects
and associated costs, which may be contrary to the objectives the organisation sets out to
achieve.

In their survey of employers’ use of different types of non-standard or flexible workers,
Hunter and Maclnnes (1992) discovered in some of the cases they studied that cost-saving
solutions were perceived to be more expensive in the longer term when factors like
employee commitment and loyalty were taken into account. One could argue, however, that
temporary employment should only be considered as such, that is, as cover for short to
medium term variations in the market demand. If, for instance, the growth of the market
remains steady over the long term, then there is a case for changes in the form of the
employment from the peripheral to the core group, which encourages functional flexibility
if the original advantage of cost savings is to be maintained.

Overtime working enables employers to respond to increases in the workload due to
demand variations by providing for longer hours than the standard day. In this sense, it
provides the firm with the ability to vary its production volume (volume fluctuation)
through the variability of labour capacity hours. It is, however, a relatively expensive
option for many manufacturing organisations and it tends to become institutionalised. There
are also other negative implications of overtime working. One of these can be explained by
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the economic law of diminishing marginal returns’, Overtime hours tend to be less efficient
(Kossoris and Kohler, 1974). This may be attributed to problems of health, well being and
disruption to social life, which long hours at work can entail (Brewster ef al, 1993).

The European commission has defined shiftwork (reported in Brewster et al, 1993) “as a
situation in which a worker or group of workers, having completed a normal day’s work at
a particular job, is replaced by another worker on the same job within a 24 hour period”.
Different forms of shiftworking include double day shifts (i.e. two shifts run each day);
night shifts; three-shift systems; twilight shifts (regular early evening shifts); weekend
shifts or continuous shift (everyday around the clock) (Brewster ez al, 1993). The choice of
the shift pattern depends on the level of work requirements. With shiftworking, the capacity
of the production system can be increased because it provides the ability to change
production output and at the same time provide maximum utilisation of expensive
equipment, which reduces the production cost per unit. Whether shiftworking provides
flexibility is a question that needs to be addressed. Also, there are associated costs in terms
of labour costs (premium paid for some types of shifts), administrative costs and problems
with staff supervision.

Brewster and Connock (1985) define an annual hours contract as “a contract which enables
the employer to vary the number of hours worked in a defined period (daily, weekly,
quarterly, yearly) within a context of the agreed standard working hours for the year”.
Unlike the other forms of employment or working patterns, which involve basically the use
of the peripheral workforce to achieve numerical or volume flexibility, annual hours labour
contracts can be used where higher skills of the workforce are required and where there is
variation in demand over a given period (New, 1996). Thus, it is suitable for providing both
numerical (in the form of variation in number of hours worked) and functional flexibility
(in the form of multi-skilling) for an organisation. Costs due to hiring or engaging
additional labour, loss in productivity (as a result of lack of motivation by peripheral
workers) and quality are eliminated. However, underestimation or overestimation of the
annual hours could be costly and actually make the firm inflexible. In the case of the
former, the organisation has to resort to engaging extra labour to fill the slack, and
excessive overestimation will incur losses in the form of paid for but unworked hours for
the organisation (a gain for the employees!).

T The law of diminishing marginal returns states that “given that the amount of all other productive factors remain unchanged, the use of
increasing amounts of a variable factor (e.g. labour hours) in the production process beyond some point will eventually result in
diminishing marginal increases in total output” (McGuigan et al, 1993)
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Teamworking is another way of achieving flexibility. In the most basic form, it consists of
self-managed teams under the leadership of a team leader and employees in the team are
responsible and accountable for the quality and operation of their own work. Due to their
involvement in the activities of the team, employees are interested and motivated to carry
out their tasks, hence an effect (even though marginal) on volume flexibility. The effect this
sort of work style has on mix flexibility is, however, more significant since teams may
consist of employees with different skills, thus encouraging appreciation and learning of
different skills within the team (Kohler, 1989; and Womack ef al 1990)

Pollert (1987) observes that the concept of core and periphery workers of Atkinson’s
(1985) flexible firm model is too fragile and that the model does not help understand the
relationships between labour flexibility and the production system as a whole. The fact that
the model ignores the issue of motivation and commitment of the peripheral workforce
shows the bias of the model towards cost control rather than to the achievement of labour
flexibility (Pollert, 1987). By and large, a number of authors in the operations management
literature (e.g. Deming, 1986; Hayes ef al, 1988 and Womack ef al, 1990) have highlighted
that workers’ commitment and motivation are necessary ingredients for operational success
in manufacturing organisations.

Although Suarez’s (1992) research, which investigated the effect of human resources
flexibility on volume flexibility in the electronics industry in the USA, provides an insight
into the issue, it has some limitations. The study considers temporary working, wages (or
financial flexibility), training and education as sources of human resources flexibility. The
research in other words did not consider the other factors suggested in the human resources
management literature for their effects on volume flexibility. It is probably not surprising
then that the factors used display very low positive correlation with measures of volume
flexibility.

The literature on human resources flexibility is still growing. There is, however, a dearth of
empirical research that links human resources flexibility with the technical aspects of
production flexibility especially in the operations management field. There is a need to
identify labour capacity flexibility strategies that enable the achievement of volume
flexibility and the operations contexts in which they are applicable. It is against this
backdrop that the second Research Question has been formulated to attempt to partially fill
this gap in the literature.
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RQ2: Given the required capacity of equipment and effective flow of materials into and
out of the production process, what are the other factors that enable or inhibit the
achievement of volume flexibility in manufacturing plants?

Assumptions

Three main sources of volume flexibility are identified by Slack (1991) as flexible
technology, flexible supply networks and flexible labour. In terms of technology, what is of
importance is to have spare capacity, short set-ups and changeover times to achieve volume
flexibility. Hyun and Ahn (1992) argue that these variables are sfatic and are defined under
a fixed product or production structure in the short-term. It may be difficult to reconfigure
the technology to cope with changes in the short-term. Having a flexible supply network
system simply means having a smooth flow of materials into and out of the production
system. Achieving this depends on a number of variables including building a close
relationship with suppliers and distributors. These in most cases are not easily achievable in
the short-term.

In terms of flexible labour, what is important is to have sufficient labour capacity flexibility
(or numerical flexibility) to achieve volume flexibility. That is, the operation’s ability to
change its staffing levels quickly to cope with changes. This is achievable in the short-
medium term through a number of strategies, some of which have been discussed in
Section 4.4.2. This is the focus of the second Research Question.

The assumptions behind the second Research Question are:

1. There is a process technology with enough range flexibility to cope with whatever
levels of demand it is faced with (Slack, 1991)
2. The input-supply network is flexible

Given the above assumptions, the second Research Question seeks to investigate what the
other enablers of volume flexibility are in manufacturing plants (i.e. labour capacity
flexibility sources and other strategies that would enable a manufacturing plant to achieve
tactical volume flexibility).
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4.5 Chapter Summary

The chapter has reviewed the literature on the analysis and implementation of volume
flexibility in manufacturing plants. From the syntheses of various definitions of the
concept, a working definition of volume flexibility was obtained. The chapter has also
discussed the need to examine the requirement for volume flexibility in manufacturing
plants. A framework is developed, which compares the use of volume flexibility with an
alternative strategy of filling orders using stock levels. The discussion of the requirement
for volume flexibility resulted in the identification of the first Research Question.

RQ1: Under what conditions does a manufacturing plant require high levels of volume
flexibility?

The literature on volume flexibility measurement was reviewed and the lack of consensus
and problems inherent in measuring volume flexibility were highlighted. Implementing
volume flexibility depends on sources both external and internal to the firm. Securing
flexibility externally involves having a flexible supply chain, an area that is being covered
mainly in the supply chain management literature. Securing volume flexibility within the
firm depends on the flexibility of infrastructural and structural resources within the firm.
Infrastructural resources include the control systems, which support the functioning of the
structural resources (labour, and technology). A review of the literature on the effect of
infrastructural resources on volume flexibility reveals a dearth of studies and a lack of
concrete links between the control systems (especially in terms of their technical core) and
volume flexibility. Similarly, the review of the literature on the effect of new
manufacturing technology on volume flexibility does not reveal a clear positive association.

The flexible firm model of Atkinson (1985) which kicked off a series of studies on the issue
of human resources flexibility was discussed. While the model provides a good
conceptualisation of human resources flexibility, it fails to provide the needed link between
labour flexibility and the production system as a whole. The review of the literature in this
area reveals a dearth of studies especially in the operations management field. The second
Research Question is formulated to partially fill this gap.

RQ2: Given the required capacity of equipment and the effective flow of materials into

and out of the production process, what are the other factors that enable or inhibit the
achievement of volume flexibility in manufacturing plants?
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The empirical phase of the research commences in the next chapter. The chapter will
discuss the research methodology for executing and resolving the Research Questions
developed from the review of the literature.
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Chapter 5 — Research Methodology

5.0 Introduction

Figure 5.0 below shows the road map for the empirical phase of this research project.

Research Questions

Pilot case studies Chapter 5

Research methods 4Maﬁl Siavey

Case studies

Pilot study and survey research - Chapter 6

Survey analyiis for RQ1 - Chapter 7
e Major topics
Survey analysis for RQ2 - Chapter 8

i ———ypp Connections between

methods
= Minor topics

Within case analysis 1 - Chapter 9

Within case analysis 2 - Chapter 10

Cross-case comparison - Chapter 11

Methodological Triangulation - Chapter 12

Figure 5.0: Empirical research road map. Chapter coverage is shaded

The literature review on manufacturing flexibility reveals a dearth of studies on the issue
of volume flexibility in manufacturing plants. It is this gap which is the focus of the
research. Two Research Questions are developed from the review of the literature in the
previous chapter. This chapter discusses the methodology for carrying out the empirical
phase of the project. By exploring the various research methods available in management
research the chapter selects and provides justification for the adoption of the survey and
the case study research methods. The case study research method is used to complement
the results of the survey research as well as to provide explanations for the emerging
trends from the survey analyses.
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5.1 Research Questions

RQ1: Under what conditions does a manufacturing plant require high levels of volume
Sflexibility?

The literature review reveals that conditions of high unpredictability in demand levels,
high variability in demand levels and a shortening product life cycle will drive
manufacturing plants to require high levels of volume flexibility. These drivers are
represented in the figure below.

High unpredictability of demand
levels

High voridbility of demand levels

Levels of volume
flexibility ina
manufacturing system

Shortening product life cycle

Other conditions

Figure 5.1: Conceptual framework for Research Question One.

The objectives of the research with regard to RQ1 are:

1. To undertake an exploratory study to provide empirical evidence to support the
drivers of volume flexibility identified in the literature and pilot study.
To identify other drivers of volume flexibility needs in manufacturing plants.

3. To investigate the applicability of these drivers to manufacturing plants in different
operating contexts.
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RQ2: Given the required capacity of equipment and an effective supply of materials
into and out of the production process, what are the other factors that enable or inhibit
the achievement of volume flexibility in manufacturing plants?

The literature review reveals that high levels of volume flexibility can be achieved via
factors that are external and factors that are internal to the plant. External factors include
the flexibility of the input-supply network (assumed as available in RQ2). Internal factors
consist of flexible technology (assumed as available in RQ2), labour and infrastructural
resources (see Section 4.4.2, Chapter 4).

Enablers of volume flexibility can be defined as features of an operations management
system which facilitate the achievement of volume flexibility, while inhibitors can be
defined as features of an operations management system which prevent the achievement
of high levels of volume flexibility (Harrison, 1997). The enablers and inhibitors in RQ2
thus refer to the labour strategies and infrastructural resources that aid and prevent the
achievement of high levels of volume flexibility in manufacturing plants respectively.
Figure 5.2 shows a conceptual framework for RQ2.

Manufacturing System

Level of Inhibitors (RQ2) decrease
the level of v§iume

Volume flexibility in fhe
FleXIblIlf) manufacturing system

Enablers (RQ2) increcse
the level of volume
flexibility in the
manufacturing

system

2

Figure 5.2: Conceptual framework for RQ2

The mass in Figure 5.2 above represents the level of volume flexibility. As the figure
shows, there is an implicit assumption in the framework above that there already exists
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some level of volume flexibility in the manufacturing system (probably due to flexible
technology and flexible supply networks). However, there are other attributes or enablers,
which can be employed to achieve more or in fact increase the level of volume flexibility
in a manufacturing system. There are also certain factors (inhibitors) that tend to resist
and serve as frictional forces to the implementation of volume flexibility in a
manufacturing system. The objectives of the research with respect to RQ2 are:

1. To identify the enablers of volume flexibility other than external enablers and
technology based enablers

2. To identify the inhibitors of volume flexibility implementation in manufacturing
plants in the same contexts as in point 1 above.

5.2 Criteria for Choosing a Research Method

The nature of the research problem has implications for the choice of the research method
required for the empirical phase of the research. At the very least, however, the choice of
method should consider the following: adequacy of the concepts involved, their validity
and their reliability.

a. Adequacy of the concepts involved.

The concept of manufacturing flexibility has not been sufficiently explored in the
literature (Correa, 1992). Although some drivers of volume flexibility have been
identified in the literature, there is a need to identify other drivers and the different
operating contexts in which these drivers are applicable to manufacturing plants. There
also exists the need to identify the factors that enable and inhibit the achievement of
volume flexibility in manufacturing plants and to provide insights into how these factors
differ with different operating contexts. Resolving these queries requires an exploratory
type of research method.

b. Validity
Bryman (1989) and Yin (1994) list three types of validity
Construct validity — the method chosen should establish the correct operational measures

for the concepts being studied. This implies that it should be possible to test the adequacy
of the measures chosen.
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Internal validity — with the method chosen, it should be possible to establish a causal
relationship whereby a direct causality can be established between two variables without
the influence of other variables. This is better achieved with a method that consists of
multiple cases (for case based research), where it should be possible to ascertain true
causal relationships by comparing relationships between variables across many cases.

External validity — it should be possible to extend the findings of the study to wider
contexts. This is better achieved in survey-based research where statistical inference can
be made over a larger sample although analytical generalisation is also possible in a case
based research.

. Reliability

With the method chosen it should be possible to repeat the empirical study and arrive at
the same findings and conclusions. This has an implication for a research method, which
can be carried out systematically and is auditable.

5.3 Methodological Considerations

According to Bryman (1988a & 1989) the two general approaches to organisational
research are concerned with quantitative or qualitative methodologies. Gill and Johnson
(1991) argue that the type of data and information, its source and the means by which it is
to be analysed, provide the differentiation between quantitative and qualitative
approaches.

Quantitative research

At its extreme, quantitative research adopts a deductive approach. It is primarily
concerned with identifying broad patterns, testing and refining theory and making
predictions (Ragin, 1994). One of the main characteristics of quantitative research is the
demonstration of causality. In survey research, causal relationships have to be inferred. In
experimental research causal relationships between variables are more readily established
because of the control that the investigator has over the dependent and the independent
variables. Quantitative methods are also characterised by generalisation. Findings can be
generalised and extended beyond the boundaries of the sample being investigated.
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The analysis undertaken in quantitative research is usually static, involving the
exploration of the relationships between variables (Eisenhardt, 1989). Quantitative
studies tend to give less attention to context than qualitative research. For instance, one
would not obtain the feel for the organisations under investigation in quantitative studies.
Mintzberg (1979) argues that quantitative research would not be an appropriate method
for theory building research because “creative insight seems to require the sense of
things - how they feel, smell, seem.”

Qualitative research

Qualitative research is an umbrella term that covers an array of interpretative techniques.
Qualitative methods attempt to interpret significance, exploring diversity and perception
in the process of developing theories (Croom, 1996 and Harrison, 1997). In contrast to
quantitative research, which is propelled by a set of prior concerns, the investigator in
qualitative research should be the determinant and source of what is relevant and
important in relation to the domain being investigated. Also, the qualitative researcher is
much closer to the phenomena being investigated. Methods of data collection in
qualitative research include participant observation, open or unstructured interviewing,
and semi-structured interviewing which can be part of a case study.

The proximity of the qualitative researcher to the phenomena being investigated could be
a disadvantage of the research method if not well managed as it may introduce bias into
the results if there is undesired interference with the phenomena being investigated.
Collection and interpretation of data in qualitative research may be affected by subjective
judgements. Thus the reliability of the qualitative research method may be doubtful. Yin
(1994) argues, however, that the development of semi-structured protocols is a tactic that
can be used to increase the reliability of qualitative research.

Generally, it is difficult to define a clear distinction between qualitative and quantitative
research approaches. This is because qualitative research itself may involve some
quantification, such as counting procedures in investigations. Similarly, quantitative
research, such as the use of survey questionnaires, may include open ended and semi-
structured questions, which seek some qualitative evidence.

84



Chapter Five — Research Methodology

5.4 Research Method

Blaikie (1993) argues that the key issue for the researcher is how the Research Questions
can be answered. The question as to which methodology (either quantitative or
qualitative) to use should depend on the nature of the research enquiry. Bryman (1988b)
argues that the two approaches, rather than being seen as antagonistic, can in fact be
complementary.

Yin (1994) cites three conditions for choosing a research strategy. These are:

1. The type of Research Question posed
2. The extent of control an investigator has over actual behavioural events
3. The degree of focus on contemporary as opposed to historical events.

Using Yin’s conditions, five major research strategies employed in social science
research (i.e. experiments, archival analysis, histories, surveys and case studies) will be
assessed for their suitability for this research project. Table 5.0 below summarises the

suitability assessment of each strategy based on Yin’s criteria.

Research Questions/Yin’s The type of Research | Does research require | Does research Choice of

criteria and applicable Question control over actual focus on Research

research strategies. behavioural events? contemporary Strategies
events?

RQ1: Under what “What ”(Exploratory) | No Yes "Case

conditions does a (Case study, Survey, (Case study, Survey, (Case-study, Survey | study,

manufacturing plant Archival analysis, Archival analysis and | and Archival Survey and

require high levels of Experiment and History) analysis) Archival

volume flexibility? History) Drop Experiment Drop History analysis

RQ2: Given the required “What” (Exploratory) | No Yes Case study,

capacity of equipment and | (Case study, Survey, (Case study, Survey, (Case-study, Survey | Survey and

an effective supply of Archival analysis, Archival analysis and | and Archival Archival

materials into and out of Experiment and History) analysis) analysis

the production process, History) Drop Experiment Drop History

what are the other factors

that enable or inhibit the

achievement of volume

flexibility in manufacturing

plants?

Table 5.0: Choice of Research strategies (After Yin, 1994).

* “Case study is in effect a detailed description of an organisation, incident or phenomena’, a hybrid form of research method (Croom,
1996). It can contain both quantitative & qualitative (e.g. in-depth interviews) data (Eisenhardt, 1989).
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RQ1: Under what conditions does a manufacturing plant require high levels of
volume flexibility?

RQ2: Given the required capacity of equipment and an effective supply of materials
into and out of the production process, what are the other factors that enable or
inhibit the achievement of volume flexibility in manufacturing plants?

The first and the second Research Questions focus on “what” questions. The type of
“what” questions that are implied in the Research Questions are exploratory in nature, the
goal being to develop propositions for further inquiry. As such, Yin (1994) argues that
any of the five listed research strategies can be used (Table 5.0, Column 2).

The two Research Questions require no control over actual behavioural events and
contextual factors. Experiments require a closed system, where an investigator can
manipulate behaviour directly. This can occur in a laboratory setting where the focus is
on one or two variables or in a field setting (social experiment) where for instance a
certain kind of treatment is applied to one group of people, and the other group is kept as
a control. Experiments are best used in situations where there is a requirement to
determine the effects of changes or intervention in a particular system or variable. For
this reason, this research method (Experiment) is not judged to be suitable for the two
Research Questions (Table 5.0, Column 3).

The two Research Questions deal with contemporary issues. The study intends to
examine a current situation. Many of the empirical based studies on flexibility have been
based on historical data (e.g. Fiegenbaum and Karnani, 1991 and Suarez et al, 1996).
Historical method deals with the “dead” past where the researcher relies on documents
(primary, secondary, cultural and physical artefacts) as the main sources of evidence
(Yin, 1994). Therefore, the historical method is judged not to be suitable for the two
Research Questions (Table 5.0, Column 4).

The implication of the above is that one can use any one of case study, surveys and/or
archival analysis to investigate the two Research Questions (Table 5.0, Column 5).
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5.4.1 Survey versus Case - Study

Survey is a method of social research, which like any other method has its advocates and
critics. Survey research seeks to achieve an understanding of what causes some
phenomenon by comparing cases (de Vaus, 1996). Surveys have been used extensively in
Operations Management research. For example, the manufacturing futures survey (de
Meyer et al, 1989), the global manufacturing research group (Whybark, 1995), the world
class manufacturing project (Schroeder et al, 1995), the practice/performance study of
European world class manufacturing (Hanson and Voss, 1995) and the Best Factory
Awards (New and Szwejczewski, 1995). To this extent, the use of surveys is considered
to be well grounded in Operations Management research and, therefore, suitable for this
study.

There have been some calls for a more empirically based research method such as case-
oriented research in Operations Management research (Mintzberg, 1979; Meredith et al,
1989; Swamidass, 1991). This is because of the dichotomy that is perceived to exist
between surveys (variable-oriented) and case study (case-oriented) research. Ragin
(1987) provides the distinction between the two methods. His views are summarised by

Harrison (1997) as shown in Table 5.1.

Issue Variable Oriented Case Oriented
Basis of Research Quantitative Multiple methods to establish different views
Multivariate statistical techniques Qualitative and quantitative
Many data sets
Scope Wide categories Narrow classes of phenomena
Broad empirical generalisations based on Several combinations of conditions may yield a
heterogeneous samples certain outcome
Comparability ignored/skirted
Causality Disaggregated into variables & distributions Probabilistic relationships not accepted
Based on analysis of entire population or sample | Must account for all deviating cases
Conclusions Vague & abstract Few general conclusions
‘Unreal quality’ of conclusions Separate contexts
More concrete questions do not receive the
attention they deserve
Theory/data link Radically analytic Rich & elaborate dialogue
Strictly a priori Strong link between research & actual
Link between research & actual empirical processes
processes strained
Aggregation Breaks into parts - variables which are difficult Holistic: parts related to context of whole
to reassemble into wholes. Not combinatorial.

Complexity Average influence across a variety Sensitive to complexity & historical specificity.
But difficult to sustain attention to complexity
across a large mumber of cases.

Relevance Broad : general statements linked to abstract Narrow : findings specific to few cases

theoretical ideas about generic properties examined

Table 5.1: The Dichotomy between Variable-Oriented and Case-Oriented Research in the Social Sciences

Source: Harrison, 1997 (after Ragin, 1987).
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The above table highlights the main strengths and weaknesses of variable-oriented
research and case-oriented research typified by survey based and case study research
strategies respectively. Walker (1985) argues that the type of question asked determines
the methods to be employed. Warwick and Lininger (1975) argue that each is useful for
some purposes, and useless for others. These two methods, when used together in a
research project, can provide the benefits of using the strengths of one to balance the
weaknesses of the other. This process is known as triangulation.

5.4.2 Triangulation

The most important advantage of using multiple sources of evidence is the development
of converging lines of inquiry (Yin, 1994). Methodological triangulation is achieved
when different methods of approaching a social enquiry are used, such as combining both
qualitative and quantitative approaches. In this case, the qualitative study attempts to
overcome the limitations of the quantitative approach and vice versa. Multiple and
independent measures, if they reach the same conclusions, provide a more certain
portrayal of the phenomenon under investigation (Jick, 1979). Vidich and Shapiro (1955)
argue that “without the survey data, the observer could only make reasonable guesses
about his area of ignorance in the effort to reduce bias”.

Jick (1979) notes that survey research may contribute to greater confidence in the
generalisability of results. Reiss (1968) argues that surveys can be used to exploit “the
potentialities of social observation”, while Sieber (1973) suggests that field studies such
as case studies can contribute to survey analysis in terms of validation of results and
interpretation of statistical relationships. According to Diesing (1971), survey research
and fieldwork are better viewed as two ends of a continuum rather than as two distinct
kinds of method. Yet, research designs that extensively integrate both methods are rare,
as journals tend to specialise by methodology, thus encouraging purity of method (Jick,
1979).

Good examples of studies which employed the triangulation approach (cited in Jick,
1979) include LaPiere’s (1934) seminal investigation into the relationship between
attitudes and behaviour, Reiss’ (1968) study of police and citizen transactions, Sales’
(1973) study of authoritarianism and Van Maanen’s (1975) data on police socialisation.

This research project follows the above examples and employs a methodological
triangulation approach (combining survey and case studies) as well as a data triangulation
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approach (multiple sources of data within a research method). This is intended not only to
examine the issue under study from different perspectives but also to enrich our
understanding by allowing for new and deeper dimensions to emerge (Jick, 1979).

5.4.3 Level and Unit of Analysis

The requirement for flexibility at each level in an organisation may be different. As such
it is necessary in researching a concept such as flexibility to define the level of analysis.
Gerwin (1987) suggests four classifications of levels in an organisation:

Individual machine or manufacturing system level

The manufacturing function, i.e. forming, cutting or assembling
The manufacturing process

The factory

hal S A e

Slack (1990a) defines four levels of analysis:

1. The level of the firm

2. The level of the function (i.e. the manufacturing function as a whole)
3. The level of the cell

4. The level of the particular resource

The terms level and wunmit of analysis have most often been used in the literature
interchangeably. In most cases, they tend to represent the same thing. The level of
analysis deals with the level at which the research is carried out or administered, such as
the level of the cell, as classified by Slack above. However, if there is a requirement to
compare the phenomenon being studied within the cells in different plants, then the unit
of analysis is the manufacturing plant.

Yin (1994) notes that the definition of the unit of analysis should be related to the way
the initial questions have been defined. Thus, the unit of analysis provides a basis for the
comparison of results or for aggregating reports on the phenomena being investigated.
The Research Questions for this project focus on the issue of volume flexibility (a
strategic flexibility type) in manufacturing plants. Thus, a common unit and indeed the
level of analysis adopted for the empirical phase of the research is “a manufacturing
plant”_ This is similar to Gerwin’s (1987) factory’ level and Slack’s (1990a) ‘level of the
Sfunction’ (given that the manufacturing function is dominant).
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New and Szwejczewski (1995) have defined a manufacturing plant as:

“..a relatively self-contained unit with its own management staff which can be identified
by separate facilities, by separate products, or by a separate management structure.”

The definition above has been adopted for this research and all data are collected in
reference to a manufacturing plant as defined by New and Szwejczewski.

5.4.4 Empirical Research Design

The empirical phase of the research project has been carried out in the following
sequence.

1. Pilot study
2. Survey
3. Case-study

The pilot study is exploratory in nature. It has been used to identify variables that are
relevant to the Research Questions, such as the drivers, enablers and inhibitors of volume
flexibility in manufacturing plants. These variables are compared with those identified in
the literature and are hen used to design a survey questionnaire. The survey research is
also exploratory. It was necessary to investigate the applicability of the variables
identified in the pilot study over a larger sample of manufacturing plants. Thus, broad
patterns of established variables are identified resulting in new questions, which required
investigation. Investigating these questions required the use of a research method such as
a case study research that helps in providing deeper understanding of the phenomenon
under investigation. Thus, the analysis of the survey research is followed by an
explanatory case study research. The case study research has been used to add richness to
the investigation of volume flexibility issues in this project by seeking to explain the
observed trends and patterns from the survey research. A brief description of each of the
research method is given below.

1. Pilot Study
The pilot study helps to refine data collection plans with respect to both the content of the

data and the procedures to be followed (Yin, 1994). The pilot study undertaken in this
research has been used to explore and provide insight into the basic issues of volume
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flexibility in manufacturing plants. Four manufacturing plants were selected from the
Food, Electronics, Process and Household goods sectors of the Best Factory Awards
(BFA) database’. Variables identified from the pilot study in respect of the Research
Questions are used in designing the survey questionnaire (Chapter 6 outlines the detail of
the pilot study).

2. Mail Survey

Exploratory survey research is undertaken to explore and identify the drivers, the
enablers and inhibitors of volume flexibility in manufacturing plants (Research Questions
One and Two). A questionnaire consisting of a mixture of structured questions and an
open-ended question is employed and administered in 529 manufacturing plants that are
past entrants into the BFA competition. These plants belong to the Food, Electronics,
Process, Engineering Consumer, Engineering Capital and Household goods sectors. The
survey is analysed in order to confirm the concepts identified from both the literature and
the pilot study and to identify other drivers, enablers and inhibitors of volume flexibility
(Chapters 6, 7 and 8 outline details of the survey administration and analyses
respectively).

3. Case Study

The case study is undertaken to identify the drivers, enablers and inhibitors of volume
flexibility in manufacturing plants (triangulation for survey). The second objective of the
case study is to explain the trends observed in the survey analyses, thereby providing
insights into new Research Questions generated from the survey analyses.

Case Study Design

Figure 5.3 below is a 2 X 2 matrix developed by Yin (1994) to describe different types of
case study design. The matrix shows that, generally there are two types of case study
design (i.e. single and multiple-case designs). Within these types, case study designs can
be based either on a single or on multiple units of analysis. The choice of the unit of
analysis depends on the basis chosen for reporting or comparing the results of the case

! The Best Factory Award is a yearly competition amongst Britain’s factories to select and reward factories with best practices.
Cranfield School of Management manages the Best Factory Award (BFA) database. The database consists of over 1000 UK
manufacturing plants that have entered for the BFA competition since its inception in 1992.
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study analysis (see Section 5.4.3). A single case design is preferred where the case
represents an extreme or unique case (Yin, 1994).

Single-case designs Multiple-case designs
Holistic T 3
(Single unit Type 1 ype
of analysis)
Embedded
(multiple units Type 2 Type 4
of analysis)

Figure 5.3: Basic types of design for case studies
Source: Yin (1994) after Cosmos Corporation

This research adopts the holistic, multiple-case design approach for the case study
(located in the type 3 quadrant of the figure above). This consists of a single unit of
analysis (a manufacturing plant) and eight manufacturing plants across different
industrial classifications. Multiple case design is considered suitable for this research
project because the nature of the research objectives requires insights into flexibility
issues in different operating contexts. This is intended to partially fill yet another gap in
the literature on manufacturing flexibility. For instance, the results of Suarez ef al’s
(1996) study on the implementation of flexibility is limited because it is survey based and
it focuses only on a particular manufacturing sector (i.e. printed circuit board assembly
plants). Herriot and Firestone, (1983) argue that multiple cases’ evidence is often more
compelling and gives the overall study more robustness.

The multiple-case design in this project follows the ‘replication logic’ rather than the
‘sampling logic’. Sampling logic commonly used in surveys demands an evaluation of a
population of say manufacturing plants such that samples of surveyed plants are selected
using some sampling techniques such as stratified sampling, random sampling and the
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like. The results of the analyses of the selected subset of the larger population are then
inferred onto the entire population using some statistical techniques. In replication logic,
a particular concept or phenomenon is investigated in different operating contexts or
cases. Where similar results are obtained, the results are said to produce a literal
replication. Where the analyses produce contrasting results but for predictable reasons,
the results are said to follow a theoretical replication (Yin, 1994). Both the literal and
theoretical replication logic are sought in this research project.

The cases are selected from the respondents of the survey based on the richness of the
information supplied. Details of the selection criteria are discussed in Chapters 7 and 8.
Selection i made across all the six industrial classifications defined earlier (i.e. six
manufacturing plants, one from each sector). Two other manufacturing plants that
provided other interesting insights in respect of the phenomena being studied are also
chosen to add richness to the analyses. Thus, eight plants are selected for the case study
empirical phase of the project (Chapters, 9, 10 and 11 outline the details of the within-
case and cross-case analyses).

5.5 Chapter Summary

Figure 5.4 below summarises the issues covered in this chapter.

Research Questions \
(Yin's 1994 criteria for
choosing research strategies)

v

Research Design

\ \ Research
\ Methodology
v

Pilot Study == Mail Survey = Case Studies

Analysis ahd Results

Triangulation

Figure 5.4: Summary of chapter coverage
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The chapter has reviewed various research methods available in management research.
Due to the nature of the Research Questions, the survey research and case study research
methods are chosen for the empirical phase of the research. The unit of analysis for the
research is ‘a manufacturing plant’. A pilot study, which provides insights into the basic
issues of volume flexibility and tests the data collection strategy, precedes the survey
research. The selection of the case study plants is based on the analyses of the survey.
The case study research design chosen is a holistic multiple case design consisting of
eight manufacturing plants with at least one plant belonging to each of the six industrial
classifications described earlier. The multiple-case design consists of a replication logic
whereby, for instance, a particular concept (e.g. an enabler of volume flexibility) is
investigated in different operating contexts (such as sectors) to achieve either a literal or
theoretical replication.

The next chapter will describe the pilot study protocol and analysis, and the survey
research design and administration.
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Chapter 6 — The Pilot Study and Survey Research

6.0 Introduction

Research Questions

Pilot case studies Chapter 5

Research methods Mail Survey

Case studies

Pilot study amlj survey research - Chapter 6

v

Survey analyis for RQ1 - Chapter 7
- 4 Major topics
| Survey analysis for RQ2 - Chapter 8
1 Connections between

l methods
—> Minor topics
Within case analysis 1 - Chapter 9

Within case analysis 2 - Chapter 10

\

Figure 6.0: Empirical research road map. Chapter coverage shaded

Cross-case comparison - Chapter 11

Methodological Triangulation - Chapter 12

The research design described in Chapter 5 proposed the execution of the empirical stage of
the research in three phases. Phase one involves carrying out a pilot study in selected
manufacturing plants to provide insight into the basic issues of volume flexibility. Phase
two involves carrying out survey research to explore and provide insights into the Research
Questions. Phase three involves carrying out case study research to validate the results of
the survey and to enrich our understanding of the emerging trends identified in the survey.

This chapter describes the first phase (pilot study and analysis) and part of the second phase
(survey administration) of the empirical research. Four manufacturing plants were selected
for the pilot study. The analysis of the pilot study is done in line with the two Research
Questions under investigation. Concepts identified from the pilot study analysis are used to
design a survey questionnaire. This chapter presents a justification matrix for the questions
asked in the survey questionnaire as well as the operationalisation of the Research

Questions.
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6.1 Pilot Study

The aim of the pilot study was to provide insight into the basic issues of volume flexibility.
The information obtained in the pilot study is used in parallel with the information obtained
from the review of relevant literature to carry out the survey research. The Research
Questions were also investigated in the pilot study. This was done to refine the data
collection strategy and to identify variables, which are then explored in the survey stage of
the research. Thus the final Research Questions and design are informed both by prevailing
theories and by a fresh set of empirical observations. This dual sourcing of information
helps to ensure that the study reflects significant theoretical issues as well as questions
relevant to contemporary cases (Yin, 1994).

Four manufacturing plants were selected for the pilot cases. In general, convenience,
access, geographical proximity and their willingness to co-operate in the study were the
main criteria for selecting these plants as pilot cases. More importantly, these
manufacturing plants belong to four sectors (Food, Process, Electronics and Household)
which are similar to the “sectors of the plants targeted for the survey research. The plants
are identified by the letters A, B, C and D. The research design for the pilot study involves:

1. Factory tour of operations to understand the operations process and plant characteristics
that may affect volume flexibility.

2. Interviews with relevant managers in the plants (i.e. factory or production manager,
production planning manager and quality control manager) lasting on average about 2
hours each over two days in each plant. The format of the interview is semi-structured.
Interviews are audio taped to provide transcripts for subsequent analyses.

3. Collection of relevant production data.

4. Transcription of interviews and analysis of data in line with Research Questions One
and Two to identify emerging themes (Miles and Huberman, 1994; Yin, 1994). These
themes and concepts are constantly compared with themes from the literature to
develop a conceptual framework used for the survey and case study phases of the
research.

* The sample for the survey is discussed in Section 6.3.1. Entrants into the Best Factory Award (BFA) from 1995 to 1998
are targeted. The sample consists of plants in the Food, Process, Engineering and Household sectors.
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Chapter Six — Pilot Study and Survey Research

The first Research Question was explored in each of the plants. Generally, in-depth
interviews were carried out with the Manufacturing Managers and other selected personnel
in the plant (i.e. Planning Manager and/or Production Manager). The positions vary across
the plants. All the managers interviewed are directly involved in the supervision of at least
one aspect of the production operations.

6.1.1 Analyses for Research Question One

RQ1: Under what conditions does a manufacturing plant require high levels of volume
Sflexibility?

Questions asked include:

What do you understand by volume flexibility? ...

Is volume flexibility a major issue for you? ...

Why does your plant require volume flexibility?

How variable is the demand pattern for your products?
How do you fill orders, i.e. ex-stock etc.?.....

The excerpts of the interview are summarised in Table 6.1. Relevant responses to some of
the above questions are tabulated. Variables have been identified to enable the
classification of responses.
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Chapter Six — Pilot Study and Survey Research

Analyses of the interview transcripts reveal that relatively, Plant A appears to have more
need for higher levels of volume flexibility than the other plants. The reasons they gave for
this include:

1. High short term variability in demand levels
2. Short life span of product
3. Heavy dependence on customer (see circled comments in Table 6.1)

The above concurs with Slack’s (1987) argument in which he suggested that turbulent
trading conditions, particularly large fluctuations in demand, have highlighted the need for
flexibility in manufacturing.

The insights gained from Plant A with regard to the first Research Question were

investigated in the other plants. The analyses of the transcripts of the other plants reveal
that generally:

The plants do not experience as much variability in demand levels as Plant A

The plants have relatively more durable products

Product obsolescence is an issue in some of the plants

The plants have flexible and understanding customers

Having high levels of volume flexibility is an issue but not as pressing as for Plant A.

R

Table 6.2 identifies and summarises the conditions that drive the needs for volume
flexibility in the plants, as well as their perceived need for volume flexibility.

Demand Product | Customer’s Product life- | Demand Perceived need
variability | Shelf- influence in cycle uncertainty | for high levels of
life lead-time volume flexibility
determination
Plant A e Veryhigh e Short e High, non- o Not e High e High
negotiable applicable
Plant B ¢ Medium e Long e Negotiable ¢ Not * Medium * Medium
applicable
Plant C o Medium e Long o Negotiable e Short e Low ® Medium
Plant D o Medium e Long o Negotiable e Short * Medium o Medium but
increasing

Table 6.2: Summary of findings from pilot study with regards to RQ1 (Drivers of volume flexibility).

The results of the analyses highlight the need to investigate the first Research Question of
the project. In fact Slack (1991) notes that in order improve flexibility it is important to

100



Chapter Six — Pilot Study and Survey Research

clarify why flexibility is needed. For instance the pilot study reveals that not all the
manufacturing plants require high levels of volume flexibility. Conditions, which drive the
need for volume flexibility, were identified:

1. High variability of actual demand levels — demand variability exists when expected
demand varies significantly from period to period over the relevant planning period, but
the total demand over the planning period is relatively predictable.

2. Short product shelf-life — refers to the perceived limited elapsed time period between
the date the product manufacture is completed and the ‘use-by’ date of the product.

3. Short product life-cycle (expressed as obsolescence in the interview) — refers to the
perceived elapsed time period that the product is in use for before it becomes obsolete
or modified.

4. Customer’s influence in lead-time determination — refers to a situation whereby a
customer has more power or influence in the determination of customer lead time
(customer lead time refers to the elapsed time from the time an order is placed to
delivery to the customer).

5. High unpredictability of demand levels — exists when the actual demand experienced in
a given period is highly unpredictable from period to period.

6.1.2 Analyses for Research Question Two

RQ2: Given the required capacity of equipment and an effective supply of materials into
and out of the production process, what are the other factors that enable or inhibit the
achievement of volume flexibility in manufacturing plants?

Questions asked include:

How did you cope with variability in demand levels in the past? ...

Have you ever failed to meet scheduled delivery dates or demand requirements in the past?
If so why?

Has your inability to meet demand requirements in the past been due to problems with
suppliers, distribution and insufficient capital equipment capacity?

What other problems have in the past inhibited your ability to meet demand requirements?
How did you overcome these problems?

Excerpts of interview are displayed in Table 6.3.
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Chapter Six — Pilot Study and Survey Research

Table 6.4 below summarises the findings in relation to RQ2.

Enablers Overtime Sub-~ Temporary | Contract Banked Work Varying
hours contracting | Labeur staff hours transfer lead-times
Plant A o Used e Notused o Used eNotused eNotused eNotused e Can’tuse
Plant B o Used eNotused o Notused eNotused eNotused o Used ® Used
occasionally occasionally
Plant C o Used e Notused e Used o Used o Used o Used ¢ Used
occasionally
Plant D ® Used o Used e Used e Notused eNotused eNotused e Used
occasionally occasionally

Table 6.4: Summary of findings with regards to RQ2.

The variables below (also in Table 6.4 above) are identified as coping mechanisms
(enablers) when fluctuations in demand levels are experienced (see circled texts in Table
6.3).

o Use of overtime hours — provides for longer hours of work than the standard week worked
normally by full time employees.

o Use of sub-contractors — out-sourcing all or part of the production process to absorb some
of the fluctuations faced by the company.

o Use of temporary labour — includes the use of casual, freelance or short-term cover.
Generally, temporary employees for manufacturing operations jobs are likely to be of a
lower calibre than permanent employees.

 Use of contract staff — usually skilled and employed for a fixed term, work full hours as
company staff within the contractual period but may not be entitled to full company
benefits.

o Use of banked hours (a variant of annualised hours contract) — a contract which enables
the employer to vary the number of hours worked in a given period within the context of
the agreed total working hours over the relevant planning period.

o Transfer of work to sister plants — similar to subcontracting, but transfer is done to a sister
plant rather than externally.

« Negotiating or varying customer lead-time — balancing capacity with load by quoting, say,
a longer lead-time, when demand is high, and a shorter lead-time when demand is low.

Table 6.5 summarises the findings of the second part of RQ2. That is the identification of
inhibitors to volume flexibility.
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Inhibitors Securing Low yield Securing Old equipment | Supplier
temporary contract staff and power cuts | problem
labour

Plant A o Probicmatic ¢ Problematic o Not applicable e Not applicable e Not applicable

Plant B o Not applicable e Not applicable o Not applicable e Occasional * Not applicable

power cuts

Plant C e Problematic o Not applicable e Problematic * Not applicable e A one-off

problem.

Plant D e Not o Not applicable e Not applicable e Equipment age, e Not applicable
problematic an issue

Table 6.5: Summary of findings with regards to RQ2.

Tables 6.4 and 6.5 display predominantly the labour-based enablers and inhibitors of
volume flexibility in manufacturing plants.

Due to its small sample size, the pilot study could not have identified all the drivers,
enablers and inhibitors of volume flexibility in manufacturing plants. Therefore, rather than
carrying out explanatory survey research, exploratory survey research was preferable. This
type of survey is more suitable for investigating issues that are novel in nature such as this
research project. As such, exploratory survey research is required to do the following:

1. Investigate the applicability of the factors identified in the pilot study and literature over
a larger sample of plants

2. Identify other conditions that drive plants to require high levels of volume flexibility
and

3. Identify other enablers and inhibitors of volume flexibility in manufacturing plants.

6.2 Survey Research

According to Kerlinger (1986), there are two major types of survey research. These are:

1. Exploratory (where the objective is to become more familiar with the topic) and

2. Explanatory (where the research is devoted to finding causal relationships among
variables).

The manufacturing flexibility literature is a growing one. As argued previously, the

literature review of the subject area reveals that many of the studies have focused on the

development of manufacturing flexibility taxonomies. Very few studies have been done on
the issue of manufacturing flexibility analysis and implementation, hence the motivation for
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this research. As such, exploratory survey research appears to be most suitable for this
research. Exploratory and descriptive surveys can help to identify the concepts and the

basis for measurement, and are very appropriate for early stages of the research (Malhotra
and Grover, 1998).

1&
High

Certainty with
respect fo knowledge

Low

— —
>

Time Later stages of

Early stages researchinto a

of research phenomenon
Exploratory or Explanatory or
descriptive survey Hypothesis based
research survey research
Hypothesis generation |Hypothesis generation
Case studies Quantitative methods
Qualitative methods Explanatory surveys
Exploratory surveys Triangulation

Figure 6.1: The maturity cycle of research
Source: Malhotra & Grover, 1998.

Figure 6.1 above shows that when the certainty with respect to knowledge of a particular
phenomenon is low (i.e. novel research), exploratory or descriptive surveys are the more
suitable type of survey research to be applied. As the certainty with respect to knowledge of

the particular phenomenon increases, explanatory or hypothesis based survey research can
be applied.

6.2.1 Questionnaire Design

The process of questionnaire design starts with the identification of concepts for the
phenomenon under investigation. Some of the concepts have been identified from the pilot
study while others have been identified from the literature. Suitable indicators which best
capture the concepts are developed for these concepts, a process known as
operationalisation. de Vaus (1996) defines operationalisation as the process of how to
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translate abstract concepts into something more concrete and directly observable (i.e.
indicators). Table 6.6 summarises the concepts identified, presents typical questions
designed (the operationalisation process) as well as the justification for the questions asked
in the questionnaire. The questionnaire itself is included in Appendix 1.

Scaling

The research on the concept of flexibility is still at an early stage. Measurable constructs
have not been clearly defined for the concept. For instance, although some authors have
proposed objective measures for demand uncertainty based on physical attributes of the
environment, other authors have argued for the perceptual measures of uncertainty
(Downey et al, 1975 and Huff, 1978). Huff argues that given the same environmental
factors, what is certain to one person may be uncertain to another.

Swamidass and Newell (1987) propose that the role of the manufacturing manager is
significant in the formulation of manufacturing strategy. This suggests that the perception
of the manufacturing manager can be relied upon when investigating manufacturing
strategy issues in organisations. As such, managers’ perceptions are used to explore the
issues in this research. The scaling technique used for the exploratory survey is the
horizontal, numeric interval scale. This scaling technique applies a single question and
rating scale to many items (Flynn ef a/ 1990). It is thus very economical in terms of space
utilisation and respondents have little or no difficulty understanding the task. Flynn et al,
(1990) also argue that of the other available interval rating scales (such as semantic
differential, comparative and Likert), the horizontal numeric interval scale has the fewest
limitations. The horizontal numeric interval scale is thus adopted for this study (see
Appendix 1).

Table 6.6 presents the justification for each of the questions (based on design before pilot

testing) asked in the questionnaire. A copy of the questionnaire is included in Appendix 1
(before pilot testing) and Appendix 2 (after pilot testing).
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Chapter Six — Pilot Study and Survey Research

Pilot Testing of Questionnaire

Pilot testing or pre-testing provides a way of evaluating questionnaires. The aim of pilot
testing the questionnaire in this research was generally to use respondents’ experience to
refine the questions and to check the reliability and validity of the measures devised in the
questionnaire. de Vaus (1996) identifies two ways by which pilot testing can be carried out.
The first is called ‘declared or participating’ pre-test. Here, respondents’ help and advice
are explicitly sought about clarity of the questions and how the questions might be
improved. The second type is referred to as ‘undeclared’ pre-test, where respondents are
not told that the questionnaire is under development. The ‘declared’ pre-test method was
employed in this research. The process of pre-testing included:

1. Internal pre-testing

2. Pre-testing with pilot case study plants and other plants selected from the Best Factory
Award (BFA) database [the criteria for choice being (a) close fit with sample
characteristics in terms of sector and (b) access]

Internal pre-testing was done mainly within the Cranfield University environment. Several
amendments were made as a result of meetings held with my supervisor. The questionnaire
was administered to two colleagues within the school of management, both of whom were
involved in research studies related to this project’s area of study and one colleague from
the school of mechanical engineering who was also carrying out survey research in
operations management at the time. The time for completing the questionnaire was on
average about 20 minutes. Their comments were considered, and the questionnaire was
further refined. The views of three senior academics in the Operations Management and
Logistics and Transportation research centres were sought. Their comments resulted in
further refinement of the questionnaire. The final draft was discussed with my supervisor
and then dispatched to the plants.

Seven plants were targeted. Four of the plants participated in the pilot case studies while the

other three were chosen from the list of past entrants into the BFA. The breakdown of the
plants and sectors is shown below:
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Plants Sector Past BFA entrant? Participated in pilot
L ) study?

A Food Yes Yes

B Process Yes Yes

B1 (sister plant to B) Process Yes No

B2 (sister plant to B) Process Yes No

C Electronics Yes Yes

D Household Yes Yes

E Engineering Yes No

Table 6.7: Plants used for pre-testing of questionnaire

Three questionnaires (with pre-paid self-addressed envelopes) were sent to each of the
plants except plants B, B1 and B2, which received one questionnaire each. A total of 15
questionnaires were sent out. The reason for sending three questionnaires to each plant was
to enable the reliability of the questions to be assessed. Questionnaires from the same plant
(or sister plants in the case of B, B1 & B2) are expected to have highly similar responses.
This is because the unit of analysis for the research is the ‘plant’. So in theory, three
respondents are providing information about the same issues within the same plant.
However, differences may exist due to differing perceptions of the respondents concerning
the phenomenon being investigated. For instance, Downey and Slocum (1975) propose that
an individual’s perception of uncertainty can be expected to vary with “individual
differences in cognitive processes, social expectations for the perception of uncertainty and
individual behavioural responses repertoires”. There may also be differences in their
understanding of the questions. In each of the plants, the recipient of the questionnaires (the
original contact personnel) was advised to distribute the questionnaires amongst senior
members of staff in the production department such as the factory manager and the
planning manager. There was to be no collusion amongst the respondents.

13 questionnaires were returned. All the plants returned the three questionnaires sent to
them except plants A & E, which returned two each. After receiving the completed
questionnaires, telephone conversations were carried out with each of the respondents to
clarify some issues (where comments and suggestions were made). Enquiries were also
made about possible ambiguities of the questions, the ease of completing the questionnaire,
their understanding of the questions asked and the timing of completion. Many of the
questions were perceived to be very clear and it took about 15 minutes on average to
complete each questionnaire. Most importantly, respondents felt that they would feel able
to participate in such an exercise because of the perceived mutual benefits that could be
gained from the research.
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Reliability

A reliable measure is one where the same result 1s obtained on repeated occasions (de Vaus,
1996). The indicators used in the questionnaire design were obtained both from the
literature and the pilot study. A single question is asked in each case to cover these
indicators. The test-retest method is the only way to check on the reliability of single
questions (de Vaus, 1996). The same people are asked the same questions at intervals of
two to four weeks and the correlation coefficient between the two answers on both
occasions is calculated to assess the reliability. This method is difficult to implement, as it
is often difficult to give the same test to the same sample twice. Also, people may give
consistent answers where they remember their answers on the first occasion, thereby
inflating the apparent reliability of the question.

The above problems of the test-retest method were eliminated in this research by giving the
questionnaire to different people working in the same plant within the production
department. Collusion amongst the respondents was strongly discouraged. Since the
questionnaire addresses mostly non-objective measures, it is believed that the analysis of
the correlation coefficient between the responses of people working for the same plant
would provide a good assessment of the reliability of the questions (item-item reliability).
The rule of thumb for a reliable question using this method is that the Cronbach’s alpha

must be equal to or greater than 0.7 (de Vaus, 1996). The result of the reliability analysis is
summarised below (SPSS output in Appendix 3):

Plants No. of responses Cronbach’s alpha N
Plant A 2 0.92
Plants B, Bl & B2 3 0.80
Plant C 3 0.86
Plant D 3 0.85
Plant E 2 0.87

Table 6.8: ltem-Item reliability
The results in the above table indicate that the questions are generally reliable.
Validity

A valid measure is one which measures what it is intended to measure. de Vaus (1996)
defines three ways of assessing validity in survey research. These are:
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1. Criterion validity - comparing how respondents answer our new questions to measure a
concept with existing well-accepted measures of the concept.

2. Content validity - the extent to which the indicators measure the different aspects of the
concept.

3. Construct validity - how well the measure conforms to theoretical expectations.

Due to the novel and unique nature of the research and the attendant exploratory survey
research method, it is not possible to assess criterion validity of the questions. The content
validity was assessed through the interviews carried out with the respondents (face
validity). Generally, respondents’ understandings of the questions were similar within and
across the cases. Most importantly they understood the information that the questions were
designed to obtain. Two questions appeared to create ambiguities and thus have low content
validity. The first is question 1 (see Appendix 1) which was subsequently removed from the
final questionnaire. This question was found to add no real value to the objective of the
research. Furthermore, the information it seeks to obtain is available in the Best Factory
Award database, if needed. The second area is the question relating to employee headcount
(questions 3-9, Appendix 1). Respondents were unsure of the period of time the questions
were referring to. This ambiguity was corrected in the final questionnaire by including a
new question 2 (see Appendix 2).

Other minor amendments to the questionnaire were made and the questionnaire was made
ready for the survey administration (See Appendices 1 and 2).

6.3 Survey Administration

This section discusses the survey methodology in the following sequence:

1. Sampling

2. Method of questionnaire administration

3. Response rate analysis

6.3.1 Sampling

The study focuses on the issue of volume flexibility in manufacturing plants in the UK.

One would, therefore, have expected that information be collected from all the
manufacturing plants in the UK. This would clearly be expensive and impractical. There is
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also the problem of defining a relevant population. For instance, manufacturing plants
could range from those having less than 100 employees to those having more than 1,000
employees. The issue of volume flexibility may not be of particular relevance to the entire
population of UK plants. Sampling involves the selection of only some plants from the
entire population of UK manufacturing plants such that their responses and characteristics
reflect those of the other plants in the UK. It is much cheaper, easier and faster to
concentrate the study on a sample of plants than to survey all manufacturing plants in the
UK.

Ideally, the sample of plants required for this project should be a sample, which contains
manufacturing plants, for which the issue of volume flexibility appears to be of some
relevance. Flexibility is an attribute that gives some plants an added competitive advantage.
This research enquiry will benefit from plants that have either achieved relatively high
levels of volume flexibility, have attempted to achieve it or are considering implementing
volume flexibility in their operations. It was not possible to pre-select the sample based on
these criteria. Sample selection was made from the Best Factory Award database. The
database for the Best Factory Award (BFA) managed by Cranfield School of Management
consists of over 1000 manufacturing plants in the UK which have participated in the past in
the BFA award process. The BFA database consists mainly of plants employing more than
100 employees. For this research, plants that entered for the award between 1995 and 1998
were targeted. The database serves as a source for obtaining the names and addresses of the
sample of manufacturing plants to be surveyed. The research has not made use of any
specific data in the database.

The figure below has been drawn to show the relationship between the sample for this
research and the wider context of UK manufacturing plants.
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UK manufacturing plants
employing over 100 employees

Other UK
manufacturing plants

BFA
database

Research Sample

N.B. Not drawn to scale

Figure 6.2; Choosing the sample from a population of UK manufacturing plants

The sample of plants within the BFA database is non-random and self-selected. This is
because entry to the award is on an open, voluntary basis. The implication of this is that the
sample may be biased towards plants in which:

a. The management team believes that the plant has a chance of winning an award and/or
b. Have a management team which knows about the awards and are sufficiently motivated
to complete the 14-page questionnaire (Baker, 1996).

Regarding point (a) above, New and Szwejczewski (1995) argue that “...many entrants do
not expect to win at all but enter solely for the feedback report.” This suggests that to some
extent, point (a) above can be mitigated.

Motivation factors always play a part in involving practitioners in academic research. Thus
it is impossible to mitigate point (b) above. Above all, “social-practical reasons” (Rose,
1982) such as those of convenience and need for collaboration (Baker, 1996) provide the
incentive for the use of this established database.
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From the above discussions, one could see that the sample of plants within the BFA
database may not be representative of UK manufacturing plants having more than 100

employees. The question now is, does one really need a representative sample in
exploratory survey research such as this?

It has been argued that having a representative sample in an exploratory survey is of less
significance than in an explanatory survey (Malhotra & Grover, 1998). This is because,
exploratory surveys are generally used to formulate propositions which can be tested in
further research. The objective of an exploratory survey such as in this study is not to make
a generalisable conclusion about the phenomenon being investigated.

In spite of the above argument, caution needs to be exercised in drawing conclusions from
the study. Conclusions will be drawn only about that part of the universe (Simon and
Burstein, 1985), represented by the sample and not about the whole universe (UK
manufacturing plants employing more than 100 employees). So, conclusions are limited to
UK plants with 100 or more employees, run by management teams with the awareness of

and motivation to enter for the BFA exercise and the ability to complete this project’s
questionnaire.

6.3.2 Sample Size

Details of about 800 manufacturing plants in the UK were obtained from the BFA database.
This number represented plants that entered for the competition in the years 1995, 1996,
1997 and 1998. Filtering was done to remove plants that entered more than once during
these periods, plants whose addresses cannot be located and other plants not based in the
UK. The effective number of plants targeted for the survey after the filtering was 529
manufacturing plants. See Table 6.9 for breakdown by sector.

Year Process Engineering Electronics Household & | Total
General

( Products ;
1995 20 45 19 46 130
1996 22 46 26 43 137
1997 17 45 19 54 135
1998 16 49 23 39 127
Total 75 (14.2%) 185 (35%) 87 (16.4%) 182 (34.4%) 529

Table 6.9: Survey sample size: sector by latest year of BFA entry.
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6.3.3 Questionnaire administration

There are three main methods of questionnaire administration. These are the facc-to-face
interview method, the telephone interview method and the mail method. Table 6.10
summarises the relative merits of the three approaches by focusing on six broad

considerations: -

e Response rates;

e Ability to produce representative samples;
e Limitations on questionnaire design;

e Quality of responses;

¢ Implementation problems and;

e Cost/time

Considerations | face-to-face Interview Telephone Interview Mail Surveys Methods, in order
of preference.
Response rate aSeen as most effective in eRelatively more #Not so effective in general 1. Face-to-face
general population effective than mail population samples, but may | 2. Telephone
samples surveys be effective in surveys of 3. Mail surveys
specific, more homogeneous
roup. e.g. UK plants.
Obtaining eLess prone to this type of | eMay be prone to this eRelatively more prone to 1. Face-to-face
representative bias type of bias since some | this type of bias because of 2. Telephone
samples esamples ccn be drawn by | categories of less control over who 3. Mail surveys
the cluster sampling respondents may be completes the questionnaire
techniques hence better under-represented.
representation.
Effects on #Provides the greatest sSuited to complex and | eUnsuitable for complex and | 1. Face-to-face
questionnaire flexibility in terms of open-ended questions. open-ended questions. 2. Telephone
design question design. 3. Mail surveys
#Best for complex and
open-ended questions.
Quality of ePerforms less well in ePerforms better than ePerforms best in obtaining | 1. Mail surveys
responses obtaining accurate Jace-to-face method in accurate answers. 2. Telephone
answers. Respondents are | terms of interviewers’ ofar removed from 3. Face-to-face
more likely to give influence on responses. | interviewers’ influence.
acceptable rather than
true opinion answers.
eObservable
characteristics of
interviewer can affect
responses.
Implementation | e\lay require careful #less demanding in o cast demanding in terms 1. Mail surveys
problems training of staff’ terms of staffing of staffing requirements. 2. Telephone
#Requires many staff’ requirements. 3. Face-to-face
Cost/Time e\fost expensive and time | eLess expensive in ol cast expensive and time 1. Mail surveys
consuming. terms of cost, but more consuming. 2. Telephone
time consuming than 3. Face-to-face
mail surveys.

Table 6.10: Comparisons between methods of questionnaire administration (after de Vaus, 1996).

116




Chapter Six — Pilot Study and Survey Research

From the table above, it can be observed that the mail survey method is preferable to the
telephone and the face-to-face interview methods in terms of the quality of responses
obtained, implementation problems and cost and time considerations. It is, however, less
preferable in terms of response rate (which may be poor), obtaining a representative sample
and the effects on questionnaire design. In spite of the drawbacks of mail surveys, it was
the preferred method of questionnaire administration for this research. This is because its
drawbacks can be limited if not totally overcome. For instance, a fairly good response rate
was expected for the following reasons:

e The study is focused on a specific and more homogeneous group, i.e. UK manufacturing
plants, for which the issue of volume flexibility appears to be of particular relevance (as
confirmed from the literature review and pilot study).

e Feedback reports were promised to all participating plants providing an incentive for
participation

e Follow-up calls (by telephone) were made to non-responding plants.

e The sample consists mainly of UK manufacturing plants which have participated in the
past in the Cranfield School of Management/Management Today’s Best Factory Award
competition, an exercise many plants in the UK find rewarding in terms of the quality of
the feedback they get.

e Low response rate is not a critical issue for exploratory survey research.

The issue of obtaining a representative sample has been discussed in the previous section.
The questions are made very simple and there is only one open-ended question. Thus, the
drawbacks of mail survey, as highlighted in the table, were minimised.

6.3.4 Response Rate

A total of 529 questionnaires (see Table 6.9) were sent out on October 23, 1998. Of these,
134 questionnaires were returned, representing about 25.3% response rate. Of the 134
responses, 14 were returned unanswered for various reasons, including declining to
participate in the survey, factory closed down and change of business. The cut-off level
used for the analyses is 120, representing about 23% response rate.
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Sector | Frequency I Percent
Process 24 20
Engineering 38 32
Electronics 22 18
Household & Gen. Products 36 30
Total 120 100

Table 6.11: Breakdown of responses by sector.

The table above gives a breakdown of responding plants by sector. A chi-square test was
done to check whether the proportion of respondents is similar to the sample with regard to
industry split. The result of the test is shown in the table below:

Sector I Cases observed | Expected | Residual
Process 24 17.04 6.96
Engineering 38 42.00 -4.00
Electronics 22 19.68 2.32
Household Products 36 41.28 -5.28

Table 6.12: Comparing the responding plants proportion with the sample size.

Chi-square value = 4.1726, and Significance level p = 0.2434. Because the chi-square value
is less than the critical value (7.815), and p > 0.05 (at 5% significance level), it could be
concluded that there is no difference between the distribution of responding plants and the

survey sample composition. Hence, the responding plants are representative of the sample
size in terms of industry split.

The sector classification used in the BFA has been adopted. However, these classifications
are considered too broad especially for the Engineering and Household/Food sectors. These

are, therefore, broken down respectively into:

(1) Engineering Consumer products and (2) Engineering Capital products.
And, (1) Household/other products (2) Food consumables.
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Sector { Frequency | Percent
Process 24 20.0
Engineering Consumer 26 21.7
Engineering Capital 12 10.0
Electronics 22 18.3
Household/Other products 21 17.5
Food Consumable 15 12.5
Total 120 100

Table 6.13: Breakdown by sub-sectors of respondents.

6.4 Chapter Summary

A pilot study was carried out in four selected manufacturing plants to identify the drivers,
enablers and inhibitors of volume flexibility in manufacturing plants. The identified
concepts are used to design a questionnaire for an exploratory mail survey. Exploratory
mail survey is preferred to an explanatory survey because of the low certainty with respect
to knowledge regarding the issue of volume flexibility in manufacturing plants. The
questionnaire was pilot tested internally within the Cranfield School of Management and
also administered to the pilot study plants and other selected plants from the BFA database.

The analyses of the pilot testing reveal that the questions are highly reliable, as indicated by
the high values of the Cronbach alpha. The analyses also reveal the need to make some
amendments to the original questionnaire. The revised questionnaire was administered by
mail to 529 UK manufacturing plants (covering all industrial sectors) selected from the past
entrants into the Britain’s Best Factory Award competition. The response rate was 23%. A
chi-square test of the distribution of differences between the responding plants and the
sample reveal that the responding plants are representative of the sample size in terms of
industry split.

The next two chapters (Chapters 7 & 8) will describe and present the results of the analyses
done to answer the first and the second Research Questions respectively.
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Chapter 7 — Survey Analyses: Research Question One

7.0 Introduction

Chapters 7 and 8 describe the procedure of the analyses and present the results of the
survey analyses with respect to the two Research Questions. This chapter focuses on the
first Research Question.

Research Questions

Pilot case studies Chapter 5

Research methods Mail Survey

\ Case studies

Pilot study and survey research - Chapter 6

Survey analysis for RQ1 - Chapter 7

e Major topics

———jp Connections between
methods
— Minor topics

Survey analysis for RQ2 - Chapter 8

Within case analysis 1 - Chapter 9

Witk‘n case analysis 2 - Chapter 10

Cross-case comparison - Chapter 11

Methodological Triangulation - Chapter 12

Figure 7.0: Empirical research road map. The survey analyses chapters’ coverage are shaded

RQI: Under what conditions does a manufacturing plant require high levels of volume
Sflexibility?

The question that addresses RQ1 is question 1 in the questionnaire (see Appendix 2).
Certain conditions that drive a plant to require high levels of volume flexibility were
identified from the literature and the pilot case studies. Respondents were asked to rate on a

5-point scale (1 = insignificant, 5 = Highly significant) how these conditions drive their
requirements for high levels of volume flexibility.
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7.1 Steps for Analyses

1. Opverall frequencies for all responding plants were obtained. This determines in general
how the responding plants rate the conditions that drive their plants to require high
levels of volume flexibility.

2. Frequencies of responding plants by sector were obtained. This shows the number or
proportion of plants in each sector and how they rate the different conditions.

3. The chi-square test was performed. This determines whether conditions that drive plants
to require high levels of volume flexibility depend on the sectors to which the plants
belong.

4. Other conditions identified by responding plants were obtained and classified by sector.

The above analyses were performed for each condition. A condition qualifies as a driver for
high levels of volume flexibility where responding plants perceive its influence as highly
significant.

Combining Questionnaire Scale Categories

In order to perform the analyses, it was necessary to collapse the 5-point scale on the
questionnaire to a smaller scale point (1.e. a 4-point, a 3-point or a 2-point scale). This is
because there are many cells having very few cases on the 5-point scale. Performing the
analysis using the S—point scale thus leads to very low frequencies which can produce
misleading tables and distort some statistics (de Vaus, 1996). Also, the chi-square test,
which is used to explore differences between the variables, produced results that are
unreliable. The trial test performed based on the 5-point scale reveals that in most cases,
more than 20% of the expected frequencies are smaller than 5, a situation, which leads to
unreliable chi-square test results (Brymer and Cramer, 1998). Bryman and Cramer argue
that it may be possible to increase the expected frequencies in a category by combining it
with those of another. Therefore, the 5-point scales used to measure the variables required
to answer the two Research Questions were collapsed for the analyses covered in Chapters
7 and 8, as explained below.

In combining the categories, it is important to have a fairly equal number of categories to
form a new category, so as not to create a bias (Bryman and Cramer, 1998). The category
‘1’ means insignificant, hence, cannot be diluted or combined with any other category. The
other categories 2, 3, 4 and 5 represent varying degrees of significance. For instance, 2 =
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less significant; 3 = significant; 4 = more significant; 5 = highly significant. It is only
possible to have an equal number of categories using a 3-point scale. For a 3-point scale,
the possible combinations are:

a. 1/2+3/4+5
b. 1/2/3+4+5
c. 1/2+3+4/5

Clearly, option ‘a’ (1 / 2+3 / 4+5) provides the best option for collapsing the original 5-
point scale to a 3-point scale, since it provides at least 2 new fairly equally weighted
categories. Thus, using a SPSS Syntax programme, the 5-point scale was collapsed into a 3-
point scale (1 = 1 = insignificant; 2+3 = 2 = Moderately significant; 4+5 = 3 = Highly
significant). This increased the number of observed cases, which was required for
meaningful statistical analysis. An example has been used below to show that, collapsing
the scale does not significantly affect the outcome of the analyses. Table 7.0 summarises
the frequency distribution of respondents’ responses with regard to conditions that drive
their plants to require high levels of volume flexibility based on the uncollapsed scale.

Drivers of Insignificant Less Significant | Significant More Highly
volume Significant Significant
flexibility

High variability | 0.8 5.0 11.7 40.8 41.7
in demand levels

Short preduct 62.5 21.7 5.0 9.2 1.7
shelf life

High influence 50 7.5 325 350 20.0
of customers in
the
determination of
lead time

Short product 50.8 26.7 12.5 7.5 2.5
life cycle

High 2.5 11.7 19.2 48.3 18.3
unpredictability
of customer
demand levels

Table 7.0: Overall frequencies of responding plants (uncollapsed scale)
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The data in the above table reveals that most of the responding plants perceive high
variability in demand levels to be a driver of volume flexibility in their plants. Also,
demand unpredictability and high influence of customers in the determination of lead-time
are perceived as volume flexibility drivers by a high proportion of responding plants. On
the other hand, the majority of responding plants do not regard short product shelf life and
short product life cycle as major drivers of volume flexibility in their plants.

Table 7.1 summarises the analyses of the distribution of respondents’ responses with regard
to the conditions that drive their plants to require high levels of volume flexibility based on
the collapsed scale. It is pertinent to note that, the general nature of the data in the
uncollapsed scale analysis is similar to the nature of the data in the collapsed scale analysis.

Thus, the description of the frequency distribution in the main is common to both Tables
7.0and 7.1.

Drivers of Volume Insignificant (%) Moderately Significant Highly Significant (%)
Flexibility (%)

High variability in 0.8 16.7 82.5
demand levels

Short Product Shelf-life 62.5 27.7 10.8
High influence of 5.0 40.0 55.0
customers in the

determination of lead

time

Short Product Life-cycle | 50.8 392 10.0
High unpredictability of | 2.5 30.8 66.7
customer demand levels

Table 7.1: Overall frequencies of responding plants (collapsed scale).

The breakdown of the responses by industry is displayed in Table 7.2 below.
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Demand Short Product Customers’ Short Product | Demand
_variability shelf life influence on lead | life cycle unpredictability
' time
Process 87.5 4.2 50.0 4.2 54.2
) 4) 3) 4) (2)
Engineering 88.5 7.7 577 11.5 80.8
(consumer) (1) (5) 3) 4) )
Engineering 58.3 0.0 25.0 0.0 583
(capital) 6918 (4) 3) “4) (1
Electronics 729 9.1 54.5 13.6 81.8
(2) 4) (3) ) (N
Household 90.5 9.5 61.9 9.5 61.9
(1 4) (2) ) (2)
Food 86.7 40.0 733 20.0 533
(D ) (2) “) 3)

(): ranking of the % of plants rating this driver as highly significant in this sector based on the collapsed scale

Tablc 7.2: Drivers of volume flexibility by sector. Figures represent the % of responding plants in the
particular scctor rating this factor as highly significant as a driver for volume {lexibility (collapsed scale).

The above Table 7.2 shows the ranking of each of the drivers when analysed using the
collapsed and the uncollapsed scales. For instance, in the process sector, the highest
proportion of plants ranked demand variability as highly significant in both the uncollapsed
and collapsed scale data. As the comparison reveals, the rankings on both scales are
generally similar. Thus, in terms of identifying drivers of volume flexibility, and the
general distribution »f the proportion of plants that rated these drivers as important, the use
of the collapsed scale data will not distort the information that the uncollapsed data would
have revealed.

Table 7.2 shows that demand variability is a major driver for achieving volume flexibility
in all industrial sectors. Relatively, demand unpredictability is also seen as a significant
driver by a greater proportion of plants in the two engineering sectors and electronics
sector. In the case of the engineering capital sector, this is hardly surprising since in many
cases orders might be won on the basis of bids which have highly uncertain success rates.
Customer’s influence on lead times is seen as a significant driver for achieving volume
flexibility in the food industry but seen as relatively unimportant for the engineering capital
goods sector. Plants in the food industry typically supply the big UK grocery retailers who
are dominant and have more clout in the supply chain because of their relatively bigger size
and their ability to switch easily from one supplier to another. It is, therefore, difficult for
the food manufacturers to influence the customer lead-time (Buyer’s power — Porter, 1986).
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In the engineering capital goods sector, lead-times are often used to balance load with
capacity, hence, plants find it relatively easier to negotiate lead-times with their customers,
and the influence of customers on lead-time determination is minimal.

Short product shelf life is found to be a key issue for the food industry but not usually
elsewhere. This is not surprising and is due to the nature and characteristics of products of
most plants in this sector. Some of the products are perishable. For other products, the
requirement to specify ‘use by’ dates for the products further reduces the effective shelf
lives of the products.

Additionally, chi-square tests were performed in order to explain further some of the
differences observed in the applicability of the conditions that drive plants to require
volume flexibility. This helps to determine whether the differences observed in the
frequency distribution depend on the sector to which the plants belong. The results are
summarised in Table 7.3 below.
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7.2 Other Variables Identified by Respondents.

Respondents were given the opportunity to identify other conditions (which were not listed
in the questionnaire specifically) that drive their plants to require high levels of volume
flexibility. These conditions are tabulated in Table 7.4. The number of plants that identified
each condition is insignificant in the analysis because it may be the case that these
conditions actually apply in other plants but were not thought of by the respondents at the
time of completing the questionnaire. It may, however, also be the case that these

conditions are not applicable to other plants. However, what is worth noting is the sector to
which the identifier of each condition belongs.

Process, Engin
Household/General products
Need to optimise throughput and yield (throuput) 2 Process and Electronics
Need for process capability (procapab) 1 Process
Focusing on orders from key customers (keycusto)i.e. 3 Household/General products

when orders from key customers (or high volume (2), Food consumables (1)
customers) are required urgently. These take priorities
hence drive the need for high levels of volume

flexibility.

Material availability (mateava) i.e. raw materials 2 Process and Engineering

shortages. consumer products.

Product mix changes/New product introductions 8 Process (2), Engineering

(prodmix) consumer (2), Electronics (1),
Household/Gen. Products (1),
Food consumables (2).

Demand peaking at seasons (season) 3 Engineering consumer,
Household and Food
consumables.

Action of competitors (competit) 1 Electronics

Company policy/Growth ambitions (growth) 1 Electronics

Market overcapacity (overcapa) 1 Process

Poor communication with customers (comunica) i.e. 1 Process

between sales department and customers leading to

wrong production schedule or unanticipated demand.

Accounts engineering by sales (salesacc) 1 Food

Currency variations (currency) 1 Food

Mass customisation to maintain old product position 1 Food

(masscust)

Small order runs (batchsiz) 2 Household/Gen. Products and
Food.

Table 7.4: Other conditions that drive plants to require high levels of volume flexibility as identified by
respondents, by sectors.
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The total number of plants that identified the conditions in Table 7.4 is 10. It is not possible
statistically to determine whether these conditions are sector dependent in the survey
analyses because of the limited data available. The conditions identified are explored
further in the case study analysis phase of the research to investigate how they actually
drive the respondents’ plants to require high levels of volume flexibility.

7.3 Summary of Analyses: Conditions that drive plants to require high levels of
volume flexibility (RQ1).

Each of the conditions was regarded by at least one responding plant as significant in
driving the requirement for volume flexibility in that plant. This shows that all the variables
identified are valid as conditions that can drive plants to require high levels of volume
flexibility, and that conditions which are drivers for some plants are not drivers for other
plants.

Short Product Shelf Life

Out of all the variables identified, only the condition of short product shelf life is found to
be dependent on the sector to which the plants belong. In other words, the type of sector to
which plants belong (at least in the sample) determines whether this variable actually drives
the need for high levels of volume flexibility in the plants. Although the majority of the
responding plants ir other sectors felt that this condition is insignificant, most of the
responding plants in the food sector regarded the effect of this variable as significant. This
result concurs with the Tcontextual framework described in Section 4.2, Chapter 4 (Oke,
1998). Products having a short shelf life are largely non-stockable (in this case probably
because they are perishable). Hence, plants producing such are limited to the option of
using volume flexibility. Some plants in sectors other than food (although not many) also
regarded short product shelf life as a significant driver of volume flexibility. This may be
because their products (although not perishable) are customised or “make to order”. The
reasons for this perception are explored in the subsequent case study research.

¥ The framework consists of two overlapping circles forming three areas A, B & C. Plants in group A have stockable products but
continuous production system, hence are limited to responding to orders using stock. Products of group B plants can be stocked, have
non-continuous production system and can either use stock levels or volume flexibility to meet demand requirements. Products of group
C plants cannot be stocked and are therefore limited to using volume flexibility to meet fluctuations in demand levels (Oke, 1998).
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High Variability in Demand Levels

All but one of the responding plants felt that a condition of high variability in demand
levels drives their plants to require high levels of volume flexibility. Again this result is
what one would expect and it concurs with Slack’s (1987) argument in which he suggests
that large fluctuations in demand have highlighted the need to adapt and respond to a less
predictable environment. This driver is found to be sector independent.

Customers’ Influence in the Determination of lead-time

The customer’s influence on lead times is seen as a significant driver for achieving volume
flexibility in the food industry but seen as relatively unimportant for the engineering capital
goods sector. In the case of the food sector, the stronger influence of customers can be
explained by the power dynamics that exist between the supplier and the customer (e.g. UK
Groceries retailers: Howe, 1990 and, Ogbonna & Wilkinson, 1996). Plants in the food
industry typically supply the big UK grocery retailers who are dominant and have more
clout in the supply chain because of their relatively bigger size and the availability of
substitute products. It is, therefore, relatively difficult for the food manufacturers to
influence the customer lead-time (Buyer’s power — Porter, 1986). In the engineering capital
goods sector, lead-times are often used to balance load with capacity, hence, plants find it
relatively easier to negotiate lead-times with their customer, and the influence of customers
on lead-time determination is minimal. The analyses further reveal that this driver is sector
independent.

Short Product Life Cycle

Many of the responding plants felt that short product life cycle does not drive their plants to
require high levels of volume flexibility (the highest percentage coming from the process
sector). Although the chi-square test reveals that this condition is sector independent, it is
interesting to note that the majority of responding plants in the electronics sector (about
52.7%) felt that the influence of this condition is significant. Again this is not surprising
considering that the electronics (especially the IT) industry in today’s market is
experiencing rapid change. There are also a few exceptions in the other sectors where the
responding plants felt that the effect of this variable on their need for high levels of volume
flexibility is significant. The reasons behind the applicability of this driver are also explored
in the subsequent case study research.
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High Unpredictability of Demand Levels

The majority of the responding plants felt that a condition of high unpredictability of
customer demand level drives the need for high levels of volume flexibility in their plants.

The distribution (between moderately and highly significant) is, however, more even in the

engineering capital products sector. It is important to recall at this point that a distinction

was not made between short-term and long-term demand uncertainty in the survey research

because of the potential problems of understanding and distinguishing between the two
terms, which respondents were likely to face. The two terms are treated as separate in the

subsequent case study research.

Other Drivers of Volume Flexibility

A total of 10 plants belonging to various sectors identified additional variables as
conditions that drive their plants to require high levels of volume flexibility (Table 7.4).
The applicability of these conditions to various plants is explored in the subsequent case
study research.

The conditions that drive the need for volume flexibility in manufacturing plants are
referred to as volume flexibility drivers. These conditions can be classified as either sector
independent drivers (common to all sectors except in a few cases) or sector dependent
drivers (specific to a particular sector as it is for short product shelf life). The Figure 7.1
below shows the classification of the identified drivers.

The y-axis in the figure represents the percentage of plants rating the factors as highly
significant drivers of volume flexibility. Thus, high variability in demand levels is rated
highly by virtually all the plants because it is a characteristic shared by most markets. Short
product shelf life is highly rated by a few plants, many of which belong to the food sector.
These plants generally produce products that are perishable. The x-axis represents the chi-
square test values for each of the conditions. They show the likelihood of the drivers to be
either sector independent or sector dependent. 1t will be recalled from Table 7.3 that the
test hypotheses are:

Null Hypothesis — the condition is equally likely to drive the plants in the sample in
different sectors to require high levels of volume flexibility (i.e. sector independent)
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Alternative Hypothesis — the effect of the condition depends on the sectors to which plants
belong (i.e. sector dependent)

The test is to reject the null hypothesis if the observed significance level is less than 0.05
(or the chi-square value is more than the critical value of chi-square at 5% significance
level). That is, there is less than a 5% chance of obtaining such a large statistic if the null
hypothesis is true.

At 5% significance level, the chi-square critical value is 18.3. Therefore, all the conditions
having chi-square values (see Table 7.3) of less than the critical value of 18.3 are sector
independent. A condition becomes sector dependent if its chi-square value is more than the
critical value of 18.3. Thus, short product shelf life (chi-square value = 22.27) is sector
dependent. The SPSS output for the tests is displayed in Appendix 5.

Representation of drivers of volume flexibility
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Figure 7.1: Representation of the conditions that drive plants to require high levels ol volume flexibility

At this stage of the empirical research, it was not possible to place the additional variables
identified by plants in the figure above. The subsequent case study research is used to
confirm (or otherwise) the positions of both the existing variables (as above) and the newly
identified variables.
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To conclude, it is suggested that in so far as Research Question one is concerned (i.e. under
what conditions does a manufacturing plant require high levels of volume flexibility?) the
above analyses have been able to identify and classify the conditions. However, the
analyses also reveal other interesting issues. For instance,

Are the conditions truly dependent on or independent of the sectors? And why?
Are there other plant characteristics (other than sector) that can explain differences in the
effects of these conditions on plants?

These are new questions that are further explored in this research study. The case study
phase of the empirical research is used to investigate these issues. This is because the
research method for investigating the issues has to be an explanatory one. It should be able
to answer the why questions stated above. Yin (1994) argues that case study research is
most suitable for answering the ‘why’ question in a research enquiry.

A preliminary selection of cases is done here. It is preliminary because it is based only on
the analyses of the first Research Question. At least six cases (one from each sector) are
aimed at eventually. The cases selected here are then compared with those selected from
the analyses of the second Research Question. Final selection should consist of the cases
that provide the best insight into all the issues requiring investigation.

7.4 Case Study Selertion

The aims of the case study are

1. To provide triangulation for the survey results and
2. To provide explanation for the effects of the identified conditions on the plants in the
sample.

Possible cases (with regard to RQ1 only) are selected, as shown in Table 7.4. The focus is
on plants that perceived the conditions as highly significant as drivers of volume flexibility
in their plants. However, where most of the responding plants within a particular sector
perceive the condition as significant, the outliers in that sector are selected. It is of course
the case that once a plant is selected, the influences of all the conditions are explored in that
particular plant in the case study.
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For instance, consider the selection of plants in the process sector (Table 7.5). In terms of

the condition of high variability in demand levels plant 97 is selected because it is the only

plant that perceived the condition as insignificant. All the other plants in that sector

perceive demand variability as significant. The intention, therefore, is to explore the

reasons why demand variability is insignificant as a driver in plant 97. Plants 115 and 76,

which perceive short product shelf life as a driver of volume flexibility in the process sector

as significant, are selected. The interesting thing here is that both plants 115 and 76

perceive demand variability as significant, and, therefore, provide an opposite view to plant

97 under the condition of demand variability. Also plant 97 perceives short product shelf
life as insignificant and, therefore, provides opposing view to plants 115 and 76 under short
product shelf life. So the plants selected in the process sector provide opposite cases to each
other on each of the conditions.

The above selection procedure is used to select possible case study plants in all the other
sectors for each driver of volume flexibility. For each condition therefore, there are cases
that provide two extreme views. Thus, one is afforded the luxury of exploring why volume
flexibility drivers are highly significant in some plants and insignificant in other plants.

Since it is impracticable to carry out studies in all the listed plants in Table 7.5, the most
frequently occurring plants by sector are selected. Again, this selection is based on the
analyses of RQ1 only. The plants selected here are compared with those selected from the
analyses of RQ2 and a final selection is made.
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Chapter Seven — Survey Analyses: Research Question One

7.5 Chapter Summary

The results of the exploratory survey research relating to the first Research Question have
been presented in this chapter.

RQ1: Under what conditions does a manufacturing plant require high levels of volume
[flexibility?

Evidence from the analyses of the survey regarding the above question reveals that all the
conditions identified from the literature and pilot study are drivers of volume flexibility
requirements in manufacturing plants. These conditions are:

e High variability in demand levels

e Short product shelf life

e Customers’ influence on lead time determination
e Short product life cycle

e High demand level unpredictability.

The condition of short product shelf life was found to be the only one that is significantly
dependent on the sector to which the plants belong. This condition was thus classified as a
sector dependent driver of volume flexibility. The condition of Aigh variability in demand
levels drives the highest proportion of plants in the sample to require high levels of volume
flexibility. All the conditions (apart from short product shelf life) are classified as sector
independent drivers of volume flexibility.

Additionally, responding plants identified other drivers of volume flexibility requirements.
However, it was not possible to classify these as generic or sector specific as yet in the
survey analyses because of insufficient data required for statistical analysis.

Implications for RQ1
In so far as the conditions under which a manufacturing plant require high levels of volume
flexibility have been identified, the analyses have provided evidence to answer the first

Research Question. The results also reveal that the requirements for high levels of volume
flexibility between plants differ depending on the conditions in which the plants operate,
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highlighting the need for a correct assessment of flexibility requirements before
implementation. This concurs with Jaikumar’s (1986) study in which he posited that the
reason for the failure of many flexibility implementation programmes in the companies
studied in the USA is that many of them did not carry out sufficient assessment of
flexibility needs prior to implementing Flexible Manufacturing Systems. Slack (1991)
argues that clarifying why flexibility is needed (or identifying drivers) gives clues to which
types of flexibility to develop.

All the drivers of volume flexibility identified have different effects on the responding
plants. Except for the condition of short product shelf life, these differences cannot be
explained by industrial classifications. The implication of this is that the differences may be
due to other characteristics of the plants, which require further investigation. For instance,
‘Are the conditions truly dependent on or independent of the sectors?’ Are there other plant
characteristics (other than sector) that can explain differences in the effects of the
conditions on plants?’

These questions are explored in the case studies. The next chapter will describe and present
the analyses of the survey results in respect of the second Research Question.
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Chapter 8 — Survey Analyses: Research Question Two

— ——

8.0 Introduction

This chapter describes and presents the analyses carried out in respect of the second
Research Question.

RQ?2: Given the required capacity of equipment and an effective supply of materials into
and out of the production process, what are the other factors that enable and inhibit the
achievement of volume flexibility in manufacturing plants?

From the results of the analyses, two other Research Questions (RQ3 and RQ4) are
developed. Also, cases are selected for the case study research based on the survey
analyses. The selected plants are then compared with plants selected based on the analyses
of the first Research Question to arrive at a final list of case study plants.

For the purpose of the analyses, the second Research Question is broken down into two.

RQ2a: Identification of enablers
RQ2b: Identification of inhibitors

8.1 Analyses for RQ2a

The questions that address RQ2a are questions 10, 11, 12 and 13 in the questionnaire (see
Appendix 2). Possible enablers of volume flexibility identified from the literature and pilot
case studies were listed. Respondents were asked to rate (on a 5-point scale) these variables
in terms of’

1. To what extent have they used them correctly to cope with demand fluctuations (1 = not
used, 5 = Used extensively)

2. Their perception of the relative cost of usage (1 = not costly, 5 = very costly)

3. Their possible desirability in future (1 = not desirable, 5 = highly desirable)

The 5-point scale was collapsed into a 3-point scale for the analyses. Again, the 3-point
scale helped to increase the number of cases in cells, needed for meaningful statistical
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analysis. A trial test was also performed to ensure that collapsing the scales does not
significantly affect the outcome of the analysis.

8.1.1 Steps for analyses

1. Overall frequencies for all responding plants were obtained. This determines in general
(in terms of proportion) how the responding plants rated these strategies.

2. Frequencies of responding plants by sectors were obtained. This shows the proportion
of plants in each sector and how they rate the use of the strategies.

3. A chi-square test was performed. This determines whether respondents’ ratings (or the
use of the strategies) depend on the sectors in which they belong.

4. Other strategies identified by responding plants were obtained and classified by sectors.

5. Further analyses were done to determine which of the strategies are trade-offs or
complements by correlating each strategy with one another.

6. Strategies considered as best by responding plants in achieving volume flexibility were
analysed (Q12).

The above analyses were performed for each of the variables in question 10 (strategies used
to achieve volume flexibility), question 11 (their perception of the relative cost of using the
strategies in Q10) and question 13 (the possible desirability of the strategies in future).

It will be recalled that volume flexibility has been defined as the ability to vary the level of
aggregated output in a given period without any detrimental effects on the competitive
criteria of the plant.

To achieve true volume flexibility, it is required that a plant employs a strategy, for which
its use does not have any detrimental effects on the competitive criteria (e.g. cosf) of the
plant. Thus, the likelihood of a strategy being a possible enabler of volume flexibility is
enhanced if:

1. This strategy has been used to achieve volume flexibility in the plant (Q10 of the survey
questionnaire)

2. The use of this strategy is not perceived by the plant to be costly (Q11 of the survey
questionnaire).
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3. Itis suggested also that if a strategy is highly desirable in future for achieving volume
flexibility, then this increases the likelihood of that strategy to be an enabler of volume
flexibility (Q13 of the survey questionnaire).

In determining the likely enablers of volume flexibility, the three tests above were
performed. Table 8.0 gives an overall frequency distribution of the extent of usage of
different strategies to achieve volume flexibility in the plants surveyed.

Possible enablers Not used (%) Used moderately (%) Used extensively (%)
Overtime by full time 5.0 20.0 75.0
employees

Increased hours worked by | 72.5 13.3 14.2
part-time employees

Temporary Labour 30.8 25.0 442
Job sharing 95.0 42 0.8
Annual hours contract 87.5 33 9.2
Sub-contracting 47.5 383 14.2
Contract employees 71.7 14.2 14.2
Varying lead times 32.5 40.0 27.5
Rejecting orders 80.3 15.8 33

Table 8.0: Overall frequencies of responding plants (SPSS Output in Appendix 6).

Generally, the use of overtime hours by full time employees to achieve volume flexibility
appears to be the most popular strategy used to achieve volume flexibility. Rejecting orders
appears to be the least popular strategy used by the responding plants to achieve volume
flexibility. Table 8.1 below shows the percentage of plants in each sector using these
strategies extensively to achieve volume flexibility.
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Overtime | Parttime { Temporary | Job Annual Sub- Contract Varying Rejecting
labour sharing hours contracting | employees | leadtimes | Orders

Proces;s 62.5 42 375 0.0 16.7 83 16.7 16.7 42

Eng. 96.2 115 50.0 0.0 0.0 23.1 19.2 385 0.0
consumer

Eng. 83.3 16.7 50.0 0.0 83 25.0 250 50.0 0.0
Capital

Electronics | 77.3 18.2 50.0 4.5 9.1 227 18.2 318 0.0
H/hold 61.9 23.8 333 0.0 9.5 0.0 0.0 19.0 9.5

Food 66.7 133 46.7 0.0 133 6.7 6.7 133 6.7

Table 8.1: Percentage of responding plants using the strategies extensively by sector.

From Table 8.1 above, it is interesting to note that a higher proportion of plants in the
engineering consumer and engineering capital goods sectors use overtime, temporary
labour and varying lead times extensively to achieve volume flexibility. The use of
overtime hours in these sectors is linked to the traditional mechanism of balancing load and
capacity through variation in quoted customer lead times. In the electronics sector, most of
the plants use overtime, temporary labour, subcontracting and varying lead times. In the
household goods sector, most of the plants use overtime, increased hours worked by part-
time employees, temporary labour and varying lead times. In the food sector, most of the
plants use overtime and temporary labour. More plants in the process and food sector use
annualised hours contrzcts to achieve volume flexibility.

In an attempt to suggest reasons for the variation in the degree of usage of the strategies
across all industrial sectors, a chi-square test was performed to determine whether the use
of the strategies actually depends on the sectors to which the plants belong. The results of
the test are summarised in Table 8.2 below. Further explanations of the trend observed in
Table 8.1 above are sought from the subsequent case study research phase of the project.
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Chapter Eight — Survey Analyses: Research Question Two

8.1.2 Other Strategies (enablers) Identified by Respondents

Respondents were given the opportunity to identify other strategies that they employed to
achieve volume flexibility in their plants. These strategies are tabulated in Table 8.3. Each
of these strategies qualifies as a likely enabler of volume flexibility as each has been
identified by at least one responding plant.

Other strategies employed to cope | Frequency (No. of respondents) Sectors of identifying plants.
with fluctuations in actual demand

levels (identified by respondents).

Multi skilling (multiski) 1 Process

Schedule/Priority negotiation 1 Electronics

(schprior)

Upgrading equipment/Increasing 1 FElectronics

automation (equpgrad)

Using stock built in slack period 5 Process, Engineering Consumer,
(stockbld) Engineering capital & Household (2).
Hiring new employees (hiring0) 3 Process and Electronics (2)
Change in shift pattern/extra shift 4 Process (2), Household & Food.
(shiftpat)

Process/Method improvements 1 Electronics

(improces)

Introduction of team working 1 Household

(teamwork)

Improved training (training) 1 Household

Shift orders to or buy in from sister 2 Process, Food

plants (sisplan0)

Stop making to stock (stopmts0) 1 Food

Table 8.3: Other strategies employed to cope with fluctuations in actual demand levels as identified by some
of the respondents.

The responses to Q11 are then analysed (respondents’ perceptions of the relative cost of
using the strategies to cope with fluctuations in actual demand levels). As argued
previously, the likelihood of a strategy (having identified it as a likely enabler in the
previous analyses) to be an enabler of volume flexibility, is enhanced if a relatively higher
proportion of responding plants perceive the use of the strategy not to be costly.

Table 8.4 gives the overall frequency distribution of responding plants’ perceptions of the
relative cost of using the strategies.
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Enablers Not costly (%o) Moderately costly (%) Very costly (%)
Overtime by full-time 2.5 40.8 56.7
employees (overtil)

Increased hours by part- 22.5 60.0 17.5
time employees (partim1)

Temporary labour (templ) | 13.3 59.2 275
Job sharing (jobshal ) 23.3 62.5 14.2
Annual hours contract 45.0 45.0 10.0
(anualhl)

Sub-contracting (subconl) | 10.8 36.7 52.5
Contract employees 10.0 39.2 50.8
(contral)

Varying lead times 15.0 542 30.8
(leadtil)

Rejecting orders (rejecl) 7.5 33 89.2

Table 8.4: Overall frequencies of responding plants (SPSS Output in Appendix 7)

It is interesting to note from the above Table 8.4 that a higher proportion of plants perceives
the use of overtime to be very costly in achieving volume flexibility. This perception
reduces the strength of overtime as a likely enabler of volume flexibility. It will be recalled
that the use of overtime appears to be the strongest possible enabler from the previous
analyses. In contrast, the strength of an annualised hours contract as a likely enabler of
volume flexibility is seen to increase as more plants perceive its use not to be costly. In the
previous analyses, an annualised hours contract was seen to be a relatively weak enabler in
that a lower proportion of plants use this strategy to achieve volume flexibility.

Again, the analyses seek to explain the differences observed in the perception of responding
plants regarding the relative cost of using the strategies. Table 8.5 below has been used to
summarise the results of the chi-square test carried out to determine whether management
perceptions regarding the relative cost of using the strategies has been influenced by the
sector to which their plants belong.
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Chapter Eight — Survey Analyses: Research Question Two

8.1.3 Relative cost of other strategies identified by respondents.

Relative cost of using other Frequency (no. of respondents) Sector of identifying plants
strategies identified by respondents

Multiskilling (multisk1) Inc Process

Schedule/Priority Negotiation Imc Electronics

(schpriol)

Shut down (shut) Ive Household/General products
Change from core product (prochang) Ivc Household/General products
Using stock built during slack period  4mc Process(1), Engineering consumer
(stockbdl) (1), Household/Gen. (2)
Change in shift pattern/Extra shift 1nc, 2me, 1ve Process (2), Household (1), Food (1)
(shiftpal)

Process/Method improvements Inc Electronics

(improcel)

Productivity bonus/incentive lve Food

(incentiv)

Hiring new staff (hirinl) 2ve Electronics

Introduction of team working lme Household/General products
(teamworl)

Improved training (traininl) lme Household/General products
Slow new product releases lvc Food

(newprodl)

Stop making to stock (stopmts1) Imc Food

Shift orders/Buy-in from sister plants  3vc Process (2), Food (1).

(sisplanl)

nc — not costly; mc — moderately costly, vc — very costly.
Table 8.6: Other strategies identified and respondents’ perceptions in terms of their relative costs.

The use and the relative cost of the strategies identified in Table 8.6 are explored in the case
study research. Unless otherwise revealed in the subsequent case study research, strategies
that are perceived not to be costly in the above table are classified as likely enablers of
volume flexibility (provided that these strategies give the plants the required volume

flexibility).

The third test in the determination of likely enablers of volume flexibility consists of the
analysis of the responses given to Q13, that is, the desirability of each of the listed
strategies to achieve volume flexibility in future. As argued previously, the likelihood of a
strategy to be an enabler of volume flexibility is enhanced if that particular strategy is felt
to be highly desirable in future by responding plants. The summary of overall frequency is

shown in Table 8.7,
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Chapter Eight — Survey Analyses: Research Question Two

Enablers Not desirable (%) Moderately desirable (%) | Highly desirable (%)
Overtime by full-time 10.8 49.2 40.0
employees (overti3)

Increased hours worked by | 54.2 242 21.7
part-time employees

(partim3)

Temporary labour (temp3) | 30.8 31.7 375
Job sharing (jobsha3) 57.5 31.7 10.8
Annual hours contract 26.7 37.5 35.8
(anualh3)

Sub-contracting (subcon3) | 39.2 41.7 192
Contract employees 48.3 37.5 14.2
(contrac3)

Varying lead times 40.8 42.5 16.7
(leadti3)

Rejecting orders (rejec3) 97.5 2.5 0.0

Table 8.7: Overall frequencies of responding plants (SPSS Output in Appendix 8).

The Table 8.7 above shows that using annual hours contracts and overtime hours to achieve
volume flexibility are felt to be desirable in future by a higher proportion of responding
plants. A comparative analysis of the results of this Table 8.7, with the results of Table 8.0
reveals the differences between current strategies for delivering volume flexibility and
planned future strategies. This is shown in Figure 8.0 below.

Enablers: present usage vs. future desirability

% of responding plants

Enablers

@ Used extensively @ Highly desirable in future

Figure 8.0: Likely enablers of volume flexibility: present usage versus future desirability.
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It is interesting to note the trends observed in Figure 8.0 above. For instance, 75% of
responding plants presently use overtime hours extensively to achieve volume flexibility.
However, only 40% of responding plants desire its use in the future. On the other hand, the
figure reveals that only 9.2% of responding plants presently use an annualised hours
contract extensively to achieve volume flexibility. However, 35.8% of the responding
plants desire its use in the future.

The breakdown of management perceptions for future desirability of solutions to achieve
volume flexibility by sector further sheds light on the above differences, as shown in Table
8.8 below.

Overtime | Part-time Temporary | Job Annual Sub- Contract Varying Rejecting
labour sharing hours contracting | employees | lead imes | Orders

Process * 62.5

Eng. 96.2

consumer (57.7) (23.1) (15.9) (19.2) (0.0)

42 37.5 0.0 16.7 83 16.7 16.7 4.2
(8.3) (25.0) i (12.5) T (-H.'/')T (8.3) (8.3) (25.0) T (0.0) i

11.5 50.0 0.0 0.0 23.1 19.2 38.5 0.0
(26.9) T (46.2) (llﬁ)T (38.5)

(27.3) (40.9) 9.1) (27.3)

22.7) 18.2) 9.1) (0.0)

Electronics | 77.3 18.2 50.0 4.5 9.1 T 22.7 18.2 31.8 0.0

W

23.8 333 0.0 9.
(38.1) (38.1) (0.0) 4

H/hold 61.9

N

0.0 0.0 19.0 9:5
.9) (14.3) (14.3) (19.0) (0.0) ¢

Food 66.7

13.3 46.7 0.0 13.3 6.7 6.7 13.3 6.7
(20.0) (20.0) (33.3) (26.7) (46.7) (6.7) (13.3) (0.0) (0.0)

Eng. 83.3 16.7 50.0 0.0 83 25.0 25.0 50.0 0.0
Capital (S()_())i (0.0) i (41.7) (8.3) (8.3) (50.0) T (16.7) i (:S,m¢ (0.0)

* % of plants using this strategy extensively
» % of plants rating the use of this strategy as highly desirable to them in future

Increase Decrease

Table 8.8: Existing and planned future use of possible enablers of volume flexibility

In the process sector the use of annualised hours contracts, job sharing and varying lead
times are preferred to using overtime and temporary labour in future. In the engineering
consumer sector, the use of overtime is to be replaced by annualised hours, increased hours
worked by part-time employees and job sharing in the future. In the engineering capital
sector, there is a switch from the use of overtime and an apparent increase in the use of
subcontracting in the future. Plants in the electronics sector favour a switch from overtime
and varying lead times into annualised hours and an increased use of additional hours by
part-time employees. Plants in the household products sector will seek future volume
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flexibility through annualised hours contracts, increased hours by part-time employees,
subcontracting, temporary and contract employees. Plants in the food sector are seeking to
replace the use of overtime and temporary labour by annualised hours, job sharing and
contract employees.

Generally there are reductions in the use of overtime, temporary labour and varying lead
times to achieve volume flexibility. There are increases in the use of annualised hours
contracts, increased hours worked by part-time employees and job sharing to achieve
volume flexibility.

The reasons for the trends observed in the above table can be partly explained by the
perception of relative cost of using these strategies as shown in Figure 8.1.

Enablers: usage, cost and desirability

% of responding plants

Enablers

OUsed extensively EVery costly to use OHghly desirable in future|

Figure 8.1: Possible enablers of volume flexibility: present usage vs. cost vs. future desirability

The general switch from the use of overtime towards annualised hours type contracts may
be due to the perception which plants have of relative costs of using the strategies to
achieve volume flexibility. For instance, 56.7% of the responding plants perceived the use
of overtime hours to be very costly while only 10% perceived the use of annualised hours
contracts to be very costly, hence the propensity towards the decreasing adoption of
overtime hours and increasing use of annualised hours contracts to achieve volume
flexibility. Rejecting orders is seen to be the most expensive, hence it is not felt to be
desirable in future by any of the responding plants. Other reasons underpinning the
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decreasing or increasing adoption of each enabler relate to the market drivers of volume
flexibility which were identified in answering the first Research Question. These are,

however, investigated in depth, in the case study research.

Additionally, a chi-square test was performed to explore whether differences in the
perceptions of responding plants relating to the future desirability of different policies are
sector dependent. The results are presented in Table 8.8 below.
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Chapter Eight — Survey Analyses: Research Question Two

8.1.4 Other strategies desired in future as identified by responding plants.

Strategies to cope with demand

Frequencies (no. of plants) &

Sectors of identifying plants

fluctuations in future desirability levels

Muttiskilling (multisk3) 5hd Process (3), Eng. Capital (1),
Household (1)

Efficiency importance/Reductionin  5hd Eng. Consumer (1), Eng. Capital (20,

cycle time (improce3) Electronics (2).

Upgrading equipment/increasing 4hd Eng. Capital, Household, Electronics

automation (equpgra3) & Food

Shut down (shut3) Ind Household

Change from core product Ind Household

(prochan3)

Using stock built during slack 2md Engineering capital & Household

period (stockbd3)

Hiring new employees (hiring3) 2md, 1hd Process (1) & Electronics (2)

Better demand forecasting /planning  2hd Electronics & Household

(forecast)

Change in shift pattern/extra shift 2hd Process & Food

(shiftpa3)

Demand flow technology 1hd Engineering capital

(demflow)

Cellular manufacture/change 1hd Engineering capital

factory layout (cellmanu)

Having spare capacity (sparecap) 1hd Food

Extend team working to 90% 1hd Household

(teamwor3)

Improve training (trainin3) 1hd Household

Synchronisation of supply chain 1hd Food

(supplych)

Shift orders/buy in from sister 1md Process

plants (sisplan3)

hd = highly desirable, md = moderately desirable, nd = not desirable.

Table 8.10: Other strategies that can be used for coping with demand fluctuations and their desirability in

future.

8.1.5 Further Analyses

Further analysis was carried out to identify other classes of volume flexibility strategies

classified as substitutes and complements. Substitute enablers are defined as those

strategies, which can replace or can be replaced by other strategies in achieving volume

flexibility. Generally, these types of enabler are not normally used simultaneously.

Complement enablers are those strategies which, when used by a plant, are likely to

encourage the use of other specific strategies.

Substitute and complementary enablers of volume flexibility are determined from the
analyses by correlating the strategies employed to achieve volume flexibility with each
other. A significant negative correlation (i.e. either one or the other is used to achieve
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volume flexibility) provides likely candidates for substitutes. A significant positive
correlation provides likely candidates for complementary enablers.

Table 8.11 summarises the result of the analyses. Only the results of the variables that

qualify as likely substitutes and complements are displayed.

rejecting orders

overtime hours did not reject orders. (r
= -0.56, P = 0.028)

Strategies used Significant Cross-tabs & correlation | Comments (are the strategies substitutes or
to cope with results by sectors. complements when used in coping with fluctuations
demand in demand levels?)
fluctuations
Overtime vs. Food: most of the plants that used The use of overtime hours and temporary labour
Temporary labour | temporary labour also used overtime appear to be complementary in the Food sector.
hours. (r=0.52, P =0.048).
Overtime vs. Process: Most of the plants that used | The use of overtime hours appears to be a substitute
annual hours annual hours did not use overtime | enabler to the use of annual hours contracts in the
contracts hours and vice-versa (r = -0.74, P = | process & household sectors.
0.00003)
Household: as in process (r=-0.5,P =
0.02)
Overtime vs. Process: Most of the plants that used The use of overtime hours appears to be a substitute
contract staff overtime did not use contract labour. (r | enabler to the use of contract employees in the process
=-0.50,P =0.01) sector.
Overtime vs. Eng. Capital: Most of the plants that The use of overtime hours appears to complement the
varying lead used overtime also used variation in use of variation in lead times in the Eng. Capital kits
times lead time (r = 0.67, P = 0.016) sector.
Overtime vs. Food: Most of the plants that used In the food sector, rather than reject orders, overtime

hours are used. These are substitutes.

vs. contract staff’

used subcontracting also used contract
staff and most of those that did not use
subcontracting also did not use
contract staff (r = 0.52, P = 0.014).

Job sharing vs. Eng. Consumer; Most plants that did | The use of increased hours by part-time staff and job
part time not use part time staff also did not use | sharing contracts are complementary in the
employees job sharing. (r=0.47, P =0.014) Engineering consumer products sector.
Subcontracting Electronics: Most of the plants that The use of subcontracting and contract employees

appears to be complementary in the Electronics sector
at least in the sample.

Subcontracting
vs. varying lead
times

Eng. Consumer: Most of the plants
that used subcontracting also used
varying lead times and vice versa in

this sector (r = 0.53, P = 0.005).

The use of sub-contracting and variation in lead-time
appears to be complementary in the Engineering
consumer sector at least in the sample.

Table 8.11: Identifying likely enablers that are substitutes and complements in achieving volume flexibility.
SPSS Output in Appendix 10.

Further analyses were carried out to determine the strategies regarded by responding plants
as the best in achieving volume flexibility (Q12 on the questionnaire). These are tabulated

in Table 8.11.
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Best coping mechanism used Frequency | Percent Sector

(beststra)

None, but considering annual hour 3 24 Food

labour contract

Team working 2 1.7 Electronics & Household

Overtime hours worked by full timers 51 425 Process (10), Engineering consumer (15), Eng.
Capital (6), Electronics (7), Household (9),
Food (2)

Increased hours worked by part-time 3 2.5 Household (2), Food (1)

staff.

Temporary labour 24 20.0 Process (5), Eng. Consumer (3), Eng. Capital
(3), Electronics (6), Household (4), Food (3).

Job sharing 1 0.8 Electronics

Annual hours contract 8 6.7 Process (3), Eng. Consumer (1), Engineering
capital (1), Household (2), Food (1).

Sub-contracting 4 33 Engineering consumer (1), Electronics (2),
Household (1)

Contract employees 4 33 Process (1), Eng. Consumer (2), Eng. Capital
O]

Varying lead times 1 0.8 Process

Multiskilling 1 08 Process

Upgrading equipment/increasing 1 0.8 Electronics

automation

Combining overtime and increased 3 2.5 Process, Electronics & Household

hours worked by part-timers

Overtime and temporary labour 5 42 Process (1), Eng. Consumer (2) & Electronics
)

Overtime and sub-contracting 1 038 Eng. Capital

Temporary labour and stock building 1 0.8 Eng. Consumer

Temporary labour and annual hours 2 1.7 Process & Food

labour contract

Flexible working (variants of annual 2 1.7 Eng. Consumer & Food

hours contract)

Multi-shift 1 0.8 Food

Overtime and flexible working 1 0.8 Household

Overtime and Sub-contracting 1 0.8 Electronics

Table 8.12: Strategies considered by responding plants, as the best in coping with fluctuations in actual

demand levels,

8.1.6 Summary of Results: Identification of enablers of Volume Flexibility in

manufacturing plants.

Three tests have been performed to identify the likely enablers of volume flexibility from

the survey.

1. If responding plants used the strategy extensively (the proportion of plants that used it
extensively determines the relative strength). See Figure 8.3.
2. If the strategy is not costly to use by responding plants (relative strength is determined

by the proportion of plants that perceived it not to be costly to use). See Figure 8.4.
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3. If the strategy is highly desired in future by responding plants (relative strength
determined by the proportion of plants that highly desire to use it in future). See Figure
8.5.

The Figure below displays the tests carried out to determine the likely enablers of volume
flexibility based on the proportion of respondents rating each item on three scales (Q10,
Q11 and Q13 of the survey questionnaire).

Scale representing the proportion of
responding plants rating the item
Test 1 r—\‘ ™
(Q10) 0 Use of strategies 1 5 100%(of plants)
Not used Used Extensively
Test 2
Q1) 0 Cost of 1=1100% (of plants)
Very costly using strafegies Not dostly
Test 3 £ 1 f
(Q13) Desirability of 1 =)100% (of plants)
Nof desirable strategy in future Highly desirable
Concentration of responses X
for a weak enabler Concentration of responses
for a strong enabler

Figure 8.2: Identifying likely enablers of volume flexibility.

As the figure above shows, likely enablers of volume flexibility can be determined by
comparing the proportion of plants rating the variable on the three scales by considering

two approaches.

1. Determine the likely enablers and their strengths by looking at the three tests separately.
The implication is that, we have three possible different classifications. These are based
on the proportion of plants that used the strategy extensively, perceive its use not to be
costly and desire its use in future (Figures 8.3, 8.4 and 8.5).

2. Develop a model (additive or multiplicative) which combines the three scales in Figure
8.2 above to identify enablers and their relative strength.
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Classification of possible enablers of volume flexibility based only on
proportion of plants rating the items as being used extensively=A
4 80 -
= &
2 70
8 Chi-sq. critical  Overtime
w< 60 - value at 5%significance o Part-time
E :. level Temps
.‘.-" E 50 Job sharing
= ) % Annual hrs
gg 40 1 @ Subcontracting
'i = 30 - + Contract lab.
; E - =Varying lead time
- Ig 20 { Rejecting orders
3 | ot @ Chi-sq. critical value
s 104 X
Q
X 0 : : : - T - . s
0 5 10 15 20 25 30 35
Chi-square values

Figure 8.3: Proportion of plants that used the strategies extensively to achieve volume flexibility.

The positioning of the strategies after test 1, is represented in Figure 8.3. The y-axis in
Figure 8.3 represents the proportion of plants that used the strategies extensively to achieve
volume flexibility. In so far as this classification is concerned, the use of overtime hours by
Sfull time employees appears to be the strongest likely enabler of volume flexibility.
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Classification of possible enablers of volume flexibility based only on
proportion of plants rating the items not to be costlytouse =B
g 50 - IR
wm X [ Overtime
E w 40 4 m Part-time
- a Temps
2 = Job sharing
“ g 30 -
[~ Bt X Annual hrs
£ :'-' Subcontracting
- iiz3 °
w
: -] 20 + Contract lab.
W o -
E & = Varying lead time
%.g 10 4 S ® Rejecting orders
3 o * L Chi-sq. critical vallii
x O T T T 1
0 10 20 30 40
Chi-square values

Figure 8.4: Representation of enablers of volume flexibility after test 2 (i.e. after applying cost penalty).

The positioning of the strategies after test 2, is represented in Figure 8.4. The y-axis in
Figure 8.4 represents the proportion of plants that felt that the strategy is not costly to use in
achieving volume flexibility. It is interesting to note that, when the costs of usage are
considered, the use of overtime hours appears to be a weak enabler of volume flexibility as
the smallest proportion of plants perceive its use not to be costly. On the other hand,
annualised hours contracts appear to be the strongest enabler when the perceptions of
relative costs of using the different policies are considered.

156



Chapter Eight — Survey Analyses: Research Question Two

Classlfication of possible enablers of volume flexibility based on
proportion of plants rating the Items as highly desirable in future =C

i 45 + - — —
4 40 * @ Overtime
] © 35 X B Part-time
E 30 Temps
X 5 % Job sharing
é - 25 4 * Annual hrs
r.: 20 L °® @ Subcontracting
.E 4 15 o + Contract lab.

T + =Varying lead time
i* 10 = Rejecting orders

5 | Chi-sq. critical value
s
o 0 . T — T .
B3
0 5 10 15 20 25 30 35
Chi-square values

Figure 8.5: Representation of enablers of volume flexibility after test 3 (i.e. after applying level of desirability
of each strategy in future).

The positioning of the strategies after test 3, is represented in Figure 8.5. The y-axis in
Figure 8.5 represents the proportion of plants that desire the use of the strategies in future to
achieve volume flexibility. Again, the use of overtime hours comes top, but only slightly
stronger than both temporary labour and annualised hours contracts. On the other hand, as
one might expect, rejection of orders appears to be the weakest enabler as not a single plant
rated this strategy as desirable in future to achieve volume flexibility.

The x-axes in the figures above represent the chi-square test values for each of the factors.
They show the likelihood of the strategies to be either sector independent or sector
dependent. If the observed significance level of a strategy is less than 0.05 (or chi-square
value is more than the critical value of chi-square), then that strategy is classified as sector
dependent. Thus, the use of subcontracting is sector dependent as its chi-square value of
31.16 is greater than the critical value of 18.3 at 5% level of significance. On the other
hand, the use of annualised hours contracts is sector independent as its chi-square value of
11.49 is less than the critical value of 18.3 at 5% significance level. The use of the other
strategies was also found to be sector independent.
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Developing a Combination Model

A combination model can be developed to combine the results of the three tests explained
above in Figures 8.3, 8.4 and 8.5 such that one is able to arrive at a single classification of
likely enablers based on their relative strengths. Two types are applicable.

a. Multiplicative Model — multiplicative models are well suited to situations in which
percentage changes best represent the entities that are being analysed. These models are
widely used to analyse economic series where there are inter-dependencies between
variables (Hanke and Reitsch, 1992). For example, the consumption of a particular
commodity Y might depend on consumption of commodities X and Z. Multiplicative
models are better suited to analysing such data. The models could either be weighted or

unweighted multiplicative models.

The weighted multiplicative model, I, = xIa x yIg x zl¢

I = Final index factor which determines the relative strength of the enabler

X, y and z are the assigned weights

I, I and I represent the index factors for the proportion of plants that used the strategy
extensively, proportion of plants that did not perceive the use to be costly and proportion of
plants that felt the strategy is highly desired in future, respectively.

The unweighted multiplicative model, I, =I5 x I x Ic

The main drawback of the multiplicative model can be illustrated with a simple example.
Suppose the proportion of plants that use overtime hours extensively is 100% (factor I =
1) and the proportion of plants that desire its use in future is also 100% (Ic = 1). However,
all the plants perceive its use to be very costly. In other words, Ig = 0. The implication of
this is that, I, = 0, hence, overtime hours will be totally disqualified as an enabler of volume
flexibility. This is not likely to be true in reality. Additionally, there are no inter-
dependencies between the variables (A, B and C) under consideration. The multiplicative
model is, therefore, not the preferred choice for a combination model in this research.

b. Additive models — are used when components of a given quantity can well be assumed
to interact in an additive fashion (Hanke and Reitsch, 1992). For example, we may well
assume that disposable income is an addition of income and savings. Therefore,
absolute quantities of income and savings will add up to disposable income. In the same
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vein, we can assume that absolute quantities of variables A, B and C will produce an
enabler of volume flexibility. We could have either a weighted or an unweighted
additive model. Weighting is used to account for some “unbalance” between variables,
to come to a combined one.

The weighted additive model, Iy = xI5 + ylg + zlc

3
The unweighted additive model, I, =I5 + Iz + I¢

The additive model does not suffer from the drawback of the multiplicative model
illustrated above. However, assignment of suitable weighting factors to a weighted model
(additive or multiplicative) is very problematic. This is because it may be highly subjective.
As such, the unweighted additive model is adopted to provide an indication of the
classification of enablers according to their relative strength. Figure 8.6 below shows a
classification of volume flexibility enablers using an unweighted additive model.

Classification of volume flexibility enablers using an unweighted
additive model
0.45
a 0.4 4
o
‘.6' 0.35 -
- - 0.3 - X
o
B, °® e
g : £ 02 1 [} - Temps
s ! 0.15 ® Job sharing
E -7 0.1 - 5 * Annual hrs
a . ® Subcontracting
g 0.05 + Contract lab.
o 0 , . . 4 =Varying lead time
0 10 20 30 40 Rejecting orders
Chi-sq. critical value
Chi-square values

Figure 8.6: Classification of enablers based on the combined analysis of all the three tests. Detail calculations
outlined in Appendix 9.
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The Figure 8.6 above reveals that all the identified factors are indeed enablers of volume
flexibility. The use of overtime hours by full time employees appears to be the strongest
enabler, closely followed by the use of temporary labour and annualised hours contracts to
achieve volume flexibility. As one might expect, rejection of orders appears to be the
weakest enabler of volume flexibility.

The analyses also identify which enablers are possible substitutes and which are possible
complements in achieving volume flexibility (see Table 8.10). For instance, it is interesting
to observe that annualised hours contracts can be used to replace overtime hours by full
time employees in achieving volume flexibility. This is what one would expect since one of
the objectives of annualised hours contracts is to eliminate the need for overtime in
manufacturing plants. Employees on annualised hours contracts are required to work a
varying number of hours within a given period in the year as long as the hours worked do
not exceed the annually contracted hours.

The analyses also reveal other enablers identified by the responding plants. These have
been defined only as likely enablers of volume flexibility. Their classification and
positioning on the plot could not be determined at the survey research analysis stage
because of insufficient data. It is pertinent to note that the analyses of the first part of
Research Question Two have raised some interesting issues that require further
investigation. For instance,

Why do plants prefer certain enablers to others?

Are the sector independent enablers identified here truly independent of sectors?
Why would plants adopt certain enablers and discontinue the use of others in future?
How do plants actually use the enablers to achieve high levels of volume flexibility?

These questions seek to explain the trends observed in the survey analysis. Yin (1994)
argues that the use of the case study method is most suitable for investigating the ‘why’ and
the ‘how’ questions. Further investigations are thus carried out through the use of
interviews within case study contexts to seek answers to the above questions.

Previously, some cases were identified for investigating further questions arising from the

analyses of the first Research Question in Chapter 7. The following section identifies plants
that are useful for further investigation of the questions arising from the analyses of the
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second Research Question. The two sets of selected plants are then compared and combined
to select the final cases where further empirical research is carried out.

8.1.7 Case Study Selection

The strategy used to select cases for further investigation of issues resulting from RQ1
(Chapter 7) is also used here. Possible cases (with regard to RQ2 only) are selected as
shown in Table 8.13. The focus is on plants that use the enablers extensively to achieve
high levels of volume flexibility and plants that have found the use of some enablers
relatively inexpensive. However, where most of the responding plants within a particular
sector use a particular enabler extensively, the outliers in that sector are selected. Thus, one
is afforded the luxury of exploring why a certain enabler is used and not used in selected
plants. It is of course the case that once a plant is selected, all the enablers being used by
that plant will be explored. The most frequently occurring cases in each sector are selected
in the last row of the table. Plants’ identity numbers have been used.

Since it is impracticable to carry out studies in all the listed plants in Table 8.13, the most

frequently occurring plants by sector are selected. Again the selection is based on the
analyses of RQ2 only.
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Strategies Process | Engineering | Engineering | Electronics | Household/ | Food Reasons for
consumer Capital kits Gen. choice
. X Products
Overtime hours | (50, 60, 23& 121nu These plants
76)mu 102)nu provide the
exceptions to
the general
pattern of
Tesponses.
Part -time Slue 71ue (38, 78)ue (15, 18)ue 98ue 26ue As above
Temps. 28ue (7,9)ue 38ue 15ue 21, 24)ue (25, General pattern
43)ue even. So chose
ue cases.

Job sharing 90ue Only plant that
used it
extensively

Annual hours (50,60, | 106ue 78ue (56,62 & “4s5& (43, Chose

contracts 76)ue 63)ue 102)ue 121)ue | exceptions to

_general pattern

Sub-contracting | 3ue 104ue 38ue (42, 56, 45ue 105ue As above.

64)ue

Contract labour | (76, (10, 32)ue (38,120)ue | 64ue TTue As above

81)ue

Varying lead 28ue (10, 12)ue 17ue 26ue General pattern

times even, so chose
ue cases

Rejecting orders | lue 22,93 & Chose

102)ue exceptions to
general pattern.

Overtime cost (17, 74)nc 113nc As above.

Annual hours 109¢ (39,52) 11c 16¢c 68c As above

cont. cost

Cost of (33,94, 112, | (11,95)nc 63nc (20,22,45 | (105& | Chose

Subcontracting 118)nc & 66)nc 119)nc | exceptions to
the general
pattern.

Contract labour (94, 104)nc | (53,95)nc 63nc 102nc 11%nc As above

cost

Rejecting orders (39,104, 53nc (63, 89, 20nc As above

cost 118)nc 99)nc

Cases chosen 76 &28 | 9 & 104 38&95 56,62 & 45 & 102 43 and | A total of 14

(on RQ2 only) 63 121 plants have
been selected.

Table 8.13: Selection of case study plants from the analysis of RQ2 results only. nu = not used, ue = used

extensively, nc = not costly, ¢ = very costly.
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8.2 Analysis for RQ2b: Identification of volume flexibility inhibitors.
The questions that address RQ2b are questions 14 & 15 in the questionnaire (Appendix 2).

In his study of the investigation of enablers and inhibitors to the flow of materials in
different operations contexts Harrison (1997) defines inhibitors as features of an Operations
Management system, which slow down flow. Adapting the definition to this research,
inhibitors of volume flexibility are defined as those actions that impede or slow down the
achievement of volume flexibility in manufacturing plants.

Harrison (1997) argues that inhibitors to material flow tend to be the opposites of enablers.
Thus, inhibitors to the achievement of volume flexibility are defined as opposites of the
identified enablers, and respondents were asked to rate these variables in terms of:

1. How problematic the factors have been in terms of their ability to cope with fluctuations
in demand levels (Q14).

2. How problematic they perceive these factors would be in future (Q15).
8.2.1 Steps for Analysis

1. Overall frequencies for all responding plants were obtained. This determines in general
how the responding plants rated these factors.

2. The chi-square test was performed. This explores whether the differences observed in
the way inhibitors impede the achievement of volume flexibility are sector dependent.

3. Other factors identified as inhibitors by respondents are classified.

From the analysis, a factor qualifies as a likely inhibitor of volume flexibility if that factor
is perceived to be very problematic (or highly inhibiting) by responding plants to the
achievement of volume flexibility.

The proportion of responding plants and the way they rated the inhibitors are displayed in
Table 8.14 below.
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Inhibitors Not Used (%) Very problematic Moderately Not problematic (%)
(%) problematic (%)

Hiring of full-time 75 40.0 35.8 16.7

employees

Getting full-time 0.8 11.7 50.0 375

employees to work

overtime hours

Getting part-time 42.5 10.0 233 242

employees to work

increased hours

Securing temporary labour | 17.5 242 35.0 233

Implementing job sharing | 60.8 16.7 9.2 13.3

Implementing annual hours | 55.8 21.7 11.7 10.8

contract

Sub-contracting 30.0 20.8 375 11.7

Securing contract 433 15.8 25.8 15.0

employees

Getting customers to agree | 12.5 55.0 30.8 1.7

to variation in lead time

Table 8.14: Overall frequency distribution of plants that responded to Q14. SPSS Output in Appendix 11.

Generally, a relatively higher proportion of plants felt that getting full time staff to work
overtime hours is not problematic when compared to the other inhibitors. This is not
surprising because of the premium which overtime working attracts for the workers. It may
also be that because it is used frequently, it tends to become part of the ‘status quo’. It is
pertinent to note, however, that the problem of getting full-time staff to work overtime
hours and getting part-time workers to work increased hours, tends to be more related to
short-term availability or willingness issues. Other inhibitors such as, implementing
annualised hours contracts would require a major structural change to get it implemented.
So, problems in implementation would be experienced in the short-term rather than in the
long-term when the contracts are already in place.

Chi-square tests were performed to explore whether the differences observed in the
responses of responding plants regarding inhibitors to volume flexibility depend on the
sector to which the plants belong. The tests reveal that securing temporary labour and
subcontracting are sector dependent inhibitors of volume flexibility. The other inhibitors

are sector independent.
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8.2.2 Other Inhibitors identified by respondents

Respondents were given the opportunity to identify other likely inhibitors to the

achievement of volume flexibility. The classification is shown in Table 8.15 below.

Implementing multiskilling Inp, lvp Process & Household
Implcmenting process 1mp Electronics
improvement

Implementing teamworking 1vp Household

Training employces 1vp Houschold
Implementing multi shifi system  2vp Houschold and Food
Dealing with oversold capacity lvp Process

np = not problematic; mp = moderately problematic; vp = very problematic
Table 8.15: Other likely inhibitors identified by responding plants-

8.2.3 Summary of Results: Inhibitors of volume flexibility

All the factors identified and listed for the respondents to rate appear to be inhibitors to the
achievement of volume flexibility for at least some of the plants in the sample. Figure 8.7

has been drawn to represent the relative positions of the inhibitors.

Classification of possible inhibitors of volume flexibility

60

[ ¢ Hring fulltime staff
50

i Getting full timers to workincr. hrs ‘
‘ Getting part-timers to wkinc. hrs 1

= * | 5 Securing temps i
30 | % Implementing job shar |
& Implementing annual hours cont.
20 & + Subcontracting

p. 4 | = Securing contract labour

10 Varying lead times

| . Critical chi.sq. value }

Proportion of plants rating
factors as very problematic

0 5 10 15 20 25 30

Chi-square values

Figure 8.7:Representation of inhibitors of volume flexibility. SPSS Output in Appendix 11.
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The y-axis in Figure 8.7 represents the proportion of plants that perceived the variables as
inhibiting to their ability to achieve volume flexibility. Thus getting customers to agree fto
lead time variations appears to be problematic for most of the responding plants, hence it is
the strongest inhibitor. This is not surprising because of the increasingly competitive nature
of today’s markets — customers simply will not wait.

The x-axis in Figure 8.7 represents the chi-square test values for each of the inhibitors. The
critical chi-square value is 24.99 at 5% level of significance. Factors with chi-square values
of less than the critical value are classified as sector independent inhibitors and factors with
chi-square values of more than 24.99 are classified as sector dependent inhibitors. Thus,
the analyses reveal that securing temporary labour and subcontracting are sector
dependent.

Arising from these analyses are some interesting questions that require further
investigation:

Why do differences exist in the way some of these factors inhibit the achievement of volume
Slexibility in the responding plants?

Are there other plant characteristics that can explain these differences?

How do plants overcome inhibitors to achieve high levels of volume flexibility?

The above questions are investigated in the case study phase of the research in the selected
plants using in-depth interviews and collection of relevant data.

8.3 Chapter Summary

The chapter has described the analyses and results for the second Research Question. The
analyses are separated into two parts: identification of enablers and identification of
inhibitors to the achievement of volume flexibility.

RQ2: Given the required capacity of equipment and an effective supply of materials into

and out of the production process, what are the other factors that enable and inhibit the

achievement of volume flexibility in manufacturing plants?
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Evidence from the analyses of the survey regarding the above question reveals that all the
strategies identified from the literature and pilot study are indeed enablers of volume
flexibility at least for the plants in the sample. These are:

e Overtime by full-time employees

e Increased hours worked by part-time employees
e Temporary labour

e Job sharing

e Annual hours labour contract

¢ Sub-contracting

¢ Contract employees

e Varying lead time

e Rejection of orders

Using an unweighted additive model, the use of overtime hours by full time employees was
found to be the strongest enabler of volume flexibility. It is, however, closely followed by
temporary labour and annualised hours contracts. Rejection of orders was found to be the
weakest enabler of volume flexibility. In an attempt to explain variations in the usage of
different strategies by responding plants to achieve volume flexibility, chi-square tests were
performed. Sub-contracting was found to be the only strategy for which the use is
significantly dependent on sector. It is thus classified as a sector dependent enabler of
volume flexibility. Although there are differences in the use of the other strategies across
the sectors, these are not significant enough to make any of them a sector dependent
enabler. They are classified as sector independent enablers of volume flexibility.

Responding plants identified other strategies that are being used in their plants to achieve
volume flexibility. These could not be classified as either sector dependent or sector
independent because of insufficient data for statistical analysis. The strategies are explored
in the second phase of the empirical study to determine whether there are differences in
their use and the reasons for these differences.

The analyses also reveal that the use of certain strategies either conflict with or complement
the use of other strategies. These are classified as substitute enablers and complementary
enablers respectively. For instance, annualised hours contracts can be used to replace
overtime hours by full time employees to achieve volume flexibility.
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Further analyses relating to the second Research Question reveal that all the strategies,
which are defined as inhibiting to the achievement of volume flexibility in manufacturing
plants, are indeed inhibitors, at least for plants in the sample. These are:

¢ Hiring of full-time employees

* Getting full-time employees to work overtime hours
e Securing temporary labour

e Implementing job sharing

e Implementing annual hours contracts

e Sub-contracting

e Securing contract employees

¢ Getting customers to agree to a variation in lead-time

Securing temporary labour and subcontracting are classified as sector dependent inhibitors.
Other inhibitors identified are all sector independent. The analyses reveal that most of the
responding plants perceived, gefting customers to agree to variation in lead-time, as very
problematic. Also, getting full-time employees to work overtime hours was perceived as not
problematic by many of the plants, hence it is the weakest inhibitor. Responding plants also
identified other inhibitors that are explored in the case study phase of the empirical
research.

Implications for RQ2

In so far as the enablers and inhibitors of volume flexibility have been identified, the
analyses have provided evidence to answer the second Research Question. The results show
that there are some small differences in the use of the enabling strategies across sectors. It
was observed that although responding plants used some strategies extensively to cope with
demand fluctuations, these solutions are not desirable for use in future. In the case of
subcontracting, some of the differences observed in its use can be explained by sectoral
differences. Other differences and trends observed in the analyses relate to the perception
which plants have of the relative costs of the different strategies in achieving volume
flexibility, specific market conditions, product and other plant characteristics. These are
further investigated in the case study research, thereby providing a useful contribution to
knowledge and practice with respect to the adoption of labour strategies in manufacturing
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plants to achieve volume flexibility. The following questions require further investigation

in the second phase of the empirical research:

Why do plants prefer certain enablers to others?
Are the sector independent enablers identified here truly independent of sector? Or are
there other plant characteristics that can explain the differences in the use or non-use of

certain enablers?
How do plants actually use the enablers to achieve high levels of volume flexibility?
Why are some inhibiting factors very problematic to some plants and not problematic to

others?
Are the inhibitors identified as sector independent truly independent of sector?
How do manufacturing plants overcome inhibitors to achieve high levels of volume

flexibility?

The analyses and the trends and questions arising from them resulted in the development of

two more Research Questions for the project.

RQ3: Why do some plants choose some solutions (or enablers) and other plants choose
other solutions to achieve high levels of volume flexibility?

RQ4: How do plants actually use or implement the enablers and overcome the inhibitors
to achieve high levels of volume flexibility?
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Process | Engineering | Engineering | Electronics | Household/ | Food Total
consumer Capital Gen. Prod.
Plants 76 & 115 | 9& 104 38 56 & 62 45,46 &102 | 113 & 121 | 12 plants
chosen based
on RQ1
analyses
Plants 76 &28 | 9&104 38&95 56,62 &63 | 45&102 43 & 121 14 plants
chosen based
on RQ2
analyses
Final 76 104 38 56 & 62 45 & 102 121 8 plants
selection

Table 8.16: Selection of cases based on analyses of RQ1 and RQ2.

By combining the selected plants based on the analyses of the two Research Questions,
eight plants have been selected. All of these plants, when contacted, agreed to participate in
the case study research activity. There is at least one plant chosen from each sector. In the
Electronics and Household goods sector, two plants each have been selected. This is
because these plants (e.g. 56 and 45) provide further enrichment on some issues of
flexibility that are peculiar to them. For instance, plant 56 uses subcontracting extensively
more than any other plant in the sample and it included a comprehensive submission on the
use of this enabler in its survey questionnaire.

Plant Identity Numbers Names Sector

76 Proceco Process

104 Lachstone Engineering Consumer

38 Engico Engineering Capital

56 Electco Electronics

62 Teleco Electronics

45 FonGoods Household goods & General products
102 Plastico Household goods & General products
121 Foodco Food

Table 8.17: Case Study plants

" These names have been used to disguise the identity of the plants involved in the study.
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The names of the plants have been disguised for confidentiality purposes. The disguised
names are used for the remaining part of the thesis.

The next three chapters (9, 10 and 11) will describe the final phase of the empiri¢al
research (i.e. description of the cases and analyses).
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Chapter 9 - Research at Engico, Teleco, Proceco and FonGoods.

9.0 Introduction

Research Questions

Pilot case studies Chapter 5

Research methods Mail Survey

\ Case studies

Pilot study and survey research - Chapter 6

[ Survey analysis for RQ1 - Chapter 7

Survey analysis for RQ2 - Chapter 8

Within case analysis 1 - Chapter 9

Within case analysis 2 - Chapter 10

v

<

Cross-case comparison - Chapter 11

Methodological Triangulation - Chapter 12

el Major topics

Connections between

methods
—> Minor topics

Figure 9.0: Empirical Kesearch Road map. Chapter coverage for the within case analyses chapters

shaded

The objectives of the case studies are:

AW N -

To identify the drivers of volume flexibility in manufacturing plants

To identify the enablers and inhibitors of volume flexibility in manufacturing plants
To explain why certain enablers of volume flexibility are preferred to others

To explain how plants actually use the enablers and overcome the inhibitors to

achieve high levels of volume flexibility in manufacturing plants

The first two objectives above are required to provide insights into the first and the

second Research Questions for the project and hence provide triangulation for the results
of the survey research. It will be recalled that the Research Questions are:

RQ1: Under what conditions does a manufacturing plant require high levels of
volume flexibility?
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RQ2: Given the required capacity of equipment and an effective supply of materials
into and out of the production process, what are the other factors that enable or

inhibit the achievement of volume flexibility in manufacturing plants?

Objectives three and four are required to provide insights into the third and fourth

Research Questions for the research project.

RQ3: Why do some plants choose some enablers and other plants choose other
enablers to achieve high levels of volume flexibility?

RQ4: How do plants actually use the enablers and overcome the inhibitors to achieve
high levels of volume flexibility in manufacturing plants?

Figure 9.01 below shows a theoretical map that relates the Research Questions to the
concepts used in answering the questions in a logical manner as followed in the case

study analyses.

1
What are the conditions
that drive plants to
require volume flexibility?
or why do plants

need volume flexibility?

RQ2a
How do plants achieve
volume flexibility?

Enablers

What are the factors
responsible for
these conditions?

Drivers

RQ2b
What prevents the
achievement of

volume flexibility?

Causal Factors

Inhibitors

-
I
RQ3
Why do some plants choose
some enablers and other
plants choose other enablers
to achieve volume
flexibility?

the enablers and overcome
the inhibitors to achieve
high levels of volume
flexibility?

How do plants impl

e Questions
——p Concepts
defined to
answer the
questions

Key implementation factors Drivers Benefits  Contexts

Figure 9.01: Theoretical map for case study rescarch.

The above Research Questions are explored in each of the selected plants. The methods
described by Miles and Huberman (1994) were used for the case study research.

Sampling - Many of the issues under investigation as highlighted in the theoretical map
(Figure 9.01) are strategic. These issues concern mainly manufacturing management and
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analysis is required at the factory or the manufacturing plant level. Thus, in each of the
cases, the manufacturing or the production manager or whoever was in charge of the
production operations was interviewed and some quantitative data were collected to

provide within-method triangulation.

Interview questions — The questions are based on the concepts identified from the
preceding pilot study and survey research study (Figure 9.01). The format of the
interview is semi-structured or focused (Yin, 1994) and it lasted between one and two
hours. Interviews were audio taped to provide verbatim transcripts for subsequent
analysis. Questions asked include:

What factors drive your plants to require high levels of volume flexibility? And how?
What are the strategies that you employ to cope with demand level fluctuations in your
plant?

Why did you adopt these strategies?

What are the ingredients for the successful use of these strategies?

How did you implement these strategies? And what implementation problems did you
encounter?

How did you overcome these problems?

Data analysis — Chapters 9 and 10 describe the within-case analyses carried out for the
research project. Within-case analysis helps the researcher to start the process of
progressively making sense out of the large amount of data collected (Eisenhardt, 1989).
Emerging themes for exploration and explanation are identified from interview and data
analyses and the relationships between the identified variables are explored and defined in
subsequent interviews (Miles and Huberman, 1994). There were eight interview
transcripts from which conclusions were to be drawn. Analysis was carried out by
manipulating interview files using Word 7. The categories and the coding list used for the
analysis had been prepared based on the survey research as the case study research was
used to complement the survey research. However, some modifications were made to
these as the analysis progressed. An example of the coding list for Engico is shown in
Table 9.0.
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Category | Code Description
Contexts Sector: Sector, 1.1 Engineering capital sector
Business: Contr, 1.2 Business type, i.e. contract manufacturing
Suppliers: High, 1.3 Number of suppliers is more than 100
Drivers of volume Demand level uncertainty: DR - demunpr, 2.1 Drivers of volume flexibility refer to the
flexibility Supply chain complexity: DR - scomplex, 2.2 reasons why the plant requires high levels of
Component obsolescence: DR - lifecycle, 2.3 volume flexibility
Demand level variability: DR - demvar, 2.4
Causal Factors Political changes: CF - polchange, 2.1.1 Causal factors are related to each driver of
Forecast error: CF - feast, 2.1.2 volume flexibility. They refer to the reasons
War: CF - war, 2.1.3 why the drivers influence the plant

Long procurement lead time: CF - mateava, 2.2.1
Market factors: CF - market, 2.3.1

Reduced order books: CF - reductn, 2.4.1

Stop to multi-year order: CF — discont, 2.4.2

Enablers of volume Overtime hours: EN — overtim, 3.1 Enablers of volume flexibility are factors or

flexibility Multiskilling: EN — multiski, 3.2 strategies that aid the achievement of volume
Sister plants: EN — sisplan, 3.3 flexibility in the plant.

Benefits Provides volume flexibility: BN — volflex, 3.1.1 The benefits obtained from the
Provides volume flexibility: BN — volflex, 3.2.1 implementation of enablers explain why some
Motivates workforce: BN — motivate, 3.2.2 enablers are preferred to others and why a
Provides volume flexibility: BN — volflex, 3.3.1 plant will continue to use some enablers to

achieve volume flexibility.

Inhibitors None: IH —none, 3.1.a Each inhibitor is related to a particular
Enlisting workers: IH — enlist, 3.2.a enabler. The inhibitors refer to factors that
Transferability: IH — transfer, 3.3.a prevent the achievement of volume flexibility.

Key Implementation Financial incentive: KIF — incent, 3.1.al Each enabler requires some factors to get it

factors Good training programme: KIF — training, 3.2.al implemented successfully. These are the key
Financial incentive: KIF — incent, 3.2.a2 implementation factors. They are also
Voluntary: KIF — voluntary, 3.2.a3 required to overcome the inhibitors.

Integration across plants: KIF — integr, 3.3.al
Crcss-site project teams: KIF — crosite, 3.3.a2

Table 9.0: List of codes used to analyse Engico interviews

Data display — the evidence obtained from the analysis is voluminous. Therefore, it was
preferred to present the evidence of the within-case analysis in a report format rather
than presenting it in a tabular format or cell displays. This is based on the categories
identified in Table 9.0 and involves detailed case study write-ups for each manufacturing
plant in respect of the phenomena being investigated. For each case, however, the results
of the analysis are summarised in a tabular format.

The two within-case analysis chapters (9 and 10) are divided into four main sections.
Each section discusses and analyses the research carried out in each of the manufacturing
plants listed above. The cases have been described and analysed in the following
sequence or sub-sections:
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Contextual considerations/Description of operations/Market characteristics — to
provide insights into why some factors (e.g. drivers and enablers of volume
flexibility) are more important or more used in some plants than in others.

. Drivers of volume flexibility — to identify the drivers of volume flexibility in the plants
and the causal factors for the drivers (RQ1)

. Enablers of volume flexibility — to identify the enablers and the inhibitors of volume
flexibility and to explain how the plants implement the enablers to achieve volume
flexibility ( key implementation factors)

Summary of analyses
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9.1 Case Analyses - Engico

The manufacturing manager was interviewed (the source of all the quotes cited in the
case study). Data on the production plan for the plant and the contract agreement of the
flexible working scheme that was previously introduced into the plant were collected.
The interview lasted about 2 hours and it was audio taped. Verbatim transcription of the
tapes was carried out. Content analyses were carried out as to identify the concepts
relating to the Research Questions. The focus was on identifying the following:

1. Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) — Research Question One

2. The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3. The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4. The key implementation factors (i.e. how does the plant implement the enablers?) —
Research Question Four

9.1.1 Contextual Considerations

The company designs and manufactures a range of mechanical components for military
and commercial applications in the UK and overseas. It belongs to the Engineering
capital sector. With a turnover of over £33 million, it employs about 440 people. 290 are
directly involved in production operations and 100 are involved in design operations. The
plant has complete in-house capability in all aspects of design and manufacture. Most of
the company’s products have established standard designs, which are archived. So, if
there is an order for such a product, the design is pulled out and modified to meet any

specific customer requirements.

The plant has about 160 suppliers of different components. The average purchasing lead-
time is 45 days, the average manufacturing lead-time is 15 days and the average
customer lead-time is 50 days. About 50% of the plants’ products are supplied as
intermediate goods and the remaining 50% as consumer goods. The export market
accounts for about 35% of annual turnover.
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9.1.2 Market Characteristics

The company’s customers include government defence agencies, other government
bodies and defence contractors. Because the plant engages in contract manufacture,
orders are secured through bidding. Orders could involve both the design and production
of new equipment with lead times of up to 9 months and also contract repairs with
relatively shorter lead times executed on a call-off contract basis over a period of time.

Due to the contract nature of its business, the plant has knowledge of firm orders ahead
of time. It also carries out forecasts, which are built on top of the firm orders for
planning purposes. The figure below gives a picture of the firm orders, firm orders +
forecasts and available hours for the assembly operations of Engico.
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Figure 9.1a gives a picture of the variability and uncertainty in demand levels for Engico.
This was the snapshot view in April 1999. As can be expected, the further one moves
into the future, the fewer the number of firm orders and the more the reliance on

forecasts to carry out planning and scheduling.
9.1.3 Drivers of Volume Flexibility at Engico
The figure below summarises the drivers of volume flexibility (conditions that make the

plant require high levels of volume flexibility) and the causal factors of the drivers as
identified from the interview analyses.

High levels of Volume Flexibility

1

Drivers (reasons .
why the plant * Uncertainty in * Supply chain * Companent -D:mmd fevel
requires high demand levels complexity obsolescence variability
levels of volume « Timing of orders A A A
flexibili
ity) 3
© Reduced order books
« Political changes  Long procurement. © Market factors
Causal Factors lead-time ® Stop tomulti-year order
(reasons why the | { * Forcast emor
3"‘;;‘5 i:;ﬂ"f“” © 3rd Party activit'~s
an
* War

Figure 9.1b: Drivers of volume flexibility at Engico
Uncertainty’ in Customer Demand Levels and Timing of Orders

Being in the defence industry, Engico’s main customers are government agencies either
directly or through other defence contractors. The implication of this is that order books
may be subject to factors such as political changes and changes in budgets or government
policies. Unforeseen events such as the Kosovo ethnic cleansing crisis also lead to
demand uncertainty.

The terms demand unpredictability and demand uncertainty have been used interchangeably in this project. The former was used
mainly in the survey research. However, the latter was adopted for the case study research as it has been used more frequently in the
literature. The case studies also provided the opportunity to define demand uncertainty in terms of time scales.
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»” €

“Our orders are very unpredictable” “..the main changes we experience is the

timing...”.

Planning is based on firm orders (contracts already won) and forecasts (a combination of
the probability of the customer placing a bid and the probability of the company winning
the bid). Thus, errors in forecasts will be translated into planning and scheduling (see
Figure 9.1a). The period between June 1998 and January 1999 shows an indication of
the uncertainty in demand levels for the assembly operations in the plant. The difference
between firm orders and ‘firm plus forecast’ increases over this period indicating an
increase in the level of demand uncertainty.

A proportion of the plant’s business is done with other defence contractors, therefore
Engico can sometimes be far removed from the end user and hence may have little
influence over what the ultimate customers require. These factors result in a certain level
of short-term demand uncertainty and most importantly the timing of orders, which drive
the need for the company to require high levels of volume flexibility.

Supply Chain Complexity

The typical customer lead time of the plant ranges from about 12 weeks to 9 months for
new equipment. For repair items and contracts it is usually less. Because Engico buys
components to order, the manufacturing lead-time is sometime determined by the
availability of the components. Components for production are not readily available and
are mostly sourced from overseas. Hence, the bulk of the lead-time is often due to
procurement delays. This, coupled with having to deal with many suppliers, leads to
complexity in the supply chain. The implication is that the plant must have the capability
of streamlining its supply chain in order to obtain any required volume of material when
needed to meet delivery schedules. That is, it must have a flexible supply chain to
provide the required high levels of volume flexibility (Slack, 1991).

Component Obsolescence

Some of the company’s products consist of printed circuit boards, which use high
technology electronic components. There is usually a long lead-time that elapses between
the time of bidding for a particular contract and contract award. In some cases, by the
time the customer awards the contract for manufacture, some of the electronic
components required in the original design will have become obsolete due to the short
product life cycle of the components. This requires the plant not only to have the design
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flexibility required to introduce new components for production, but also to have volume

flexibility especially in a situation where these changes have volume implications.
High Variability in Demand Levels

Over the years, the total sales values of orders for the company have been decreasing.
Also, the sizes and therefore values of individual orders have been falling.

“Five years ago, the value of business going through the shop floor was in the region of
between £35 and £40 million. It is now in the region of between £20 and £25 million” .

Values of orders have ranged in 1999 from a minimum of about £300 to a maximum of
about £3 million. This high variability in levels of demand is due to various political
changes and government policies on defence budget cuts. Figure 9.1a illustrates the
typical variability in demand levels (firm orders, forecasts and available hours) for the
assembly operations of the plant between June 1998 and November 1999. The ‘firm +
forecast’ bar gives an indication of the demand variability that Engico experiences. It
ranges from about 7500 units in June 1998 to about 4500 units in June 1999. The
available capacity hours over this period are in excess of the forecast production units,
especially between January and June 1999. The expected fall in production between
January and June 1999 requires Engico to have flexible strategies that would enable it to
match available capacity hours with production requirements.

9.1.4 Enablers and Inhibitors of Volume Flexibility

The figure below summarises the enablers of volume flexibility (strategies that the plant
employs to achieve volume flexibility), the inhibitors (factors that prevent the
achievement of volume flexibility). It identifies the key factors for the implementation of
the enablers (how the plant has gone about implementing the enablers and overcoming
the inhibitors to achieve volume flexibility).
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High levels of volume flexibility
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Figure 9.1c: Enablers and Inhibitors of volume flexibility at Engico
Forecast Measure

Engico experiences long-term demand uncertainty. One of the strategies that the plant
employs to cope with this is to have a good forecast measure, which utilises probability
theory. This has helped the plant to reduce the level of uncertainty and the need for
internal volume flexibility.

Implementation

Engico has an effective sales information system, which monitors enquiries, bids and lost
bids. The accuracy of the measure depends on the accuracy of the information provided
by the sales information system. Generally, the company puts into planning everything
that has a 70% or more probability of their winning it. This probability is referred to as
P; and it is a product of two other probabilities P; and P, (P; = P; x Py). Py is the
probability that a direct customer will have a requirement for the product. This is
determined by knowledgeable and educated guesswork. P, is the probability of the
customer placing the order with Engico as opposed to with a competitor. The sales force
also determine this. P, is more influenced by the competition that exists for the order. If,
for example, Engico is the sole supplier of the product required by the customer, then the
probability P is likely to be 100%. If in this example the probability (P;) that the
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customer has a requirement for the product is at least 70%, then P; = 0.7 x 1 = 0.7 (or
70%). Therefore, the production of the product can be put into planning.

Benefits

The use of this probability measure has drastically reduced forecast errors and has helped
to manage demand uncertainty in the plant.

“Because of the measure that we use, we don’t often lose orders that we put forward for
planning”.

Varying lead times

Negotiating delivery dates or customer lead-time is one strategy that is employed by the
plant to manage fluctuations in demand levels. The use of this strategy reduces the need
for volume flexibility. As such it can be regarded as an indirect enabler of volume
flexibility.

As observed earlier, one of the drivers of volume flexibility in the plant is the change in
timing of orders. Orders may be subject to political changes. The plant usually is able to
re-negotiate the deliveries of orders affected by such changes.

Implementation

In cases where the plant is not able to meet its contractual delivery dates due to internal
constraints or problems, it is often able to negotiate extensions with the customer. In the
worst scenario, it tries to deliver a fraction of the requirements. This is possible because
of the good relationship that the plant has with its customers.

Multi-skilling

The larger the range of skills of a worker, the more flexible the worker is either in terms
of product mix changes or inter-changeability of workers between work stations (Adler,
1987 and Kohler, 1989). Multi-skilling is seen as an indirect enabler of volume flexibility
in the plant as it provides the opportunity for labour to be transferred from one
department (e.g. machine shop) to another department (assembly) depending on the
demand placed on various departments. The use of a multiskilling strategy in the plant is
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driven by high variability in demand levels and the requirement for high levels of skills for
workers due to the nature of the operations in the plant.

Inhibitor

It 1s sometimes difficult to implement multiskilling due to workers’ reluctance to enlist
for training.

Implementation

Due to the highly technical nature of the skills required to work in the plant, college
training is usually required for workers for them to acquire the necessary skills. When the
plant requires more skills in a particular department or work area, it places an internal
advert for anyone who wants to go there. Volunteers are then sent to a college for a
month’s training. By financially rewarding people with more skills (i.e. salary increases
with skill levels), the plant is able to encourage more participation in the training scheme
and overcome the problem of getting people to enlist for the college training.

Overtime

The company uses cvertime hours by its full time employees to provide additional
capacity when required. The main driver for the use of this strategy is high variability in
demand levels and short-term uncertainty in demand.

Implementation

There are two standard shifts (moming and afternoon) being run from Mondays to
Fridays. There is only one department that runs a night shift from Mondays to
Thursdays. Any work outside these shift patterns is regarded as overtime hours and is
paid as such.

It is relatively easy to get people to work overtime hours at premium pay. The decision
to run overtime is based on demand requirements versus schedule and most importantly
the actual output required within a given period. More often than not, actual output is
less than schedule, requiring the constant use of overtime hours. The actual output within
a given period (say, one week) determines the schedule for the following week. This
inadvertently rubber stamps low productivity for any given week and encourages more
overtime hours depending on the demand requirements. Thus, the use of overtime hours
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becomes institutionalised. People tend to regard overtime as part of their basic income
and use it to pay mortgages and so on. When demand dries up it becomes difficult for the
plant to disengage the workers from working overtime hours.

In view of the problems stated above, the plant has found it difficult in the past to put a
total stop to overtime work during demand slump although it was able to reduce the
overtime hours worked. Rather than cancel overtime work outright, Engico had to make
some people redundant in order to reduce capacity in line with slumping demand.
However, workers were given the option to volunteer for this redundancy scheme and
the settlement was very generous and attractive. Because of the good parting relationship
between the plant and those made redundant, Engico was able to call up these people for
part time work when demand picked up.

Although the use of overtime hours has become institutionalised in the plant, it is the
main source of labour capacity flexibility in Engico. This is because the plant has
unsuccessfully implemented flexible working strategies in the past such as an annualised
hours system. The key factor for the implementation of overtime hours is the provision
of financial incentives or premiums for the hours worked.

Sister plant

The plant has a sister plant to which it can download work when it is overloaded and
vice versa. This is a tactical solution, which gives Engico direct short-medium term
volume flexibility. In the past, the sharing of loads has occurred mainly in engineering
where design work has been downloaded across the two sites. Allocation is based on the
area of expertise, excellence and experience.

Implementation
Planning and allocation of resources are based on the combined resources at the two
sites. This is facilitated by the use of MRPII systems, which are compatible across the

two sites. Frequent transfer of engineers between the two sites on short assignments also
improves integration and the ability to transfer work successfully.
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Inhibitor

There has not been transfer of major activities or production work across the two sites.
This is because the plants are different in terms of capital equipment. In so far as design
and engineering work sometimes form the main activity of the plant, and since this is
transferable across the plants, it is sufficient to conclude that transfer of work across
sister plants is an enabler of volume flexibility in Engico.

Annualised Hours Contracts

The use of an annualised hours contract has not been regarded as an enabler of volume
flexibility in the plant because its use had not been successful there in the past. It was
introduced about 12 years ago to curb the big overtime bill being incurred by the plant.

“Working practices were a bit different, people were a bit relaxed about working, they
popped in on a Saturday morning to do some paper work just to claim overtime”.

Annualised hours was one of the many changes that the plant introduced at the time (see
Appendix 12 for contract agreement). The purpose was to permit variation of weekday
working hours to meet operational and business needs (i.e. volume flexibility).

Implementation

In order to implement it and other changes going on at the time, people were given a
15% pay rise.

“In fact all the people that had never been asked to do overtime voted for if”.

Workers were contracted and paid to work 1744 hours per annum, which is equivalent
to 38.25 hours per week on average. The nominal working hours were between 08:00 -
16:00 (with half-hour unpaid lunch break). The individual was normally committed to
working 45 weeks of 37.5 hours per week except when ‘short weeks’’ were worked.
This gives 225 working days per annum of 7.5 hours per day or 1687.5 annual hours.

T Short week was worked during low activity period with early finish on Friday. 2.5. hours per week were added to
reserve.
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56.5 hours are held in reserve to be used to cope with demand uncertainty. The
individual would not normally be asked to utilise more than 5 of the reserve hours in any
week. Additional weekday reserve hours were created by the addition of the ‘short
week’ hours. Notice for short weeks was given by the end of the previous week. Notice
for working extended days (required during busy periods) was given by the end of the
previous working day.

The above was implemented basically by a contract agreement. The plant could of course
call for the extra hours (56.5 hours) when needed. If any individual worked beyond the
required basic and extra hours at the end of a quarter, he was paid for the extra hours
worked. Although it was required that anyone being under-loaded in a particular
department be sent home, “/ don’t think we ever did that’.

Problems

The plant found the system unmanageable. There was lack of trust between the two main
parties (management and the operators). Management installed clocking machines to
control the system, but generally the system was badly managed. With the realisation that
management could not effectively manage the system, it was easy for the workers to
exploit the gaps. People were exhausting their committed and reserved hours and still
had a chance to worl. unauthorised overtime without much productivity to show for it.
Rather than curb labour costs, the annualised hours contract led to an escalation of
labour costs. The contract had to be cancelled. However, because people got days off at
Christmas as part of the deal, when the system was stopped, they stopped taking these
days, so management had to buy off the hours again when the system was discontinued.
Thus, a big pay rise was given to the workers to implement the deal, and they were also
paid when it was stopped.

Finally, it appears that the annualised hours system also failed because it was not suited
to the conditions of long-term demand uncertainty which Engico experiences. The
success of the system depends very much on the ability to predict reasonably the total
demand within the period of the agreement (usually one year).
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9.1.5 Summary of Analyses
Table 9.1.1 summarises the insights provided in respect of the first Research Question.

RQ1: Under what conditions does Engico require high levels of volume flexibility?

Concept used to answer the question: Drivers

Drivers Uncertainty of Supply chain Component High variability in
demand levels and complexity obsolescence demand levels
timing or orders

Causal Factors * Political Changes * Long procurement » Market factors * Reduced order book
* Forecasts error lead-time. « Stop to multi-year
* Subcontractor to main | * Many suppliers order.
contractor.
* War

Table 9.1.1: Summary of volume flexibility drivers and their causal factors at Engico

Table 9.1.2 summarises the insights provided to answer the second, third and fourth
Research Questions.

RQ2: What are the enablers and inhibitors of volume flexibility in Engico?
Concepts used to answer the question: Enablers and Inhibitors

RQ3: Why does Engico use these particular enablers to achieve high levels of volume
flexibility?
Concepts used to answer the question: Benefits and Drivers

RQ4: How does Engico use the enablers and overcome the inhibitors to achieve high

levels of volume flexibility?
Concept used to answer the question: Key implementation factors
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Enablers Good Forecast Varying lead Multi-skilling *Overtime Sister plant

measure times

Drivers * Resource * Changes in * High variability in « High variability in * High vanability in

allocation timing of orders demand levels demand levels and demand levels and

* Demand « Political * High skill level short-term demand short-term demand

uncertainty changes/demand requirement uncertainty. uncertainty
uncertainty

Benefits « Little or no * Reduces the need | * Provides mix and * Provides volume * Provides

forecasts error for volume indirectly volume flexibility (+) volume flexibility
* Losses on flexibility flexibility * Costly (-)

planned * Motivates * Becomes

orders minimised workforce institutionalised (-)

Inhibitors * None * None * Enlisting workers * None » Difficult to use in
non engineering
operations

Key « Effective sales « Offer a fraction * College training « Financial incentive | < Integration

implementat | information of requirements ¢ Voluntary basis * Cross-site project

ion management * Good « Financial incentive teams

Factors system. relationship *» Compatible

*» Use of with customers MRPII system
probability
theory

Table 9.1.2; Summary of enablers of volume flexibility at Engico.

Figure 9.1d shows the characteristics of the enablers identified and the nature of their
effects on volume flexibility. The classification has been done in line with Hyun and
Ahn’s (1992) decision-hierarchical view of flexibility (Chapter 3). Long-term (strategic)
solutions of volume flexibility deal with strategic issues involving major decisions about
how to achieve volume flexibility to cope with major issues like future demand growth or
slump and requirements in technology. Short-medium term (operational-tactical)
solutions of volume flexibility deal with how to achieve volume flexibility to cope with

issues such as variability in demand levels and short-term demand uncertainty.

* The use of overtime hours is classified as an enabler of volume flexibility as it is the only solution available to
the plant to achieve labour capacity flexibility in spite of the shortcomings (negative benefits) of using it.
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) Decision Period
Effects on N T >
ort-Medium term ong term
‘\;re'l:(';r:ilify (operational - tactical) (Strategic)
Use of overtime hours
Oirect Using sister plants
Good forecast measure Multiskilling
Indirect| Varying lead times
v

Figure 9.1d: Decision hierarchy framework and effects of enablers on volume flexibility in Engico
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9.2 Case Study Analyses - Teleco

The General Manager Operations, was interviewed (the source of all the quotes cited in
the case study). Data on the production plan for the plant and the contract agreement of
the flexible working scheme (banked hours system) that was introduced into the plant
were collected. The interview lasted about 2 hours and it was audio taped. Verbatim
transcription of the tapes was carried out. Content analyses were carried out to identify
the concepts relating to the Research Questions. The focus was on identifying the
following:

1 Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) — Research Question One

2 The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3 The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4 The key implementation factors (i.e. how does the plant implement the enablers?) —
Research Question Four

9.2.1 Contextual Considerations

Teleco belongs to the Electronics sector. It engages in contract manufacturing and
provision of telecommunication products and services. The plant employs about 110
employees directly involved in manufacturing operations and has a big design capability,
employing a further 230 software and hardware engineers.

The plant manufactures printed circuit boards (PCBs) of various sizes in volumes up to
about 100,000 units a year. These are either sold directly or introduced into enclosures.
Teleco provides field services involving the installation and maintenance of products for
its customers. It also provides management services. For example, it has a department
that offers project management expertise and installation of security equipment for a
major UK telecommunications company.

The plant has about 250 suppliers of different components. The average purchasing lead-

time is 140 days. The average manufacturing lead-time is 4.5 days and the average
customer lead-time is 40 days. All the plant’s products are supplied as capital goods.
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9.2.2 Demand Characteristics

Teleco relies on forecasts for production planning. The figure below shows the aggregate

production plan for the plant based on firm orders and forecasts.

Aggregate Production Plan
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Figure 9.2a: Aggregate production plan for Teleco as at March 1999.

The above figure indicates that Teleco’s busiest period appears to be between July and
October. Beyond this period it becomes more difficult to forecast demand because of the

highly uncertain nature of contracting business which the plant engages in.
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Figure 9.2b shows the material flow for surface-mount PCB assembly

Input
Conveyor

Bare-Board
Loader

Inspection

4L

Nitrogen
Reflow

\ 4

Screen
Print

Hand
Insertion

A 4

Flow
Solder

Fine-Pitch
Placement

\ 4

Glue-Dot
Dispenser

A 4

Testing

High-Speed
Placement

\ 4

Output
Conveyor

Figure 9.2b: Flow of operation for PCB assembly

The bare PCB boards required for manufacture are loaded and passed on for screen

printing and then passed on to the glue-dot dispenser where solder paste is deposited on

them. These boards are conveyed to the surface-mount machine for high-speed

placement of components. More fine pitch placement then takes place on another

surface-mount machine. The boards are then passed through a Nitrogen oven where the

joints are heated up and solidified. These joints are then inspected for defects. The

inspected boards are then passed on for more insertion of components done manually,

depending on the type of PCB required. These are soldered and passed on for testing.

Assembly of kits by inserting the PCBs into enclosures may be required, depending on

customers’ requirements. Otherwise the PCBs are sold directly to customers.
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9.2.4 Drivers of Volume Flexibility

The figure below summarises the drivers of volume flexibility (conditions that make the
plant require high levels of volume flexibility) and the causal factors of the drivers as

identified from the interview analyses.

High levels of volume Flexibility

A

T A A A ? r }
Drivers
.
(reasons Demand level Supply chain New product
why Teleco variability/ complexity ntroductions
requires high | | gemand . : \
levels of uncertainty A
volume
flexibility) A
Business Shert product H‘gl" Product C:‘""pml‘“
needs life cycle LS Sctions
A A A

Causal eChanging | | eGrowth | | oPower | | « Market factors - ) o cinsiiiar o Market

Customer o Differentiation | | dynamics | | quickproduct | | needs factors
Factors | " y |
(reasons why | | needs * Cost avoidance] |« High material nhsnlcgtnfe
the drivers | e Contract | “’9 |
influence the manufacturing | *High component |
plant) | cm}ple\n)

* High number
of suppliers

: inter-relationship between drivers

Figure 9.2c: Drivers of volume flexibility and their causal factors
High Variability and Uncertainty in Demand Levels

Figure 9.2a gives an indication of the level variability in the aggregate production plan
for the plant. Teleco engages in contract manufacturing whereby orders might be won on
the basis of bids, which have highly uncertain success rates creating some degree of
demand uncertainty. Thus, Teleco relies on forecast for production planning. These
forecasts, however, depend on the customer forecasts. Thus, forecast errors made by the
customer are passed to the plant, which uses the information to make its own forecast.

This increases further the degree of demand uncertainty.

Teleco’s major customers have a powerful influence over the company. For instance,
while the order time scale for one of its major customers has been coming down to say 5
days on some products, the customer has remained adamant in supplying the plant with
monthly rather than daily forecasts. This has further increased demand variability and

short-term demand uncertainty.
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Business Needs

The plant’s policy supports the need to have high levels of volume flexibility. The service
side of the business is witnessing rapid growth to support the manufacturing business. In
response to this, the plant is looking to develop the capability to provide a turnkey
project service for its customers. Thus, it requires flexibility in all areas of its operation
rather than just in manufacturing.

“For example, in our network service support group where we are on guaranteed
response time of 1 hour, that encourages us to be quite flexible. So flexibility is not just
about manufacturing, it’s about all the things that sit around and support it”.

It is the plant’s policy to attempt to differentiate itself in a highly competitive
environment in order to survive. Teleco believes that having high levels of volume
flexibility will provide the plant with unique capabilities in the market place. The
competition also places pressure on cost. By having high levels of volume flexibility, the
plant is not only able to satisfy customer requirements on time, it is able to do so at
reduced cost.

“Because even though our customers are saying we want something faster, it actually
suits us because if you look at a manufacturing organisation, by doing things faster you
can actually reduce the capital employed as a by product of that and it is clearly

advantageous”.
Supply Chain Complexity

Material cost accounts for about 95% of the product cost. Thus, the procurement
strategy has a great influence on the ability to be flexible in the plant. The plant produces
a wide range of printed circuit boards requiring thousands of different components.

“We have one PCB that we make currently with 1500 components on a supply base of
124 suppliers. What we would like them all to do is to be able to synchronise the arrival
of the components on the front door step one-minute before I need them. Very
challenging. You are not in total control of what is happening in 124 different
factories”.
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This has implications for the procurement lead-time and the plant’s ability to respond to
customer requirements. Furthermore, the forecast errors inherited from the customers
are passed on to the suppliers (the Forrester effect).

“The degree of error or deviation can either make our relationship with our suppliers a
warm one or a very difficult one. The question then becomes where the responsibility
for the wrong forecasts lie”.

The volume of components purchased by the plant from some of its major suppliers often
constitutes a small proportion of the supplier’s business. This leads to arm’s length
relationships with this group of suppliers and limits the plant’s impact and ability to
reduce procurement lead times. It also further increases the complexity in the supply
chain.

Short Product Life Cycle/New Product Introduction/Product Mix Changes

Products in the telecommunication and electronics industry typically have very short
product life cycles. Short product life cycles and fierce competition lead to fast
technological developments and new product introductions by companies operating in
the industry. The different stages of the product life cycle affect demand level
requirements for products in terms of variability and sometimes demand uncertainty.
These drive the plant to require volume flexibility strategies.

“The interesting thing about today’s market is that products can become mature in 3
months because they are often dead inside 2 years. Last year we introduced 126 new
PCBs into the manufacturing facility and the fascinating thing is that out of the 126,
already we are no longer producing 50 of them”.

Changing customer requirements (e.g. different sizes of PCBs etc) drive Teleco to
require high levels of mix flexibility. Where these changes have different volume
implications, the plant would require the ability to adjust to relative volume changes
within product mix (i.e. volume flexibility).

Competitors’ Actions
The plant operates in a fiercely competitive market. The competitive criteria in the

industry include having short customer lead time and fast new product introduction.
Competing on these grounds requires the plant to have high levels of volume flexibility.
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“Clearly to win in our market, competition is a driver for flexibility because there are a
lot of people out there just as capable as we are so we have to work hard at thinking

through how we can improve the process, and how we can improve the flexibility”.
9.2.5 Enablers and Inhibitors of Volume Flexibility

The figure below summarises the enablers of volume flexibility (strategies that the plant
employs to achieve volume flexibility), the inhibitors (factors that prevent the
achievement of volume flexibility). It identifies the key implementation factors for the
enablers (how the plant has gone about implementing successfully the enablers and

overcoming the inhibitors to achieve volume flexibility).
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Figure 9.2d: Enablers and inhibitors of volume flexibility in Teleco
Sister Plants
The plant is able to move volumes of products easily across the two sites as the peaks

and troughs occur. This is a tactical solution that gives Teleco short-medium term
volume flexibility.
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Implementation

In order to achieve the bi-directional capability, the plant maintains a consistency of
methods across the sites. Although the plants are not identical, they are very similar. The
processes and the surface mount machines used are very similar. This allows the
movement of products quite rapidly between the sites. The sister plant has a localised
manufacturing engineering capability but the design authority remains at the case study
plant site, although the sister plant is allowed some freedom to change things. This
dependency encourages integration.

Continuous Process Improvement

Changing customer requirements and increasing competition drive Teleco to engage in
continuous process improvement. This solution is implemented as part of a strategy
rather than an opportunistic tactical solution to achieve short-term volume flexibility.
Amongst other things, a continuous improvement policy gives the plant dynamic
flexibility in the long-term (Hyun and Ahn, 1992). It is, therefore, regarded as an indirect

enabler of long-term volume flexibility.
Implementation

By identifying and focusing on areas requiring improvement and implementing changes,
the plant is able to increase, albeit indirectly, its level of volume flexibility. For instance,
an effective capacity analysis revealed the need to change the working hours system in
the plant, hence the introduction of a banked hours system which gives the plant short-
term volume flexibility. The ever-changing customer requirements also warrant
repetitive, responsive and frequently carried out planning processes. Schedules are
changed as soon as customer requirements change in order to avoid producing products
that will not sell and more importantly to provide the volume flexibility that customers

require.

The plant has invested a lot of time in engineering to identify common processes that
would help to rationalise the number of components being used in manufacturing. A
team of engineers called the Components Qualification Group formed within the plant is
responsible for this activity.

“If you can find that on a particular PCB, instead of using 10 different varieties of

resistor you can get away with 2, then you get far more volume flexibility”.
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Improving the process reduces the set-up time, cycle time and the lead times which all
affect the levels of volume flexibility.

Equipment Upgrade

Fundamental to the achievement of high levels of volume flexibility in any plant is the
availability of spare equipment capacity. The plant has invested heavily over the last 5
years in automation and additional capacity. Upgrading equipment has had a direct effect
on the achievement of long-term volume flexibility in Teleco. Implementing this strategy
required a thorough capacity analysis in the plant and a fairly good idea of future demand
profile. In Teleco, the focus was to double the existing machine capacity at the time of

investment.
“We deliberately invested in more capacity than we needed” .
Mix Flexibility

The equipment purchased is highly flexible and efficient. It can handle different types of
component as well as different sizes of board. In addition to this Teleco rationalised its
processes such that there are common processes in the upstream part of the production
operation. This gives the plant high levels of mix flexibility. With high levels of mix
flexibility and a high production rate (in terms of volume/unit time), the plant is able to
adapt quickly to relative volume changes within mix (i.e. volume flexibility).

Multi-skilling

The different processes in the plant require different skills. These include skills needed
for the operation of the surface mount machines, inspection, manual insertion of
components and the operation of the manual test equipment. The manual test capacity
area tends to be the bottleneck operation when the plant is fully loaded. This is because it
is a relatively slower operation compared to the other highly automated processes.

“When demand is so variable, what we can’t afford is a situation where we are short of
test capacity”.
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Implementation

Teleco engaged in a programme of upskilling its workforce so that it is able to move the
operators around to augment capacity where necessary and achieve high levels of volume
flexibility. The plant was able to carry out the multiskilling by educating the operators on
the need for and benefits of multiskilling and rewarding multiskilled staff.

Good Attitude

Peoples’ attitudes affect the way they think, the way they behave and the way they work.
Getting the right attitude from the operators in accepting the changes was very important
to the implementation of volume flexibility solutions such as the banked hours system in
the plant. The attitude of the workers was, however, very difficult for Teleco to change
because of the working culture that was entrenched in the system. According to the
GMO, it was important for the plant to get this right before implementing any changes.

“All the people in the production environment have to understand what we are trying to
do”.

Implementation

Getting the attitude right is a long-term solution. The effect on volume flexibility is also
not clearly defined. The plant educated the workforce through a series of training
sessions and meetings in order to change their attitude. Also, Teleco employs pay
systems that do not inhibit people if they work flexibly. These factors went a long way
towards improving the attitude towards change. The pay systems were implemented
when the company reviewed its working hours system and moved to the banked hours

system.

Banked Hours System

During the peak periods the plant incurred excessive overtime cost and during demand
slump, people sat around and got paid for doing nothing. It became clear that Teleco had
to find a system that was attractive to people but would tackle these problems.

“Annual hours was a little bit too structured for us. We needed something that was a

little bit more flexible and not quite as deliberate, and we came up with a thing called
banked hours”.
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It was important for the plant to base the use of banked hours not only upon capacity
requirements but also on the personal needs of the workers. The banked hours system is
based on the philosophy that banking hours will be accommodated by employees being
asked to take time off in lieu of hours being recovered at a later date. Implementing the
system met with a lot of resistance from the operators (see Appendix 13 for copy of
contract agreement).

Implementation

In order to implement the system, it was important for the plant to rework its shift
pattern. A 3-shift system was introduced. The scheduled shift patterns provide volume
flexibility to cope with variability in demand levels. The banked hours are called in to
provide volume flexibility in relation to absenteeism, breakdowns and demand
uncertainty due to production requirements over and above forecast.

Most of the people work either a 6-2pm shift, 2-10pm, or 7.45-4.30pm shift on Mondays
to Thursdays. The idea was to be able to bank the hours on Friday. But the workers are
paid for the full week. The maximum time that can be banked is 40 hours in any month
and the minimum is 4.5 hours. Table 9.2.1 below shows the shift pattern at Teleco.

Shifts Days Working Pattern Recovery hours

1 Monday - Thursday 6am - 2pm 2pm - 4pm or
Friday 11.30am - 4.30pm

2 Monday - Thursday 2pm — 10pm 12pm - 2pm or
Friday 9.30am - 11.30am

3 Monday - Thursday 7.45am - 4.30pm 4.30pm - 6.30pm or
Friday 12.45pm - 5.15pm

Table 9.2.1: Shift pattern at Teleco

The 3 - shift system was introduced, as shown in the table above, to be flexible to cater
for the different needs of the people. For instance, the plant has a lot of women with
children in its employ that need to leave by 4.30pm to collect their children from school
(shift 3). Typically, people in shift type 3 may be required to pay back hours banked,
between 12.45pm and 5.15pm on a Friday. As shown in the table, generally hours can be
paid back between Monday and Thursday in advance of the normal start time or after the
normal finish time. The pay back period on a Friday depends on the type of shift. There
is a choice to pay back on a Saturday, but this is entirely voluntary.
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In order to get the deal through, the plant gave an incentive in the form of taking back
only 3 hours for every 4 hours banked. Also, if at the end of the year there are
outstanding banked hours not called in, then these are written off. Gradual
implementation was necessary, as not all workers bought into it initially and management
wanted to see how the system worked.

“We deliberately manipulated the situation that most people had some hours left at the
end of the year and that allowed us to wipe them off and that encouraged those people
who had not joined the scheme to join the following year. And very quickly we moved to
the position in which 100% of the people have now accepted the banked hours system.
We didn’t force it on them. Management usually has this mandate to impose things on
people. But we try to run a democratic organisation”.

It was also an issue that the system was introduced when the workers were least likely to
kick against it. According to the GMO,

“.we launched it at a time when the sun would shine”.

It was also suitable for the plant because of the seasonal demand pattern that the plant
experiences. The plant records up to about 40% of sales in the last quarter of the year so
many of the hours banked are used up during this period. Although there are rules
relating to the use of the banked hours system, the informal way in which it is being
employed in the plant contributes to its successful implementation. The informal
procedures tend to be more supportive of an individual’s personal circumstances.

The banked hours system has been used successfully in achieving high levels of volume
flexibility in the plant.

“Last year we banked 16000 hours during the course of the year and in the last quarter

we called in over 14000 hours. Normally, in the last quarter we would work 20%
overtime. The banked hours system actually saved me quite a lot of money”.
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Supply Chain Flexibility

Due to the huge material cost, high number and types of components required for
production and the long procurement lead times, the plant could not limit its search for
volume flexibility to operations within the plant.

“We’ve moved the flexibility issue back not only in our factory but also with our

vendors”.

Teleco needed to achieve supply chain flexibility to supplement the volume flexibility it
was trying to achieve within the plant. Improving the flexibility of the supply network has
provided the plant with long-term volume flexibility. This was, however, difficult to
achieve for many reasons. One was the difficulty in managing relationships with a large
number of suppliers.

Implementation

In order to resolve the complexity issue of the supply chain, Teleco launched a project
about 3 years ago with a number of their suppliers. It was named the Teleco Flexibility

Forum.

“We deliberately went and sat with various suppliers and talked about the issue of how
to achieve greater flexibility”.

The forum met regularly and developed together some interesting improvements in order
to enhance flexibility. Combined with the work of the plant’s component qualification
group (discussed earlier), the forum came up with an improvement programme that
helped, amongst other things, to rationalise the number of components.

Rationalising the number of components had a direct effect on the number of suppliers
that the plant had. Reducing procurement lead-time and achieving supply chain flexibility
require having a good relationship with vendors. By and large, it is rather difficult to
manage and sustain these relationships if the supplier base is large.

“The diversity of what we make calls for a large number of suppliers. We use many
types of component such as very discrete components, specialised components and
custom components. We used to have about 4500 suppliers. Weve now got about 150
major suppliers”.
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Figure 9.2¢: Achieving supply chain flexibility in Teleco

The above model shows the relationships between the actions that Teleco has undertaken
and the outcome of its actions in terms of achieving increased supply chain flexibility.
This has also increased the levels of long-term volume flexibility of the plant due to a
significant reduction in procurement lead-time. However, the plant recognises that there
is still much efficiency that can be squeezed out of its supply chain.

“We are always looking into how you can reduce the supplier base to enhance our

flexibility”.
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9.2.6 Summary

Table 9.2.2 summarises the insights provided to answer the first Research Question.

RQ1: Under what conditions does Teleco require high levels of volume flexibility?
Concept used: Drivers.

Drivers Demand variability/ Business needs Supply chain complexity Short product life cycle
Uncertainty
Causal * Customer * Growth * Power dynamics » Market factors — quick product
Factors needs « Differentiation * High material cost obsolescence
« Contract « Cost avoidance » Component complexity
manufacture * Many suppliers
Other Drivers New product High product Competitors’ actions
introduction mix
Causal Factors » Market factors » Customer needs « Market factors

Table 9.2.2: Summary of drivers of volume flexibility and their causal factors for Teleco.

Table 9.2.3 summarises the insights provided to answer the second, third and fourth
Research Questions.

RQ2: What are the enablers and inhibitors of volume flexibility in Teleco?
Concepts used: Enablers and Inhibitors

RQ3: Why does Teleco use these particular enablers to achieve high levels of volume
flexibility?
Concepts used: Benefits and Drivers

RQ4: How does Teleco use the enablers and overcome the inhibitors to achieve high

levels of volume flexibility?
Concept used: Key implementation factors (KIF)
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Chapter Nine — Within-Case Analyses

Figure 9.2f shows the characteristics of the enablers identified and the nature of their
effects on volume flexibility. The classification has been done in line with Hyun and
Ahn’s (1992) decision-hierarchical view of flexibility (Chapter 3). Long-term (strategic)
solutions of volume flexibility deal with strategic issues involving major decisions about
how to achieve volume flexibility to cope with major issues like future demand growth or
slump and requirements in technology. Short-medium term (operational-tactical)
solutions of volume flexibility deal with how to achieve volume flexibility to cope with

issues such as variability in demand levels, short-term demand uncertainty, absenteeism

and equipment breakdown.

Decision Period

v

s:;fec;’S o Short-Medium term Long term
flei?;)ilify (operational - tactical) (Strategic)
Banked hours system Supply chain flexibility
Direct Using sister plants Equipment upgrade
Multiskilling
Indirect] Continuous process improvement
Mix flexibility
Attitude
v

Figure 9.2f: Decision hierarchy framework and the effects of enablers on volume flexibility
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9.3 Case Study Analyses - Proceco

The operations manager was interviewed (the source of all the quotes cited in the case
study). Data on the aggregate production and sales achieved against plan were
collected. The contract agreement of the flexible working scheme that was introduced
into the plant was not made available. The interview lasted about 2 hours and it was
audio taped. Verbatim transcription of the tapes was carried out. Content analyses
were carried out to identify the concepts relating to the Research Questions. The focus
was on identifying the following:

1. Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) — Research Question One

2. The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3. The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4. The key implementation factors (i.e. how does the plant implement the enablers?) —
Research Question Four

9.3.1 Contextual Considerations

Proceco belongs to the process sector. The plant produces a type of chemical from
which consumer goods such as easycare shirts, fashionable clothes, video tapes, coca
cola bottles, circuit boards, wine boxes, chocolate bar wrappers and yoghurt pots are
produced. It employs about 248 people directly in production operation and 30 in
design.

The plant has about 12 suppliers. The average purchasing lead-time is 90 days. The
average manufacturing lead-time is 6 hours and the average customer lead-time is 14
days.

9.3.2 Market Characteristics

Most of the products produced in the plant are being sold in Europe and South Affica.
Proceco has sister plants in China, India, Taiwan, Indonesia and Pakistan to serve the
growing fibre market in Asia. The market operates on a 3-4 year cycle. Thus, the
capacity strategy of the plant tends to follow a sort of stepwise capacity plan. During
the time of a peak in demand about 4 years ago, additional capacity was built to cover
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the demand. The market is presently undergoing generally a slump in demand and
overcapacity in the market place.

In Europe, the company has one major competitor and there are four big competitors
globally. Generally, because of the nature of the process and the capital requirements,
the barriers to entry into the market are quite significant.

9.3.3 Operations

The production process involves two separate multi-stage operations - the Oxidation
Plant and the Purification Plant. The oxidation process comprises seven main stages.
Feed mix: The raw materials are added at the desired ratios and thoroughly mixed.
Reaction: Oxidation takes place continuously in a reactor which operates at 15 - 20
bar pressure and 200 - 210 degrees centigrade. Air from a multi-stage centrifugal
compressor fitted with a gas expander turbine, oxidises the raw material to produce a
slurry of the the chemical, which is then passed to a crystallisation process.
Crystallisation: The slurry pressure is brought down to a slight vacuum and its
temperature to around 90 degrees centigrade, step by step in three crystallisers.
Separation: The cooled slurry is fed to rotary vacuum filters where a wet cake of the
solid form of the chemical crystals is separated from the liquors.

Drying: The separated wet cake is fed to a rotary system steam tube drier in which the
residuals are removed 1n a circulating stream of inert gas. The resulting dry crude is
conveyed to a powder storage tank. The crude form of the chemical product is now
available, but this requires further processing to provide the very pure product required
by the plant’s customers.

The crude chemical is purified by converting the major impurity into a soluble form,
which is washed away leaving behind the insoluble but very pure form of the chemical.
Because it has a continuous production system, the plant runs in theory 24 hours a day,
365 days a year.
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9.3.4 Drivers of Volume Flexibility

Figure 9.3a below shows the conditions that drive Proceco to require high levels of

volume flexibility and the factors responsible for these conditions.

High levels of volume flexibility

4

h A 1L
Variability & ;
uncertainty in Sl;i‘: Zif:lj:d e S“:E ’S':g};;"g
Drivers demand levels 7
A Ar

 Market changes - | | .p“;d“;"v =

J | eyelical | | characteristics |
| o Unscheduled | e
| . | |
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| requirements

| ®Cost avoidance |

Causal Factors

L — Inter-relationship between drivers

Figure 9.3a: Drivers of volume flexibility at Proceco
High Variability and Uncertainty in Demand Levels

The nature of the market in which the company operates dictates the demand
requirements placed on the company. The market is cyclical, and it witnesses
significant peaks and troughs in demand levels within each cycle. Thus, while Proceco
might be tempted to invest in additional capacity during peak demand, it has to keep in
focus future troughs in demand. In other words, it has to have volume flexibility on a
long-term horizon. Although there is demand variability over a longer-term horizon,
total demand (usually over a year) is fairly predictable. Unforeseen production
requirements are other factors that cause short-term uncertainty in demand levels for

the plant. “When our boiler broke down, we didn’t produce anything....”.

Figure 9.3b shows the chart of production and sales achieved against plan for the plant
between January 1998 and March 1999.
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Production & Sales Achieved against Plan
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Figure 9.3b: Production and sales achieved against plan in Proceco

The figure shows that generally the actual production and sales achieved in the plant
fell short of schedules over the period considered. For instance, the actual production
and sales fell by as much as 70% and 30% respectively against plan for the month of
August 1998. This highlights the high levels of forecast error and uncertainty of short-
term demand levels that the plant experiences. Thus, the plant requires short-term
volume flexibility strategies such as the use of the benefit hours system (or an

annualised hours contract) in order to keep actual production as close as possible to
plan.

Short Product Shelf Life/Stop Making to Stock

In the past Proceco had tried to put a lot of their product in storage to cope with
demand fluctuations. The nature of the products makes it impossible for the company
to stock the products for months because after about 6 months, the bags go solid.
Also, the cost implications of storage and risk of wastage discourages making to stock.
This forces the plant into limiting stock products and increasing the ability to be
responsive to demand requirements. For a continuous production process, this is rather
difficult to achieve because of the nature of the process. It is difficult to turn the
equipment on and off. As argued previously (Oke, 1998), it may actually be cheaper to
produce to stock than to switch the equipment or machinery on and off. However, this
has presented a great challenge for Proceco in terms of achieving volume flexibility.

The plant has sought and implemented various strategies, which enable it to achieve
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relatively high levels of volume flexibility without resorting to the high cost option of
producing to stock.

9.3.5 Enablers and Inhibitors of Volume Flexibility

The figure below summarises the enablers of volume flexibility (strategies that the
plant employs to achieve volume flexibility), the inhibitors (factors that prevent the
achievement of volume flexibility). It identifies the key implementation factors (KIF)
for the implementation of the enablers (i.e. how the plant has gone about implementing
successfully the enablers and overcoming the inhibitors to achieve volume flexibility).

High levels of volume flexibility
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Figure 9.3c: Enablers of volume flexibility at Proceco
Multi-skilling

Multi-skilling was introduced into the plant in response to high variability being
experienced in customer demand requirements. The idea was to give people skills to
allow them to perform different tasks. It aids the achievement of other enabling
strategies of volume flexibility such as the benefits system, use of sister plant and
teamwork. For the successful implementation of the benefits system (or an annualised
hours system), operators have to be multi-skilled, for instance, to provide cover for
absenteeism. Multiskilling allows the movement of operators between different work
areas or across plants, depending on the requirements. The success of teamworking as
an enabler of volume flexibility in the plant depends on the varied skills, which the
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operators within a team possess. Multiskilling therefore enables, albeit indirectly, the
achievement of volume flexibility.

Implementation

Multiskilling is a relatively longer-term solution to achieving volume flexibility. In
order to implement the strategy, a thorough analysis of training needs for the plant was
carried out to determine what additional skills were required by operators. This was
based on historical demand loading and capacity availability (in terms of labour) as well
as the forecasts for future demand requirements. The introduction of multi-skilling was
done at about the same time as the introduction of the benefit hours system to curb
excessive overtime expenses. Rather than stop overtime abruptly, the overtime hours
were substituted for training hours and workers were paid overtime rates for these
training hours. Signing up for training was done on a voluntary basis.

“So, if you could volunteer for these training courses, it meant more overtime”.

Also, over three years the workers were paid about 14% of the basic salary when the
idea of multiskilling and other changes (benefit hours system) were introduced into the
plant. These factors helped in encouraging operators to sign up for courses, thereby
increasing the overall skill level of the plant.

Inhibitors

A number of problems were encountered in implementing the multi-skilling strategy.
This came mainly from the unions.

“There was some confusion that the idea was that we wanted everybody to know how
to do everything”.

They could see overtime disappearing in future. There was also the political issue with
the unions because the workers belong to different unions.

“Historically, if you are clever, you became an Instruments and FElectrical

Engineering (IE) guy, if you are OK, you became a Mechanical guy, if you are not
good, you became an operator”.
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The problem with the union was about membership. Different unions wanted to
maintain their membership. They saw multi-skilling as a strategy that could cause a
reduction or dilution of membership.

Management had a number of consultations and meetings with operators in order to
overcome the resistance to the implementation of the changes. They tried very hard to
keep out of the political games over membership involving the unions, but because the
unions had become weaker over the years, management was able to reach an
agreement with them relatively easily. The timing of implementation was also
significant.

“Difficult to implement these changes when a plant is making money. When the
market was flat in 1995/1996, we had the opportunity to say this is the best offer that
we have got, we think it is a fair offer. It is giving people more skills. We think it is
right for you, so we need to move in that direction”.

Teamwork

Teamworking is a relatively short-medium term solution to the achievement of volume
flexibility. The effect of teamworking on volume flexibility is, however, indirect as its
effect is seen through other solutions such as multiskilling and benefit hours or an
annualised hours system. The teamwork approach was introduced to complement the
multi-skilling strategy. It was also in a way a response to some of the concerns raised
by the unions over multi-skilling. Teamworking also provides an adequate medium for
the implementation of the benefit hours system, which has a direct effect on volume
flexibility.

Implementation
“... instead of making all our process guys Jacks of all trades, we have people who
have just about one or two additional skills at the very basic level and we tend to mix
them up within that section to form a team to get some flexibility”.

Taking the oxidation process for example, instead of having an Instruments and
Electrical (IE) guy and a Mechanical fitter in a team, the intention was to get rid of
those two roles and put in a technician. The core skills of the technician might be
Instruments and Electrical Engineering, and additional skills could be some Mechanical
skills at least at the basic level. The aim was to get the mix right to create a team
capable of running the plant in totality. The key factors for the successful
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implementation of teamworking were the availability of multiskilled staff and the total
autonomy given to the teams to manage work in the team, prepare rosters and the like.
The teamwork approach was actually significant in the successful implementation of
the benefit hours system contract.

Benefit Hours System

The whole idea behind the introduction of the benefit hours system was to get rid of
overtime which was running at about 25-30% for some people at the time.

“At the time we had big day and shift mechanical teams. When the plant is running
smoothly, there is very little for these maintenance people to do, and the process
people are quite busy. So you've got 8 people sitting around 24 hours a day
answering the phone”.

Implementation
The benefit time hours was calculated as follows:

Hours in a year 365 x 24 = 8760 hrs

Shift pattern must cover these hours (a continuous production process) but each shift
cannot do more than aliocated hours.

On a 6 shift pattern each shift does 8760/6 = 1460 hours per year.

The benefit time was based on a 36-hour working week (or about 1630 hours on an
annual basis for 45 weeks)

The 1460 hours a year are the committed and scheduled hours which are required to
cover predictable variability in demand and forecasts.

The 1630 hours a year are paid for, so each employee “owes” the plant 1630 — 1460
hrs = 170 hrs (or about 21 days).

The whole theory behind the system is that for each worker there are 170 hours on top
of the committed hours which can be called in by the plant to cover for uncertainties
such as unscheduled peak work loads and sickness or absenteeism. Operators work 9
days in a fortnight. For example, Monday to Friday, and Monday to Thursday,
implying one day off which is used to build up their benefit or their bank. The
supervisors keep the records of the banked hours. The arrangement is such that if
someone is off sick within a shift, there are agreements that they will ring up someone
who is on their team to come in and if he does, say, 8 hours, that is deducted from his
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banked hours. Thus, the system has a direct effect on the achievement of short-term
volume flexibility.

To get the workers to buy into this, a payment of 14% of the basic salary was offered
to them and spread over three years. A number of meetings were held with workers to
explain how the system worked and to investigate the suggestions they had for
implementing it. The understanding of the mechanism by the supervisors was vital to
the successful implementation of the strategy. Local agreements were drafted for teams
and managed by the teams themselves. So, it was left for the team to decide whom to
call on to use the banked hours when required.

“Typically though, they would not call out someone who is in the middle of their 18
day break. They would call out someone who was at work for example in the previous
day. The agreement has allowance for refusal. You can refuse about 3 or 4 times, but
ultimately if your mates have used up say 100 hours of their time and you still have
170 hours, you will have to come in”

“The success of the system is really down to peer pressure. If a guy had a hard night
and couldn’t come in on Monday morning, it meant overtime and more money for his
mates in the old days. So they thanked him for that. Now it is totally different. In
terms of sickness, it is an absolutely tremendous system. We introduced this in
February 1997, and up till then the sickness level was about 4%. After about 6
months, the level was zero”.

Inhibitors

In addition to the problems discussed previously in implementing multi-skilling (since
both systems were implemented simultaneously), the plant encountered some other
problems in trying to implement the benefit hours system. Getting people for call outs
was a major problem. Again, peer pressure has helped to reduce if not completely
eliminate this problem in the plant.

Banked hours are also being used to train workers to continue with the up-skilling of

the workforce. Generally therefore, the system has helped the company to cope with
absenteeism, training and safety days and variability in production or business needs.
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Sister Plant

The plant has two manufacturing units on site which perform basically the same type of
operations. UNIT 1 was built in the 70s and UNIT 2 was built in the 80s to provide
additional capacity due to the growth in the market at the time. Proceco is able to
share loads between the two units on site depending on the requirements. This is a
tactical solution having a direct effect on the achievement of short-medium term
volume flexibility.

Implementation

Changes that were introduced into the company (i.e. multi-skilling and teamwork)
encouraged the removal of demarcation between the two plants UNIT 1 and UNIT 2
on site, which were originally run independently. It, therefore, became easier to move
people across the plants in response to the loading requirements.

“For example, UNIT 1 at the present is experiencing a shut down and overhaul, so we
would take people across the plants. We are trying to move across the boundaries and
discourage the traditional feeling of being specifically a UNIT 1 worker to being a
UNIT 1 and a UNIT 2 worker. But we have to be careful with that since we still want
core plant members to have some kind of identity and pride in their plants”.

Shut down

Having a sister plant means that when demand falls, the company can actually shut
down one of the plants while the other one runs to balance capacity with load. The
capability to do this provides Proceco with a medium-term solution to achieving
volume flexibility by being able to cut down on production in line with requirements. It
can be used to cope with medium term demand uncertainty.

“If we wanted to make 50,000 tonnes, and we can only sell 30,000 tonnes, we would
decide which plant to shut down, how long we will shut it down for. We will try to go
into shut downs with doing some maintenance work. What we wouldn’t want to do is
to shut down a plant for 3 days this week, and then next week we have to start it up
due to increase in demand”.
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Implementation

It was important to identify a production alternative before employing the ‘shut down’
strategy at Proceco. Shutting down for Proceco means shutting down an entire
manufacturing unit, hence the production alternative it uses is the second
manufacturing unit. However, because of the difficulty of switching on and off
associated with a continuous production system, shutting down relies heavily on

relatively accurate demand forecasts of slump in demand.

Equipment Upgrade

When a plant is shut down, it provides an opportunity to overhaul and upgrade the
equipment in the plant. Equipment upgrade is done to provide additional capacity for
the plant to enable the plant to cope with more load when demand picks up. The
timing of the upgrade is, however, determined by the cyclical pattern of industry
demand. If demand continues to grow “...people can start considering green field
sites”. This strategy is a relatively long-term solution having a direct effect on the
achievement of long-term volume flexibility.

Implementation

Having a relatively good forecast helped to determine the timing of upgrade. It was
usually planned for when the demand was relatively low. It was also important for
Proceco to identify an alternative production unit to continue with normal production
during the time of upgrade. Having a multiskilled workforce also helped in that
operators could be moved between the units to carry out tasks other than their main
tasks.

Sub-contracting and Contract Labour

Sub-contracting is another strategy that is employed by the plant to cope with demand
fluctuations. Subcontracting is a long-term solution to achieving volume flexibility
because it is done as part of a strategy involving selection, evaluation and appointment
of subcontractors.

Implementation
Proceco employs an engineering contractor who provides contract staff for non-core
activities in the plants (e.g. scaffolding work). The plant also takes some contract

labour on the management side, say on projects using a local agency.
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“We actually name the individuals that we want to the agencies. Could be people who
used to work here and have left”.

Sub-contracting and using local agencies to provide contract labour have been
successfully implemented by the plant to increase and decrease capacity as required.
However, most of the lost time incidents recorded by the plant have come from the
contract labour (Inhibitor). To overcome this problem, Proceco has shifted contract
staff safety responsibility from the sub-contracting companies to teams within the
plants to which the contract staff are attached. The contract staff are given the same
safety training courses that company staff go through and are fully integrated. Sub-
contracting also tends to be very expensive for the company.

“By removing demarcation and encouraging multi-skilling, we won’t need to do much
sub-contracting in the future”.

Purchase for Resale

Most of the orders from the Far East have been met by purchasing for resale (PFR). If
they are not able to meet customers’ requirements, the plant can resort to buying from
other producers from as far as America to keep their customers happy. PFR is a
tactical solution that has a direct effect on the achievement of short-medium term
volume flexibility in the plant.

“...For example in the past, when our boiler broke down, we didn’t produce anything,
so what we did was to put our customers on allocation. We bought PFR just to keep
the customers happy. We can actually buy from our competitors as well”.

Implementation

Proceco has good relationships with sellers, which make it possible for the plant to
employ the strategy of purchasing for resale in a tactical way to achieve volume
flexibility. However, there is always the problem of inconsistent product quality
associated with the strategy of PFR. Hence Proceco uses this strategy only as a last
resort.
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Varying Lead Times

The plant is often able to negotiate lead-times with its customers. This reduces the
need for internal volume flexibility.

Implementation

Proceco has a very good relationship with its customers. There are customers with
long term contracts and others that just make one-off purchases. Relationships with the
former are naturally closer. The plant runs a rigorous customer complaints procedure
and encourages customers to use it. Because of changing specifications for end
products, the plant has been working closely with some of its customers in Europe,
looking at new specifications to help develop the customers’ products.

The market in which the plant operates is limited.
“Although there is a lot of stuff flooding in from the Far East, they are pretty

unreliable. They know they probably pay more with us, but generally we are more
reliable”.

“It comes down to the confidence they have in us. We keep them informed of potential
problems, transportation problems and the like”.
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Manufacturing Reliability Programme

Looking Back Looking Forward

» Life Plan Issues
. Predictive&
Preventative
Maintenance

Historical <«

High Skills Levels
Root Cause Excellent Workmanship

Corrective Action Good Spares/Materials

Figure 9.3d: Model for manufacturing reliability programme at Proceco

In view of the high incidence of equipment breakdown and subsequent effect on the
production output of the plant, the plant introduced a manufacturing reliability
programme as shown in the figure above. Achieving long-term volume flexibility is
only one of the benefits that Proceco gains by embarking on a manufacturing reliability
programme. The effect of the programme on volume flexibility is, however, indirect.

Implementation

The historical analysis of previous breakdowns is carried out to identify the root causes
and the corrective action that was required. This helps to put a predictive and

preventative maintenance plan or programme in place to avoid future equipment

breakdown.

Having a multiskilled workforce, people with core maintenance skills and excellent
workmanship is vital to the successful implementation of the programme in the plant.

So are having good and available equipment spares and materials.

Inhibitors

Implementing the reliability programme initially was difficult in the plant because of the
lack of a maintenance culture in the plant. With education, training and ownership of
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equipment transferred to teams, the plant was able to change attitudes towards
maintenance.

9.3.6 Summary

Table 9.3.1 summarises the insights provided to answer the first Research Question.

RQ1: Under what conditions does Proceco require high levels of volume flexibility?

Concept used to answer this question: Drivers

Drivers of Volume High variability and Short product life cycle Stop making to stock
Flexibility uncertainty in demand

levels
Causal Factors » Market Changes - Cyclical * Product characteristics * Cost avoidance

» Unscheduled production

requirements

Table 9.3.1: Drivers of volume flexibility and their causal factors at Proceco.

Table 9.3.2 summarises the insights provided to answer Research Questions Two,
Three and Four.

RQ2: What are the enablers and inhibitors of volume flexibility in Proceco?
Concepts used: Enablers and Inhibitors

RQ3: Why does Proceco use these particular enablers to achieve volume flexibility?
Or what makes Proceco choose these enablers to achieve volume flexibility?
Concepts used: Benefits and Drivers

RQ4: How does Proceco use the enablers and overcome the inhibitors to achieve high

levels of volume flexibility?
Concept used: Key implementation factors (KIF)
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Chapter Nine — Within-Case Analyses

Figure 9.3e shows the characteristics of the enablers identified and the nature of their

effects on volume flexibility. The classification has been done in line with Hyun and
Ahn’s (1992) decision-hierarchical view of flexibility (Chapter 3). Long-term

(strategic) solutions of volume flexibility deal with strategic issues involving major

decisions about how to achieve volume flexibility to cope with major issues like future

demand growth or slump and requirements in technology. Short — medium term

(operational — tactical) solutions of volume flexibility deal with how to achieve volume

flexibility to cope with issues such as variability in demand levels, short-term demand

uncertainty, absenteeism and equipment breakdown.

Effects on
volume
flexibility

Direct

Indirect

Decision Period

Short-Medium term
(operational - tactical)

Long term
(Strategic)

v

acturing reliability programme

Figure 9.3e: Decision-hierarchical view and effects of enablers on volume flexibility
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9.4 Case Study Analyses — FonGoods

The manufacturing manager was interviewed (the source of all the quotes cited in the
case study). Data on the aggregate demand profile for the plant was collected. The
contract agreement of the flexible working scheme that was introduced into the plant
was also made available. The interview lasted about 2 hours and it was audio taped.
Verbatim transcription of the tapes was carried out. Content analyses were carried out
to identify the concepts relating to the Research Questions. The focus was on
identifying the following:

1. Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) ~ Research Question One

2. The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3. The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4. The key implementation factors (i.e. how does the plant implement the enablers?) —
Research Question Four

9.4.1 Contextual Consideration

The plant belongs to the household products and general goods sector. It produces
materials, laminates for decorative surfaced boards and plastic extruded products used
for furniture. The plant has 105 employees directly involved in production operations.

FonGoods supplies its products all over the world with about 70% exported and 30%
supplied to the UK. With about £16 million turnover, the plant produces an average of
between 10 to 11 million square metres of materials a year. It has about 38 suppliers,
mostly based overseas. The average purchasing lead-time is 14 days. The average
manufacturing lead-time is 3 days.

9.4.2 Market Characteristics

FonGoods supplies and has close links with Board and Foil Manufacturers. The plant
has a range of products contained within an edging library where matches to the major
board manufacturers can be quickly identified. Some of the product ranges are more
tailored to specific customers, while most customers order from a range of about ten
standard products. The average customer lead-time is 10 days for UK customers (but
customers could actually have the delivery the same day, usually from stock). For
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overseas customers, the lead-time varies from one to three weeks. This is due to fixed

sailing times.

FonGoods is a market leader in the UK in the production of edging materials. It has
quite a good profit margin on its products so can be very competitive in terms of price.
Good investment in technology has further increased the barriers to entry and reduced

threats of potential competitors.
9.4.3 Operation

The manufacturing operation consists of impregnation of the raw material (paper) with
resins to give the paper a strength that is enough to use on the edges of boards.
Depending on the customer requirements, the impregnated paper can be put in work in
progress, passed to embossing or put through the laminator. The laminating part
accounts for a small volume of the company’s business. The paper is then cut to the

required sizes, packed and dispatched or put into finished products stock.
9.4.4 Drivers of Volume Flexibility

Figure 9.4a below shows the conditions that drive plants to require high levels of

volume flexibility and the factors responsible for these conditions.

High levels of volume flexibility

A

A A A A
\l Short Demand New Gk
Drivers < product | variability & =i product :
life cycle uncertainty a development

A Y

|
(

I | Excessive
Causal | Market characteristics | overtime

! S —— S —— — ] —
Factors

Relationship between drivers of volume flexibility

Figure 9.4a: Drivers of volume flexibility at Fongoods
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Demand Variability and Uncertainty

The plant experiences high fluctuations in customer demand levels within the month
(weekly) and within a given year (monthly) as shown in figure 9.4b. The figure shows
the aggregate demand profile for the plant from January 1997 to April 1999. Within a
given year, say 1998, demand ranges from as high as over one million square metres in
October 1998 to as low as over 500,000 square metres in December 1998. However,
there is less variability in yearly totals. In other words, the yearly total demand is fairly
predictable. Looking over the years, although consistently high sales were recorded in
the months of May and October, there is no clear seasonality in the demand profile.
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Figure 9.4b: Aggregate demand profile for FonGoods.

Changes in end users’ requirements result in short-term demand uncertainty for
FonGoods’ products. These changes tend to shorten the life cycle of existing product
ranges and influence the development of new products by the company to satisfy the
market requirements. The attendant gradual decline in the demand levels for existing
product ranges and increase in the demand for new products have implications for
production volumes in the plant, hence the need to have high levels of volume
flexibility.
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Excessive overtime hours resulting in high labour costs is another driver of the need
for a volume flexibility strategy such as the banked hours system in the plant. This is
further explained in the following section.

9.4.5 Enablers and Inhibitors of Volume Flexibility

The figure below summarises the enablers of volume flexibility (strategies that the
plant employs to achieve volume flexibility) and the inhibitors (factors that prevent the
achievement of volume flexibility). It identifies the key implementation factors (KIF)
for the implementation of the enablers (i.e. how the plant has gone about implementing
the enablers and overcoming the inhibitors to achieve volume flexibility).

High levels of volume flexibility

J A ? A

1
( 1
| Refusal to Creates .
Inhibitors JL pay back hrs R None None
3

tEa

|
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] | | ] i |
|
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Banked ! 7”‘) New ‘ Multiskilling { { Vary\.ng |
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needs analysis
Complementary enablers

Figure 9.4c: Enablers of volume flexibility at FonGoods
Banked Hours System

High variability in demand levels, high overtime bills of about £400,000 to £600,000
per annum, low productivity in spite of excessive overtime hours, short-term demand
uncertainty and the widening gap between shop floor and management were the
drivers behind the implementation of the banked hours system. The use of the banked
hours system is a tactical solution that has a direct effect on the achievement of volume
flexibility in FonGoods.

Prior to the introduction of the system, the working week and payment of wages were
based on four days (Monday — Thursday). There was no normal work and pay on the
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Friday. When the demand level increased, Friday work was paid as overtime. In reality
what was happening was that people were slowing down the work during the week
that working on Fridays became the norm rather than the exception. Thus, what the
plant had hoped to save by making Friday a non-working and non-paying day was

actually being spent on overtime hours’ expenses.

“Sometimes, we asked them to come in on Friday, most times we asked them to stay at
home. When this happened, they only saw that they were being laid off again, not
bothering about the gain in money that they had in overtime the following week. Some
people were getting 4 days wage, and peoples’ lives were unstable. There was a lot of
conflict. Inevitably a change had to happen”.

Implementation

With the banked hours system, the working week was made over four days rather than
five. People work four normal days (on a scheduled basis to provide volume flexibility
for known variability in demand levels) but are paid for five. So if they are not required
on a Friday, they put their hours in the bank. A maximum of 5 days or 40 hours can be
banked in a month. These hours are paid back to provide volume flexibility to cope
with uncertain production demand changes or for cover in the case of absenteeism.
Generally, overtime is completely eliminated but may be granted if an individual who
has exhausted his banked days is required for extra work. The table below shows a
snapshot view of the record of bank hours for Mr Joe Bloggs.

Joe Bloggs Bank Hours
| Balance | 2.5 J
Credit (banked) Debit (Payback)

Date Day Shift Hours Date Day Shift Hours
08/05/98 Friday Nights 8 22/08/98 Weds 5
28/08/98 Friday 8 27/09/98 w/ending 10
11/09/98 Friday 8
23/10/98 Friday 1.5

Total 25.5(17.5) Total 15

Table 9.4.1: Typical shift and banked hours schedule at FonGoods
Discount is given as an incentive on hours banked (i.e. 8 hours banked, 5.5 hours paid

back), therefore the effective credit hours for Joe Bloggs is 17.5 hours. The record
above shows that Joe can only be called out to work for an extra two and half-hours
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before running into working overtime. Rather than let this happen, people with the
most or more banked hours are approached first when payback time is required.

The successful implementation of the banked hours system in the plant depends on a
number of factors. Informal talks were held with the machine operators to try and get
their feelings about the impending change. Education and communication were vital.

“So we sat down and came up with a list of what is expected from a banked hours
system and what people will get out of it. We then talked with the unions and they felt
it was a good idea”.

The management had several consultations and meetings with the unions and operators
to discuss various issues before an agreement was reached. Some of the resistance to
implementation, which was experienced, came from the part of the factory where there
was a lot of mistrust. People had the perception that

“...the company doesn’t give something and not take something back” .
The management needed to educate the workforce and tackle their perceptions.

“It was important also for us to clarify what was in it for the company as well - we
don’t have to pay overtime, however, you get a week’s wage guaranteed every week” .

Having spare capacity on the machine was vital to the successful implementation of the
banked hours system.

“You’ve got to have spare capacity on the machine otherwise you can’t get the
payback”.

The machines must not be the constraint in terms of production capacity for the system
to work. From the plant’s perspective it might be difficult to implement such a system
in an operation that runs normally 3 shifts 5 days a week such that the only spare
available is the weekend. It might be difficult to call people to pay for the banked hours
on a weekend. Also, FonGoods carried out a thorough labour requirement analysis
required for the production operation.

“You've got to have the right number of people for the banked hours system to work.
If you have too many people you will be saving more banked hours than you need”.
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By auditing the number of banked hours versus payback, the plant was able to
determine the required number of people needed in the system. This resulted in the
layoff of 12 people.

The banked hours system was implemented gradually moving from the machine section
over a period of time to the cutting and the packing areas. This enabled the plant to
monitor the progress and success of the system and it raised the interests of others that
were yet to join at the time.

“Of course you would have the problem of people asking why they can’t be on that
system. They would always think it is better”.

Incentives in terms of discounting hours paid back are given to workers to encourage
and motivate them. So bank hours paid back during the week or Saturdays are reduced
by 1.5 times (i.e. 8 hours banked, 5.5 hours to work). Bank hours paid back on Sunday
are reduced by 2 times (i.e. 8 hours banked, 4 hours to payback). Also bank hours
owed at the end of the calendar year are written off for a fresh start in the New Year.
These incentives have been significant in the successful implementation of the banked
hours system for FonGoods.

Fongoods encouraged informal and self-management of the system. The informality of
the system enables local arrangements to be made for cover and call outs. If a worker
is off in a particular section, somebody else might be called in to use his own banked
hours to cover. Because of peer pressure, this happens only for genuine reasons. There

were, however, some problems in implementation.
Inhibitors

The biggest problem that the plant has experienced with the system was getting people
to give back or pay back banked hours. In order to deal with this problem, the plant
negotiated with the unions to put some rules and regulations in place as a disciplinary
procedure if somebody refuses to give back their banked hours. So, initially individual
discussions would take place on how to reduce their level of banked hours to an
acceptable level. If this does not succeed, the banked hours contract is not extended.
The individual thus reverts to the old system of working and being paid for four days
(Monday — Thursday) with no chance of overtime working on Friday.

“This is not a big problem though, 99% of the time, the system works fine” .
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The banked hours system has enabled the company to increase its flexibility to deal
with fluctuating demand and uncertainty in demand levels. Productivity and motivation
of the workers have increased and absenteeism has fallen. The workers are more eager
to work and ideas and suggestions flow freely on the shop floor.

“There was a time we had quite a large order and we required people to give in their
banked hours on a weekend. They refused and proposed to reshuffle the shift pattern
and work 5 blocks of 12 hours shift instead during the week. So, instead of working 8
hours a day, they worked 24 hours on all machines using their banked hours to get
the order out of the door. So, sometimes we may not get everything that we ask for,
but we get suggestions”.

Multi-skilling

Generally, most of the workers are skilled in particular areas. They work in teams
limited to a particular work centre. However, there is a group of workers who are
multi-skilled and can work on several machines and work centres. This group
constitutes the floating shift and they are employed in various process areas to provide
additional capacity when required. Multiskilling aids the banked hours system but the
effect is felt over the longer term because it is done as part of a strategy and not as an
opportunistic solution. Implementing multiskilling in FonGoods involved the provision
of good training for the workforce.

Varying Lead Times

Although not often used, FonGoods has no problem at all varying lead times to
provide it with a cushion during peak demand periods. This reduces the need for
internal volume flexibility in the plant.

Implementation

FonGoods has a good understanding with its customers. “It is more like a
partnership”. To cater for their overseas customers, the plant has multi-lingual
personnel on site that can speak to different customers in different countries.
FonGoods has 5 major customers that make up about 80% of the sales volume. These
major customers are all overseas and are more flexible with the customer lead-time.
Because the plant offers volume discounts, customers are more willing not only to
place orders but also to be positively responsive to variations in lead times.
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New Technology

It was explained earlier that the availability of spare capacity on machines is significant
for the successful implementation of the banked hours system. For FonGoods, heavy
investment in new technology has been responsible for the availability of the needed
spare capacity. “We’ve got the best cutting and packing lines that money can buy”.
The high efficiency of the machines implies that the plant runs 4 days and 3 shifts on
average on machines, with one day to spare. The main machine works 3 shifts, 4 days
a week. The cutting lines are run on 2 shifts, 4 days a week. There exists a mini night
shift, which can be called in depending on the requirements. In addition, therefore, to
the one-day spare (on Fridays), there is extra capacity (one extra shift a day) on the
cutting lines. This enables the plant to be able to vary its capacity reasonably to cope
with demand fluctuations, provided that sufficient labour hours are available. However,
investing in new technology was part of a strategy in FonGoods and therefore provides
long-term volume flexibility.

Implementation

To implement the strategy, FonGoods carried out extensive research on available

technology. This enabled the plant to invest in the most suitable type of equipment for
its operations.

Inhibitors

Initially, installing new equipment created tension amongst operators as they could see
their jobs disappearing. FonGoods, therefore, carried out a good education programme
to allay operators’ fears. Where operators had to be laid off, the plant introduced a
voluntary and good redundancy package, which helped to maintain good relationships
between management on the one hand and both the retained and redundant staff on the
other hand.
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9.4.6 Summary
Table 9.4.2 summarises the insights provided to answer the first Research Question.

RQ1: Under what conditions does FonGoods require high levels of volume flexibility?
Concept used: Drivers

Drivers of Volume Short product life cycle Demand variability and New product development

Flexibility uncertainty

Causal factors » Market changes i.e. ¢ Changing customer + Changing customer taste
changing customer taste requirements

Table 9.4.2: Drivers of Volume Flexibility in FonGoods

Table 9.4.3 summarises the insights provided to answer Research Questions Two
Three and Four.

RQ2: What are the enablers and inhibitors of volume flexibility in FonGoods?
Concepts used: Enablers and Inhibitors

RQ3: Why does FonGoods use these particular enablers to achieve high levels of
volume flexibility? Or what makes FonGoods choose these enablers?
Concepts used: Benefits & Drivers

RQ4: How does FonGoods use the enablers and overcome the inhibitors to achieve

high levels of volume flexibility?
Concept used: Key implementation factors (KIF)
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Enablers of Banked hours System Multiskilling Varying lead times New Technology
Volume Flexibility or equipment.
upgrade
Drivers « High variability in * High levels of * High variability in * Growth in
demand levels volume flexibility demand levels demand
* High overtime bills * Localised skill * Need for spare
* Low productivity base capacity
*» Gap between shop
floor & management
Benefits * Provide volume * Provides volume * Provides volume » Provides volume
flexibility flexibility through flexibility flexibility +)
* Low absenteeism floating multiskilled « Aids banked
* Increased productivity & team hours system (+)
motivation ) * Costly (-)
* Limited to
floating team (-)
Inhibitors * Refusal to pay back * Not problematic « Not problematic « Creates tension
hours amongst workers
initially.
Key * Education & « Dedicated team » Good relationship » Educate workers
Implementation consultation members as a with customers « Introduce
Factors * Tackle perceptions floating shift. * Volume discounts voluntary and good
* Incentive — discount ¢ Good training * Multi-lingual redundancy package.
payback hours personnel on site * Extensive research
* Gradual for overseas on available
implementation customers technology
* Good equipment and * Reduced customer
labour capacity analysis base. 5 major ones.
* Self managing — peer
pressure
* Rules & regulation to
discourage refusal to
pay back hours.

Table 9.4.3: Enablers of volume flexibility in FonGoods.

Figure 9.4d shows the characteristics of the enablers identified and the nature of their
effects on volume flexibility. The classification has been done in line with Hyun and
Ahn’s (1992) decision-hierarchical view of flexibility (Chapter 3). Long-term
(strategic) solutions of volume flexibility deal with strategic issues involving major
decisions about how to achieve volume flexibility to cope with major issues like future
demand growth or slump and requirements in technology. Short-medium term
(operational-tactical) solutions of volume flexibility deal with how to achieve volume
flexibility to cope with issues such as variability in demand levels, absenteeism and
equipment breakdown.
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Decigion Period

v

Effects on a Short-Medium term Long term
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Figure 9.4d: Decision-hierarchical view and effects of enablers on volume flexibility
9.5 Chapter Summary

This chapter has carried out the within-case analyses of four of the eight plants
selected for the case studies (i.e. Engico, Teleco, Proceco and FonGoods). In each of
the cases, the contextual factors of the plant and the characteristics of the market in
which the plants operate are discussed. Where data are available, the aggregate
demand profiles and production plans of the plants are presented.

Data analyses of interview transcripts were carried out by thematic coding and content
analyses to identify emerging themes and concepts that provide insights into the
Research Questions (Eisenhardt, 1989; Miles and Huberman, 1994; Yin, 1994).

The analyses revealed various conditions that drive the plants to require high levels of
volume flexibility (Drivers of volume flexibility — RQI). The drivers identified include
high demand level variability, shortening product life cycle, competition and high
uncertainty of demand levels (Slack, 1987; Swamidass and Newell, 1987; Oliff and
Marchand, 1991; and Hyun and Ahn, 1992). The analyses, however, reveal that these
drivers are not applicable to all the plants studied.

The analyses also identified the factors that aid and prevent the achievement of volume

flexibility in the plants studied (Enablers and Inhibitors RQ2). Enablers identified

include the use of banked hours system, multiskilling, using sister plants and sub-
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contracting (Adler, 1987, Kohler, 1989; and Grey and Corlett, 1989). The plants
generally do not have problems implementing many of the enablers to achieve volume
flexibility. For the banked hours system, inhibitors to implementation include wnion
resistance and obtaining payback hours from operators.

Further analyses were carried out to investigate why some plants use some solutions to
achieve volume flexibility and other plants use other solutions (RQ3). The analyses
reveal that a plant chooses to use a particular enabler depending on the market
conditions which it is exposed to (i.e. drivers — e.g. high variability in demand levels).
The plant continues to use the enabler or desires its use in the future because of the
perceived gains from the use of such a strategy (e.g. benefits from the use of banked
hours system include elimination of overtime and its attendant costs and reduced

absenteeism).

Finally, analyses were carried out to investigate how the plants actually implement the
enablers and overcome the inhibitors to achieve volume flexibility (Key implementation
factors — RQO4). For instance, in order to implement the benefit hours system, Teleco
generally rewarded its operators financially, had extensive communications and
consultations with union members and operators and the implementation was be done
in a gradual manner (Tranfield and Smith, 1990).

The next chapter will describe the within-case analyses carried out at the four other
case study plants.
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— p— ——

L(jhapter 10 — Research at Foodco, Lachstone, Plastico and Electco. l

— —— . —— -

10.0 Introduction

This chapter is divided into four main sections. Each section discusses and analyses the
research carried out in the remaining four plants selected for the case studies (Foodco,
Lachstone, Plastico and Electco). In each of the cases, the manufacturing manager or the
production manager was interviewed and some quantitative data were collected. The
within-case analyses were carried out in line with the Research Questions for the
research project. The cases have been described and analysed in the following sequence:

1. Contextual considerations/Description of operations/Market characteristics — to
provide insights into why some factors (e.g. drivers and enablers of volume
flexibility) are more important or used in some plants than in others

2. Drivers of volume flexibility — to identify the drivers of volume flexibility in the plants

and the causal factors for the drivers (RQ1)
3. Enablers of volume flexibility — to identify the enablers and the inhibitors of volume

flexibility and to explain how the plants implement the enablers to achieve volume
flexibility ( key implementation factors)
4. Summary of analyses

240



Chapter Ten — Within-Case Analyses

10.1 Case Analysis - Foodco

The manufacturing manager was interviewed (the source of all the quotes cited in the
case study). Data on the annual production requirements were collected. The contract
agreement of the flexible working scheme (annualised hours contract) that was
introduced into the plant was not made available. The interview lasted about 2 hours and
it was audio taped. Verbatim transcription of the tapes was carried out. Content analyses
were carried out to identify the concepts relating to the Research Questions. Focus was
on identifying the following:

1. Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) — Research Question One

2. The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3. The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4. The key implementation factors (1.e. how does the plant implement the enablers?) —
Research Question Four

10.1.1 Contextual Considerations

The plant belongs to the food sector. A food processing plant, it has two main units
defined by the nature of the products. These are the wet food and the dry food units. The
dry food unit is the newer of the two and has more stock keeping units (SKUs).
Forecasting demand for its products is more difficult. The lines in the two units are run
24 hours a day, 5 days a week.

The plant employs 168 people directly involved in production operations. Foodco has
about 100 suppliers and the average purchasing lead-time is 7 days. The average
manufacturing lead-time is 1 day and the average customer lead-time is 3 days.

10.1.2 Market Characteristics

The plant belongs to a large multi-national company, which has several other
manufacturing sites. The plant supplies its product direct to the group’s central
distribution warehouse from where supplies are sent directly to customers. Another
company within the group handles orders, marketing and sales and final distribution.
While the end customers for the plants’ products are the big UK retailers, to a very large
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extent, the plant’s direct customer is the sister company within the group. The plant also

makes some products for export.

Some of Foodco’s products are clear brand leaders in the UK market. However, the
focus of competition for the plant has widened from just competing in the market place
to competing with other plants within the group, particularly since there is pressure on
the group to close down some of its plants within 5 years.

10.1.3 Operation

Harvested seeds are supplied, checked for quality and screened for impurities. Before the
seeds are stored, they are dried to reduce the moisture content allowing them to be
stored without fear of deterioration. Once dried, various batches are blended to maintain
uniformity and stored in vast silos ready for use. When required, the seeds are taken to
the mill where they undergo several processes to reduce them to the flour form of the
product. This is mixed with other ingredients to produce a wide range of the plant’s wet
food (wet food unit) and dry food products (dry food unit).
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10.1.4 Drivers of Volume Flexibility

Figure 10.1a below shows the drivers of volume flexibility in Foodco and the causal
factors for these drivers.

High levels of volume flexibility

A
S 1 f t
’ Demand Short High High Internal
Drivers < variability/ product machine product competition
uncertainty shelflife set-up time mix
-
1 ——— - I
| eCustomer | | eProduct | | » Material ‘ eMany SKUs | |  Impending
Causal | requirements | characteristics | characteristics | | eCustomer | | group ‘
Factors | ® Festive e Customer | | eInflexible | | needs | | reorganisation |
| periods | | requirements | | machines N |
| » Unscheduled | | |
| production

| requirements |

Figure 10.1a: Drivers of volume flexibility in Foodco
Demand Variability and Uncertainty

Figure 10.1b below shows the annual production requirements in terms of running hours
per week for one of the main units in the plant. The figure gives an indication of the
demand variability that the plant experiences. Generally, the average running hours per
week tend to increase in the latter part of the year (periods 7 to 12) indicating some level
of demand seasonality.
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Figure 10.1b: Annual production requirement of Foodco

The plant is relatively busier towards the end of the year to cater for an anticipated surge
in demand levels over Christmas. The plant had tried to employ overtime hours to cope
during the peak periods. This was problematic. First, there was the cost of using it.

“People liked the overtime for a few weeks, and then they start to make choices when it
goes on for a long time because the peak periods go on for a long time. Then it became

difficult to get people when the plant needed then”.

Labour was unavailable and absenteeism went up. The plant had to employ a flexible
strategy such as an annualised hours contract to cope with predictable peaks and troughs
in demand levels and short-term demand uncertainty. How it implemented the strategy is
explained in section 10.1.5. Variability also exists within the peak periods, but total

demand, usually over one year, is fairly predictable.

Order sizes range from as low as 100 kilograms to as high as 1000 kilograms and there
are variations in the mix of products as well. These call for flexible equipment and
strategies that can handle efliciently small and flexible batch sizes. The plant has been
able to achieve the required flexibility in the dry food unit (Section 10.1.5) but the wet

food unit 1s incapable of producing in small batch sizes.

Short Product Shelf Life

The average shelf life of the plant’s products is about 9 months. As a first approximation
this is fairly comfortable and the plant could afford to make for stock. However, because
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the supermarkets would not take a product with less than three-quarters of its shelf life
left, the plant is left with a shorter time to deliver its products. Thus, the length of time
that the products stay in stock is relatively short. The implication of this is that although
the actual shelf life of the products is relatively long, the effective shelf life (about 2
months from the plant’s point of view) drives the plant to require flexible strategies.

High Product Mix/High Machine Set-up Time

The plant runs generally on weekly batches in the wet food unit and on daily batches in
the dry food unit. Weekly production restricts the flexibility of the plant, especially in the
wet food unit, as it is impossible to handle efficiently many SKUs.

In the wet food unit, the machines are older and highly inflexible in terms of the
capability to handle smaller batches and do quick changeovers. There are other
constraints, like cleaning times and size change times.

“For example some of the chemicals we use for cleaning have a minimum contact time,
so you can’t do anything about that. That restricts the mix. So we tend to do weeks of
different types of products rather than days” .

These factors drive the plant to require flexible strategies, such as the use of an
annualised hours system (to provide tactical volume flexibility) and upgrading equipment
(to provide long-term volume flexibility). Both have been fully implemented in the dry
food unit. The annualised hours system, which is a tactical solution used to achieve
volume flexibility, is the only strategy of the two that has been implemented in the wet
food unit.

Internal Competition

The group to which the plant belongs is planning to shut down a number of sites. This
puts Foodco under some kind of pressure to perform or be closed down. The focus,
therefore, of competition has widened from just competing in the market place to
competing with other plants within the group. Innovative ideas are being generated
within the plant in order to cut cost and improve the bottom line. This sort of internal
competition has driven the plant to implement many innovative strategies including
volume flexibility strategies such as an annualised hours contract.
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10.1.5 Enablers and Inhibitors of Volume Flexibility

This section discusses the solutions, which the plant employs to cope with the drivers of

volume flexibility discussed in the previous section.

“The first point of call is to make the lines work better (process efficiency), second is 10
see whether the product can be produced anywhere else on the site (sister unit plant on
site). Third is using extra hours (annualised hours contract). Fourth point of call which

is one we have investigated but have dismissed this year is to go onto a 7 day running”.

Figure 10.1c summarises the enablers (strategies used to achieve both short-term and
long-term volume flexibility) in the plant. It highlights the inhibitors or problems
encountered in implementing these strategies and discusses how the strategies have been

implemented (key implementation factors).
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Figure 10.1c: Enablers of volume flexibility at Foodco

Teamworking

Teamworking was introduced in the plant to remove demarcations and encourage better
relationships amongst the workers on site, to improve performance and to increase

responsibility and ownership. Although it was not originally intended to be a direct
enabler of volume flexibility in the plant, the strategy facilitated the successful
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implementation of annualised hours system which provides high levels of volume
flexibility.

Implementation

The strategy was not problematic to implement but it owes its success to various factors.
The move to the teamwork system took about 12 months of planning. The planning was
conducted by a steering group, which met regularly to define the modality of the system.
Setting up of improvement groups, which were cross-shift and cross-functional was the
first physical step to changing. Based on the recommendations of the improvement and
the steering groups the teamwork system was introduced into the plant. Significant to the
success of the teamworking system implementation is the appointment of a team coach
who oversees the overall activities of the team. The team coaches are adequately trained
to perform their duties. The teams are given total autonomy in the way they set their
targets and choose their leaders. A feedback system was also introduced for evaluation

of performance against targets.
Annualised Hours Contract

Prior to the introduction of an annualised hours system, the plant had depended on the
use of overtime hours to cope with variability in demand levels. The trouble with that
was because demand tends to stay up for a long time during the peak season, the zeal to
work overtime hours drops after a few weeks. It was becoming difficult for the plant to
get people when they needed them, the level of absenteeism went up and from a
management perspective, it was difficult to forecast the labour cost per year.

“We couldn’t predict accurately how much it was going fo cost us”.

Implementing an annualised hours system was Foodco’s solution to the problems.
Implementation

With the system an individual worker is contracted and paid for a year to work 1900
hours. 1750 hours are rostered and committed. The distribution of these hours depends
on the predictable variability in demand levels over the year. The remaining 150 hours
are called reserved hours and the worker can be called to use these hours when required

to cover uncertain or unpredictable changes in demand level requirements including an

increase in demand levels over and above forecast, absenteeism and equipment
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breakdown. However, the aim of the plant and all workers is not to use these reserved
hours. Annualised hours contracts work well if the total demand over the planning period
(usually one year), is reasonably predictable.

“The less predictable your demand is, the more reserved hours I guess you will have to
have or the less rostered hours you will put in”.

Thus, it was important for the plant to have some degree of predictability of their
customer demand levels. This provides visibility for both management and staff and
planning can be done a year in advance so that everybody knows which team is on which
week for the entire year.

A number of factors were responsible for the successful implementation of the strategy in
the plant. The system was implemented gradually. At the time it was introduced, there
were five factories on site, so it was implemented in one factory first. The successful
running of the system led to its full implementation across the entire site.

Having teams that work efficiently in the plant facilitated the implementation of the
system. The teams set rosters and they can change start and finish times. There is no
clocking system and the system is run informally and self managed. Regarding the
reserved hours, teams decide in the main when to use them. This improves productivity
and morale as people spend less time at work.

It was important for Foodco to have adequate preparation for the launching of the
system.

“We had nine months to prepare for it. We talked to the workforce, educated them in
various things about what we were trying to do, why we were doing it, we showed them

various schemes, and in_fact whatever information they wanted, they got”.

Extensive consultations, negotiations and meetings were held with workers and unions to
sell the idea to them. Having implemented the system, the successful running of it also
depended on building the trust between the management and operators. Management had
to trust the teams and operators not to exploit the system.

For the successful implementation of the scheme, the plant had to decide how much

flexibility it needed in its system and also how much money it could afford to pay. In
other words, they carried out comprehensive flexibility and capacity needs analyses.

248



Chapter Ten — Within-Case Analyses

These helped to determine the number of committed and reserved hours per worker that
was to be agreed upon.

With the introduction of the annualised hours scheme, the plant moved from weekly to
monthly pay. In order to reduce the financial effect of this on the workers, the company
offered to finance people through their first two or three months pay. So when they came
off hourly pay, they gave them for instance a month’s pay in their last hourly pay cheque
and then took the money back over the next three months, interest free.

Inhibitors

In spite of the apparent good implementation procedure undertaken by the plant, they ran
into a number of problems. People who were making a lot of money on overtime
obviously did not want to buy into it.

“In terms of pay, we didn’t generally have problems with those people whose basic pay
originally was say about £11,000. With the new scheme, they got paid about £14,000, so
they are better off although they used to have some overtime on top of the £11,000. The
problem was people who were working excessive overtime hours and were making like
£21,000 in the case of operators and engineers making up to £35,000. They were the
ones who moaned the inost”.

Getting the scheme implemented met with a lot of resistance and suspicion. “The
operators reluctantly accepted it in the first department. The engineers were essentially
saying, “no way
working. That is,

22

. This is probably because the deal went against people’s paradigm of

“...1 come to work, I get hourly pay, I can choose when I have my holiday, I can choose
when I do my overtime. You now want to tell me what hours I am going to work every
week, what weeks I can take off during the year and I’ve got no chance of earning
overtime, it’s just not on”.

With more consultations and education, the operators reluctantly accepted the deal. But
with continued resistance from the engineers, the system had to be forced in.

“Our Managing Director stood up in front of them and said I could fill the football

ground across the road with new applicants for your engineering jobs, you either vote
now on this deal or I'll put an advert in the paper for your jobs”.
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Supply Chain Flexibility

Yield is an important factor for the business. Low yield of raw materials could impair the
ability of the system to meet production volume requirements. Yield also has implications
for planning and scheduling in the plant.

Implementation

The plant works closely with the farmers in the upstream end of the supply chain to
improve the yield of the seeds.

Foodco has many suppliers but chooses to have a very close relationship with only those
that supply specialised materials. Other suppliers that represent about 80% of the total
number of suppliers supply off-the-shelf products which are easily obtainable. The close
relationship that the plant has with its specialised suppliers enables it to enjoy a relatively
short purchasing lead-time (7 days), and a reduction of time wasted on quality control
and flexibility.

“We've got a good relationship with most of our suppliers and they give us the
Sflexibility that we need” .

Equipment Upgrade/Investment and Mix Flexibility

Due to the changing market requirements and the requirements for more SKUs, the plant
required a flexible plant capable of producing many SKUs within a week as opposed to
running weekly batches, as is the case in the wet food plant. Foodco also needed a plant
that could run smaller order sizes as sizes of orders were falling. The minimum order size
that was possible was 750 kilograms. The result was an innovative idea that led to the
installation of mixers (dry food unit) which were primarily used in pharmaceutical plants.
The mixers were more expensive than normal food mixers. But not only could these
mixers change over quickly between different SKUS, they had the capability of running
batch sizes as low as 100 Kilograms. By investing, therefore, in new equipment, the plant
was able to achieve mix flexibility on the one hand with the capability to produce
efficiently many SKUs. On the other hand it was able to achieve long-term volume
flexibility because of the ability to handle more variable order sizes. It could also be
argued that achieving mix flexibility, as described above, has an indirect positive effect
on volume flexibility, as the plant is able to adjust quickly to relative volume changes
within mix.
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10.1.6 Summary of Analyses
Table 10.1.1 summarises the insights provided to answer the first Research Question.

RQ1: Under what conditions does FoodCo require high levels of volume flexibility?

Concept used to answer this question: Drivers

Drivers of Volume Demand variability and | Short product shelf High machine High Product | Internal
Flexibility uncertainty life set-up mix competition
Causal Factors * Demand peaking * Product « Inflexible * Many SKUs | *Impending

at festive periods characteristics machines * Customer group

« Customer * Customer * Material needs reorganisation

requirements requirements characteristics

* Unscheduled

production

requirements

Table 10.1.1: Drivers of volume flexibility in Foodco.

Table 10.1.2 summarises the insights provided to answer Research Questions Two,
Three and Four.

RQ2: What are the enablers and inhibitors of volume flexibility in Foodco?
Concepts used: Enablers and Inhibitors

RQ3: Why does Foodco choose to use these particular enablers to achieve volume
flexibility?
Concepts used: Benefits and Drivers

RQ4: How does Foodco use the enablers and overcome the inhibitors to achieve high

levels of volume flexibility?
Concept used: Key implementation factors (KIF)
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Drivers * Grow * High variability in * Yield factor * High Seasonal « High product
relationship across | demand levels (in demand mix
site seasons) * High product
* Increase * High absenteeism mix
responsibility and | < Poor visibility of « Inflexible
ownership Labour cost machine
* Performance * Unavailable labour for  Smaller batch
improvement peak periods sizes
Benefits » Facilitated * Lower absenteeism » Provides * Provides volume | * Aids volume
annualised hours « Little management volume flexibility flexibility
system input required flexibility
* Provides volume * High yield of
flexibility raw materials
* Can budget easily for
year
Inhibitors * None * Resistance and * Many * Not problematic | «Lack of
Suspicion suppliers multiskilled
staff
Key * Team coach * Education, » Good » Innovativeness — | *Flexible
implementat |  Self understanding and relationship research on equipment
ion factors assessment Consultation with small available * Programme to
* Planning * Gradual number of technology upskill
* Training implementation specialist workforce
* Feedback « Financial incentive suppliers
system + Affordability
* Autonomy + Capacity need analysis
* Self-managing - Peer
influence and
informality

Table 10.1.2: Enablers of volume flexibility in Foodco.

Figure 10.1d shows the characteristics of the enablers identified and the nature of their
effects on volume flexibility. The classification has been done in line with Hyun and
Ahn’s (1992) decision-hierarchical view of flexibility (Chapter 3). Long-term
(strategic) solutions of volume flexibility deal with strategic issues involving major
decisions about how to achieve volume flexibility to cope with major issues like future
demand growth or slump and requirements in technology. Short-medium term
(operational-tactical) solutions of volume flexibility deal with how to achieve volume
flexibility to cope with issues such as variability in demand levels, short-term demand
uncertainty, absenteeism and equipment breakdown.
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Figure 10.1d: Decision hierarchy view and the cffects of cnablers on volume flexibility
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10.2 Case Study Analysis — Lachstone

The manufacturing manager was interviewed (the source of all the quotes cited in the
case study). Data on the weekly production plan and daily actual production against plan
were collected. The contract agreement of the flexible working scheme (annualised hours
contract) that was introduced into the plant was not made available. The interview lasted
about 2 hours and it was audio taped. Verbatim transcription of the tapes was carried
out. Content analyses were carried out to identify the concepts relating to the Research
Questions. The focus was on identifying the following:

1. Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) — Research Question One

2. The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3. The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4. The key implementation factors (i.e. how does the plant implement the enablers?) —
Research Question Four

10.2.1 Contextual Considerations

Lachstone belongs to the Engineering consumer sector. The plant has other sister plants,
one in the UK and in Europe, in France and Germany. The turnover of the plant is about
£20 million. The product range includes goods, which are predominantly storage
cabinets, sliding door units, pedestals that go with desks and, systems furniture. There
are 135 people on site, 85 of whom are direct employees carrying out value added work,
and the remainder of whom are indirect and support staff.

The plant has about 32 suppliers of components and raw materials. The average
purchasing lead-time is 10 days, the average manufacturing lead-time is 20 days and the
average customer lead-time is 40 days.

10.2.2 Market Characteristics
Lachstone supplies the professional services market. It concentrates on the FTSE 100
customers and has contracts with top management and financial consulting firms in the

UK. The plant sells through a dealer network that has its own installation and offers the
possibility of moving furniture around, dismantling it, reconfiguring it and adding new
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bits to it. One of the challenges to Lachstone in design is, therefore, to be able to

produce furniture that is easy to reconfigure.

10.2.3 Operations

The figure below describes simply the plant’s operations and the material flow through

the production system.

Steel blanks  \12chine shop 5-day storage Welding shop
| Pressing,punching :
& bending g WIP —»  Welding

Wet/dry paint lines

Packing & dispatch | Assembly [, Painting <

Eahilin B el

Figure 10.2.1: Lachstone’s production process chart

Steel blanks come in as raw materials and are put through the pressing, punching and
bending processes in the machine shop. The shop operation is run on a weekly batch
production, so the prccessed steel is put into work in progress (WIP). Upon receipt of
product orders, the processed materials are called up from the WIP and passed on for
welding, and then unto the painting lines where wet or dry paint is applied, depending on
the customer requirements. The painted material is then assembled, packed and
dispatched. From the WIP down to packing and dispatch, the operation runs daily on a

make-to-order basis.

10.2.4 Drivers of Volume Flexibility

The figure below shows the conditions that drive Lachstone to require high levels of

volume flexibility and the factors responsible for these conditions.
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High levels of volume flexibility
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Figure 10.2b: Drivers of volume flexibility in Lachstone
Demand Variability and Uncertainty/Short Product Life Cycle

The changing nature of the market place and the attendant different organisational
changes like downsizing, amalgamating departments, movements from one operation to
the other, all affect people’s working environment. Organisations respond to these
changes in many ways. These changes have implications for investment in furniture by

organisations and a knock on effect on the order sizes for the plant.

«“What that means is that over a period of time you set up from a manufacturing point of
view to make very efficiently very high volumes, and over a period of time, when that
product dies you still have this very low volume, very big peaks and troughs in capacity
needs as a new product picks up”.

Downsizing or amalgamating departments may imply high variability in levels of demand
for a particular product range.

“For example if we look at cabinets, our target is to produce 1500 cabinets a week. For

the first quarter of the year, our lowest was 1192, and our highest was 1781. When we
had 1781 units, our overtine went up”.
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Figure 10.2¢ below shows the aggregate weekly production plan and available capacity
for Lachstone over a 9 week planning horizon.

Weekly Production Plan as at week 1

12000
10000 -
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2000 -

Units
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—&— Available capacity (units) —#— Demand

Figure 10.2c: Aggregate weekly production plan for Lachstone.

The figure above gives an indication of the variability in demand levels that Lachstone
experiences. The plant has adequate capacity (in terms of labour and machine hours) to
cope with expected demand from weeks 1 to 8. Only in week 4 would the plant be able
to match demand with available capacity and thus operate at its highest efficiency. The
plant has excess capacity over expected demand between weeks 4 and 8. Demand in
week 9 is expected to overshoot available capacity by more than 500 units. The
implication of the above is that the plant requires a flexible strategy that would enable it
to contract its capacity in line with the expected fall in demand between weeks 4 and 8,
and expand the capacity in week 9 to cope with the expected surge in demand for that

week.

Lachstone also experiences variability in demand levels on a daily basis. Figure 10.2d
shows the daily production profile.
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Daily Production Profile as at day 5
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Figure 10.2d: Daily production profile for Lachstone

The figure above shows that variability exists on a daily basis. In terms of the plan or
forecast, it ranges from about 1200 units (in day 4) to about 2532 units (in day 8) over
two weeks. In terms of actual production, it ranged between 1447 units in day 4 and
2389 units in day 3. The relationship between the planned and actual production also
highlights the levels of short-term uncertainty in demand levels at least on a daily basis,
especially in day 2. However, over a period of one year the total demand is fairly

predictable (no available data to support this).
Competitors’ Actions
The market in which Lachstone operates is highly competitive

“You've got 1o be able to deliver it when required otherwise you don’t get the business.
We have managed to pinch some business from our customers because our lead-time is

down to about 4 weeks” .

There is also a lot of pressure on cost. “Prices are coming down, so the costs have 10
come down”. Therefore, rather than having 5 days’ worth of work in progress on the
shop floor, part of the machine shop is being sub-contracted to reduce the cycle time,
and flexible strategies are now being employed to reduce the cost of overtime and excess
capacity. In other words, the competitive nature of the market place is driving the plant
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to require volume flexibility strategies. Although it is sometimes possible for Lachstone
to transfer work to its sister plants, there exists internal competition within the group.

“The sort of competitive environment we have in the group puts pressure on us to do
everything to be flexible”.

Supply Chain Complexity

The long customer lead-time (about 40 days on average) could sometimes be attributable
to late deliveries of raw materials from suppliers. The plant deals with over 30 suppliers
making it very difficult to develop a close relationship to enhance the effectiveness of the
supply chain.

“Our suppliers are not reactive enough to our requirements. They are not as flexible as
we would want them to be”.

This is forcing the plant to look beyond their organisation to implement strategies that
will result in a more flexible supply chain.

High Product Mix

Due to changing customer requirements, the product mix varies widely in terms of sizes
and colours. This has volume implications in the plant.

“We offer about 30 — 40 paint finishes because this is what the market is demanding.
These vary with order sizes”.

Communications with Customers

The plant sells its products through a dealer network. The dealer is also responsible for
obtaining orders from customers and translating these to the plant. The transfer of the
demand information triggers planning and scheduling and subsequent production in the
plant. Thus, errors in order information will result in excess or insufficient production.
This forces the plant to require volume flexibility strategies to meet quoted lead-time
effectively.

“I would say 15 — 20% of the orders that come through from our dealer organisation
need cleaning”.
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10.2.5 Enablers and Inhibitors of Volume Flexibility

Figure 10.2e below summarises the enablers of volume flexibility (strategies that the
plant employs to achieve volume flexibility) and the inhibitors (factors that prevent
achievement of volume flexibility). It identifies the key implementation factors (KIF) for
the implementation of the enablers (i.e. how the plant has gone about implementing the
enablers and overcoming the inhibitors to achieve volume flexibility).

High levels of volume flexibility
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Figure 10.2¢e: Enablers of volume flexibility in Lachstone
Use of Temporary Labour

The plant makes use of temporary labour to supplement capacity when required. This
strategy is a tactical solution to providing short-medium term volume flexibility.

Implementation

The plant uses the local labour pool from which temporary labour can easily be brought
in within 24 hours if needed. They are retained, sometimes for as long as 6 weeks,
depending on the demand level requirements. The job requires skills, so the temporary
labour are usually attached to some experienced company staff in the particular shift in
which they are required.
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Sub-contracting

Rather than carry out the entire punching process in-house, Lachstone sub-contracts this
activity to a sub-contractor. In order to reduce the cycle time and increase flexibility, the
machine shop needs to be run on a daily basis rather than the weekly batch runs that the
plant operates presently. Lachstone is trying to achieve that by sub-contracting the entire
punching process so that rather than buy sheets of blank steel, they will be purchasing
punched blanks directly from sub-contractors. So, Lachstone uses subcontracting as part
of a strategy to provide long-term volume flexibility.

“We would like to increase our sub-contracting activities, particularly in the press
shop. We want to specialise in doing things that other people can’t do well i.e. the
personalisation of our products (painting, styling and assembly)”. In other words, non-
core activities are preferably sub-contracted.

Implementation

There are a number of key factors that aid the successful implementation of
subcontracting in Lachstone. The plant employs a good audit process, which is used to
select who to use. The number of sub-contractors employed has also been kept to a
minimum (only four for the press shop activities), hence it has been easy to manage and
develop good relationships with them. Treating the sub-contractors as partners and
having very close relationships with them has increased the responsiveness of the sub-
contractors to Lachstone’s demand, thereby providing the plant with some volume
flexibility.

Sister Plants

The plant has a sister plant in the UK and others in Germany and France. Lachstone is
able to send orders to any of these plants when it becomes extremely difficult to cope.

“This gives us an edge over our competitors. Some of our competitors don’t have
repeated manufacturing possibilities. We are able to buy from our sister plants from

France and Germany to cope”.

Having sister plants also provides the flexibility to reduce the effect of changing
customer taste and of having products at the dying stages of the product life cycle.
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“For example we have a product that is dying off in France, so we looked at the market
and found that the product was still selling in the UK. So, we transferred the production
of that product from France to the UK. But sometimes, we have fo outsource, especially
if the sister plants do not have the manufacturing capability”.

Using sister plants in this way is possible because of the good integration, which
Lachstone has achieved with its sister plants.

Multi-skilling/Teamworking

Coping with fluctuations in the plant is about training people in the right task. The aim of
the plant is to be able to move people from one end of the plant to another depending on
demand requirements. This is achieved by having multiskilled staff.

“What we try to do is to train people one operation up and one operation down at the
minimum so that we know we can move people”.

When people are multi-skilled, it becomes easier to have teams that are able to work on
any process within the factory.

The plant believes it would be more responsive to customer requirements if it moved
from a process-based organisation to a product-based one. So, rather than having people
working specifically in different process areas, there will be teams across the factory
making a particular product. Typically, a team would consist of multi-skilled workers
who can work on a range of processes from the raw material stage (the press shop)
down to the finished product stage (assembly, packing and dispatch). For such a strategy
to work, the plant believes that people have to be clear about what their expectations are
and to have good measures in place. The workers have to be adequately trained (multi-
skilled), must be focused on continuous improvement and must be able to exchange
opinions in a positive way. Multiskilling and teamworking are seen as complementary
enablers having an indirect effect on the achievement of volume flexibility in Lachstone.
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Spare Capacity

The plant operates on a two shift system (6am — 2pm; and 2pm — 10pm). It was essential
for the plant to be able to manage their budgeted capacity on 2 shifts. This gives them
some slack on a possible third shift (night) when required. Using a third shift is, however,
a last resort.

“We try not to go to the limit. Rather, we look for options for processes within the
budgeted capacity. Keeping the slack available is vital for us”.

Flexi — Time Contract/Annualised Labour Hours Contract

Lachstone introduced the flexi-time strategy to provide labour capacity flexibility. It was
introduced as a result of the need to cut the cost of overtime. With the flexi-time strategy
the workers worked a minimum of 30 hours a week but were paid for 39 hours a week.
They therefore banked 9 hours per week. 30 hours a week were available to cover
scheduled variability in requirements within the week. The banked hours (9 hours) were
used to cover short-term uncertainty (e.g. demand levels over and above weekly forecast
and absenteeism).

Implementation

In implementing the flexi-time strategy, the plant started out with a trial group on the
shop floor. It was important to get it right first before switching the strategy to the entire
plant. This turned out to be a good decision because, as it turned out, the demand was
constantly rising so the people on this scheme were now working more than 50 hours a
week, which was over and above the flexibility that was built in. The number of people
was inadequate to cope with the load being placed on them. A re-evaluation of the
system was done and the approach was changed after about 18 months to an annualised
hours scheme.

Under the annualised hours scheme, a worker gets paid for 43 hours a week (or 1935
hours a year). 40 of those hours are what the plant expects them to work every week (or
1800 hours a year). The 40 hours are used to cover predictable variability in production
plans and schedules. The extra 3 hours a week (or 135 hours a year) are banked and
called for when necessary to cover short-term demand uncertainty. Although it is
referred to as an annualised hours contract, the new working system bears much
resemblance to the discarded flexi-time strategy. On the surface it looks as if the plant
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has less flexibility than before, but the increase in the minimum time (from 30 to 40 hours
a week) that can be worked provides additional capacity. The plant has run this scheme
successfully on another trial group of workers and is in the process of transferring the
scheme across the entire organisation.

Inhibitors

Starting the implementation of the annualised hours contract with a trial group was
problematic. The team was seen as very different.

“...The other problem was that we didn’t identify a team coach. We expected too much
of the team to manage themselves. But it was useful because as you get these things
wrong, you learn a great deal”.

To manage implementation problems, Lachstone introduced a group, which it called the
self-managed team implementation group. This group had representatives from
management and shop floor. Problems were discussed, and the group came up with
priority action plans to solve the problems.

“One of them being to put a coach in place, to look at plant maintenance and move to
annualised hours for the entire plant. The strategy is very beneficial to us and we will

continue to use it. What it means is that it reduces the overtime”.

Although the plant still uses limited overtime, the rate has reduced from about 16%
before the introduction of annualised hours to about 5% on average.

10.2.6 Summary

Table 10.2.1 below summarises the insights provided to answer the first Research
Question.

RQ1: Under what conditions does Lachstone require high levels of volume flexibility?

Concept used to answer this question: Drivers
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Drivers of Short product Demand Competitors’ Complex High product Communication
Volume life cycle variability and actions supply chain mix with customers
Flexibility uncertainty
Causal * Customer « Customer * Cost pressure | * Inflexible » Customer * Dealer
Factors requirements requirements * Reduced lead- | suppliers requirements organisation
time/cycle time | « Many
suppliers

Table 10.2.1: Drivers of volume flexibility in Lachstone.

Table 10.2.2 summarises the insights provided to answer Research Questions Two,
Three and Four.

RQ2: What are the enablers and inhibitors of volume flexibility in Lachstone?
Concepts used: Enablers and Inhibitors

RQ3: Why does Lachstone use these particular enablers to achieve volume flexibility?

Concepts used: Benefits and Drivers

RQ4: How does Lachstone use the enablers and overcome the inhibitors to achieve high

levels of volume flexibility?

Concept used: Key implementation factors (KIF)
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Chapter Ten — Within-Case Analyses

Figure 10.2f shows the characteristics of the enablers identified and the nature of their
effects on volume flexibility. The classification has been done in line with Hyun and
Ahn’s (1992) decision-hierarchical view of flexibility (Chapter 3). Long-term (strategic)
solutions of volume flexibility deal with strategic issues involving major decisions about
how to achieve volume flexibility to cope with major issues like future demand growth or
slump, and requirements in technology. Short-medium term (operational-tactical)
solutions of volume flexibility deal with how to achieve volume flexibility to cope with
issues such as variability in demand levels, demand uncertainty, absenteeism and
equipment breakdown.

Decision Period =
>
) ; Short-Medium term Long ferm
Effects on volume (operational - tactical) (Strategic)
flexibility
m P
Direct !
U £ .
Use of Iy ti
o
I i il |
Indirect Witisxill
v

Figure 10.2f: Decision hierarchy view and effccts of enablers on volume flexibility
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10.3 Case Study Analysis - Plastico

The business process manager was interviewed (the source of all the quotes cited in the
case study). Data on the annual production requirements was collected. The contract
agreement of the flexible working scheme (annualised hours contract) that was
introduced into the plant was not made available. The interview lasted about 2 hours and
it was audio taped. Verbatim transcription of the tapes was carried out. Content analyses
were carried out to identify the concepts relating to the Research Questions. The focus
was on identifying the following:

1 Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) — Research Question One

2 The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3 The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4 The key implementation factors (i.e. how does the plant implement the enablers?) —
Research Question Four

10.3.1 Contextual Considerations

The plant belongs to the household and general goods sector. Plastico is part of a large
multi-national organisation, which has plants in Europe, Asia Pacific, North and South
America. Employing over 12,000 people, the total net sales of the companies in Europe
and the US in 1998 was over £6.8 billion. Plastico employs 650 employees involved
directly in production operations.

The plant produces packaging materials used in packing food items such as turkey and
cheese. Plastico has about 12 suppliers. The average purchasing lead-time is 7 days, the
average manufacturing lead-time is 10 days and the average customer lead-time is 10
days.

10.3.2 Market Characteristics
Plastico supplies the big food companies in the UK that pack the birds using the wraps

and bags produced by Plastico. The plant also has direct contact with the major food
retailers in the UK to design packing solutions.
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The plant has competitors in the UK and on a European basis. It tries to differentiate
itself by focusing on a particular segment. The plant dominates the segment in which it
operates. However, if it gets to a price competitive situation it would either use
technology or leverage to overcome the threat. It would not go for head to head price
competition. This is because it would not sacrifice its high gross margin of about 50 -
60%.

10.3.3 Operations

The main operation involves the extrusion of specialist polymers (purchased as raw
materials) to various forms of multi-layer plastic conversion, printing and packing for
dispatch. Another part of the operation involves putting resins in, blowing the bubble,
folding and winding up the finished product.

10.3.4 Drivers of Volume Flexibility

Figure 10.3a below shows the conditions that drive Plastico to require high levels of

volume flexibility and the factors responsible for these conditions.

High levels of volume flexibility

A
T A A A A
\'anablln}"& New | Product Short High Currency
Drivers "““";na'”l:; 2 _P”‘d“‘:I repositioning| | product pr(;duct variations
in )“_‘“" introduction life cycle e X
levels A
A
| ° L?g“"-‘"#‘"" ‘ l. Competitors’ actions | | ® Customer | | e Intemational |
Causal ! :’t[‘;lflc‘«ll : | | ) | | requirements | | operations !
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seasonality |

P Relationship between drivers

Figure 10.3a: Drivers of volume flexibility in Plastico
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Variability and Uncertainty in Demand Levels

Demand is seasonal and peak sales are recorded during the Christmas and Easter period
in the UK. Within these periods demand is highly variable and subject to very short lead
times. However, this variability is relatively predictable. Legislation has also created
uncertainty in demand levels for Plastico. For example, the plant had just launched a new
beef bag designed in such a way that it could take beef on the bone. The bags are
multilayered and patches are designed to be resistant to bone puncture. The business was
witnessing a significant growth in volume in the UK in 1994/1995, but demand plunged
thereafter because of the BSE beef crisis. That part of the plant’s portfolio was
significantly exposed as everyone was moving away from beef on the bone because of
the ban on it.

Figure 10.3b below shows the aggregate demand forecast against actual production for
Plastico. The patterns of the monthly forecasts and actual production reveal that the
plant experiences variability in demand levels on a monthly basis. For instance, between
January and June 1999 actual production ranged from as low as 19,000 units in February
to about 30,000 units in March. The figure also shows that there are short-term demand
uncertainties especially in February and April when actual production fell short of
forecast by as much as 28% and 15% respectively. However, over the year these tend to
“average out” such that total yearly demand is reasonably predictable.
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Aggregate Demand Forecast vs. Actual Production
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Figure 10.3b: Aggregate Demand Profile for Plastico: Forecast vs. Actual
Product Repositioning/Short Product Life Cycle/New Product Introduction

In response to competitors’ threats, Plastico has a strategy of either defending its market
share, repositioning its product, exiting the segment altogether or introducing new
products. These all require that the plant has high levels of volume flexibility. In order
not to be exposed to competition, the plant ensures that no product in its portfolio is
more than 2 years old. That is, it is deliberately shortening the product life cycle. This
leads to more frequent new product introductions, a deliberate strategy to ward off
competition. The implication is that Plastico experiences at diffcrent times, variations in
production volumes due to new and dying products. This strategy requires that the plant

has the ability to adjust to relative volume changes within product mix (i.e. volume
flexibility).

High Product Mix

There are various mixes of the finished product at each stage of the production process.
Product mix can range from about 60 types of units at the raw material stage to about
280,000 at the finished product stage. This reflects the high changes in customer
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requirements. They may differ only in size, thickness, prints, designs and the like.
Because there are varying volume requirements for these products, it is important for the
plant to have the ability that would enable it to adjust quickly to relative volume changes

within the mix.
Currency Variation

The increase in the strength of the pound relative to other currencies has had effects on
the production volume of the plant. The last stage conversion of products is now being
done near the market place because it is possible and more attractive to do it there.

“As a result of the currency movement, we are doing the customisation closer to the
market while the initial value added operations are being held back in the capital

intensive plants here”.

The currency movement has meant that the plant’s production output has fallen and it
has moved from being a finishing plant (at least for the European Markets) to providing
the expertise to areas nearer the market. It is able to do this successfully via the

company’s network of sister plants throughout Europe.
10.3.5 Enablers and Inhibitors of Volume Flexibility

The figure below summarises the enablers of volume flexibility (strategies that the plant
employs to achieve volume flexibility) and the inhibitors (factors which prevent the
achievement of volume flexibility). It identifies the key implementation factors (KIF) for
the implementation of the enablers (i.e. how the plant has gone about implementing the
enablers and overcoming the inhibitors to achieve volume flexibility).
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High levels of volume flexibility
R SR K k5 R SO B
1 1 1 1
e Adverse « None e None | | » None o Difficult to ® Inaccurate || J\ oo o Indirect
Inhibitors corporate monitor at forecast link with
variance A } A operational ® Resistance A e e o
A 1 ' 1 level due to set :
. 1 : working 1 4
- B! | : | practices !
. ! R 1 ——
‘l Sister 1 Multi 1 Sub- A Rejecting
J plants : skilling : contracting orders
Enablers 1 4 ————— A
3 b y Supply '
’ Postponement > Il\ldel-\'bil' ‘ Annualised hours heia
Xi bili il
L T I -4 LT“""“‘ —— flexiilty |
i SIS || [T AR e ’i OIS AT =T | "" AT
Key | .g"m"m | J! e Process | | ® Flexible |ec cation | | e Classificati ‘
'z . commerce 2 | | Sy
implementation) | - Commen | LimProvement | LR St Lot L
factors accounting | e b e — | .[nmﬂivc“‘ | L e
|rmciples | | :g:':m'?fc 1 i ﬁ;;;:l;nﬂzo ‘ | o Compatile | | » Good relationship
e [ | | TP & || payment system | | » Electronic point of sale
e PR | ::::gy“ exitentry ‘ | © Self-managing- ) e e — o g "
L bt =) i
~ — = p Indirect effect on v’ (Ot EHCFY Lp‘esr_nlﬂfxfnfei
=P Complementary enablers
~—®  Friction to enablers

Figure 10.3c: Enablers of volume flexibility in Plastico
Sister Plants

Plastico is one of a network of plants in Europe that belong to a single parent company.
Much of the volume flexibility that Plastico has is due to the network of plants. The
plants are fully integrated with each other. The policy of the company is such that the
plants have moved away from operating as single plants so that solutions to demand

variability are being shared across the organisation.
Implementation

“What we ve done is 1o unify the European customer service group so that they all nieet
regularly, they share a lot and this is important in being able o move work around

because they all see that they are actually in a common pot of work”.

The plants have a common view of the order book, common European cash point,
electronic scheduling system, all facilitated by integration of servers making the networks
relatively convenient for accessing information. These enable quick decisions to be made
in terms of allocating loads across the network of European plants.
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Inhibitor

Buying in from sister plants may lead to an adverse variance corporately, especially if one
takes into consideration the diffcrent accounting principles being used in the different
countries in which the company operates.

“So, what we 've done is to have systems that work on management accounts so that you
make decisions on a flat playing field”.

Although not all the sister plants produce similar products or have similar processes, it is
possible to move products between the plants either in the finished form or the semi-
finished form.

“We have lots of intermediate products coming in at different levels from our sister
plants that allow us to do a lot based on different volumes” .

Supply Chain Flexibility

Having an effective supply chain has also provided the plant with volume flexibility.
Managing the supply chain effectively is vital for Plastico because of the high number and
types of components that the plant uses at various stages of the production and the
indirect contact it has with its end customers.

Inhibitor

Achieving the smooth flow of products and information in the supply chain has been
problematic because the plant produces directly for the converters who then pack the
final products (beef, cheese etc.) for the grocery retailers. Thus, changes in requirements
by the grocery retailers are not easily and correctly transmitted to Plastico.

Implementation

To overcome the problem discussed above, the plant has been proactive in its effort to
have a closer relationship with the grocery retailers. So, although the plant still supplies
to the converters, it has a good working relationship with the end customers. This is
facilitated by the use of the electronic point of sale system that monitors the stock levels
of the retailers.
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Postponement/Multiskilling/Mix Flexibility

The plant has carried out a number of process improvements in order to be able to
respond better to customers’ requirements. Although the end products are customised,
as one moves back up to the bill of materials they are actually increasingly common (i.e.
adaptable to different uses). The production process is now such that there is a de-
coupling point along the process. Semi-finished products are held at this de-coupling
point.

“As orders come through, we will be pulling from the semi-finished stage. So we tend 1o
hold at about 3 levels back so that we don’t lose much if the orders don’t come through.
If we look at our planning system, there is a lot of actual orders, and a lot of potential
orders two levels back”.

At the de-coupling point, the semi-finished products can still be converted into a wide
range of finished products. Thus, the actual cycle time of getting the final products to
dispatch is reduced. This has an effect on volume flexibility. Also, the plant is able to
produce quickly a variety of products, which gives it high levels of mix flexibility.

With a wide range of products produced on different lines and with the products being
subjected to varying demand levels, it was important for the plant to increase the skill
levels of its workers (multiskilling) so that it was possible to move people around based
on loading requirements. Multiskilling thus enables the achievement of volume flexibility.

“A lot of the negotiation was based on taking away traditional department boundaries

and removing demarcations where engineers and fitters will run machines..”.

To encourage multiskilling, workers’ salaries are increased each year based on the level
of skills that they have acquired over the previous year. So, having a multiskilled
workforce has helped Plastico to achieve high levels of mix flexibility since, for example,
the same set of workers is able to handle different lines required for different products.

“It is now possible for us to move manning traditionally based on set ups increasingly

to work across areas whereby, if we are quiet here, it’s quite a normal thing to work in
the busy areas”.
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Sub-contracting

Plastico has used sub-contracting as part of a strategy to achieve long-term volume
flexibility.

Inhibitor

At the operational level, subcontracting has not been very successful. The reason for this
is that because most of the plant’s products are bespoke, having a portion of the supply
chain made outside introduces blind spots, which are difficult to monitor. There is also
the problem of different accounting rules for transferring ownership at the operational
level.

Implementation

Normally the plant would sub-contract when the technology is transferable and when the
capital to invest or the equipment sets are relatively simple and available in the market
place. Plastico would also subcontract when the way of carrying out a particular process
generally is not unique and there are lots of people who are capable of performing the
operation at lower labour cost or reduced cycle time.

“For example, we have a number of people locally who have equipment to cut
particular gauges of films. We don’t want to make capital investment in such things as
film extraction and slitting equipment lines that we know other people can do. So, what
we are doing is we are sub-contracting out a middle portion of the converting until the
volume and the growth is there in a particular market segment that we can understand.
We will do that at various points in the life cycle”.

The plant has also used subcontracting as an exit strategy where it needed to retain its
market position and handle the falling demand volumes. For instance, for a particular
segment it went ahead and actually dismantled the equipment on the floor, sub-
contracted the activity and was able to put new lines in the same place, rather than go for
a greenfield site.
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Annualised Hours Contract

The plant moved from the use of overtime to the strategy of an annualised hours system
to cope with requirements on manning levels. The principle is that an individual worker is
committed to work 1700 hours a year (set a year in advance). This is scheduled to cover
predictable demand variability due to seasonal fluctuations within the year. Typically, an
operator would be expected to use a higher proportion of the 1700 hours during the
Christmas season. Then there are an extra 200 hours which management can choose to
vary and call in to cover short-term demand uncertainties that may arise within the year.
For instance, an unexpected increase in demand levels over and above forecasts (e.g. the
lifting of the ban on beef on the bone). These hours may also be used to cover
absenteeism. Thus, the individual is paid for 1900 hours a year but committed to work a
minimum of 1700 hours.

Implementation

In order to implement the strategy successfully in the plant, management had a series of
consultations with the unions and workers. Meeting with the unions was vital, as 95% of

the workers were union members.

“For about 8 months, we spoke to every member of the workforce on a one to three, one
1o five basis. We explained the changes that were taking place about the pound, about
the market place, that we couldn’t afford to continue to work on an overtime basis, that
we wanted to have long term investment in the site and it was important to have security

of employment”.

The timing of the introduction was also important in the successful implementation of the
strategy. It was implemented at a time when the parent company was going through a
merger programme, so there was the general feeling that things were going to change

anyway.

To get the workers to move away from overtime working, the plant paid a lump sum
amount of £5000 as an incentive to each worker. As part of the agreement, the workers
were required to acquire a new range of skills so that they can be moved around the
factory in line with demand requirements. The initial lump sum payment cost the plant
about £2 million to £3 million.

It was important to change the payment system to be compatible with the strategy.
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“We had to make the employees believe that their best interest was in acquiring skills
and in a way moving away from us hiring them for the hours worked, and to end up with
a relationship with them whereby we looked at the quality of work and their skill base to
arrive at pay levels”.

Planning for the annualised hours system is done a year ahead. It is, therefore, important
for Plastico to get its forecasts right as much as possible. However, this has posed a
problem for the plant in the past. It ended up with a huge number of extra hours paid for
but unused. This, however, was good for the workers. There was also a particular year
when the extra hours were not sufficient to cope with the increase in demand. Rather
than introduce overtime hours, the plant transferred work to Italy to cope with the
demand requirements.

“.If we see it dropping off, we have the capability to access the other locations’ order
books and their material management systems and we would actually reset the

$]

parameters of the MRP run....”.
Inhibitors

It was very difficult for operators who had worked for say over 20 years to adapt to the
annualised hours system because of their set ways of working. The system was self
managed and managed informally. With pressure from their peers, these operators were
able to change their work practices. Peer pressure within the system has also reduced
staff sickness and small accident complaints.

“Other contemporaries tend to turn round and say, “no I saw his hand, he is not that
bad, why am I being called in to cover out of my 200 hours because if I don’t do
anything, I get paid for them”, so what actually happens is that you saw lost time on
small accidents come down enormously”.

Rejecting Orders

The plant has in the past had to reject orders to cope during peak demand periods. This
reduces the need for internal volume flexibility. However, only orders of a certain class
of customers have been or can be rejected. Customers are classified as either A, B or C
customers. ‘A’ customers are strategic, able to grow, high margin and particularly
dominate their segment and are capable of improving the plant’s processes. ‘B’
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customers are not as big as ‘A’ customers but generally have similar characteristics. ‘C’
customers are generally small, niche players and usually buy in low volumes.

Plastico will do anything not to prejudice ‘A’ and ‘B’ customers. If Plastico is
overloaded with orders from the three classes of customers, ‘C’ customers’ orders will
be rejected or penalised by raising the cost. The plant tries to achieve at least 95%
delivery performance against requested dates for A and 92% for B customers. Thus, if
meeting ‘C’s requirements will make Plastico underperform these objectives, orders to
‘C’ customers may have to be rejected.

10.3.6 Summary
Table 10.3.1 summarises the insights provided to answer the first Research Question.

RQ1: Under what conditions does Plastico require high levels of volume flexibility?
Concept used to answer this question: Drivers

Drivers of High variability and | New product Product Short product High Currency
Volume uncertainty in introduction repositioning life cycle product variations
Flexibility demand levels mix
Causal * Legislation and * Competitors’ » Competitors’ « Competitors’ » Customer | ° International
Factors Political actions action actions needs operations

* Demand

seasonality

Table 10.3.1: Drivers of volume flexibility in Plastico

Table 10.3.2 summarises the insights provided to answer Research Questions Two,

Three and Four.

RQ2: What are the enablers and inhibitors of volume flexibility in Plastico?

Concepts used: Enablers and Inhibitors

RQ3: Why does Plastico use these particular enablers to achieve volume flexibility?

Concepts used: Benefits and drivers

RQ4: How does Plastico use the enablers and overcome the inhibitors to achieve high

levels of volume flexibility?

Concept used: Key implementation factors

279




08¢

oonseld ut AIQEay Sum|oA Jo SIS[Qeud (7€ °0T JIqeL

aunssaud
1994 - SumiSeuBw-JIag o
Suosniny « waysks s[us
wio)sAs Jo yurod oruonospo sojdiounad
SIW0JSNO juswifed siqnedwo)) « swurer3oad Suwonponuy Sununooos
Kyuoud-uou 10§ SATIUSOUT [BIOUBUT o SjquIaJsuen « SOUT] S|qIXa[] o Juowaaosdur SISWOISND UOWIIOY) o
soud aswalou] o 1580310J POOD) « pue ajqepieae KJises 2010PIOM aAnusouy ss2003d poop) « Pomput jooq 810908,
SISWOISNO JO youne| Jo Sutwil], « st A30j0ut[oa) 2aym PRIIDISHINIA o Jeloueul] « sesseoaxd PUR 10201p M | JSPIO UOWIWOD) o uopeywwRdury
UOKBOIJISSRL)) o UOHBOTUNIUIOY) o SBAIR UO SN0, o ywawsuodisod « Suyuen pooo « weansdn uowrwioy) « diysuonejar poog « uonesSau] « Kayp
seonoerd Sunpiom [9A9] souBLIBA
195 O} aNP OUBISISVY o Jeuoneiado ot 18 Jaonpoxd ayelodioo
SUON « 15B0310J 9JBINDOBUL « | JOJTUOUI O} JNOITI(T » QUON] » QUON] « SUON » | Sp00S SjEIpoULISIU] « 9SIOAPY o SI03IqUyuU]
Qs ployusasd
"spurediod JOJ Pasu SPIOAY «
(-) ssoutsng SJU3PIOOR PUB SSOUBOIS sponpoid
renusjod e1s poonpay « SwAp JoJ uonusiex
JOSssOT e 1500 INOQE] ponpay « JuanFas BN « Anqrxop
(+) Amqrxay Ayquesyy Aypqueayy swnjoa Appqueepd | Aipiqme]y sumnjoa Anpiqrxay Amiqrayy aumjoa sumjoa
SUM[OA SPTV o SWINJOA SIPIAOCIJ « | ULIS)-SUO] SIPIAGL] o UWMJOA SPIY o PUBXTUISPTY « | SWNJOA PUB XTW SPTY » | WLISI-SUO] SOPIAOLY o SOpIAOI] « sygouag
1500 spnpoxd SulA( « Elb1%) Ajurepsoun Aurepsoun
SUITHIAAO SAISSIOXT « uononponul app onpord Hoyg « | puBwSp WLIS-HOYS sjuswsItnbal puswiop
SI5WOISNO Aunepsoun 1onpord moN « S[9AS] pURwWISp pue L1[iqeLrea S[9AS] puBWIAp IBWOISNY) WLI3)-HOYS
Apond wog PUBWSP WLIS}-HOYS S[aA] puewap | UL AN[iqeLIeA Y3IH . puBwa( « ut A)ijiqeLrea Y3ty . Aordwon | pue AypiqeLrea
puswap Y3ty « | pue ANjiqeeA puBI(] . w Afiqerrea YSiy « xrux ponpoid ySiy « | xrmu jonpoid y3iy « x1u1 1onpoad Y3y « syusuodwo)) « puBwa( - SIFALI(Q
Lmqrxagy
SIBPIO Symapaid aumjop
Bupaafoy SO fenuury Supdesuodqng Aymqrxap A SuMYsHINA Juamdvod)sog ureqy Ajddng SR I3SIS Jo srarquuy

sesAjeuy ssed-uipim ~ usj ieydeys




Chapter Ten — Within-Case Analyses

Figure 10.3d shows the characteristics of the enablers identified and the nature of their
effects on volume flexibility. The classification has been done in line with Hyun and
Ahn’s (1992) decision-hierarchical view of flexibility (Chapter 3). Long-term (strategic)
solutions of volume flexibility deal with strategic issues involving major decisions about
how to achieve volume flexibility to cope with major issues like future demand growth or
slump, and requirements in technology. Short-medium term (operational-tactical)
solutions of volume flexibility deal with how to achieve volume flexibility to cope with
issues such as variability in demand levels, demand uncertainty, absenteeism and
equipment breakdown.

Decision Period P
>
i Short-Medium term Long term
Effects on volume (operational - tactical) (Strategic)
flexibility
ed hot ibility
Direct :
Use i r
f or Mu |
Indirect
Pc hanism
Wi
v

Figure 10.3d: Decision hierarchy view and the effects of enablers on volume flexibility in Plastico
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10.4 Case Study Analysis - Electco

The plant was selected for the case study because of its extensive use of subcontracting
strategy. Unlike the other plants, Electco does not possess the manufacturing capability
in-house. It is, therefore, treated as a minor case study.

The manufacturing manager was interviewed (the source of all the quotes cited in the
case study). No data was available for collection. The interview lasted about one and half
hours and it was audio taped. Verbatim transcription of the tapes was carried out.
Content analyses were carried out to identify the concepts relating to the Research
Questions. The focus was on identifying the following:

1. Drivers of volume flexibility in the plant (i.e. why does the plant need volume
flexibility?) — Research Question One

2. The enablers and inhibitors of volume flexibility (i.e. what factors aid and prevent
the achievement of volume flexibility?) — Research Question Two

3. The benefits of using the enablers (i.e. why does the plant use these particular
enablers?) — Research Question Three

4. The key implementation factors (1.e. how does the plant implement the enablers?) —
Research Question Four

10.4.1 Contextual Considerations

Electco belongs to the electronics sector. Electco’s main business involves contract
design and manufacture of systems for the defence industry. The systems are mainly used

in ships, submarines and helicopters.

Electco has about 50 employees involved in manufacturing operations and design
activities. It has about 160 suppliers of different electronic components. The average
purchasing lead-time is 112 days, the average manufacturing lead-time is 30 days and the

average customer lead-time is 240 days.

10.4.2 Market Characteristics

80% of the plant’s sales go to the UK Ministry of Defence and 20% is exported. The
plant is a low volume producer, probably due to the nature of its product. Depending on

the type of system required, production volume could range between 3 systems a year, 2
a month (for helicopter systems), and one every two months (for submarine systems).
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The market in which Electco operates is not very competitive, although for a small
proportion of its business, i.e. the provision of spares and repairs, there does tend to be
more competition. For relatively bigger contracts, competition usually takes place early
in the process, the design stage. The ministry would typically award an initial study
contract to a number of companies since there could be up to five major different
technologies in the same piece of equipment, so they tend to go to specialists. When a
design is won and completed, because the Ministry of Defence owns the design rights, in
theory it should put the package out to tender for subsequent systems manufacture. In
practice, though, it usually awards the contract to the designer of the system. This is
because, usually for an individual system, there is a lot of hidden know-how, which
doesn’t show up very well on the design documentation. So, a different company, other
than the one that designs the system may find it difficult to manufacture.

Electco generally makes to order. Procurement takes about three-quarters of the
customer lead-time. Contracts tend to run for a very long period of time. For instance,
the plant built 48 systems (one order equals 6 in a batch) over a period of 14 years.

“There is no way you are going to get 8 identical orders over this period. Basically 1
would say we are a tailoring company. Everything we build can be classified as being

unique. Very few are repetitive”.
10.4.3 Operations

The plant’s policy is to subcontract as much manufacturing as it can, so it does not have
the machinery and capital equipment for system manufacture and assembly. However, it
has some small on-site capability for modifications, repairs and prototype manufacture.
The system construction consists of cabinets and sub racks which enclose printed circuit
boards (PCB). The bulk of the value and the complexity is in the PCB assembly which is
sub-contracted. The plant is able to make the cabinets and the sub racks.

For a system’s manufacture, the components are purchased, sent to the assembler or
subcontractor to get the board assembled and then brought back to site for testing and
final placement or assembly in cabinets and shelves. The plant is presently experimenting

with a turnkey assembly.
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10.4.4 Issues of Flexibility

Flexibility is an important issue for the plant. However, it is more mix rather than volume
flexibility. Huge variety changes rather than volume changes drive the plant.

“Volume is really not an issue because we know how many we are going to make in
advance. But the individual items of the orders will change. Manufacturing produced
6000 systems last year. That was probably about 600 manufacturing orders. The
average number of changes on each of those was 6”.

The fact that a particular contract typically takes years to build further reduces the need
to require high levels of volume flexibility within a year. On the other hand, within the
contract period and a given or fixed order volume, the plant requires high levels of mix
flexibility. One of the reasons for this is component obsolescence. Components used in
PCB build may have a very short life cycle. When changes occur in the type of
components to be used in building a system, it leads to a hierarchy of problems going
from simple changes of components through to redesigning the board. This eats into the

lead-time.
Electco does not require high levels of volume flexibility but it employs extensively an
interesting enabler of volume flexibility (i.e. sub-contracting). Therefore, the subsequent

analysis has not been focused on drivers of volume flexibility but has been undertaken to
provide a rich insight into the implementation of subcontracting in manufacturing plants.

10.4.5 Sub-contracting

Figure 10.4.1 below shows the key implementation factors and reasons for the use of the
subcontracting strategy to achieve manufacturing objectives in Electco.
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Manufacturing Objective

/

High cost of Rapid
Why does Electco investment technological

use subcontracting? changes Technical l
quality ; Inhibitor
J
# Use of Subcontracting
[
Friction to the
; * Gradual implementation > achievement of
Key o Partnership relationship | manufacturing objective
Implementation o Effective & Formal
factors selection process
* Good control

system

Figure 10.4a: Why and how Electco use subcontracting to achieve its manufacturing objective

Why Electco adopted the Subcontracting Strategy

Generally, Electco adopted a subcontracting strategy because the strategy was perceived
to be cost effective. The plant did not want to incur the general overhead management
cost of running a workshop for relatively small and variable batches of work. Also,
technology was moving on and it was quite difficult to keep up with technology for a
small operation. For instance, PCB manufacture technology has moved on from the days
of hand assembly to the use of expensive and highly sophisticated surface mount
technology. Also, the new types of PCB have joints which can only be inspected using
very expensive X-ray machines. Electco does not have the volume to be able to invest in
the required equipment, where the volume producers of electronics and

telecommunication products now drive the business.

“You have 1o be very strong to be able to invest a lot of money in specialist equipment
and plant to be able to keep up with the changes in technology. Unless you can get the
volume through that plant, it is very difficult”.

For PCB assembly therefore, the plant engages the services of subcontractors in the

telecommunications industry as well as companies making personal computers. In the
area of cabinets, shelves and console construction, which is more mechanical, the issue of
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cost and technology also applies. The plant uses specialist companies who use CNC
programmable general-purpose tools. However, for the assembly of PCBs into cabinets
and shelves, there are so many complexities involved that it has been difficult for the
plant to get an outside firm to perform the operation properly. Technology is also
moving away from the traditional way in which the plant performs the placement or
assembly process. This is because the decreasing sizes of PCBs make them very difficult
to handle. Therefore the plant is in the process of outsourcing this operation as well. In
effect the plant is hoping to concentrate on the core activity of its operation which is the
design of the systems and then managing the downstream or outsourced processes.

Electco’s experience of subcontracting has been generally good. This is due to the

effective process it employs to implement the strategy.
How does Electco Implement Subcontracting?

As discussed above, processes are being outsourced in a gradual manner. First, it was the
PCB assembly, which was relatively easy because there were many plants that could do it
effectively, then it moved on to shelves and it is planned to outsource the assembly of
PCBs into cabinets. The gradual implementation is important because it gives the plant
the opportunity to learn from and improve on mistakes.

Having a partnership relationship with the subcontractors, and understanding and
working within their limitations are important for the successful implementation of the
strategy. This was managed by keeping the number of subcontractors for a particular

process relatively small.

“We believe that you do require a lot of liaison with the sub-contractor and even a
certain amount of development of their process. You can't afford to do that with a large

number of sub-contractors” .

Relationships differ, however, with different subcontractors. For those subcontractors
who are low volume producers themselves, Electco’s business means a lot to them. The
plant has a very close relationship with this category of subcontractors. For others, the
plant’s business is relatively small, so the relationship with this category of
subcontractors tends to be more difficult. However, these contractors still tend to keep
on reasonable terms with Electco because of the influence of Electco’s parent company.

The relationship with component suppliers is very different.
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“For instance we have troubles with the component suppliers because relative to them,
we are small. You are dealing with firms like Intel. You have to accept what they are
offering. They don’t even notice us. In fact they deal with distributors”.

The process of selecting a subcontractor for a particular process is formal. It is not done
through an open auction or tender and picking out the lowest bid. The first step is to find
a subcontractor who has the right technology and process that the plant has a need for.
This is done through a particular department in the plant that looks at the possible
companies and contacts them. Sometimes this is advertised. The next stage entails a
presentation by the potential subcontractor to the purchasing department. The quality
department then sends them a questionnaire that is a fairly detailed requirement of their
ISO standards certification. Their financial standing is checked and the usual credit
checks are performed to determine if they are safe to work with. This results in a visit to
the subcontractor’s site to check their operations, and their control processes as well as
to ascertain if the company could deliver to the required quality standards. The process is
rigorous, formal and fully documented. After selecting and engaging a subcontractor in
business, the formal process of auditing continues. This time it takes the form of control

systems put in place to monitor performance.

The control system used by the plant is referred to as the vendor rating system. Reject
rates (failed through testing) and delivery performance are the main criteria for assessing
the performance of subcontractors by the plant. The subcontractors are classified into 5
categories of vendor from A to E (High to low performers), so they each get a rating
done periodically. If a subcontractor is consistently ‘E’ rated for several weeks and
months it may not mean that they are incapable but that they are in trouble and are
cutting costs. ‘E’ rated subcontractors are cautioned and invited for discussions initially.

If the bad performance continues, they may be dropped.

10.4.6 Summary

Table 10.4.1 below summarises the reasons why Electco adopted the use of
subcontracting to achieve its manufacturing objectives and how the plant has gone about

implementing the strategy of subcontracting.

It is pertinent to note that none of the Research Questions are directly addressed in this
case study as Electco does not have a requirement for high levels of volume flexibility.
However, the case provides useful insights into the use of the subcontracting which has
been found to be an enabler of volume flexibility in the other plants studied.

287



Chapter Ten — Within-Case Analyses

Strategy (enabler) Subcontracting
Drivers (Why does Electco use subcontracting?) « Investment cost avoidance
« Inability to keep up with rapid technological changes
Benefits * Provides flexibility
« Fewer overheads
Inhibitors * Technical quality
Key implementation Factors (How does Electco use * Gradual implementation
subcontracting?) * Partnership relationship
« Effective and Formal selection process
* Control System

Table 10.4.1: Subcontracting as an enabler of manufacturing objectives in Electco
10.5 Chapter Summary

This chapter has carried out the within-case analyses of the remaining four of the eight
plants selected for the case studies (i.e. Foodco, Lachstone, Plastico and Electco). In
each of the cases, the contextual factors of the plant and the characteristics of the market
in which the plants operate were discussed. Where data are available, the aggregate

demand profiles and production plans of the plants were presented.

Data analyses of interview transcripts were carried out by thematic coding and content
analyses to identify emerging themes and concepts that provide insights into the research
questions (Eisenhardt, 1989; Miles and Huberman, 1994; Yin, 1994).

The analyses revealed various conditions that drive the plants to require high levels of
volume flexibility (Drivers of volume flexibility — RQI). The drivers identified include
high demand level variability, shortening product life cycle, competition and high
uncertainty of demand levels (Slack, 1987; Swamidass and Newell,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>