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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 - Introduaion

1 - Introduction	 I

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
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Chapter One - Intro dudion

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:

• 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.

• 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.

• 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 enviromnent (Fayol, 1925;
Gulick, 1937; Urwick, 1937; Mooney, 1958). Lawrence and Lorsch (1969) argue that the classical theoty 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 intensity - 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 I 960s, 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 theoryt (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 resultedfrom 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 "growth
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).

4



Chapter One - Introducthrn

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,

"... it 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 crafi 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 to "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 successflul 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 et 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.

6



Chapter One - Introduction

In an exploratory survey of UK firms to determine the effects of mass customisation on

operations management, Ahistrom 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 it? 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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Opportunity: More flexible automation

• The falling costs of advanced manufacturing technology

(AMT) and IT solutions

• The growing expertise in the implementation and use of

AMT and IT

• CAD/CAM offers new levels of flexibility and creates

opportunities for increased segmentation and responsiveness

• 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

• 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.

• 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.

Chapter One - Introduction

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

• Growing similarity of countries in temis of infrastructures and

buyers needs

• Transportation costs have fallen

More compact, lighter products ease transportation

Falling tariff barriers

• 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 stzuctures

and create opportunities for shifts in international industry leadership

• New global competitors principally from East Asia

• 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

Table 1.0: Reasons for more competition and use of flexible automation

Source: Madsen (1993), adapted from Porter (1986) and Sanchez (1991)

8



Chapter One - InIroduion

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 et 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).
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To further highlight the strategic importance of flexibility, De Meyer et 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 veiy 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.
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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 en manufacturing flexibility, this project adopts a classification

proposed by Suarez et al (1996). They suggest that studies on manufacturing flexibility can

be classified into the following categories.

1. Taxonomies of flexibility

2. Data-based studies of flexibility and performance

3. Historical and economic analyses of flexibility

4. 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 11 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.
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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, e.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.
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Competitive Environment - 1.0	
Chapter 1

requires

Manufacturing Strategy - 2.1
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Chapter 2

Process Variables - 2. 1. 1	 Content Variables - 2. 1.2

Such as

Manufacturing Flexibility - Chapter 3
Comprising

New product	 Mix	 Volume
Flexibility	 Flexibility	 Flexibility	 1

I	 >-

Research Questionsj Chapter 4

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
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solutions are used to achieve volume flexibility. This has important policy implications in

tenns 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 a!, 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.
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1.6 Structure of the Thesis

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

Chapter 13 summ arises 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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2.0 Introduction

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

review.
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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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Chapter Two - Manufacturing Strategy

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 clar/Ies 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 manufacturingfunction can and should be employed as a competitive weapon

2. 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 las/c 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 et a!,

1990) appears to refute the necessity for focus. Womack et al (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 offocus as product and volume; that is, fyou 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 alternatives .... It needs to become involved to the

extent that the alternative selected is appropriate to the manufacturing task determined by

the corporate strategy" (Skinner, 1978). According to Schonberger (1985), operations must

aim to be good at everything. Heskett et 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 argument1 "it is certainly not the only way to gain long-term 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 fi.inction 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

identif'ing 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 proc'ss 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

Infrastructure

Manufacturing task

Order winning criteria

Role of Manufacturing managers

Consistency between manufacturing and

business strategies

Consistency between manufacturing and

other functional strategies

Consistency between manufacturing task

and infrastructures

Table 2.1: Manufacturing strategy process variables in the literature.

Source:Adarn 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

onmtal	
Manufacring Strategy PerformanceUncertainty

Process Variable

Role of Manufacttring
Managers

in strategic decision

Figure 2.1: A contingency theory based model of manufacturing stmtegy

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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[Chatter 3 - Manufacturing Flexibility 
I

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

invahiable 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

requires

N
Manufacturing Strategy - 2.1

Chapter 2

Process Variables - 2.1.1 	 Content Variables - 2.1.2

Such as

.-"	 Manufacturing Flexibility\- Chapter 3
COmprisifl9

New product	 Mix	 Volume
Flexibility	 Flexibility	 Fle	 ility

Chapter 4
Research Questions

Figure 2.0: Literature review road map. Focus of the chapter (shaded)

} 

Chapter 1
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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 et 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.
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Suarez eta! (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.

1. Flexibility and life cycle theory

2. Flexibility as a hedge against uncertainty

3. Interactions between flexibility and inventory

4. 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 et a!, 1991). These models of flexibility

are also based on different assumptions about demand. Demand could be random, seasonal

or cyclical. Suarez et a! (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 (EMS) 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 ofAnalytical 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 et 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 a!, 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 & Inventory
Levels

Flexibility & competitive
Dynamics

Fine and Li (1988)
Hutchinson and Holland (1982)
Hutchinson (1986)

Kulatikala (1988)
Gupta, Buzacott and Gerchak (1988)
He and Pindyck (1989)

Porteus (1985, 1986)
Karmarkar & Kekre (1987)
Caulkins & Fine (1990)
Graves (1988)

Gaimon (1988)
Fine & Pappu (1988)
Tombak (1988)

Table 3.0: Sunimaiy 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 et al, 1991).

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

1. Data-based studies of flexibility and performance

2. Historical and economic analyses of flexibility

3. Strategic frameworks used for analysing flexibility.

4. 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 eta! (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 et a! 1991; Gerwin 1991; and

Hyun and Ahn 1992).

b. Studies that provide actual empirical evidence for the implementation of flexibility (e.g.

Suarez et 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.

Taxonornies of Flexibility

Manufacturing flexibility is a complex, multi-dimensional and diflicult-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 state and action flexibility. State

flexibility is the ability to ftinction 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 transfonn from one to another job task in a minimum amount

of time.

Buzacott (1982) classifies manufacturing flexibility as job and machine flexibility. Job
flexibility 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 eta! (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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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 flexi bility - 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 et 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.

Carison (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.
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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.

Bismess level

FinniJ
f1dity

(=
Functio,l level	 ____-

Di flbii

Com
Coefrl flexibwtylevel

fleabWty

Figure 3.2: The system's view conceptualisation of manufacturing flexibility

Source: Hyun andAhn (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	 Detimtions

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

continue producing the given set of part types.

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

Worker Flexibility 	 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 andAhn (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.

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

The ability to handle difficult, non standard orders and to take the lead in new product introduction. It

encompasses the ability to make lijnctional or engineering design changes.

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

volumes of products or production sets)

The ability to accelerate production veiy 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 andAhn (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 stralegy - 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

uncertainty

Flexibility type

Decision

hierarchy

flexibility

components

Static	 Dynamic

Program	 Program

Short - term	 Flexibility

Static	 Dynamic

Volume	 Volume -

Process

Product

Mid - term Flexibility

Static	 Dynamic

Expansion	 Process

Product

Expansion

Long - term	 Flexibility

Dynamic Flexibility

Program	 • ability to handle quality or materials problems • ability to 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	 • ability to improve quality or materials	 flexibility

problems

high degree of accumulated woiker

knowledge

Volume	 • ability to adjust to short-term volume
flexibility	 fluctuations
(external)	 • wide volume range of profitable operation

• ability to adjust relative volume change within

mix (volume mix flexibility)

Process	 • short setup or changeover time

flexibility	 • wide range of specifications
(internal)	 • multi-function, general-purpose machines

• more integration between workcentres

Product	 • capability in minor design changes

flexibility	 • ability to change product mix set (product mix
(external)	 flexibility)

Expansion	 • aggregate capacity adjustments capability

flexibility	 • modular process or layout designs
(external)

• ability to improve static volume flexibility	 Mid-term

measured in time or cost	 tactical

flexibility

• ability to conduct continual improvements on Long-tenn

processes (plant layout, setup time, etc.) 	 strategic

• ability to innovate processes	 flexibility

• ability to introduce new products or major

design changes

• ability to introduce new product families

• ability to improve static flexibility

• ability to improve in time and costs for

capacity additions

Table 3.3: Integration and manufacturing flexibility map

Source: Hyun andAhn (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

Flexibility & Performance

Historical & Economical
Analyses of flexibility

Analyses & Implementation
Of flexibility

Mandelbaum (1978)
Zelenovic (1982)
Buzacott (1982)
Slack (1987)
Carlson (1989)

Jaikumar (1986)
Tombak(1988)
Fiegenbaum & Karnani (1991)

Piore & Sabel (1984)
Cusumano (1988)
Womack et al (1990)

Cox (1989)
Suarez at al (1991)
Gerwin (1991)
rA1T1 (199

Brown at al (1984)
Gerwin (1987)
Dooner and De Silva (1990)
Piore (1989)
Hyun and Ahn (1992)

Dc Meyer et al (1989)
Tombak & de Meyer (1988)

Jaikumar (1988)
Piore (1989)

Sethi & Sethi (1990)
Hyun & Ann (1992)
Suarez et al (1996)

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 eta!, 1991).

As explained earlier, most of the existing literature on flexibility has been concentrated in

group one of Table 3.4 (ie. 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 a! 1984; Slack, 1987; and Suarez et a!, 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 et a! (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 et al's view, but proposes a slightly different

classification that is discussed in the later part of Section 3.4.

Figure 3.3: The Flexibility Funnel

Source: Suarez et a! (1996)

Slack's (1987) and Suarez et 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: Idenliflcation of the Research Gap

Studies in the fourth group (i.e. analysis and implementation of flexibility) include those by

Cox (1989), Sethi and Sethi (1990), Suarez et al (1991), Gerwin (1991), Guptal and Goyal

(1992), Hyun and Ahn (1992), Correa (1992), Upton (1994) and Suarez et al (1996). Apart

from the studies carried out by Correa (1992) and Suarez et 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 meaningfiul 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 et al, 1996). It 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 la).

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

is no refined concept offlexibility.... ".

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 lb in figure 3.4). Note that

volume flexibility now incorporates delivery time flexibility.

Lower-order flexibility types

Firm

First-order

flexibility types

Mix	 firm's

Volume	 competitive

New Product	 position

Market

Routing

Compon

Material

Machim

Worker

Figure 3.5: Modified flexibility funnel

Adaptedfrom 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 eta!, 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 et a!, 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.

Business level

H Functional level
floability

RID
ili	 Matu	 \

I	 'S	
\

Figure 3.6: System's view of the relationship between flexibility types

Source: Adaptedfrom Hyun andAhn (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 Aim'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 afixed or given product and production structure. Dynamic

flexibility is concerned with a system 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

uncertainty

Flexibility type	 Volume	 Volume

Mix

New product

Decision hierarchy	 Mid - term	 flexibility

flexibility

components

Static	 Dynamic

Volume

Mix

New product

Long - term	 flexibility

Dynamic Flexibility 	 I
Ability to improve static volume flexibility Mid-term

measured in time, cost & other competitive 	 tactical

criteria	 flexibility

• Ability to improve in time, cost and other 	 Long-term

competitive criteria for capacity additions 	 strategic

flexibility

• Ability to change product mix set for

potential new product families measured in

time, cost and other competitive criteria

• Ability to introduce new products or major

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 mcorpomting different views of flexibility

Adaptedfrom Hyun andAhn (1992)

3.5 Chapter Summary

The classification of studies on manufacturing flexibility proposed by Suarez et 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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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 external 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.

Figure 4.1: Average total cost curves

Source: Carlsson, (1989)

According to basic economic theory, a firm in competition maximisea 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 (Oi, 1961). Sheshinky and Dreze (1976)

examined the implication of this theory under less restrictive assumptions and concluded

"demand fluctuations increase the number offirms 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 et 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 et a!, 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 et 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:

"..ail 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 p1ani
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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:

• Increasing market fragmentation

• Growth in the need to produce to order

• Shrinking product life cycles

• 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 to 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 Volume Flexibility

Stackable product it.m adruble product item
Non-coatinuson production

be Stodred (MF5 and MT	
canon be ciced

/	 e.g. eaalised cap.tal

	

e.g. margarine arid dnmeatW	 eqlipment 4 sandwiches
ipliaI	 ,'	 -,

Market environment with vm'iabilily and uncertainly 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 et a!, 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:

RQJ: 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.

Figure 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 chang

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 et 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 ability 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 et 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.
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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:

1. The input-supply network

2. The labour force

3. Facility/equipment

4. Production control processes.

Suarez et al (1996) identify sources of flexibility as:

1. Production technology

2. Production management techniques

3. Relationships with subcontractors, suppliers and distributors

4. 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 (11989) 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:

Figure 4.4: Sources of volume flexibility
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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 (Eliram 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 a!, 1996). And, "external suppliers now exert a major influence on a

company's success or failure" (Monszka et a!, 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 ElIram 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 et a! (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 a! (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. Efiram 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 (EDT). Close

relationships also encourage small lot sizes and JIlT 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 a!, 1990; and Slack, 1991). However, Suarez et 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 III: Kanban and MRP) have any

significant effect on the plant's volume flexibility. But they found also that in one of the

plants, the iTT philosophy had a more significant impact.

Other studies (e.g. Cusumano 1985; Krafcik, 1988 and Womack et 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 et 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. Conea (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 a! (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 Finii Model.

.Swirce: Atkinson (I 915)

In a volatile demand environment, the peripheral staff (temporary staf1 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.

Jl'u,,c/io,,al flexihiIi4P 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 is 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 returnst. 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 et al, 1993).

The European commission has defined shiftwork (reported in Brewster et a4 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 et 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!).

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 eta!, 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 et a! 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 eta!, 1988 and Womack et a!, 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 efftctive 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 static 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 
I

5.0 Introduction

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

Research Questions

Pilot ce sThdies	 Chapter 5

Research methods	 Mail Sarvey

C	 sties

Pilot study and survey research - Chapter 6

I Survey analysis for RQI. - Chapter 7

r-H
L Survey analysis for RQ2 - Chapter 8

L

Within case analysis 1 - Chapter 9

Within case analysis 2 - Chapter 10

+
Cross-case comparison - Chapter 11

N
Methodological Triangulation - Chapter 12

Mor topi

_________ Conrwctions between
methods
Minor topics

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.

79



Chapter The - Research Mofhodology

5.1 Research Questions

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

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.

I419h tsyrcdictthlhfy of dermmd

e

vwithlllly of demnd

Levels of volume
flexibility in a
mnnufacttring system

Shortenln9 produet life yele
	 Will drive The need for hiier

Othm conditiore

Figure 5.1: Conceptual framework for Research Question One.

The objectives of the research with regard to RQ 1 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.

2. 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.

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.

c. 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.
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5.4 Research Method

Blaikie (1993) argues that the key issue for the researcher is bow 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 QuestionsfYin'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,
996). It can contain both quantitative & qualitative (e.g. in-depth interviews) data (Eisenhardt, 19a9).
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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 a!,

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	 Var*able 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 ofphenomena

Broad empirical generalizations 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 dWIcult to sustain attention to complexity
across a large number 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).

87



Chapter Five - Research Methodolvgy

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:

1. Individual machine or manufacturing system level

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

3. The manufacturing process

4. The factory

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 unit 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

function' (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) databaset. 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
(Single unit
of analysis)

Embedded
(multiple Units
of analysis)

Type 1	 Type 3

Type 2	 Type 4

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 et 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). Hen-lot 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 is 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.

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 	 1
Pl ce atudien	 Chapter 5

Research methods	 Mad Scrvey

cone stcon

tsturveyreseahapter5

5urvey analysis for RQ1 - Chapter 7

Survey analysis for RQ2 - Chapter 8

Within case analysis 1 - Chapter 9

Within case analysis 2 - Chapter 10

Cross-case comparison - Chapter 11

Methodological Triangulation - Chapter 12

Major topics

_________ Connections between
methods
Minor topics

Figure 6.0: Empirical reseaich road map. Chapter coverage shaded

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.

95



Chapter Sir - Pilot Study and Survey Research

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 cany 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 Sir - 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

RQJ: Under what conditions does a manufacturing plant require high levels of volume

flexibility?

Questions asked include:

What do you understand by volume flexibility?...

Is volume flexi bully 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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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:

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

2. The plants have relatively more durable products

3. Product obsolescence is an issue in some of the plants

4. The plants have flexible and understanding customers

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

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
variability	 Shelf-	 influence in

life	 lead-time
determination

Plant A	 • Veiy high • Short	 • High, non-
negotiable

Plant B	 • Medium	 • Long	 • Negotiable

Plant C	 • Medium	 • Long • Negotiable
Plant D	 • Medium	 • Long • Negotiable

Product life- Demand	 Perceived need
cycle	 uncertainty for high levels of

volume flexibility

'Not	 'High	 'High
applicable
• Not	 • Medium • Medium
applicable
• Short	 • Low	 • Medium
• Short	 • Medium • Medium but

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
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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-l?fe - 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 lift-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 nanufacturing plants?

Questions asked include:

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

Have you ever failed to meet scheduled deiiveiy 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 inhi bited 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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Table 6.4 below summarises the findings in relation to RQ2.

Enablers	 Overtime	 Sub-	 Temporary Contract	 Banked
	

Work
hours	 contracting Labour	 staff	 hours

	
transfer

Plant A	 • Used	 • Not used • Used	 • Not used • Not used • Not used
Plant B	 • Used	 • Not used • Not used	 • Not used • Not used • Used

occasionally
Plant C	 • Used	 • Not used • Used	 • Used	 • Used

	
. Used

Plant D	 • Used	 • Used	 • Used	 • Not used • Not used • Not used

Varying
lead-times
• Can't use
• Used
occasionally
• Used
occasionally
• Used

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).

• Use of overtime hours - provides for longer hours of work than the standard week worked

normally by full time employees.

• Use of sub-contractors - out-sourcing all or part of the production process to absorb some

of the fluctuations faced by the company.

• 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.

• 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.

• 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	 • Problematic	 • Problematic	 • Not applicable • Not applicable • Not applicable
Plant B	 • Not applicable • Not applicable • Not applicable • Occasional	 • Not applicable

power cuts
Plant C	 • Problematic	 • Not applicable • Problematic	 • Not applicable • A one-off

problem.
Plant D	 • Not	 • Not applicable • Not applicable • Equipment age, • Not applicable

nroblematic	 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 (Maihotra

and Grover, 1998).

Esely stages
of reseorth

Exploratory or
desa.lptive srVey
reoeorth

Hypothesis enerotlotj

Case studies
Qualitative methods
Exploratory wrveys

Later stages of I
Time

resesech into a I
phenomenon

Exploratory or
Hypothesis based
sLrvey research

Hypothesis 9eneration

Quantitative methods
Explanatory sLrveys
Triangulation

Figure 6.1: The maturity cycle of research
Source: Maihotra & 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 et 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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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' pie-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' pie-test, where respondents are

not told that the questionnaire is under development. The 'declared' pie-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

Yes	 Yes
Yes	 Yes
Yes	 No
Yes	 No
Yes
	

Yes
Yes
	

Yes
Yes	 No

A
B
BI (sisterplant to B)
B2 (sister plant to B)
C
D
E

Food
Process
Process
Process
Electronics
Household
Engineering

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, B 1 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, B 1 & 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 is 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
PlantA	 2	 0.92
PlantsB,B1&B2	 3	 0.80
PlantC	 3	 0.86
PlantD	 3	 0.85
PlantE	 2	 0.87

Table 6.8: Item-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.

113



Chapter Six - Pilot Stud' and Survey Research

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 "...niany entrants do

not expect to win at all but eu/er 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 (Maihotra & 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 face-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:

• Response rates;

• Ability to produce representative samples;

• Limitations on questionnaire design;

• Quality of responses;

• Implementation problems and;

• Cost/time

Considerations face-to-face Interview	 Telephone interview	 Mail Surveys	 Methods, in order
of preference.

Response rate	 'Seen as most effective in 	 'Relatively 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

specf1c, more homogeneous
_______________ _______________________ _____________________ group. e.g. UK plants. 	 ________________
Obtaining	 'Less prone to this type of .May be prone to this 	 .Relatively more prone to 	 1. Face-to-face
representative	 bias	 type of bias since some	 this type of bias because of 	 2. Telephone
samples	 .samples c-'n 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 	 'Suited to complex and	 'Unsuitable 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	 •Performs less well in	 'Performs better than	 •Performs best in obtaining	 I. Mail surveys
responses	 obtaining accurate 	 face-to-face method in	 accurate answers.	 2. Telephone

answers. Respondents are terms ofinterviewers' 	 'far removedfrom	 3. Face-to-face
more likely to give	 influence on responses.	 interviewers'influence.
acceptable rather than
true opinion answers.
'Observable
characteristics of
interviewer can affect

__________________ responses.	 _________________________ ______________________________ ____________________
Implementation 'May require carefid 	 'Less demanding in	 'Least demanding in terms 	 I. Mail surveys
problems	 training ofstaff	 terms of staffing	 of staffing requirements.	 2. Telephone
_______________ 'Requires many staff	 requirements.	 3. Face-to-face

Costff line	 'Most expensive and time 'Less expensive in	 'Least expensive and time 	 1. Mail surveys
consuming.	 terms of cost, but more 	 consuming.	 2. Telephone

time consuming than	 3. Face-to-face
mailsurveys.	 __________________________ __________________

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

• 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).

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

participation

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

• 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.

• 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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19.68
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24

38
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6.96

-4.00

2.32

-5.28
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Process

Engineering

Electronics

Household Products
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Percent

20
32
18
30
100

Frequency

Process	 24
Engineering	 38
Electronics	 22
Household & Gen. Products	 36
Total	 120

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:

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 (7.8 15), 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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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 asne studies	 Chapter 5

Research methods	 Mod Survey

-	 Case studies

Pilot study and survey research - Chapter 6

H
Within case analysis 1 - Chapter 9

WitI mn case as,alysis 2 - Chapter 10

L	 Cross-case comparison - Chapter 11

Methodological Triangulation - Chapter 12

- Major topics

____	 Cons between

P Minor topics

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

RQJ: Under what conditions does a manufacturing plant require high levels of volume

flexibility?

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. Overall 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 (i.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 5—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. 1/2/3-1-4+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_______________ _______________ _______________ _______________ _______________

Highvariability	 0.8	 5.0	 11.7	 40.8	 41.7

in demand levels

Short product	 62.5	 21.7	 5.0	 9.2	 1.7

shelf life

High influence	 5.0	 7.5	 32.5	 35.0	 20.0

of customers in

the

determination of

lead time

Short product	 50,8	 26.7	 12.5	 7.5	 2.5

lifecycle	 _________________ _________________ _________________ _________________ _________________

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

7.0 and 7.1.

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

High variability in	 ó.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	 39.2	 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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Engineering	 88.5

(coin tuner)	 (1)

Engiiieering	 58.3

(capital)	 (1)

Electronics	 72.7

(2)

(1)

Food	 86.7

(I)
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Short Product	 Customers'	 Short Product	 I)einaiI

shelf life	 influence on lead	 lift c y cle	 unpredictability

time

ft(	 4..

(4)	 (3)	 (4)	 (2)

7.7	 57.7	 11.5	 80.8

(5) .	(3).	 (4).	 (2)

0.0	 25.0	 0.0	 58.3

(4)	 (3).	 (4)	 (l)K

(4)
	

(3)	 (4)	 (1).:

9.5
	

61.9	 9.5

(4)
	

(2)	 (4)	 (2)

73.3	 20.0	 53.3

(4)
	

(2)	 (4)	 (3).

): ranking orthc % ofplants rating this driver as highly sigmilcant in this sector based on the collapsed scale

Table 7.2: Drivers of volume tiexibility by sector. Figures represent the % of responding plants in the

particular sector rating this factor as highly significant as a driver for volume flexibility (collapsed scale).

The above Table 7.2 shows the ranking of each of the drivers when analysed using the

collapsed arid 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 of 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 industiy but seen as relatively unimportant for the engineering capital

goods sector. Plants in the food industry typically supply the big UK groceiy 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 4fe 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.

Need to avoid stock holding (stockhol)

Need to optimise throughput and yield (throuput)
Need for process capability (procapab)
Focusing on orders from key customers (keycusto) i.e.
when orders from key customers (or high volume
customers) are required urgently. These take prionties
hence drive the need for high levels of volume
flexibility.
Material availability (mateava) i.e. raw materials
shortages.
Product mix changes/New product introductions
(prodmix)

Demand peaking at seasons (season)

Action of competitors (competit)
Company policy/Growth ambitions (growth)
Market overcapacity (overcapa)
Poor communication with customers (comunica) i.e.
between sales department and customers leading to
wrong production schedule or unanticipated demand.
Accounts engineering by sales (salesacc)
Currency variations (currency)
Mass customisation to maintain old product position
(masscust)
Small order runs (batchsiz)

3	 Process, Engineering consumer,
Household/General products

2	 Process and Eleclromcs
1	 Process
3	 Household/General products

(2), Food consumables (1)

2	 Process and Engineering
consumer products.

8	 Process (2), Engineering
consumer (2), Electronics (1),
Household/Gen. Products (1),
Food consumables (2).

3	 Engineering consumer,
Household and Food
consumables.

1	 Electronics
1	 Electronics
1	 Process
1	 Process

1
	

Food
1
	

Food
1
	

Food

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 She If Life

Out of all the variables identified, only the condition of short product shelf ljfe 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 in 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 l[e 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 cirules fomiing 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 fmd 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 4fe 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 4fe). 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. It 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 tme.

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.

lpresentation of drivers of volume flexibility

0	 5	 10	 15	 20	 25

Chi-square values

• Oem. 'briability

• Prod. dielt lite

Cue. Influence on leadI me

Prod,life cycle

U: Oem. Unpredictability

* Chi-sq.critical value

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

At this stage of the enipirical 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 Seleetion

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 s/i elf l'fe. 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 fmal selection is made.
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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:

• High variability in demand levels

• Short product shelf life

• Customers' influence on lead time determination

• Short product life cycle

• 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 high 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 RQJ

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.

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?

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 Qi 0) 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 valy 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. cost) 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 (Qi 1 of the survey

questionnaire).
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3. It is 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 (Q 13 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 (%)	 IJsed 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	 44.2

Job sharing	 95.0	 4.2	 0.8

Annual hours contract	 87.5	 3.3	 9.2

Sub-contracting	 47.5	 38.3	 14.2

Contract employees	 71.7	 14.2	 14.2

Varying lead times	 32.5	 40.0	 27.5

Rejecting orders	 80.8	 15.8	 3.3

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 Part-time	 Temporary Job	 Annual	 Sub-	 Contract	 Varying	 Rejecting
labour	 haring	 hours	 contracting employees lead times Orders

Process	 62.5	 4.2	 37.5	 0.0	 16.7	 8.3	 16.7	 16.7	 4.2

Eng.	 96.2	 11.5	 50.0	 0.0	 0.0	 23.1	 19.2	 38.5	 0.0
consumer__________ _________ ________ __________ _________ __________
Eng.	 83.3	 16.7	 50.0	 0.0	 8.3	 25.0	 25.0	 50.0	 0.0
Capital________ ________ ________ ________ _______ _________ ________ ________ ________
Electronics	 77.3	 18.2	 50.0	 4.5	 9.1	 22.7	 18.2	 31.8	 0.0

H/hold	 61.9	 23.8	 33.3	 0.0	 9.5	 0.0	 0.0	 19.0	 9.5

Food	 66.7	 13.3	 46.7	 0.0	 13.3	 6.7	 6.7	 13.3	 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 contracts 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 Sfrategies (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

Multi skilling (multiski)
Schedule/Priority negotiation
(schprior)
Upgrading equipment/Increasing
automation (equpgrad)
Using stock built in slack period
(stockbld)
Hiring new employees (hiringO)
Change in shift pattern/extra shift
(shiftpat)
Process/Method improvements
(improces)
Introduction of team working
(teamwork)
Improved training (training)
Shift orders to or buy in from sister
plants (sisplanO)
Stop making to stock (stopmtsO)

I
	

Process
1
	

Electronics

1
	

Electronics

5	 Process, Engineering Consumer,
Engineering capital & Household (2).

3	 Process and Electronics (2)
4	 Process (2), Household & Food.

1
	

Electronics

I
	

Household

1
	

Household
2
	

Process, Food

I
	

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 Qil 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 (%)	 Moderately costly (%)	 Very costly (%)
Overtime by full-time	 2.5	 40.8	 56.7

employees(overtil)	 ________________________ _______________________ _______________________
lncreasedhoursbypart- 	 22.5	 60.0	 17.5
timeemployees (partimi) _______________________ _______________________ _______________________
Temporaiy labour (templ)	 13.3	 59.2	 27.5

Job sharing (jobshal)	 23.3	 62.5	 14.2

Annualhourscontract	 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)	 ________________________ ________________________ ________________________
Vaiyingleadtimes	 15.0	 54.2	 30.8
(leadtil)	 ________________________________ _______________________________ _______________________________
Rejectingorders(rejecl)	 7.5	 3.3	 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
strategies identified by respondents
Multiskilling (multiski)
Schedule/Priority Negotiation
(schpriol)
Shut down (shut)
Change from core product (prochang)
Using stock built during slack period
(stockbdl)
Change in shift pattern/Extra shift
(shifipal)
Process/Method improvements
(improcel)
Productivity bonus/incentive
(incentiv)
Hiring new staff (hirini)
Introduction of team working
(teamworl)
Improved training (trainini)
Slow new product releases
(newprodl)
Stop making to stock (stopmtsl)
Shift orders/Buy-in from sister plants
(sisnlani)

(no. of respondents)

lnc
lmc

lvc
1 ye
4mc

mc, 2mc, lvc

inc

1 vc

2vc
lmc

lmc
1 vc

lmc
3vc

Sector of identifying plants

Process
Electronics

Household/General products
Household/General products
Process(i), Engineering consumer
(1), Household/Gen. (2)
Process (2), Household (1), Food (I)

Electronics

Food

Electronics
Household/General products

Household/General products
Food

Food
Process (2), Food (1).

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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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 	 24.2	 21.7
part-time employees
(partim3)	 _____________________ _____________________ _____________________
Temporary labour (temp3)	 30.8	 31.7	 37.5

Job sharing (jobsha3) 	 57.5	 31.7	 10.8

Annual hours contract	 26.7	 37.5	 35.8
(anuath3)	 _______________ _______________ _______________
Sub-contracting (subcon3)	 39.2	 41.7	 19.2

Contract employees	 48.3	 37.5	 14.2
(contrac3)	 ___________________________ ___________________________ ___________________________
Varyingleadtimes	 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

U)
80

.	 70

.	 50

1g1 $LirL
0 0

ç:'	

•/ 

,\ ,o

	 Iooc'o. 0	'

Enablers

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, 3 5.8% 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	 \nmial	 Sub-	 Contract	 Var'ing	 Rejecting
labour	 shariig	 hours	 contracting	 emplo y ees	 lead times	 Orders

(2	 4.2	 37.5	 (3.11	 6.7	 8.3	 16.7	 16.7	 4,2

4	 4	
L.:	 L)	 ,' .j	 .. ,)	 .	

4

Eng.	 96.2	 11.5	 50.0	 0.0	 0.0	 23.1	 19.2	 38.5	 0.0
consumer	 (57 7)4	 (2(:)	 (46.2)	 (1 1,)	 (2(1)	 (15.4)	 (19.2)	 (0.0)

Eng.	 83.3	 16.7	 50.0	 0.0	 8.3	 25.0	 25.0	 50.0	 0.0
Capital	 50.0)4	 (0.0) 

4	
(41.7)	 (8.3)	 (8.3)	 (50(4	 (16.7) 

4	
(25.0) 

4	
(01))

Electronics	 77.3	 18.2	 50.0	 4.5	 9.1	 22.7	 18.2	 31.8	 0.0
(36.4)	 (27.3)	 (40.9)	 (9.1)	 (27.3)	 (22.7)	 18.2)	 (9.1)	 (00)

FL/hold	 61.9	 23.8	 33.3	 0.0	 9.5	 0.0	 0.0	 19.0	 9.5
_________	 47.6)4	 (38.1)	 (38.1)	 (0.0)	 (42.)	 14.3)	 4.3)	 (19.0)	 (0.0, 

4
Food	 66.7	 13.3	 46.7	 0.0	 13.3	 6.7	 6.7	 13.3	 6.7

__________	 4	
(33.3)	 (26.7)	 (46.7)	 (6.7)	 (13.3)	 (0.0)	 (0.0) 

4
* 0 of plants using this strategy extensively

4 plan. ritni thc us oft) 6. lrateg\' as highl y desirahk to them in liiturc

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

a
C)

C
0a
(I)

0

100 -
90
80
70
60
50
40
30
20
10

0

.1
	 i

Enablers

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 ftiture 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

iskilling (multisk3)

Efficiency importanceIReduction in
cycle time (improce3)
Upgrading equipment/increasing
automation (equpgra3)
Shut down (shut3)
Change from core product
(prochan3)
Using stock built during slack
period (stockbd3)
Hiring new employees (hiring3)
Better demand forecasting/planning
(forecast)
Change in shift pattern/exira shift
(shiftpa3)
Demand flow technology
(demfiow)
Cellular manufacture/change
factory layout (ceilmanu)
Having spare capacity (sparecap)
Extend team working to 90%
(teamwor3)
Improve training (trainin3)
Synchronisation of supply chain
(supplych)
Shift orders/buy in from sister

Frequencies (no. of plants) &	 Sectors of identifying plants

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

5hd	 Eng. Consumer (1), Eng. Capital (20,
Electronics (2).

4hd	 Eng. Capital, Household, Electronics
& Food

lnd	 Household
lnd	 Household

2md
	

Engineering capital & Household

2md, lhd
	

Process (1) & Electronics (2)
2hd
	

Electronics & Household

2hd
	

Process & Food

lhd
	

Engineering capital

lhd
	

Engineering capital

lhd
	

Food
lhd
	

Household

lhd
	

Household
lhd
	

Food

lmd
	

Process

lid = 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.

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 temporaiy labour
Temporary labour temporaiy labour also used overtime	 appear to be complementaiy 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
vaiying lead	 used overtime also used variation in 	 use of variation in lead times in the Eng. Capital kits
times	 leadtime(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
rejecting orders	 overtime hours did not reject orders. (r hours are used. These are substitutes.

= -0.56, P = 0.028)	 ___________________________________________
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
vs. contract staff used subcontracting also used contract appears to be complementary in the Electronics sector

staff and most of those that did not use at least in the sample.
subcontracting also did not use

________________ contract staff(r = 0.52, P = 0.0 14). 	 _____________________________________________
Subcontracting	 Eng. Consumer: Most of the plants	 The use of sub-contracting and variation in lead-time
vs. varying lead that used subcontracting also used 	 appears to be complementary in the Engineering
times	 varying lead times and vice versa in	 consumer sector at least in the sample.
________________ this sector (r = 0.53, P = 0.005). 	 ________________________________________________

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 (Q 12 on the questionnaire). These are tabulated

in Table 8.11.
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Best coping mechanism used

None, but considering annual hour
labour contract
Team working
Overtime hours worked by full timers

Increased hours worked by part-time
staff.
Temporaiy labour

Job sharing
Annual hours contract

Sub-contracting

Contract employees

Vaiying lead times
Multiskifling
Upgrading equipment/increasing
automation
Combining overtime and increased
hours worked by part-timers
Overtime and temporaly labour

Overtime and sub-contracting
Temporaiy labour and stock building
Temporaiy labour and annual hours
labour contract
Flexible working (variants of annual
hours contract)
Multi-shift
Overtime and flexible working
Overtime and Sub-contractina

Percent	 Sector

2.4	 Food

1.7	 Electronics & Household
42.5	 Process (10), Engineering consumer (15), Eng.

Capital (6), Electronics (7), Household (9),
Food (2)

2.5	 Household (2), Food (1)

	

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

	

0.8	 Electronics

	

6.7	 Process (3), Eng. Consumer (1), Engineering
capital (1), Household (2), Food (1).

	

3.3	 Engineering consumer (1), Electronics (2),
Household (1)

	

3.3	 Process (1), Eng. Consumer (2), Eng. Capital
(1)

	

0.8	 Process

	

0.8	 Process

	

0.8	 Electronics

2.5	 Process, Electronics & Household

	

4.2	 Process (1), Eng. Consumer (2) & Electronics
(2)

	

0.8	 Eng. Capital

	

0.8	 Eng. Consumer

	

1.7	 Process & Food

	

1.7	 Eng. Consumer & Food

	

0.8	 Food

	

0.8	 Household

	

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 (Q1O,

Qil and Q13 of the survey questionnaire).

Scale representing The proportion of
responding plants rating the item

Test 1
(Q10)	 C)

Not used

Test 2
(Qil)	 0

cry costly

Test 3
(Q13)

No desirable

Concentration of responses
for a weak enabler

I 100%(of plants)
se4 Extensively

1=100% (of plants)
Not dostly

1 r) 100% (of plants)
hlk desirable

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

S

80
4,

.	 70
vi

vi 60
E

4,

Lvi- 40

30

20
I,

10
0

X	 0

Chi-sq. critical
vahieat 5%significance
le

• Overtirre

•Part-tirre

Ten-ps

x Job suring

xArwivalhrs

•Subcontracting

+ Contrxt lab.

.VyingIeadtirre

' Rerting orders

Chi-sq. critical vue

is
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 o far as this classification is concerned, the use of overtime hours by

full 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 costly to use = B

• Overtin

• Part-tirre

Tenps

Job sharing

r Areual hrs

• Sibcontracting

-4- Cortrat lab.

.Varying lead tirre

Reieting orders

Chi .sq. critical value

Chi-square values

Figure 8.4: Representation of enablers of volume flexibility after test 2 (i.e. alter 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.
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Classification of possible enablers of volume flexibility based on
proportion of plants rating the Items as highly desirable In future = C

.r• 45

	

:i 40
	

.

35

25
I

.

	

15	 +,

.11 10

5

- 0

0	 5	 10	 15	 20	 25	 30	 35

ChI-square values

• Ovectine

• Pat-tine

x Job seflng

* Arwiuel hrs

• S&i,contractiru
+Cortrat

.Vayrng Ie tine

-Rating ordeis
C)-sq. crtic value

Figure 8.5: Representation of enablers of volume flexibility alter test 3 (i.e. alter 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 temporwy 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, 1w = XIA x yI X zIc

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

x, y and z are the assigned weights

'A, 'B and Ic 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 = IA x 'B x

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 'A =

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, 'B = 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

enablei of volume flexibility. We could have either a weighted or an unweighted

additive iiiodel. Weighting is used to account for some "unbalance" between variables,

to come to a combined one.

The weighted additive model, = XIA + yI}3 + zI

3

The unweighted additive model, I = L + I 3 + I

'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.

Ciassificatiou of volume flexibility enablers using an unweighted
additive model

0	 10

0
U

E +,
.2 ii
i -j

.
E
0
U

S

20	 30	 40

Chi-square values

•vertine

• Pat.tirTe

Ten,s
Job sling

* Arv,ueI hrs

• St1,contraire
Co,trtI.

-Varirig lead tine

Recting orders

CId-sq. critical value

Figure 8.6: Classification of enablers based on the combined anal ysis of all the three tests. Detail calculatioiis

outlincd in Appcndix 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 ofvolumeflexibility?

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 Householdl Food 	 Reasons for
consumer	 Capital kits	 Gen.	 choice

______________ ________ ___________ ___________ __________ Products ________ ______________
Overtime hours (50, 60, 	 (23 &	 l2lnu	 These plants

76)nu I 02)nu provide the
exceptions to
the general
pattern of

________________ _________ _____________ _____________ ____________ ____________ _________ responses.

Part-time	 Slue	 7Iue	 (38,78)ue	 (15,18)ue	 98ue	 26ue	 Asabove
Temps.	 28ue	 (7, 9)ue	 38ue	 l5ue	 (21, 24)ue	 (25,	 General pattern

43)ue	 even. So chose
ue cases.

Job sharing	 9Oue	 Only plant that
used it

________________ _________ _____________ _____________ ____________ ____________ _________ extensively
Annual hours	 (50, 60, lO6ue	 78ue	 (56, 62 &	 (45 &	 (43,	 Chose
contracts	 76)ue	 63)ue	 102)ue	 121)ue	 exceptions to
__________ ______ ________ ________ ________ ________ ______ general pattern

Sub-contracting 3ue	 lO4ue	 38ue	 (42, 56,	 45ue	 lOSue	 As above.
______________ ________ ___________ ___________ 64)ue	 ___________ ________ ______________
Contract labour (76,	 (10, 32)ue	 (38, l20)ue	 64ue	 77ue	 As above

_______________ 81 )ue 	 ____________ ____________ ____________ ____________ ________ _______________
Varying lead	 28ue	 (10, 12)ue	 l7ue	 26ue	 General pattern
times	 even, so chose
______________ ________ ___________ ___________ ___________ ___________ ________ ue cases
Rejecting orders lue	 (22, 93 &	 Chose

102)ue	 exceptions to
______________ ________ ___________ ___________ __________ __________ ________ general pattern.
Overtimecost ________ ___________ ___________ (17, 74)nc ___________ I l3nc 	 As above.
Annualhours	 109c	 (39,52)c	 llc	 16c	 68c	 As above
coat. cost	 _________ -
Cost of	 (33, 94, 112, (11, 95)nc	 63nc	 (20,22,45	 (105 &	 Chose
Subcontracting	 11 8)nc	 & 66)nc	 11 9)nc	 exceptions to

the general
_____________ ________ ___________ ___________ __________ __________ _______ pattern.
Contract labour	 (94, l04)nc	 (53, 95)nc	 63nc	 lO2nc	 ll9nc	 As above
cost______ _________ _________ ________ ________ ______ ___________
Rejecting orders	 (39, 104,	 53nc	 (63, 89,	 2Onc	 As above
cost_________ 11 8)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. flu not used, ue = used

extensively, nc not costly, c = 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 (°!o) 	 Very problematic	 Moderately	 Not problematic (%)
___________________ ____________ (%) 	 problem afic (%) ________________
Hiring of full-time	 7.5	 40.0	 35.8	 16.7
employees________________ ______________________ __________________ _____________________
Getting full-time	 0.8	 11.7	 50.0	 37.5
employees to work
overtime hours
Getting part-time	 42.5	 10.0	 23.3	 24.2
employees to work
increasedhours	 ______________ __________________
Securing temporary labour	 17.5	 24.2	 35.0	 23.3

Implementing job sharing	 60.8	 16.7	 9.2	 13.3

Implementingannualhours 55.8 	 21.7	 11.7	 10.8
contract
Sub-contracting	 30.0	 20.8	 37.5	 11.7

Securing contract	 43.3	 15.8	 25.8	 15.0
employees________________ ______________________ __________________ _____________________
Gettingcustomerstoagree	 12.5	 55.0	 30.8	 1.7
tovariation 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.

Other

lnipleineiil uig uiultisk.ilhng
Implementing process
improvement
Implementing teamworking
Training employees
Implementing multi shift system
Dealing with oversold capacity

(no. of dentify
plants)
hip, Ivp
imp

lvp
lvp
2vp
1VD

Sector

Process & Houselioki
Elecironics

Household
Household
Household and Food
Process

np = not problematic; rnp = moderately problematic; vp = very problematic

Table 8.15: Olher 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
C, .
.E i 50

40
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3o
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o	 1000

0
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• l-iringfulltirrwstaff

Getting full tin-ers to work incr. hrs

Getting part-tirrersto wkinc. hrs

curing terrps

lrvçlerrwnting job sha

• lrrplerrenting annual hours cont.

&ibcontracting

.Securing uentract labour

Varying lead tinea

Critical chLsq. value

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 to
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 fttrther

investigation:

Why do differences exist in the way some of these factors inhibit the achievement of volume
flexibility in the responding plants?

Are there other plant characteristics that can explain these d?fferences?
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 efftctive supply of materials into

and out of the production process, what are the other factors that enable and inhibit the

achievement of volumeflexibility 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:

• Overtime by full-time employees

• Increased hours worked by part-time employees

• Temporary labour

• Job sharing

• Annual hours labour contract

• Sub-contracting

• Contract employees

• Varying lead time

• 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

• Securing temporary labour

• Implementing job sharing

• Implementing annual hours contracts

• Sub-contracting

• 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, getting customers to agree to variation in lead-time, as very

problematic. Also, getting fill-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 identJ1ed 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 ofvolumeflexibility?
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8.4 Final Case Study Selection

Process	 llngineering	 Engineering	 Electronics Household/ Food	 Total

consumer	 Capital	 Gen. Prod.

Plants	 76&i15 9&104	 38	 56&62	 45,46& 102 113 &121	 l2plants

chosen based

on RQ1

analyses

Plants	 76&28	 9&104	 38&95	 56,62&63 45& 102	 43& 121	 l4plants

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 ofRQl 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 di€guised

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 empitié1

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

Ptot re otod,es

Research methods 4MaI Suroey

N.	 Cone ntudies

Chapter

Pilot study and survey research - Chapter 6

5urvey analysis for RQ1 - Chapter 7

Survey analysis for RQ2 - Chapter 8

Within case analysis 1 - Chapter 9

Within cane analysis 2 - Chapter 10

--------[Cross-case comparison - Chapter 11

Methodological Triangulation - Chapter 12

._____>. Mojor topio

• Con,wctuons between
nethodo
Minor topn

Figure 9.0: Empirical Research Road map. Chapter coverage for the within case analyses chapters

shaded

The objectives of the case studies are:

1. To identify the drivers of volume flexibility in manufacturing plants

2. To identify the enablers and inhibitors of volume flexibility in manufacturing plants

3. To explain why certain enablers of volume flexibility are preferred to others

4. 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:

RQJ: Under what conditions does a manufacturing plant require high levels of

volume flexibility?
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Chapter Nine - Within-Case Analyses

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 achievenient 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.

What are the
that drivep lannata	 I I

What are the fact

require anlene flexibility? [j..J
or why do plants

booeflebilit

brivers
these conditionS?

Causal Factors

RQ2a
How do plants achieve
valmne fleaibility?

Enablers

RQ2b
What prevents the
achievwnent of
volene fletcibility'

Inhibitors

Figure 9.01: Theoretical map for case study research.

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 - fcast, 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 - reducth, 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 - volfiex, 3.1.1	 The benefits obtained from the

Provides volume flexibility: BN - vofflex, 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 - vofflex, 3.3.1	 plant will continue to use some enablers to

achieve volume flexibility.

Inhibitors	 None: lB —none, 3. l.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. l.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:

175



Chapter Nine - Within-Case Analyses

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 more 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 (RQ 1)

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
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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.

178



l)

a,

I-
a,

'a

U

0
z
Z0)

Zo:

11=

-	 0)

<0)0

0<
'I-
10

0
Li::

66 —A0N

66—PD

66—dS

66—bnV

66—Ir

66 - fl

66—DkN

66—JdV
0

66—JDkN

66—qj
0

66—uDr

6 —"0N

6—PO

6 dS

96—bnV

6—IP

C,)

0
I
w
—J

0

0

SIINfl NOLLOflaOId



• Sacpty ohm,
oh.olesomce

• Dusmi level
vaibilty

Rth,ocd a&book.
ue

lmd-4ma
Mxlcd f..trt,

SUc tom.Jti-yea
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Figure 9. la 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 cany 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.

511gb levele of Volume

flrtvei(ressons 
J .Unmtthdyñwhytlaplant

requires high	 J d.ma,d leech

levels of volume	 of
flexibility)	 i

.PolSie.lchmgu
Caumi Vactors

I .Faocast(reasonswhy the
duvers influence	 •3rPutyochvifo
tlaphant)

Figure 9. ib: 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 temis 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 veiy 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.la). 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 finn 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.la 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. ic: 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.

Iniplenientalion

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

P3 and it is a product of two other probabilities P 1 and P2 (P3 = P 1 x P2). P 1 is the

probability that a direct customer will have a requirement for the product. This is

determined by knowledgeable and educated guesswork. P 2 is the probability of the

customer placing the order with Engico as opposed to with a competitor. The sales force

also determine this. P2 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 2 is likely to be 100%. If in this example the probability (P 1 ) that the
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customer has a requirement for the product is at least 70%, then P 3 = 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 forwardfor

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.

Mu lti-s killing

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 is 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 (morning 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.

Imp lementalion

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 dfferent, 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 votedfor it".

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 weekst were worked.

This gives 225 working days per annum of 7.5 hours per day or 1687.5 annual hours.

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, "I don '(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 work 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

Drrwers	 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 enor 	 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 sunmiarises 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-skiffing	 Overtlme	 Sister plant

measure	 times

Drivers	 • Resource	 Changes in	 • High variability in	 • High variability in	 • High variability 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 eeror	 for volume	 indirectly volume	 flexibility (+)	 volume flexibility

Losses on	 flexibility	 flexibility	 • Costly (-)

planned	 • Motivates	 • Becomes

orders minimised	 workiorce	 institutionalised (-)

Inhibitors	 • None	 • None	 • Enlisting workers	 • None	 • Difficult to use in
non engneerng

operations

Key	 • Effective sales 	 • Offer a fraction	 • College training	 • Financial incentive 	 Integration

hnplementat 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. id 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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Figure 9. id: 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.

Ag g re gate P rod U ction P Ian

8000

7000

u 6000

5000
C
.9 4000

: 3000

°- 2000

1000

0

i

Period

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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9.2.3 Operation

Figure 9.2b shows the material flow for surface-mount PCB assembly

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.
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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 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 satisf,' 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 fyou 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. IThat 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 dfferent

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 dfficult 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 Lfe 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 ofien 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,

afready 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 dri ver for fiexi b/lily 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 identiifjing 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).

Mu lti-s killing

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.

Bunked 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".

201



Chapter Nine Within-Case Analyses

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-lOpm, or 7.45-4.3Opm 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	 1130am - 4.3Opm

2	 Monday - Thursday	 2pm - 10pm	 12pm - 2pm or
______ Friday	 9.3Oam-11.3Oam

3	 Monday - Thursday	 7.45am - 4.3Opm	 4.3Opm - 6.3Opm or
Friday___________________ 1245pm - 515pm

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 4.3Opm 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. l5pm 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 'I 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 'ye 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. We ' ye now got about 150

major suppliers ".
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Figure 9.2e: 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	 ____________ ________________I__________________
Causal	 • Customer	 • Growth	 • Power damics	 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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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.

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 Africa.

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 centrifligal

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 ciystallisation process.

Crystaiisation: 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 in 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.
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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. "I'J'7ien our boiler broke down, we didn 'I 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

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).

ugh li	 hv'ilintiu l]xih,iIil

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, fyou 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, f you are clever, you became an Instruments and Electrical

Engineering (IE) guy, !you are OK, you became a Mechanical guy, f 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-skilhing 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.

"Dfj1cult 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 shfi 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 'ye 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 allocated 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 f 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.

217



Chapter Nine - Within-Case Analyses

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 ta/ce people across the plants. We are trying to move across the boundaries and

discourage the traditional feeling of being spect1cally 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".

218



Chapter Nine - Within-Case Analyses

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.

Imp lementa/ion

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 ".

Purc hase 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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Vatying 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 ofpotential

problems, transportation problems and the like ".
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Manufacturing Reliability Prograniie

Lookinq Back	 Looking Forward

Life Plan Issues
Historical < Predictive&

Preventative
Maintenance

High Skils Leves
°°	 Excellent Workrnashp

Good Spares!Matedas

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.

Iniplernentalion

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.

Inhibi/ors

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 sun-imarises 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

AIm'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
vo'ume
flcxibility

Decision Period

Short -Medium term	 Lor5 turin
(operational - tactical)	 (Strotogic)

[)ir'cct
	

Using sister pi 	 -

Purchase fur

I ridirc ct

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 ftirniture. 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 rvrls cIvoIran flrx l,iltv

l)c,ytard
- variability & --I product

uncertainty	
_J__development

iY
Market characteristics

Cost

Excessive
overtime

latiombip tween delvem of volimie fldbility

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.

I --Dema'Aggregate Demand Profile 	 [housands

1400

1200

1000

800

600

400

200

0

I I I # -, I I I	 -, I I
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 satisf' 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 flevahility

Heel

Varying
lead times

retstio,nti, witti
rIastotlan

Rethsal to	 Creates
lnhil,ltors	 pay back has	 tension

JL
Extensive

Kny	 .Eosnteon&
mpIementalion	 einititttat,ni	 avaiInbk

factors	 • Encaueac	 tentatology
new ideu &
	

Eitucatjree
.nggnstirnS
• Taskte perceptions
• Incentive
• Selfinanagitig
• Good equlflflietit
& liboin 50j)CC IV

Muhaskiiliiig

Floating
Good träsiig1

P Fnction to enablers
+ Indirect etbect of enablers on vf

(ontplentcntarv 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

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 'ye 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 nonnally 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 'ye got to have the right number of people for the banked hours system to work

Ifyou 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 shfl pattern

and work 5 blocks of 12 hours shfl 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".

Mu lti-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 multiskilhing in FonGoods involved the provision

of good training for the workforce.

Vaiying 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 'ye 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 o	 Banked hours System	 Multiskilhing	 Varying lead times	 New Technology
Volume Flexibility	 or equipment

upgrade

Drivers	 High variability m	 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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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 - RQJ). The drivers identified include

high demand level variability, shortening product lfe 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 union
resistance and obtaining pay back 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 - RQ4). 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.

239



Chapter Ten - Within-Case Analyses

Chapter 10— Research at Foodco, Lachstone, Plastico and Electco.

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 (RQ 1)

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
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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 (i.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 diflicult. 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. la below shows the drivers of volume flexibility in Foodco and the causal

factors for these drivers.
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Figure 10. la: Drivers of volume flexibility in Foodco

Demand Variability and Uncertainty

Figure 10.lb 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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Annual Production Requirements - 2000
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Figure 10. ib: 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 afew 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

dfflcult to get people when the plant needed them".

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 efficiently 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 is 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 lime,

so you can 't do anything about that. That restricts the mix. So we tend to do weeks of

different types ofproducts 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 to

see whether the product can be produced anywhere else on the site (sister unit plaiit 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 oizto a 7 day running".

Figure 10.1 c 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. ic: Enablers of volume flexibility at Foodco

Teainvorking

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 to 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. Aimualised 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 eveiybody 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.
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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 ofpay, 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 ;nost".

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". This is probably because the deal went against people's paradigm of

working. That is,

come to work, Iget 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 'ye got a good relationship with most of our suppliers and they give us the

flexibility 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 sunimarises 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 (KJF)
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Ijenefita	 • 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 lO.ld 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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be

Figure lOAd: Dcision hierarchy view aiid the effects of enablers 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	 Machine shop	 5-day storage	 Welding shop

Pressing,punchin	 j	 wi p	 Welding& bending	 ___________	 ___________

___________________	 ____________ Wet/drypaintlines

Li "!1i ---L Assembf]

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 W1P 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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Figure 1O.2b: Drivers of volume flexibility in Lachstone

Deniand Variability and Uncertainty/Short Product Ljfe 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 veiy efficiently veiy high volumes, and over a period of time, when that

product dies you still have this veiy low volume, veiy 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

fof a particular product range.

"For example ?f we look at cabinets, our target is to produce 1500 cabinets a week. For

the first quarter of the yeai our lowest was 1192, and our highest was 1781. When we

had 1781 units, our overtime went up ".

('au-sal
Factors
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Figure 1O.2c below shows the aggregate weekly production plan and available capacity

for Lachstone over a 9 week planning horizon.

Weekly Production Plan as at week I

12000

10000

8000
U,

6000

4000

2000

0

1	 2	 3	 4	 5	 6	 7	 8	 9

Period (weeks)

---- Available capacity (units) 	 Demand

Figure 1O.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 1O.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).

C'ompetitors' Actions

The market in which Lachstone operates is highly competitive

"You 'ye got to be able to deliver it when required otherwise you don '1 gel 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 to

conic 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 1 O.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).
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Figure 1O.2e: 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.

Iniplenielitat/On

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

andfound 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 to outsource, especially

f 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/A nnualised 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 iden4fy 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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Dnvers of	 Short product	 Demand	 Competitors' 	 Complex	 High product	 Communication

Voiwne	 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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Figure 1O.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.
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Figure lO.2f: Decision hierarchy view and effects 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.
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Figure 1O.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 1O.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 1O.3b: Aggregate Demand Profile for Plastico: Forecast vs. Actual

Product Repositioning/Short Product Life CycIeJNev 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 different 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).

272



Chapter Ten — Within-Case Analyses
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Figure 1O.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 'ye done is to unify the European customer service group so that they all n/eel

regularly, they share a lot and this is important in being able to iizove 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 different accounting principles being used in the different

countries in which the company operates.

"So, what we 'ye done is to have systems that work on management accounts so that you

make decisions on aflatplayingfield".

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 transmifted 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/Mu itiskilling/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 to
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 vaiying demand levels, it was important for the plant to increase the skill

levels of its workers (multiskilhing) so that it was possible to move people around based

on loading requirements. Multiskihhing 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 andfitters 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 successifil. 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 offilms. 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 lfe 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 greenfleld site.
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Annualised Hours Con fract

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/he workforce on a one to three, one
to 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 f 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 f I don 't do

anything, I get paid for them ", so what actually happens is that you saw lost lime 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%

deliveiy 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
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Figure 1O.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.
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Figure 1O.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 (i.e. how does the plant implement the enablers?) -

Research Question Four

10.4.1 Contextual Considerations

Eleetco 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 I

would say we are a tailoring company. Everything we build can be classfied 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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Figure 1O.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 to be veiy strong to be able to invest a lot of nioney 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/s very dfjIcult ".

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 peiform 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 B (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.
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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 Fonnal 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 identi1y 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 - RQJ). The drivers identified include

high demand level variability, shortening product lfe 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 an annualised hours system, muitiskilling, using sister plants and sub-
contracting (Brewster and Connock, 1985; Adler, 1987; Kohier, 1989; and Grey and

Corlett, 1989). The plants generally do not have problems implementing many of the

enablers to achieve volume flexibility. For the annualised hours system, inhibitors to

implementation include resistance and suspicion by operators, gradual implementation

leading to division, and getting yearly demandforecasts wrong.
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Further analyses were carried out to investigate why some plants choose to use some

solutions and other plants use other solutions to achieve volume flexibility. The analyses

reveal that the choice of which solution or enabler to use depends on the market

conditions which the particular plant is exposed to (i.e. drivers - e.g. high variability in

demand levels). The plant continues to use the solution or 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 an annualised hours 5ystem include elimination of overtime and
attendant cost and, reduced absenteeism - RQ3).

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 - RQ4). For instance, in order to implement the annualised hours system, one of

the plants rewarded its operators financially, had extensive communications and

consultations with operators and the implementation was done in a gradual manner

(Tranfleld and Smith, 1990).

The next chapter will describe the cross-case analyses carried out to compare the results

of the within-case analyses of the eight plants.
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Chapter 11 - Cross-Case Comparison I

11.0 Introduction

Research Questions

	

/	
Pilot ce Othdes	 Chapter 5

	

lesearch methods	 Mcii Surwy

Cose studies

Pilot study and survey research - Chapter 6

5urvey analysis for RQ1 - Chapter 7

Survey analysis for RQ2 - Chapter 8

Within case analysis 1 - Chapter 9

Within case analysis 2 - Chapter 10

Cross-case comparison - Chapter 11

Mor topics

• Connections between
methods

• Minor topics

Methodological Triangulation - Chapter 12

Figure 11.0: Road map for empirical research. Chapter coverage shaded

This chapter describes the cross-case analyses. Themes identified from the within-case

analyses (in respect of the Research Questions) are selected and checked for similarities

and differences across the cases. Thus, cross-case analyses involve the search for

patterns in the within-case analyses and identify differences and similarities in order to

determine any literal or theoretical replication logic in the cases.

This chapter has been divided into four main sections. Section One presents and

compares the drivers of volume flexibility in the plants studied as well as their causal

factors (RQ1). Section Two presents and compares the enablers and inhibitors of volume

flexibility in the plants (RQ2), specific reasons for using the enablers in each plant (RQ3)

and how the enablers are being used to achieve high levels of volume flexibility (RQ4).

Section Three discusses further analyses carried out. Section Four summarises and

concludes the cross-case comparison.
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In order to provide explanations for any similarities or differences observed in the cross-

case analyses, relevant quantitative data on the plants was obtained from the BFA

database and is presented in Table 11.0 below.
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11.1 Drivers of Volume Flexibility - Cross Case Comparisons

Table 11.1 presents the drivers of volume flexibility across the *plants as identified from

the case study analyses (RQ1).

Drivers (RQI):factors that drive	 Teleco	 Engico	 Proceco	 FonGoods	 Foodco Lachatone	 Plastico

the case study plants to require

high levels of volunseflexi b/lily

High variability in demand levels

Short- temi demand uncertainty

Long-term demand uncertainty	 X	 X	 X	 X	 X

Business needs	 X	 X	 X	 X	 X	 X

Supply chain complexity	 X	 X	 X	 X

Communication with customers	 X	 X	 X	 X	 X	 X

Short product life cycle 	 X	 X

New product introductions	 X	 X	 X

Short product shelf-life	 X	 X	 X	 x	 x

High product mix	 X	 X	 X

Competitors' actions	 X	 X	 X

Stop making to stock	 X	 X	 X	 X	 X

Currency variations 	 X	 X	 X	 X	 X	 X

High machine set-up	 X	 X	 X	 X	 X	 X

Table 11.1: Applicability of volume flexibility drivers across case studies

X - Not applicable; - Applicable

Table 11.2 presents the drivers of volume flexibility and their causal factors (where

applicable) as analysed in the within-case analyses (Chapters 9 and 10). In the discussion

that follows, each of the drivers is considered in turn and their applicability across the

cases is discussed. Evidence is sought to determine whether there are generic or specific

reasons for any differences or similarities observed in the applicability of volume

flexibility drivers to the plants.

Electco has been excluded from this list because the plant has no requirement for volume flexibility
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Chapter Eleven - Cross Case Comparison

11.1.1 High Variability in Demand Levels

This driver refers to a situation in which there is a significant variability in demand levels

on a daily, weekly or monthly basis over a year. However, the total demand over the year

is relatively predictable. This driver appears to be the most common condition that drives

plants to require high levels of volume flexibility in the study. It is applicable to 7 out of

the 8 plants studied (Tables 11.1 and 11.2). It is not applicable to Electco due to the

reasons given earlier. Hence, it can be regarded as a generic driver of volume flexibility

for many manufacturing plants. This concurs with the results of the survey study.

The various plants experienced high levels of variability in demand for different reasons.

For instance, Plastico and Foodco experience high levels of variability in demand because

of the seasonal nature of their products. Over the year the plants are relatively more

heavily loaded during the festive periods (e.g. Christmas). Within the busy periods they

still experience high levels of demand variability as a result of changing customer

requirements (e.g. small order sizes). However, the total yearly demand is relatively

predictable, although Plastico has in the past experienced some high forecast errors in

predicting the yearly demand (this is explained in the following sub-section). All the

other plants in the study have also experienced high levels of variability in demand from

period to period over a year. Lachstone and FonGoods have both experienced daily and

monthly variability in demand levels due to changing customer needs. These are not

seasonal variations but the total demand is relatively predictable over the year.

11.1.2 High Uncertainty of Demand Levels

This condition deals with the degree of uncertainty in forecasting customer demand

levels. This condition can result from either short-term uncertainty (the overall yearly

demand is relatively predictable, but there are daily, weekly or monthly uncertainties in

demand levels) or long-term uncertainty (where the total demand over the planning

period is highly unpredictable). All the case study plants experience short-term demand

uncertainty but two of these (Teleco and Engico) experience both short and long-term

demand uncertainty. Short-term demand uncertainty is generally caused by unscheduled

production requirements.

Long-term demand uncertainty as a driver of volume flexibility appears to be a specific

driver of volume flexibility in the plants studied as it is applicable to only three of the

case study plants (i.e. Teleco, Engico and Plastico). In the case of Teleco and Engico the

predominant causal factors for demand uncertainty is due to the nature of the plants'
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businesses. The two plants concerned engage in contract manufacturing carried out

mostly by bidding. The likelihood of a tender being raised is highly uncertain and subject

to many factors. For Engico (a defence contractor), these factors include political and

legislative changes (leading to an increase or cut in the defence budget) and war. The

likelihood of the plant being invited to tender for the job and subsequently winning it is

also relatively unpredictable. In the case of Plastico, it is exposed to long-term demand

uncertainty due to the nature of its products rather than its business. It produces

materials used in packing food items such as beef and cheese. As such, the demand for

Plastico's products is sometimes affected by legislation (in particular the BSE beef

crisis). Although this situation tends to occur infrequently, it is highly unpredictable.

11.1.3 Supply Chain Complexity

Complexity in the supply chain drives four (Teleco, Engico, Lachstone and Plastico) of

the case study plants to require high levels of volume flexibility. This driver of volume

flexibility appears to be spec/1c to these plants. The most common reasons for the

complex supply chains are (i) the use of a high number and types of raw materials and

components in production operations and (ii) having to deal with many suppliers ranging

from 100 to 250 (except for Plastico). In the case of Plastico, supply chain complexity

results from poor visibility of the downstream (distribution) end of the supply chain since

90% of their products are supplied as intermediate goods.

11.1.4 Short Product Life Cycle

A shortening product life cycle and new product introduction both have implications for

production volume requirements (hence volume flexibility) of manufacturing plants.

Goldman et al, (1995) argue that a shrinking product life cycle creates pressure on

organisations to become flexible.

A short product life cycle drives five of the case study plants to require high levels of

volume flexibility. Generally, changing market factors are responsible for the relatively

shorter lives of the plants' products. Market factors render the products of some plants

obsolete in a relatively shorter period of time. For example, products of plants in the

Electronics sector (e.g. Teleco) tend to become obsolete relatively quicker. This sector is

characterised by rapid changes in technology resulting in rapid product obsolescence. To

this extent, the short product life cycle as a volume flexibility driver can be said to be

specific to the electronics sector. However, a short product life cycle may be a specfic

driver in some plants in other sectors as well. Engico, an engineering capital sector plant
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uses electronic components in manufacturing. These tend to become obsolete relatively

quicker. Also, products may become obsolete due to a deliberate action by the plant to

shorten the life cycle of a product to ward off competition (e.g. Plastico). Products may

also become obsolete as a result of changing customer tastes (e.g. FonGoods and

Lachstone).

11.1.5 New Product Introduction

New product introduction drives three of the case study plants to require high levels of

volume flexibility (Teleco, FonGoods and Plastico). Teleco and FonGoods constantly

have to introduce new products to meet the changing customer requirements in their

sectors while Plastico does so deliberately to ward off competitors.

11.1.6 Short Product Shelf Life

Having a product with a short shelf life is a condition that drives only two of the plants

studied to require high levels of volume flexibility (Foodco and Proceco). The shelf lives

of products actually depend on the characteristics or nature of the products themselves.

For perishable products, the plant is limited to the use of volume flexibility to fill orders

as it cannot afford to keep the products for a long time in stock (Oke, 1998). In the case

of Foodco (which belongs to the food sector), the average shelf life of the plant's

product is about 9 months. However, because the customer would not take a product

with less than three-quarters of its shelf life left, the effective shelf life becomes about 2

months from the plant's point of view.

In the case of Proceco (a process sector plant) the average shelf life of its product is 6

months. This limits the plant to require volume flexibility. Generally, plants whose

products have relatively short shelf lives require higher levels of volume flexibility than

plants with relatively longer shelf life products, all other things being equal. Shelf life is,

of course, more of a factor in the food sector.

11.1.7 High Product Mix

Having a wide range of products in their portfolio is a condition that drives four of the

case study plants to require high levels of volume flexibility. With a high product mix, the

plant requires the capability not only to switch between the production of different mixes

of products (mix flexibility) but also to be able to handle the attendant different volume

requirements. High product mix as a driver appears to be spec/lc to those plants
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producing non-standardised products (i.e. all the case study plants except Engico and

Proceco). Engico produces highly specialised capital kits for the defence industry. The

contract nature of its business does not encourage many variations in product mixes once

contracts for manufacture have been awarded. Proceco runs a continuous production

system, which by its very nature is highly inflexible in terms of product mix and hence

produces a standardised product. Market factors including changing customer needs and

technology are responsible for the wide range of products being offered by the other

plants in the case study.

111.8 Other Drivers of Volume Flexibility Needs

Competitors' actions appear to drive plants operating in fiercely competitive markets to

require high levels of volume flexibility. This is not a generic driver, and is not applicable

to, for example, the defence sector plant because of the relatively small number of

competitors in that sector.

Currency variations would be expected to drive plants with international activities, either

selling or buying overseas, to require some levels of volume flexibility. Although most of

the plants studied are engaged in one way or the other with overseas operations, it is

surprising to find that only in one plant (Plastico) is this condition deemed a highly

significant driver. This may be due to the very high level of involvement in overseas

operations of this plant compared to the other plants in the case study.

Company policies or business needs such as a decision to stop making to stock and

market segmentation through differentiation are cost-avoidance strategies that drive

some plants in the case studies to require high levels of volume flexibility. However,

there are no particular characteristics to suggest why these plants took such decisions.

11.2 Enablers and Inhibitors of Volume Flexibility

This section compares the analyses of the individual cases based on Research Questions

Two, Three and Four. Insights obtained from the within-case analyses are presented in

four tables.

1. Table 11.3 (what are the enablers of volume flexibility in manufacturing plants? -

RQ2a);

2. Table 11.4 (what are the inhibitors of volume flexibility in manufacturing plants? -

RQ2b);
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3. Table ll.5a-d (why do some plants choose some solutions and other plants choose

other solutions to achieve volume flexibility? - RQ3)

4. Table ii.6a-d (how do manufacturing plants use the enablers and overcome the

inhibitors to achieve high levels of volume flexibility? - RQ4).

The discussion that follows treats each enabler of volume flexibility in turn. For each

enabler, the inhibitors to its implementation, the reasons for using the enabler and how

the enabler has been implemented to achieve volume flexibility are discussed.

Enablers (RQ2a) Tejeco Engico 	 Proceco	 FonGoods	 Foodco	 Lachstone - Plastico	 Electco

Sister plants	 X	 X	 p.4	 X

Multiskilling	 X	 p.4	 X

Subcontracting	 X	 p.4	
p.4	

X	 X	 p4

Equipment	 X	 X	 X	 X	 X

upgrade/spare

capacity_______ _________ _________ ___________ _________ ___________ _________ _________

BankingHours	 X	 X	 X	 X	 X

Annual Hours	 X	 X	 X	 X	 p.4	 X

Process	 p.4	 X	 p.4	 X	 X	 X	 X

Improvement

Varyinglead	 X	 p.	 p.4	 X	 X	 X	 X

times

MixHexibility	 p.4	 X	 X	 X	 X	 X

Teamworking	 X	 X	 p.l	 X	 p.4	 X	 X

Supply Chain	 p.4	
X	 X	 X	 X	 p.	 X

flexibility	 _____

Good Attitude	 X	 X	 X	 X	 X	 X	 X

Overtime	 X	 X	 X	 X	 X	 X	 X

Good Forecast	 X	 4	 X	 X	 X	 X	 X	 X

measure

Temporary	 X	 X	 X	 X	 X	
p.4	

X	 X

labour

Purchase for	 X	 X	 X	 X	 X	 X	 X

resale

Rejecting orders X	 X	 X	 X	 X	 X

Shutdown	 X	 X	 X	 X	 X	 X	 X

Table 11.3: The use of enablers of volume flexibility across case study plants. ' - uses; X - does not use

In Table 11.4, "Not Applicable" (N/A) is used to refer to a situation when an enabler is

not used in the plant concerned. "None" is used to refer to a situation when no barrier is

perceived to the implementation of an enabler in the plant concerned.
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Chapter Eleven - Cross Case Comparison

11.2.1 Sister Plants

Table 11.3 shows that 5 out of the 8 plants studied employ the strategy of moving orders

to their sister plants to cope with demand level fluctuations. Using sister plants helps to

manage short-term demand uncertainty and demand variability. FonGoods, Foodco and

Electco do not use this strategy. In the case of FonGoods, although a continental

European company owns it, it has no sister plants involved in a similar type of

operation. Foodco on the other hand has sister plants within and outside the UK that it

could shed load to, but because of the internal competition that exists within the group,

it would not generally employ this strategy. The only strategy employed by Electco is

subcontracting. Generally, the use of sister plants is specific to plants whose sister plants

carry out similar manufacturing operations. This is a necessary but not a sufficient

condition.

Inhibitors - RQ2b (Table 11.4)

Only two of the case study plants had some problems with the use of sister plants

(Engico and Plastico). It was difficult for Engico to use its sister plant to cope with

demand fluctuations involving non-engineering operations. This is because of the

logistics problems of moving goods and materials over long distances between the two

sites. Using sister plants in Plastico involves sharing loads on a European basis. From

an accounting point of view, this is problematic because of the different accounting

principles being used in different countries.

Why do the plants use sister plants? - RQ3 (Table 11.5)

The use of the strategy is sector independent as the plants that use it belong to different

sectors. It appears that the most common reasons for the use of sister plants as an

enabler of volume flexibility in the plants studied are (i) to cope with high variability in

demand levels and (ii) short-term demand uncertainty. Therefore, the ability to move

load across plants provides the plants with volume flexibility (especially from the

customers' point of view). In some cases, it gives competitive advantage, especially

where competitors do not possess this capability (e.g in Lachstone). Specifically, plants

may shed load to their sister plants to cushion the effect of dying products in their

portfolio, as is the case with Lachstone. The plant transferred the production of a

particular product which was reaching its dying stages in France from the sister plant in

that country to the UK plant where the product was still in the early stages of the life-

cycle.
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How do the plants implement 'use of sister plants'? - RQ4 (Table 11.6)

Generally, the key implementation factor for using this strategy in the plants is to have

good integration in all aspects between the sister plants. Also, having a common view of

the order book, having cross-site project teams, developing common accounting

principles and achieving method consistency across sites have helped the plants to

overcome the inhibitors discussed above and to use the strategy of sister plants

successfully to achieve high levels of volume flexibility.

11.2.2 Subcontracting

Subcontracting work outside the plant is done as part of a strategy to achieve long-term

volume flexibility in all the plants that use it. Subcontracting is being used by four of

the case study plants (i.e. Proceco, Lachstone, Plastico and Electco). Proceco, a process

plant employs the strategy in a way that is different from the other plants. It actually

outsources an activity that is totally independent of its production process to a

subcontractor on site. This is the provision of contract staff for such activities as

scaffolding, painting and the like. These contract staff are paid by the subcontractor but

supervised directly by Proceco staff. FonGoods (a household goods plant) and Foodco

(a food processing plant) do not presently use the strategy and would not consider its

use in the future. Teleco discontinued the use of the sub-contracting for various reasons,

including the increasing cost of the strategy, the upskilling of its workers and the

upgrading of its technology, leading to less need for subcontracting.

Inhibitors - RQ2b (Table 11.4)

Obtaining products of consistent quality from subcontractors appears to be the main

problem for the plants that use subcontractors to achieve volume flexibility. For

Plastico, due to the bespoke nature of its products, it was more difficult to manage

subcontracting at the operational level where a portion of the production process was

subcontracted.

Why do the plants use subcontracting? - RQ3 (Table 11.5)

For those plants that use sub-contracting it appears that the main driver for its use is

high variability in demand levels (apart from Electco). Subcontracting is used mainly to

handle non-core activities when there is an increase in demand levels, although the plant

may actually possess the capability internally. It can also be used as an exit and entry

strategy into a market segment, as is the case with Plastico. Electco subcontracts its

311



Chapter ELeven - Cross Case Comparison

main manufacturing operation for cost avoidance and inability to keep up with rapid

technological change. Although relatively costly for some plants, subcontracting

generally provides the needed volume flexibility for most of the plants that use it.

Lachstone will increase its level of outsourcing in the future in order to further reduce

the production cycle time.

How do the plants implement subcontracting? - RQ4 (Table 11.6)

Having a good relationship with the subcontractor and good audit and control systems

are the main factors for the successful implementation of the strategy. These factors

have helped the plants to overcome the major problem of inconsistent quality.

Additionally, subcontracting can be less problematic where the technology required for

the outsourced activity is easily available. Proceco trained and fully integrated the

subcontractor staff it uses into its operations. This helped in reducing minor accidents

on site which were previously attributed to the subcontractor's staff.

11.2.3 Multiskilling

Multiskilling as an enabler of volume flexibility is being used by all but two of the case

study plants. Electco, as explained before, are wholly involved in subcontracting.

Although Foodco has some multiskilled staff in its workforce, it has not employed the

strategy consciously as an enabler of volume flexibility. Quite recently the need for

highly multiskilled staff as an aid to the successful use of teamworking has become

apparent to the plant, and a plan is now underway to implement multiskilling.

Multiskilling appears to be a generic enabler of volume flexibility in the case studies

but its effect on the achievement of volume flexibility in the plants is indirect.

Inhibitors - RQ2b (Table 11.4)

Implementing the strategy has generally not been problematic for most of the plants but

in some cases there were problems of getting people to enlist for training programmes

(e.g. in Engico) and some union membership problems in heavily unionised plants (e.g.

in Proceco).

Why do the plants use multiskilling? - RQ3 (Table 11.5)

The generic drivers for the use of multiskilling are high variability in demand levels,

short-term demand uncertainty and high product mix. Thus, workers can be moved from

a quiet area of the plant to the busy area quite easily, irrespective of the skill level
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requirements. Where there is a high product mix or component complexity such as in

Teleco (an Electronics sector plant), the need for workers to be multiskilled cannot be

over-emphasised. Generally, multiskilling has provided many of the plants studied with

the required levels of volume flexibility because of its compatibility with other enablers

of volume flexibility such as mix flexibility, team working and the use of annualised

hours systems. In Electco, multiskilling has been used to gradually eliminate overtime

as paid training hours were initially used to replace overtime hours.

How do the plants implement multiskilling? - RQ4 (Table 11.6)

The key generic factors, which have helped in successfully implementing the strategy in

the plants, are the provision of good and relevant training, financial incentives for the

upskilled workers and making participation in the programme voluntary. Where union

problems and other resistance to change were encountered (Proceco and Engico), the

plants carried out extensive consultations and thoroughly educated the parties involved

about the reasons for the implementation of the strategy.

11.2.4 Banked Hours System/Annualised Hours System

The underlying principles behind the use of two the strategies above to achieve high

levels of volume flexibility are similar, the only difference being that the annualised

hours system is based on a yearly contract. The banked hours system is based on a

flexible (usually weekly) time horizon depending on needs. An individual is committed

to work a certain number of hours over the relevant period in line with scheduled or

known demand pattern, which may vary from time to time within the period. Each

individual has additional reserved hours which are paid for but only used to cover short-

term demand uncertainty, such as an increase in demand levels over and above

forecasts. Because they directly provide a plant with the ability to vary labour hours to

cope with either demand variability or short-term demand uncertainty the banked hours

and annualised hours systems are direct enablers of volume flexibility in the case

studies. The details of how each is used are explained in the case analyses of the

individual plants in Chapter 10.

All but one of the plants use either the banked hours system or the annualised hours

system to cope with demand level fluctuations (Electco is not included). Engico, the

only plant that does not use either of the strategies, had actually used an annualised

hours system unsuccessfully before. The failure of the system, however, was due to its

poor management (Chapter 9) and not the unsuitability of the strategy to the plant's

operations. So the fact that most of the plants use these strategies confirms the result of
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the survey research, that the use of an annualised hours system andlor banked hours

system does not depend on the sector of the plant. It is pertinent to note that the survey

did not differentiate between banked hours and annualised hours systems.

Inhibitors - RQ2b (Table 11.4)

The most common or generic inhibitor to the implementation of the strategies across the

plants is resistance to change. This is more pronounced in heavily unionised plants (e.g.

Proceco). One of the reasons from the plants' perspective is that the philosophies

underpinning the strategies go against the commonly accepted paradigm of working.

Refusing to pay back banked or reserved hours when required is also a common

problem, which the plants encountered (Proceco and FonGoods). In Lachstone, the

gradual implementation of an annualised hours system resulted in division and conflict

as a section of the plant where the strategy was first implemented was seen as different

and better by the other sections of the plant. The success of the use of the annualised

hours system depends very much on having a relatively predictable total demand over

the planning period (usually one year). High forecast errors (over 1 year) in Plastico

therefore resulted in too many committed and reserved hours, which were paid for but

never used.

Why do the plants use banked hours/annualised hours systems - RQ3 (Table 11.5)

The generic drivers for the adoption of the two strategies are high variability in demand

levels, short-term demand uncertainty and the need to reduce or eliminate excessive

overtime costs. Other reasons given by some plants include low productivity, the need

to have better visibility of labour costs and high absenteeism. The analysis reveals that

the adoption of these strategies has been fruitful for the plants. Generally, all the plants

have achieved high levels of volume flexibility and have either reduced or totally

eliminated overtime costs, experienced reduced a absenteeism rate and increased

productivity. The adoption of an annualised hours system enables Foodco to have a

better visibility of impending labour costs. Hence, there is a desire to use banked hours

and annualised hours' systems more in the future by all the case study plants that

presently use them. This was a trend observed in the survey analyses.

How do plants implement banked hours/annualised hours systems? - RQ4 (Table

11.6)

Overcoming the inhibitors and implementing the strategies to achieve high levels of

volume flexibility in all the plants is all about the management of change. The cross-
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case analyses reveal that the generic key factors for the successful implementation of

the two strategies are:

. Effective communication and consultation

• Gradual implementation of the strategy

• Provision of incentives (financial or otherwise)

• Correct timing of launch

• Allowing the system to be self managed.

Self-management means that operators formulate their own rosters, hence it is relatively

more difficult to exploit the system due to peer pressure (e.g. illegal accidents'

complaints to stay off work).

It is interesting to note from the analyses that the incentives offered by the plants that

implemented the banked hours system are non financial (Teleco and FonGoods) while

the plants that used the annualised hours system offered financial incentives (Proceco,

Foodco and Plastico). This might be due to the differences in the way the

implementation of the strategy affects or impacts on the workforce. The annualised

hours system is perceived to be more of a big change than the banked hours system.

Thus, the former may require more persuasion to get it implemented.

Generally, the analyses reveal that an annualised hours system is more suitable for

coping with demand variability (i.e. significant variation within the year but relatively

predictable total yearly demand) and short-term demand uncertainly (i.e. uncertainty in

the short-term but fairly predictable total yearly demand levels). Hence, it is being used

in Foodco and Plastico, plants that experience highly seasonal demand profiles. The

banked hours system on the other hand appears to be suitable for coping with both

demand variability (including non-seasonal demand profile - Teleco and FonGoods)

and demand uncertainly.

11.2.5 Process Improvement

Improving the production process is a method of changing the volume flexibility

characteristics of a plant, although the effect of this method on volume flexibility may

be indirect. It is important to note that, unlike some of the other enablers of volume

flexibility, carrying out process improvement is not a strategy that was implemented for

instance in a given period 'N' to solve the demand level fluctuations experienced in that

given period 'N'. Rather, it is a long term and a gradual process, which, for example, is
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implemented, in a given period 'N' to cope with the demand level fluctuations in a

subsequent period 'N+1'. Three of the case study plants (Teleco, Proceco and Plastico)

consciously improved their processes to achieve some levels of long-term volume

flexibility, albeit indirectly.

Inhibitors - RQ2b (Table 11.4)

Proceco had to deal with the issue of lack of a maintenance culture. The other two

plants had no real problems carrying out process improvements.

Why do plants improve their processes to achieve volume flexibility? —RQ3 (Table

11.5)

One of the generic reasons for improving processes in the plants appears to be the need

to achieve long-term volume flexibility, albeit indirectly. In the case of Proceco, process

improvement takes the form of implementing a manufacturing reliability programme to

prevent equipment breakdown. Focusing the process improvement on equipment

breakdown is more significant to this plant because of the nature of its operation

(heavily capital intensive and a continuous process). For Teleco and Plastico, process

improvement is undertaken to rationalise the number of components required for

production and to achieve common upstream processes in order to be able to handle a

wide range of products using a smaller number of components.

How do plants implement process improvement? - RQ4 (Table 11.6)

The implementation process in Proceco focuses on a manufacturing reliability

programme. This is done by performing a historical analysis of breakdowns and

failures. The future analysis of potential problems is also undertaken and corrective

actions are formulated in the form of a preventative and predictive maintenance

programme. With proper education, training and ownership of equipment transferred to

teams, Proceco was able to change the attitudes towards maintenance.

Teleco put together a process improvement group whose main task was to find ways of

achieving common processes upstream and reducing the number of components

required in production.
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11.2.6 Equipment Upgrade/Investment in Technology

Four of the case study plants have carried out equipment upgrade either as a strategy to

provide additional capacity (long-term volume flexibility) or the ability to handle a wide

range of products (long-term mix flexibility) or both (as in Foodco). The analyses reveal

that the adoption of this strategy is sector independent and as a matter of fact does not

appear to depend on any other special plant's characteristics.

Inhibitors - RQ2b (Table 11.4)

Upgrading equipment and investing in new technology is perceived generally not to be

problematic to implement, although it created tension amongst workers in FonGoods.

This was due to fear of job losses and to the alienation of workers. It appears, though,

that for many of the plants, it has been a costly exercise. This may be because of the

relatively long recovery period of the fixed cost of investment and in some cases

because of idle capacity when demand falls.

Why do plants upgrade their equipment or invest in new technology - RQ3 (Table

11.5)

The generic reason for the use of this strategy appears to be growth in demand levels. In

some cases, it was due to changing technology and an increase in product mix.

Equipment upgrade at Foodco provided the plant with the ability to handle smaller

batch sizes and at the same time with the ability to handle a wider range of products

effectively. At FonGoods, an equipment upgrade provided spare machine capacity

which aided the implementation of the banked hours system.

How do the plants go about upgrading their equipment to achieve long-term volume

flexibility? - RQ4 (Table 11.6)

Generally, the plants carried out good capacity analyses and extensive research on

available technology that best met their needs prior to embarking on the process of

equipment upgrading. In the case of Proceco, equipment upgrading meant plant

shutdown, so the existence of a nearby sister plant was vital to the successful

implementation of the strategy, as was the availability of a multiskilled and mobile

workforce. FonGoods employed effective change management techniques through

education and introduction of a lucrative voluntary redundancy package to overcome

the problem of fear and tension which investment in new technology created in the

plant. Lachstone improved on their demand forecasting to gain a better view of potential
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demand growth in the market place. Like process improvement, equipment upgrade is a

strategy that is implemented in 'period N' to solve the problems of 'period N+l'. In other

words, it is a long-term solution to providing volume flexibility.

11.2.7 Varying Lead Times

This is a mechanism used to cope with demand variability and uncertainty, which

reduces the need for internal volume flexibility. Consider a plant that has two customers

A and B. The plant may be able to meet the volume requirements of customer A if it

succeeds in varying the lead-time for customer B's orders. From customer A's

perspective, the plant has some degree of volume flexibility. So, varying lead-time can

be said to have an indirect effect on the achievement of volume flexibility.

Three of the case study plants employ 'varying lead-times' to cope with high levels of

demand fluctuation (Engico, Proceco and FonGoods).

Inhibitors - RQ2b (Table 11.4)

The use of variation in lead-time is generally not perceived to be problematic for the

plants studied. For Proceco, it was difficult to vary the lead times for customers who

make one-off purchases. Clearly, this is because of the lack of a good relationship with

such customers.

Why do the plants use 'variation in lead-times' to cope with demand variability? -

RQ3 (Table 11.5)

As explained above, the plants use this strategy to reduce the need for volume

flexibility, hence providing indirectly some degree of volume flexibility from some

customers' points of view. Engico uses it mainly because of the nature of its business -

contracting, which involves winning orders on the basis of bids that have highly

uncertain success rates and depend on political changes. The contract nature of the

business and the characteristics of the sector in which it operates (defence industry -

dependent on political changes) make 'varying lead-times' a viable strategy for Engico

to employ. It is mostly used when the customer makes changes to a signed contract that

already has a fixed completion and delivery date. Proceco has a continuous production

system. Its output capacity is constrained by the plant capacity, which is rather

inflexible in the short term, rather than people capacity, and hence will be more likely to

use this option to cope with high variability in demand levels. FonGoods operates in a

market that is not very competitive and can afford to negotiate its lead times to cope
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with demand fluctuations. Generally, the use of 'varying lead-times' to cope with

demand variability and uncertainty appears to depend on the nature of the business, the

production process and the competitive nature of the market in which the plants operate.

How do the plants implement 'varying lead-times' to cope with demand variability? -

RQ4 (Table 11.6)

All the plants were able to use this strategy because they developed and maintained

good relationships with their customers. Engico offers its customers a fraction of

demand requirements when it asks for the lead-time to be varied. FonGoods gives

volume discounts to customers and employs friendly multilingual personnel on site for

their overseas customers. This enhances the plant's relationship with its customers.

FonGoods is able to maintain these relationships because it classified its customers, and

subsequently reduced the number of customers it has very close relationships with.

11.2.8 Mix Flexibility

By implementing mix flexibility strategies three of the case study plants were able to

achieve indirectly high levels of volume flexibility (Teleco, Foodco and Plastico). This

is because having mix flexibility gives the plant the ability to adjust quickly to relative

volume changes within mix. Mix flexibility strategies implemented in these plants

include multiskilling and the installation of flexible machines and lines that can handle a

wide range of products in a prompt manner. As discussed previously, multiskilling

provides the plant with the ability to move operators around the factory, depending on

the loading requirements. Flexible machines, as defined here, have low set-up and

changeover times and can handle a wide range of products. These lead to reduced lead-

times and increased volume flexibility, provided the plant is able to vary its capacity (in

terms of labour and machine hours) in line with demand requirements. Thus, a plant that

produces a wide range of products would require high levels of mix flexibility in order

to have high levels of volume flexibility, provided that the plant has the capability to

alter its capacity in line with the demand requirements. However, it is possible for a

plant to have high levels of mix flexibility but no volume flexibility.

Inhibitors - RQ2b (Table 11.4)

Inhibitors to implementing mix flexibility appear to be dependent on the particular

plant. Reducing set-up time is problematic for Teleco because extra care is required

when setting up the surface mount machines to avoid heavy losses due to wrong

placements. Lack of sufficient multiskilled staff restricts the ability of Foodco to
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achieve high levels of mix flexibility. It is not problematic to achieve mix flexibility in

Plastico.

Why do the plants implement mix flexibility strategies to achieve volume flexibility? -

RQ3 (Table 11.5)

Generally, the plants need mix flexibility because of the wide range of products which

they are required to produce. Prior to implementing a mix flexibility strategy (installing

flexible lines), Foodco was restricted to weekly batches of production in spite of the

many SKUs, which the plant carries. This was due to the inflexible nature of the

machines that it was using. Teleco needed to reduce the set-up time on its surface mount

machines as this leads to increased lead-time, which restricts the volume flexibility of

the plant. It also needed to break the bottleneck in its production process. The PCB

manual-testing operation is the bottleneck in Teleco as the process involves manual

handling and checking for defects and testing, which tend to be slower compared to the

other processes in the PCB manufacture in the plant. This operation effectively

determined the throughput of the system. By implementing suitable strategies

(discussed below) to achieve mix flexibility the plants were able to reduce the lead-time

of their manufacturing operations and achieve increased levels of volume flexibility.

How do the plants achieve mix flexibility? - (RQ4) (Table 11.6)

Three generic factors consistently appear in the cases studied for the successful

implementation of mix flexibility. These are, multiskilled workforce, having flexible

equipment or lines (which provides the ability to chop and change), and common

processes (or postponement mechanisms).

It was important for Teleco to focus on multiskilling to achieve mix flexibility. The

plant embarked on an extensive training scheme for its operators with particular focus

on training for manual testing of PCBs. With multiskilling, the plant is able to beef up

the capacity of the manual testing operation when it is overloaded as it becomes

possible to move operators to this section of the production process.

Foodco's focus was on installing flexible lines, which gave the plant the ability to move

from production of weekly batches (at a small number of SKU per week) to daily

production of many SKUs per week. This reduced the lead-times for production and

increased the level of volume flexibility for the plant (as long as the plant was able to

vary its labour capacity).
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Teleco and Plastico focused on achieving common upstream processes (or

postponement mechanisms). These give the plants the ability to handle a wide range of

products in shorter lead-times and hence can lead to mix flexibility.

Consider a plant that requires high levels of volume flexibility, but is required to

produce a wide range of products. It is proposed that the plant needs high levels of mix

flexibility (in addition to other volume flexibility strategies), as shown in the model

below in order to achieve high levels of volume flexibility.

Figure 11.0: Relationship between mix and volume flexibility in an environment relating to high demand

variability and uncertainty in product mix and volume requirements.

Due to the nature of the factors required to achieve mix flexibility, it is important to

note that having mix flexibility to achieve volume flexibility must be done as part of a

strategy to provide long-term volume flexibility rather than a short-term solution to

achieve volume flexibility.

11.2.9 Teamworking

Three of the case study plants use teams in ways that provide the plants with volume

flexibility (Proceco, Foodco and Lachstone). The use of teamworking has aided the

achievement of volume flexibility in the plants by facilitating the implementation of an

annualised hours system. It is interesting to note that the three plants that use teams also
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use annualised hours systems to achieve volume flexibility. One of the key factors in the

successful implementation of an annualised hours contract as evidenced in the cases

studied is the encouragement of self and informal management of the system. Self-

management works best in a group context (i.e. teamworking). Engico was

unsuccessful in its implementation of annualised hours contracts because it tried to

manage the system from the top. This exposed the system to exploitation by the

operators who felt distanced and removed from such important decisions as organising

and scheduling rosters, which are better handled by teams. Within the teams, informal

arrangements can be made for cover and the like. Hence, teamworking and the use of an

annualised hours system to achieve volume flexibility can be said to be complementary.

Inhibitors —RQ2b (Table 11.4)

Evidence from the case studies reveals that none of the plants had problems

implementing teamworking.

Why do the plants use teamworking? - RQ3 (Table 11.5)

Foodco has used teamworking to foster integration and to increase job responsibility

and ownership. These resulted in better relationships amongst the operators, improved

motivation and productivity. In Teleco, teams provided the right atmosphere for the

implementation of multiskilling. Teamworking also provided the right medium for the

implementation of annualised hours systems in the three plants.

How do the plants implement teamworking? - RQ4 (Table 11.6)

Forming teams that consist of multiskilled operators and giving the teams total

autonomy in the way they choose their leaders, and organise and schedule activities

appear to be the generic factors for the successful implementation of teamworking in the

plants. The move to a teamwork system in Foodco took about 12 months of planning.

The planning was conducted by a steering group which met regularly to define the

modality of the system. The appointment of a team coach and provision of adequate

training for team coaches and other team members relating to the workability of the

teams are also important in the successful implementation of the teamwork system in

Foodco.

322



Chapter Eleven - Cross Case Comparison

11.2.10 Supply Chain Flexibility

A flexible supply network has been regarded as an important source of flexibility

(Slack, 1991). Having supply chain flexibility is significant for three of the case study

plants to achieve high levels of volume flexibility (Teleco, Foodco and Plastico).

Effective or flexible supply chains would increase the responsiveness of manufacturing

plants where materials could be delivered by suppliers in a prompt and efficient manner

and finished products are also delivered to customers in an efficient and prompt manner.

Inhibitors - RQ2b (Table 11.4)

For Teleco and Foodco, it was difficult to achieve flexibility in the supply chain because

of the difficulties involved in managing a large number of suppliers. The difficulty is

further compounded in the case of Teleco because of the wide range of different

components involved. Plastico did not have direct links with the major players in its

supply chain (second tier customers - the retailers) because it supplies intermediate

products that require further conversion before reaching the point of retail. The

implication is that Plastico has a poor visibility of the end customer requirements. This

restricted Plastico's ability to achieve total supply chain flexibility.

Why do the plants choose to have supply chain fle.xibility? - RQ3 (Table 11.5)

Supply chains have been recognised by the plants as sources of competitive advantage

in that competition is increasingly shifting from organisations competing against

organisations to supply chains competing against supply chains (Christopher, 1992).

The plants deal with a large number of suppliers (Teleco and Foodco) and equally high

variety and number of components (Teleco and Plastico). These factors create

complexity in the supply chains and drive the plants to require supply chain flexibility.

How do the plants achieve supply chain flexibility? - RQ4 (Table 11.6)

The objectives for the plants were clear: to achieve supply chain flexibility by

improving the relationship with their suppliers and second tier customers (in the case of

Plastico) and to reduce component complexity by reducing the number and type of

components that they had to deal with. Teleco launched a project with a number of their

suppliers. This project was named the Teleco flexibility forum. The forum met regularly

and developed together some interesting improvements in order to enhance flexibility.

Combined with the work of another group formed within Teleco, the forum came up

with an improvement programme that helped to rationalise the number of components
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required for PCB manufacture and reduce the large supplier base. Better relationships

can be developed and maintained with a relatively small number of suppliers.

Jnstallation of an electronic point of sale system and working directly with end

customers (grocery retailers) has helped Plastico to achieve supply chain flexibility and

to overcome the supply chain visibility problem.

11.2.11 Other Enablers of Volume Flexibility

Tables 11.4, 11.5 and 11.6 present the other strategies used by the case study plants to

achieve high levels of volume flexibility. A good cross-case analysis cannot be carried

out because each of the strategies is used by only one plant to cope with demand level

fluctuations. Thus, it is sufficient to refer to the individual case analyses (Chapters 9 and

10) for issues relating to how the enablers have been used, what the inhibitors are, why

the plants choose to use some enablers and how the plants have actually implemented

the enablers.

It is pertinent to note that the use of a 'shut down' strategy to cope with demand

fluctuations is limited to a plant that has a sister plant with spare capacity. The fact that

only one of the plants in the case study is using overtime suggests a general switch from

the use of overtime hours due to the drawbacks of its use, as highlighted in the Engico

case analysis (Engico had previously tried unsuccessfully to implement an annualised

hours system). The use of overtime hours by full time staff to cope with demand

fluctuations is not seen by Engico as the best solution but the only option that is open to

it. There is no reason in the analyses to suggest that this is due to certain distinguishing

characteristics of the plant in question. So, overtime hours could have been used by any

of the case studies plants if they had chosen to, irrespective of sector and other plant

characteristics.

Engico, an engineering capital sector plant also uses probability theory to carry out

forecasts to reduce demand uncertainty. The plant is involved in the contract

manufacturing business. Although customer demand is highly uncertain in this type of

business, using probability theory to predict the likelihood of getting a tender and

eventually winning it can actually reduce the uncertainty in the demand as long as the

parameters have been correctly determined. This reduces the need for volume flexibility

in the plant.
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11.3 Further Analyses

Figure 11. 1 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 11.1: Decision hierarchy view and the effects of enablers on volume flexibility

The circled enablers are those solutions, which reduce the need for internal volume

flexibility. From the customer's point of view, a plant that employs any of these

solutions to cope with demand variability and uncertainty is perceived to have some

degree of volume flexibility. Hence, it is proposed that the effects of these solutions on

the achievement of volume flexibility are indirect.

Figure 11.2 shows a further classification of the enablers of volume flexibility identified

from the case study analyses. 	 enablers are those that can be used by all the

Note that the terms Generic and Specific have been used here in reference only to the case study plants.
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plants studied as far as achieving volume flexibility is concerned. In other words, their

use by the case study plants is not in any way peculiar to the plants, either in terms of

sector or any other plant characteristics observable in the case analyses. Specific

enablers are those for which their use by the case study plants to achieve volume

flexibility are specific to the plants, either because of the sectors to which the plants

belong or other peculiar plant, product or market characteristics. It is interesting to note

that all the enablers identified from the case studies are sector independent.

The figure also summarises the relationships between the enablers. Thus, enablers are

classified as substitutes (where one enabler can be used to replace another) and

complements (where the use of one enabler aids the use of another) in achieving volume

flexibility.
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Figure 11.2: Classification of enablers based on case studies evidence oniy

11.4 Quality of the Case Study Design

Yin (1994) identifies four tests, which can be used to judge the quality of any empirical

research. These have been applied to the case study research in this study as follows:

Construct Validity: The operational measures used for the main concepts in this research

were established and initially tested in the pilot study. These were refined and used in

the survey research for which statistical validity tests were carried out to confirm the

Generic	 Specific	 5ubstituics	 Complement
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adequacy of the measures. The construct validity is further improved upon by collecting

data from multiple sources of evidence in the case study (i.e. both qualitative and

quantitative evidence).

Internal Validity: The causal relationships established between the variables in the case

study research are found to be valid as these relationships hold in all the cases studied

(where variables are applicable). The evidence obtained in respect of these relationships

appears to be convergent. Also, the relationships observed are compared and found to

match with the predicted ones from the literature (pattern matching, Yin, 1994). This

confirms that relationships are free from the effects of spurious factors.

External Validity: The cases have been selected from the Best Factory Award database

which consists of UK manufacturing plants that have entered for the competition

between 1995 and 1998. Replication logic, rather than a sampling logic, has been used

to select the cases. This gives room for differences (theoretical replication) and

similarities (literal replication) to emerge from the cross-case analyses. The findings of

each case are tested and confirmed in subsequent cases using the same research

instruments, thus confirming the external validity of the research. Although the

replications are limited to eight cases, Yin (1994) argues that the results might be

accepted for a much larger sample of similar cases even though further replications have

not been performed. The larger sample in the case of this project consists of plants that

have entered for Lhe BFA competition. These plants generally employ more than 100

employees, are run by management teams with the awareness of, and motivation and

ability to complete the BFA questionnaire. However, it is pertinent to note that the

resulting generalisations of case study research are analytical rather than statistical and

should be generalised to theory (Yin, 1994).

Reliability: A single procedure was used to carry out the case study research and

analyses. Testing out the research methods in a pilot case study also improved the

reliability of the research. The same research instruments have been used for different

case analyses to increase the reliability of the research. Hence, it should be possible to

use the same instruments to repeat the research and obtain similar results.
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11.5 Chapter Summary

The objectives of the case study analyses have been to:

1. Identify the conditions under which plants will require high levels of volume

flexibility (Research Question One)

2. Explore and explain the reasons behind the applicability of these drivers to certain

manufacturing plants.

3. Identify the factors that enable and inhibit the achievement of volume flexibility in

manufacturing plants (Research Question Two)

4. Provide explanations as to why some plants use some enablers and other plants use

other enablers (Research Question Three).

5. Provide explanations as to how plants actually use the enablers and overcome the

inhibitors to achieve high levels of volume flexibility (Research Question Four).

The table below has been used to summarise the outcome of the case study analyses

regarding point 1 above. It is important to note that all the drivers of volume flexibility

identified are sector independent (i.e. they appear to be applicable to all sectors).

Drivers of Volume 11exibility (RQI) 	 Generic? Specific?	 tApplicability

High variability in demand levels	 Yes	 No	 Generally applicable to all the plants studied

Short term demand uncertainty 	 Yes	 No	 Applicable to all the plants studied

Long term demand uncertainty	 No	 Yes	 Applicable to plants engaged in contract

manufacturing

Supply chain complexity	 No	 Yes	 Applicable to plants with high number of components

in production and plants dealing with many suppliers.

Short Product Life Cycle 	 No	 Yes	 Applicable to plants whose products become obsolete

quickly as a result of rapid technology changes,

changing customer tastes and competition.

New Product Introduction	 No	 Yes	 As above

High Product Mix	 No	 Yes	 Applicable to plants producing non-standardised

products

Short Product Shelf Life 	 No	 Yes	 Applicable to plants whose products are perishable

Competitors' actions 	 No	 Yes	 Applicable to plants operating in fiercely competitive

environment

Currency Variations	 No	 Yes	 Applicable to UK plants with high level of overseas

business involvement

Business needs and company policies 	 No	 Yes	 Inconclusive

including 'stop making to stock', and

differentiation

Communication with customers	 No	 Yes	 Applicable to intermediate goods producer.

Table 11.7: Sunmiary of drivers of volume flexibility and their applicability in the case study plants.

This refers only to the case study plants
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The table below summarises the analyses in respect of Research Question 2a (i.e. what

are the enablers of volume flexibility in manufacturing plants?). The enablers are

classified as either generic (i.e. generally applicable in the case study plants) or specific

(i.e. only applicable in specific plants in the case studies).

Enablers of	 Effect on	 Time	 Generic?	 Specific?	 Applicabilhty

Volume	 Volume	 horizon
FlexibilityFlexibility _______ _______ _______ __________________________

Using sister	 Direct	 Short term	 No	 Yes	 Plants having sister plants with spare capacity

Plant	 and similar manufacturing processes

Sub-	 Direct	 Long term	 No	 Yes	 Plants having easily available and transferable

contracting	 technology and some non core processes

Multiskilling	 Indirect	 Long term	 Yes	 No	 Most plants

Banked Hours Direct	 Short term	 Yes	 No	 Most plants

Asusualised	 Direct	 Short term	 No	 Yes	 Plants with seasonal demand and/or relatively

hours system	 good yearly demand level forecast (demand

variability + short term demand uncertainty)

Process	 Indirect	 Long term Yes	 No	 Most plants

improvement

Equipment	 Direct	 Long term No	 Yes	 Plants having significant demand growth,

upgrade	 inilexible machines, high product mix and/or

smaller batch sizes.

Varying lead	 indirect	 Short term	 No	 Yes	 Plants engaged in contract manufacture,

times	 continuous production system and/or less

competitive markets

Mix Flexibility Indirect	 Long term	 No	 Yes	 Plants having high product mix, flexible lines

and/or multiskilled workforce

Team working Indirect	 Short term Yes	 No	 Most plants

Supply Chain	 Direct	 Long term No	 Yes	 Plants having high number of components and

Flexibility	 raw materials, many suppliers and poor

______________	 visibility of supply chain

Good attitude	 Indirect	 Long term	 Yes	 No	 Most plants

Purchase for	 Direct	 Short term	 No	 Yes	 Plants having co-operative competitors and/or

resale	 plants in a horizontal form of network

Overtime	 Direct	 Short term	 Yes	 No	 Plants having willing workforce and are able to

bear the cost

Good forecast	 Indirect	 Long term	 No	 Yes	 Plants having high uncertainty in demand

measure	 levels

Temporary	 Direct	 Short term	 No	 Yes	 Plants with relatively low skilledjobs and/or

labour	 operating where labour pool is available

Shut down	 Direct	 Short term	 No	 Yes	 Continuous process plants which cannot be

easily turned on and off Must have production

alternatives

Rejecting	 Indirect	 Short term	 No	 Yes	 Plants with great clout, having classified

orders	 customer base and being assured of orders

from priority customers.

Table 11.8: Classification of volume flexibility enablers relating to the case studies

Again, this refers only to the case study plants.
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The cross-case analyses further reveal the inhibitors of volume flexibility (RQ2b), why

plants choose to use particular enablers (RQ3) and how the case study plants actually

implement the enablers and overcome the inhibitors to achieve volume flexibility

(RQ4). The results of analyses for some selected enablers are summarised in Table 11.9.

Enablers (RQ2a)	 Inhibitors (RQ2b)	 Why do some plants use 	 How do plants implement
some enablers and other 	 the enablers and overcome
plants use other enablers?	 the inhibitors to achieve

______________________ ______________________ (RQ3) 	 volume flexibility? (RQ4)

Banked hours system	 • Resistance to change 	 • Copes with demand	 • Correct timing of launch

• Refusal to pay back hours 	 variability and uncertainty 	 • Gradual implementation

• Eliminates overtime	 • Education and consultation

• Reduces absenteeism rate	 • Incentive - discounted

• Increases motivation and 	 payback hours
productivity	 • Self managing

• Good capacity needs

analyses

AmuaIised hours system	 • Resistance to change 	 • Copes with demand	 • Communication and

• Refusal to pay back hours 	 variability and short-term 	 consultation

• Divisive if implemented	 demand uncertainty	 • Financial incentive

gradually	 • Eliminates overtime	 • Capacity need analysis

• Inaccurate forecast 	 • Reduces absenteeism rate 	 • Implement through teams

• Improves labour cost	 • Self managed
visibility	 • Correcttiming of launch
• Provides work and safety	 • Appoint team coach
trang thYS	 • Good forecast
• Suitable for seasonal

demand

Use of overtime hours	 • None	 • Copes with demand	 • Financial incentive

variability and uncertainty

• Only option available to the

plant that uses it

Use of temporary labour	 • Lack of required skills	 • Copes with demand	 • Use local labour pool

variability and uncertainty	 • Attach temps to skilled

company staff

Table 11.9: Summary of analyses: Insights into RQ2, RQ3 and RQ4.

The next chapter will discuss the methodological triangulation for the study. It will

compare the results from the survey analyses (presented in Chapters 7 and 8) with the

results of the case studies analyses discussed in this chapter.
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Chapter 12 - Methodological Triangulation: Comparing the Survey,

and Case Studies Results

12.0 Introduction

Research Questions

/
Ptot oe ntod,es	 Chapter 5

Research methods	 Mail Suroey

Ce stles

N

Pilot study and survey research - Chapter 6

Survey analysis for RQ1 - Chapter 7

Survey analysis for kQ2 - Chapter 8

(4,
Within case analysis 1 - Chapter 9

Within case analysis 2 - Chapter 10

—1,. Cross-case comparison - Chapter 11

Mojoi'topics

_____--__	 Connections between
rriethod
Minor

Methodological Triangulation - Chapter 12

Figure 12.0: Empirical research road map. Chapter coverage shaded

This chapter presents, summarises and compares the results of the survey research and

case studies. This process is known as methodological triangulation. The most important

advantage of using multiple sources of evidence is the development of converging lines

of inquiry (Yin, 1994). The qualitative study (case studies in this case) attempts to

overcome the limitations of the quantitative approach (survey) 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). By examining the issue

under investigation from different perspectives, we could also enrich our understanding

by allowing new and deeper dimensions to emerge (Jick, 1979). The case studies have

been used to explain the emerging trends from the survey research.

The chapter has been divided into five sections. Sections One and Two present and

compare the insights provided to answer the first and second Research Questions, using

the survey and case study research respectively. Sections Three and Four present and
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summarise the insights provided to answer Research Questions Three and Four

respectively, based on the case studies only. Section Five summarises the chapter.

12.1 Drivers of Volume Flexibility

RQJ: Under what conditions does a manufacturing plant require high levels of

volume flexibility?

Figure 12.1 below summarises the insights from the survey in respect of the first

Research Question.

Evidence from Survey

presentation of drivers of volume flexibility

90

80

E	 70

.	 60
D 50

C c 40

a

20

°.	 10

0

Chi-square values

Figure 12.1: Representation of the conditions that drive plants to require high levels of volume

flexibility.

The conditions that drive manufacturing plants to require high levels of volume flexibility

are identified from the survey and summarised in Figure 12.1 above. Descriptive

statistical analyses were carried out to determine the level of applicability of the drivers

in the plants surveyed. A relatively higher proportion of the plants surveyed perceived

high variability in demand levels as a significant driver of volume flexibility in their

plants. A relatively smaller proportion of plants perceived short product life cycle as a

significant driver of volume flexibility in their plants. In an attempt to investigate the

disparity in the applicability of the conditions, chi-square tests were performed to check
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for the effect of sectoral differences on the applicability of the drivers. Out of all the

drivers of volume flexibility identified from the survey analyses, only short product shelf

life was found to be dependent on the sector to which the plants belong. This driver was

found to be predominantly applicable in the food sector. Other drivers (see Table 7.3,

Chapter 7) were also identified by responding plants but were not classified as above due

to lack of sufficient data for meaningful statistical analysis.

Evidence from Case Study Analyses

Market or
)cnond M

Prodset	 product inurode.
based

b- prochict mix

Figure 12.2: Drivers of volume flexibility: Evidence from case study

The figure above summarises the result of the case study analyses for drivers of volume

flexibility. A 2 by 3 matrix has been used to classify the drivers of volume flexibility

identified in the case study. Unlike the survey analyses, the relative strength of the

applicability of the drivers could not be determined in the case studies analyses.

However, the analyses reveal more in-depth explanations for the differences observed in

the applicability of the market drivers in driving manufacturing plants to require volume

flexibility. The analyses identify generic and specific drivers of volume flexibility. Generic

drivers are those that are applicable to all the case study plants regardless of sector

differences, plant and product characteristics and all other characteristics identified with

individual plants. The specfic drivers identified are dependent on some characteristics of

* All the drivers identified in the case study research are found to be sector independent
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the plant or product and characteristics other than sectoral differences. The analyses also

reveal that all the drivers identified are sector independent.

Triangulation

Comparing the results of the two methodologies above reveals some interesting

correlation. The survey analyses reveal that high variability in demand levels is the

strongest driver of volume flexibility in manufacturing plants. The case study analyses

also reveal that high variability in demand levels is a major driver of volume flexibility,

but the relative strength of this driver compared to other market drivers of volume

flexibility could not be determined. The survey analyses reveal that high variability of

demand levels is sector independent. The case study analyses concur with this. In

addition, the case studies reveal that high variability in demand levels is also

independent of other plant characteristics observable in the case studies. Hence, this

driver is referred to as a generic driver of volume flexibility as far as the case study

research is concerned.

The survey analyses reveal that high unpredictability of demand levels (or demand

uncertainty) is a sector independent driver of volume flexibility in the plants surveyed.

The case study analyses concur with this. In addition, the case studies reveal that the

applicability of this driver differs with time scales. The case studies provided the

opportunity of differentiating between long-term and short-term demand uncertainty.

This reflects the strength of the case study research and the advantage of using multiple

methods to investigate a phenomenon.

Long-term demand uncertainty is experienced when the total demand over the whole

planning period is highly unpredictable. Short-term demand uncertainty refers to a

situation where the overall total demand is fairly predictable but there are immediate

uncertainties due to unscheduled production requirements.

Some of the plants in the case studies experience only short-term demand uncertainty.

Plants that engage primarily in contract manufacture operating predominantly in the

Electronics and the Engineering capital sectors experience long-term demand

uncertainty. However, one plant in the Household goods sector also experienced long-

term demand uncertainty as a result of political and legislative changes.

Short product 4fe cycle was found to be a sector independent driver of volume flexibility

in both the survey and the case study research analyses. Additionally, the case studies
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reveal that the driver was specific to plants operating in markets characterised by fierce

competition, changing customer tastes and, rapid changes in technology - leading to

rapid product obsolescence. Customers' influence in lead-time determination, a driver

found to be sector independent in the survey research, was found not to be applicable at

all to the case study plants. Other drivers identified in the survey analyses but not

classified due to insufficient data for statistical analysis were all found to be sector

independent in the case study research. The case studies reveal that many of these drivers

are specific to some other characteristics of the plants or product (e.g. Supply chain

complexity - appears to be specific to plants that deal with many suppliers and require a

wide range of components for manufacture).

Short product shelf life was classified as being sector dependent (mainly applicable to the

food sector) in the survey analyses. This is because, evidence of the applicability of this

driver from the survey analyses (based on the statistical distribution across the sectors)

was heavily biased towards the food sector. It is, however, interesting to observe that

short product shelf life was found to be sector independent in the case studies. The

reason for this discrepancy is that the case studies provided an opportunity to carry out

an in-depth investigation into the applicability of short product shelf life in sectors other

than the food sector. The case study analyses reveal that short product shelf life as a

driver of volume flexibility is not only applicable to the food sector but to any plant

having perishable products, products with relatively short 'use-by' date periods and in

some make-to-order businesses.

Two conclusions are drawn from the insights provided for the first Research Question.

1. The condition of high variability in demand levels is the major driver of volume

flexibility requirements in manufacturing plants regardless of differences in sector,

product and other plant characteristics. This is because demand variability is a

characteristic shared by most markets.

2. Apart from high variability in demand levels, there are other drivers of volume

flexibility such as short product life cycle, short product shelf life, demand

uncertainty, supply chain complexity and high product mix (see Table 11.7). The

applicability of these drivers in manufacturing plants does not necessarily depend on

the sector to which the plants belong but on other characteristics specific to the

plants in question. For instance, short product shelf life is applicable to plants having

products that are perishable or deteriorate quickly and in some make-to-order

businesses. Short product life cycle is applicable to plants operating in markets
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characterised by fierce competition, changing customer tastes and, rapid changes in

technology - that lead to rapid product obsolescence.

12.2 Enablers and Inhibitors of Volume Flexibility

RQ2: Given the required capacity of equipment and an effective supply of materials

into, through and out of the production process, what are the other factors that

enable and inhibit the achievement of volume flexibility in manufacturing plants?

Enablers: Evidence from Survey Analyses

Classification of volume flexibility enablers using an unw eighted
additive model

4

.
S

+
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Figure 12.3: Enablers of volume flexibility: Evidence from survey analyses.

Using an unweighted additive combination model, the identified enablers of volume

flexibility are classified as shown in Figure 12.3 above. The survey analyses suggest that

the use of overtime hours appears to be the strongest enabler of volume flexibility, and is

closely followed by teniporaly labour and annualised hours contracts respectively. As

one might expect, rejecting orders appears to be the weakest enabler of volume

flexibility (y-axis, Figure 12.3). The survey analyses also reveal that only the use of sub-

contracting (when used as an enabler of volume flexibility) depends on the sector to

which the plants belong. The use of the other strategies is found to be sector

independent. Respondents to the survey identified other enablers, which could not be

classified as above due to insufficient data for reasonable statistical analysis. The use of

these enablers was, however, investigated in the case studies.
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Enablers of Volume Flexibility: Substitutes and Complements

Substitutes	 Where significant 	 Complements	 Where significant

Annual hours and Overtime Process	 Overtime and Temporary staff Food

Household and General goods

Contract staff and Overtime Process	 Overtime and Varying lead	 Engineering capital

lime

Overtime and Rejecting	 Food	 Subcontracting and Contract 	 Electronics

orders	 staff

Subcontracting and Varying 	 Engineering consumer

lead times

Job sharing and Part-time	 Engineering consumer

Table 12.0: Substitute and complementary enablers of volume flexibility: Survey analyses

The table above shows the substitute and complementary enablers identified from the

survey analyses. For instance, an annualised labour hours contract can be used to replace

overtime hours to provide volume flexibility in manufacturing plants. This is what one

would expect, since one of the objectives of an annualised labour hours contract is to

eliminate the need for using overtime hours to provide volume flexibility. Employees on

an annualised hours contract 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.

Inhibitors of Voluitie Flexibility: Evidence from Survey Analyses

Classification of possible inhibitors of volume flexibility
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25	 30

Chi-square values

Figure 12.4: Inhibitors to volume flexibility implementation: Survey analyses
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Figure 12.4 above shows a classification of the identified inhibitors from the survey

analyses. The analyses reveal that getting customers to agree to lead time variation

appears to be problematic for most of the responding plants, hence this is the strongest

inhibitor. Both subcontracting and securing teniporaly labour appear to be sector

dependent inhibitors of volume flexibility.

Enablers: Evidence from Case Study Analyses

tFjgJre 12.5: Enablers of volume flexibility: Evidence from case studies

Figure 12.5 above summarises the enablers of volume flexibility identified from the case

study analyses. Unlike the survey analyses, it was not possible to classify the enablers by

their absolute strengths. However, generic and specific enablers are identified. Generic

enablers here refer to those strategies that are employable in any of the case study plants.

Although they could be used in different ways, their use does not depend on differences

in sectors, plant characteristics or any other observable characteristics in the case studies.

SpecJic enablers are those that are specifically employable in plants that have some

unique characteristics in terms of the nature of their business, nature of demand and the

like. For example niultiskilling (classified as a Generic enabler) could be used by any of

The Generic and Specific enablers referred to here are sector independent. They are either common or specific to the case study plants
based on observable characteristics in the case studies.
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the case study plants. On the other hand, an annualised hours system is most suitable in

plants that have relatively low levels of long-term demand uncertainty (hence an

annualised hours system is classified as a Specfic enabler).

Figure 12.5 also displays substitute enablers and complementary enablers identified from

the analyses of the cases.

Inhibitors: Evidence from Case Study

Enablers of Volume Flexibility	 Inhibitors

Generic Inhibitors 	 Inhibitors specific to plants

Using sister plants	 None	 • Physical constraints

Subcontracting	 None	 • Inconsistent quality

• Monitoring at operational level

Multiskilling	 None	 • Conflicting union membership

Equipment upgrade	 None	 • Creates tension amongst operators

Banked Hours system	 Resistance to change	 • Refusal to pay back hours

Annualised Hours system 	 Resistance to change	 • Refusal to pay back hours

• Divisive if implemented gradually

• Inaccurate forecasts

• No team coach

• Union resistance

Process Improvement	 None	 • None

Equipment upgrade	 None	 • Creates tension amongst workers

Varying lead times 	 None	 • Difficult with one-off purchasers

Mix flexibility	 None	 • Lack of multiskillied workforce

Good attitude	 None	 • Working culture

Team working	 None	 • None

Temporary labour	 None	 • Lack of required skills

Purchase for resale	 None	 • Inconsistent quality

Supply chain flexibility	 None	 • Distorted customer requirements

• Managing relationships with many

_______________________________________ __________________________________ suppliers

Table 12.1: Inhibitors to volume flexibility achievement: Case study evidence

Triangulation

Enablers

The use of overtime hours which was found to be a major enabler in the survey analyses

is not popular in the case study plants. The reason for this is probably due to the

selection criteria of the case studies. However, it also reflects a trend as most of the case

Generic and Specific inhibitors are common and specific only as far as the case studies are concerned.
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study plants had replaced using overtime hours to achieve volume flexibility with other

policies such as annuaiised hours contracts. It is interesting to note that the use of

overtime hours by full time employees, annualised hours system, temporary labour and
rejecting orders which were all found to be sector independent in the survey research

were also found to be sector independent in the case studies. However, the case studies

reveal that the use of an annualised hours system depends on the nature of the demand

characteristics of the plant (e.g. it is most suitable where there are short-term demand

uncertainty and demand variability within the year and the overall total yearly demand is

relatively predictable).

Other enablers of volume flexibility which were identified in the survey, such as

multiskilling, the use of sister plants, equipment upgrade etc. are also confirmed as

enablers of volume flexibility in the case studies. Evidence from the case studies reveals

that plants use these strategies for different reasons. The reasons are explored under the

third Research Question. However, it is interesting to note that sector differences do not

significantly affect the use of most of these enablers. For instance, the case study analyses

reveal that these enablers are all sector independent. The use of subcontracting was

found to be sector dependent in the survey research but found to be sector independent

in the case study research. The case studies, however, reveal that using subcontracting

actually depends on an individual plant's policy such as, the need to retain a particular

segment for a dying product, and sub-contracting non-core activities to reduce
manufacturing lead-time.

Substitutes and Complements

In terms of substitutes and complements, some of the results of the survey analyses

concur with those of the case study analyses. For instance, the analyses using both survey

and case studies reveal that plants implement an annualised hours system as a substitute

for the use of overtime hours to achieve volume flexibility. By its very nature an

annualised hours system has no provision for additional overtime hours within the

relevant planning period (usually one year). For instance, an individual may be committed

to work a minimum of 1700 hours and be paid for 1900 hours over the year (200

reserved hours). The 1700 hours are spread over the year to cope with predictable

variability in demand. The reserved 200 hours are only used to cover demand uncertainty

over and above forecasts. As long as the long-term demand uncertainty is relatively low,

the use of an annualised hours system completely discourages the use of overtime hours

to achieve volume flexibility.
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Inhibitors

The survey analyses reveal that getting customers to agree to variation in lead times is

the strongest inhibitor. Interestingly, the case study plants that employ the strategy of

varying lead times do not find it particularly problematic. It was not possible to check for

the strength of the inhibitors identified in the case study analyses. The survey analyses

further reveal that securing temporary labour and subcontracting are both sector
dependent. All the inhibitors identified in the case studies are sector independent.

However, many of the inhibitors identified in the case studies are found to be dependent

on some other non-sector characteristics. For instance, it was more difficult to implement

multiskilling and an annualised hours system in a unionised plant than it was in a non-

unionised plant in the case study research.

The third, fourth, fifth and sixth conclusions are drawn from the triangulation of results

relating to the second Research Question.

3. Strategies chosen by plants to achieve high levels of volume flexibility include

annualised hours contracts, banked hours system, subcontracting, overtime hours,

sister plants and temporary labour (see Figure 12.3 and Table 12.1). Problems

inherent in the use of annualised hours contracts, subcontracting and temporary

labour to achieve volume flexibility include resistance to change, inconsistent quality
and lack of required skills respectively.

4. The strategies chosen by plants to achieve high levels of volume flexibility depend on

specific characteristics of the plants that are mostly not sectoral in nature. For

instance, annualised hours contracts can be successfully adopted by any

manufacturing plant experiencing high demand variability and short-term demand

uncertainty to achieve volume flexibility. It should be noted, however, that both

conditions refer to a situation in which the total demand over the planning period is

relatively predictable.

5. Although overtime hours by full time employees is currently the most widely used

strategy to achieve volume flexibility, this strategy is becoming less favoured in the

future by manufacturing plants. There is a growing preference for the use of variable

hours strategies such as annualised hours contracts to achieve volume flexibility by

manufacturing plants.
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6. Substitute enablers of volume flexibility exist. For instance, a variable hours strategy

such as an annualised hours contract and/or a banked-hours system can be used by

manufacturing plants to substitute overtime hours by full time employees to achieve

volume flexibility. Also, complementary enablers exist. For instance, the strategies of

multiskiiing and teamworlcing can be used to complement annualised hours

contracts and banked hours system to achieve volume flexibility in manufacturing

plants.

12.3 Enablers and Reasons for Choice

RQ3: Why do some plants choose some enablers and other plants choose other

enablers to achieve high levels of volume flexibility?

The third Research Question evolved from the survey analyses and seeks to provide an

explanation into why certain enablers are preferred to others by manufacturing plants that

use them and why these enablers are desirable in future. Hence, the only evidence that

provides insights relating to this Research Question is obtained from the case studies.

Evidence from the case study analyses

The reasons for using various enablers to achieve volume flexibility have been classified

as generic (i.e. common reasons given by plants) and specific reasons that are not

common to all the plants studied.
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Enablersof yolumeFlexibility	 Reasons	 for	 using	 enablers

Genenc reasons	 Specific reasons

Using sister plants 	 • High variability in demand levels 	 • Equipment upgrade

• Demand uncertainty

Subcontracting	 • High variability in demand levels 	 • ExitlEntry strategy

• To handle non core activities 	 • Reduction of cycle time

Multiskilling	 • High variability in demand levels 	 • High product mix

• High skill level requirements

• Aids teamworking

Banked Hours system	 • Copes with high variability in demand levels • Increases productivity

• Eliminates overtime costs	 • Increases motivation

• Copes with demand uncertainty	 • Improves relationship between

management and operators

Annualised Hours system	 • High variability in demand levels	 • Unavailable labour for peak demand

• Eliminates overtime costs 	 periods

• Short-term demand uncertainty	 • Provide work & safety training days

• Reduces absenteeism	 • Visibility of labour costlyear

Process Improvement 	 • High variability in demand levels 	 • Competition

• Equipment breakdown

• Reduces component complexity

• Achieves common upstream processes

Equipment upgrade	 • Growth in demand levels	 • Inflexible lines or machines

• Changing technology	 ________________________________

Varying lead times	 • High variability in demand levels 	 • Short and long-term demand uncertainty

• Reduces the need for volume flexibility	 (Political changes)

• Nature of production process (i.e.

continuous)

Mix flexibility	 • High product mix	 • High set up time

• High variability in demand levels

Overtime	 • None	 • Only option available to plant

Team working	 • High variability in demand levels	 • Increases responsibility and ownership

• Complements multiskilling	 • Encourages better relationship amongst

workers on site

Supply chain flexibility	 • None	 • Yield factor

• Many suppliers

____________________________ • Component complexity

Table 12.2: Reasons for using enablers by the case study plants only.

The table above suggests that there are many different factors that influence the choice of

some solutions to achieve volume flexibility in manufacturing plants. The table also

suggests why some solutions may be more desirable than others to some plants in future

(a trend observed in the survey analyses). For instance, the use of a banked hours system

is preferred to an annualised hours system by Teleco, an Electronics sector contract

manufacturer. The plant wins orders that are based on bids, which have highly uncertain

success rates. Annualised hours system contracts do not work well in conditions of long-

term demand uncertainty over the normal planning period as they depend on a

reasonably good forecast of overall total demand. According to the General Manager

Operations of Teleco:
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"The annualised hours system was a little bit too structured for us. We needed

something that was a little bit more flexi ble and not quite as deliberate, and we came up

with a thing called banked hours ".

The survey analyses reveal a general increase in the perceived desirability of using an

annualised hours system and a banked hours system to achieve volume flexibility. This is

partly due to the perception which plants have of the relative costs of the different

solutions in achieving volume flexibility. For instance, the survey analyses reveal that

annualised hours systems are seen to be relatively cheap by most of the responding

plants when compared to other solutions like overtime and sub-contracting. However, as

Table 12.4 above suggests, the annualised/banked hours systems additionally provide

the case study plants with the ability to adequately cope with demand variability, lower

the rate of absenteeism, achieve improved motivation and productivity and have better

visibility of labour cost/year.

The insights provided into the third Research Question led to the development of the

seventh conclusion for the project.

7. Plants choose some solutions in preference to others to achieve volume flexibility

because of the perceived cost and other advantages, which the preferred solutions offer

and the capability of the solutions to cope effectively with internal and external

conditions that the plant is faced with. For instance, an annualised hours system is

preferred to overtime hours for the achievement of volume flexibility because the former

is perceived to be relatively cheaper to implement, reduces absenteeism and copes

effectively with demand variability (seasonality) and short-term demand uncertainty.

12.4 Implementing Enablers and Overcoming Inhibitors

RQ4: How do plants actually use the enablers and overcome the inhibitors to achieve

high levels ofvolumeflexibility?

The fourth Research Question also evolved as a follow up to the survey results. It is

required to partly fill the gap in the literature concerning the lack of studies on volume

flexibility implementation in manufacturing plants. Because it asks the "how" question,

the case study methodology is most appropriate for answering the Research Question

(Yin, 1994). Hence, the only evidence that provides insights relating to this Research

Question is obtained from the case studies. The table below summarises the ways in

which the plants studied have implemented enablers and overcome the inhibitors to
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achieve high levels of volume flexibility. These are defined as key implementation factors

and have been classified as generic implementation factors (common to all the plants in

the case study) and spec y'lc implementation factors (peculiar to some plants in the case

study).
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Enablers of Voiwne Flexibility	 Key	 Factors	 for	 implementing	 enablers

and	 overcoming	 inhibitors

Generic implementation factors	 Specific implementation factors

Using sister plants	 • Good integration	 • Common accounting principles

• Compatible planning system &	 • Multiskilled workforce

methods consistency

Subcontracting	 • Good relationship with subcontractors 	 • Provide training for subcontractor staff

• Good audit, selection & control

systems

• Easily available technology	 ___________________________________

Multiskilling	 • Good training	 • Consultations & education

• Financial incentive

• Voluntary enlistment

Banked Hours System	 • Incentive - discounting hours	 • Rules & regulations concerning refusal

• Gradual implementation 	 to pay back hours

• Managing informally/Self.managing (Peer • Democratic

influence)

• Education & consultation

• Good capacity analysis

• Tackle perceptions

• Cocrect timing of launch

Annualised Hours System	 • As above for banked hours system ^	 • Multiskilling

• Carry out good forecasts 	 • Implement through teams

• Financial incentive	 • Team coach

• Understand the system	 • Resource analysis - affordability

• Use implementation group

Process Improvement 	 • Implement common processes or	 • Predictive & preventative maintenance

postponement mechanism

Equipment upgrade	 • Good research on available 	 • Multiskilling

technology	 • Educate workers

• Good capacity analysis	 • Introduce voluntary and good

redundancy package

• Identify production alternatives - sister

plants

Varying lead times 	 • Good relationship with customers 	 • Volume discounts - better relationship

• Reduce customer base

• Multi-lingual personnel for overseas

customers

• Offer a fraction of requirements

Mix flexibility	 • Install flexible lines	 • None

• Multiskilling

• Postponement mechanism

Team working	 • Total autonomy	 • Team coach

• Multiskilling

• Self managing	 _______________________

Supply chain flexibility 	 • Good relationship with customers and 	 • Rationalise number of components and

suppliers	 suppliers

• Proactive relationship with indirect

customers

• Electronic point of sale

• Flexibility forum

Table 12.3: Enablers of volume flexibility and the key factors for their implementation
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Table 12.3 above suggests that manufacturing plants go about implementing the enablers

of volume flexibility in various ways. For instance, the case studies reveal that to

implement multiskilling, many of the plants provide very good training and financial

incentives to encourage the workers. Also, workers in most cases are allowed to

volunteer for the training schemes. In some plants (e.g. a uniomsed plant), implementing

multiskilling involves extensive consultations with the unions because of the potential

problem of conflicting union membership when workers are trained in areas that require

different skills.

The eighth conclusion is drawn from the discussion of the fourth Research Question.

8. Effective management of change through good education, consultation, gradual

implementation, correct timing of launch, informal management and offering of

incentives (financial or non-financial) is important for the successful implementation of

variable hours strategies such as an annualised hours contract and banked hours system

in the achievement of high levels of labour capacity flexibility in manufacturing plants.

12.5 Chapter Summary

This chapter has reviewed and compared the results of the analyses carried out using the

survey and the case study research methods. This has been done based on the Research

Questions developed for the project. For the first two Research Questions, many of the

results obtained in the survey research are confirmed in the case studies. However, the

case studies shed more light on some unresolved issues from the survey research. For

instance, the survey found that the drivers of volume flexibility in manufacturing plants

are largely sector independent (except for short product shelf lfè). The case studies

found that all the drivers of volume flexibility are sector independent (including short

product shelf life) but that these drivers actually depend on some other characteristics of

the plant, product or the market in which the plants operate. Only demand variability

was found to be common to all the plants studied.

The third and fourth Research Questions were analysed using the case studies and the

results are summarised in this chapter. For instance, a plant would use the banked hours

system to achieve volume flexibility because with the system the plant is able to eliminate

overtime cost, to lower the absenteeism rate, to cope with demand variability and

uncertainty and to improve workers' motivation and productivity. To implement a

banked hours system requires extensive consultation, providing incentives, correct

timing of launch and allowing the system to be self-managed
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The next and final chapter will summarise and conclude the project. It will discuss the

limitations of the study, highlight the contribution to knowledge of the study and suggest

future areas for research.
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Chapter 13 - Summary and Conclusions 	
I

13.0 Introduction

This chapter has been divided into four main sections. Section One gives a summary of

the research project, including the literature review and Research Questions. Section

Two presents the research strategy. Section Three presents the main findings, and the

conclusions drawn from the research study and the limitations of the research. Section

Four concludes the chapter by evaluating the contribution to knowledge and highlighting

future areas for research.

13.1 Summary of the Research Project

The figure below summarises the areas covered in the literature review to identify the

Research Questions.

Main research area

Competitive
	

5upperting research area

environment

Manufacturing
strategy

Process	 Content	 When is it
issues	 issues	 required?

Manufacturing	 Volume
___ flexibility
	

flexibility
	

What is it?

New Produd
Flexibility	 Mix

Flexibility	 How con it
be implemented?

Internal sources
External sources

Reduction	 Resources
Supply chain mgt.	 in throughput	 +others

Alliances	 time, control
Networks etc.	 & process systems

e.g. set-up time	 Equipment
reduction

Analyses of literature
(e.g. Jaikumar, 1986;

Slack, 1987 etc.)

RQ1

Synthesis of
definitions

(e.g. Slack, 1987;
New, 1996;

Suarez eta!, 1996)

Working definition
of Volume flexibility

Labour	 RQ2

Figure 13.0: Summary of literature review coverage

Today, manufacturing organisations operate in demanding markets and are subject to

intense and often global competition. Customers and markets demand increased product

customisation, more extensive product ranges and configurations, shorter delivery lead

times with the expectation of significantly improved delivery reliability. When these
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pressures are coupled with the inherent complexity of many manufacturing organisations

and their supply chains and delivery networks, then the challenges facing manufacturing

businesses become apparent. On the other hand the opportunities and rewards are very

great in most sectors for those businesses that are able to respond to the competitive

challenges successfully. This research project has focused on the issue of flexibility which

according to many authors provides manufacturing organisations with the capabilities of

adapting to the requirements of a fast changing environment (e.g. Garett, 1986;

Swamidass and Newell, 1987; Tombak, 1988, De Meyer et al, 1989 and Correa and

Slack, 1996).

While much has been written on the subject of manufacturing flexibility, the review of the

literature reveals that many of the studies have focused on developing the typologies of

the concept. This research project was carried out to expand the knowledge on the issue

of flexibility in manufacturing plants. In order to develop a framework for investigating

the issue of flexibility, this research adopted the broad classification of manufacturing

flexibility proposed by Slack (1987) and Suarez eta! (1996):

(1) Strategic or first order manufacturing flexibility (e.g. volume, mix, new-product

flexibility and delivery time flexibility)

(2) Resource or lower-order flexibility types (e.g. routing, component, material flexibility

etc.).

The literature review reveals that, of the two broad classifications defined above, more

studies have been carried out on the lower order flexibility types. This research has

argued that the strategic types of manufacturing flexibility should consist of volume, mix

and new product flexibility (excluding delivery time flexibility). It has been argued that

delivery time flexibility should not be seen as separate but as falling under the umbrella of

volume flexibility. In other words, a plant which is truly volume flexible is by definition,

capable of having delivery time flexibility.

Within the first-order flexibility types, volume flexibility has attracted the least attention

in the literature compared to mix and new product flexibility (Suarez et a!, 1996). The

concept of manufacturing flexibility as a whole remains a conundrum, a paradoxical

concept where authors cannot agree on the answers to even the most basic questions.

What is it? When should a company strive for it? and how can it be implemented in

manufacturing organisations? These issues were addressed in this research project within

the context of volume flexibility.
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13.1.1 What is Volume Flexibility?

A synthesis of the definitions of volume flexibility resulted in the working definition of

volume flexibility for the research as: the extent to which a manufacturing system can

vary its output level for a given mix, within a given time period without any

unacceptable effect on cost and other competitive criteria of the plant

13.1.2 Research Questions

The need to clarify why flexibility is needed has been emphasised by Slack (1991). In a

comparative study of flexible manufacturing systems in the US and Japan, Jaikumar

(1986) found that "...with few exceptions, the flexible manufacturing systems in the
United States show an astonishing lack of flexibility... ". Jaikumar (1986) argued that

this might have been due to the wrong assessment of flexibility needs by manufacturing

management. Although a number of volume flexibility drivers have been identified in the

literature, many of these lack empirical research evidence. The first Research Question

was developed to partly fill this gap in the literature.

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

volume flexibility?

Traditional research studies in operations management have focused on issues relating to

design and planning, and the control of process systems in manufacturing organisations.

Studies into how to achieve labour capacity flexibility have not received much attention

in the operations management literature. Most of the studies on this issue come from the

human resources management literature (Kossoris and Kohier, 1974; Atkinson, 1985;

Hunter and Maclimes, 1992; Brewster et a!, 1993). These studies do not provide the

needed link between the labour strategies and technical aspects of production flexibility.

The second Research Question was developed to partly fill yet another gap in the

literature.

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?
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13.2 Research Strategy

The Figure 13.1 below summarises the empirical research process for the project.

Pilot Study
• Identify variables
relating to RQ1 & RQ2
• Align variables from
theory with practice

Mail Survey (Exploratory)

Applicability of identified
variables in large plants
sample

Identify more variables

çqStudy (Explanatory)

Confirm survey results
(triangulation)

• Explain trends from
survey

Figure 13.1: The empirical study process

The research strategy consists of the use of a pilot study, survey and case study. The

choice of the research methods was based on Yin's (1994) criteria for choosing a

research strategy. Due to the nature of the Research Questions (i.e. "what"), the survey

and case study methods were found to be suitable and thus chosen for exploring the

Research Questions. The process is displayed in the figure above.

13.2.1 Survey Research

A pilot study was undertaken to provide an insight into the basic issues of volume

flexibility. In view of the novel nature of the research project, it was necessary to carry

out further exploratory research using a mail survey to investigate the applicability of the

variables identified from the pilot study and literature review. It was also necessary to

actually identify other drivers and enablers of volume flexibility in different operations

contexts. Thus, a structured mail survey questionnaire was designed and administered to

529 UK manufacturing plants that had entered for the Best Factory Award competition

between 1995 and 1998. A response rate of 23% (or 120 plants) was obtained. The

analysis of the survey confirms that most of the identified drivers and enablers from the
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pilot study are indeed drivers and enablers of volume flexibility. Also, other variables are

identified. The survey analyses also raised some other issues, which culminated in two

further Research Questions for the project.

RQ3: Why do some plants choose some enablers and other plants choose other

enablers to achieve high levels ofvolumeflexibility?

RQ4: How do plants actually use the enablers and overcome the inhibitors to achieve

high levels of volume flexibility?

13.2.2 Case Study Research

The case studies were used to address the first and the second Research Questions for

the project in order to provide methodological triangulation for the survey research.

Additionally, the case studies were used to provide explanations of the trends observed

and the new questions raised from the survey analyses. The use of the case studies to

explore these new questions is supported by Yin (1994). He argues that "how" and

"why" questions are best tackled using case studies.

Selection of the case studies was based on the analysis of the survey. One plant each that

provided the richest data set on the survey questionnaire was chosen from across the six

industrial sectors (i.e. Process, Engineering Capital, Engineering Consumer, Electronics,

HouesholdlGeneral goods and Food). Two other plants (Electronics and Household

goods sector) that used other interesting strategies were chosen to add to the richness of

the case study research. A total of eight manufacturing plants were used as case studies.

The field study involved visiting the manufacturing sites, interviewing the manufacturing

managers or top production personnel, walking through the production process and

collecting relevant archival and quantitative data.

Analyses of the individual cases were carried out qualitatively and quantitatively, relying

on various analytic techniques suggested by researchers, notably Eisenhardt (1989),

Miles and Huberman (1994) and Yin (1994). This was followed by cross-case analyses

to bring together the key features of the various cases to compare them. This helped to

answer questions relating to the effects that contextual factors have on the concepts

being studied.
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13.3 Summary of Findings

This section presents the overview of the research findings from the survey and case

studies analyses. The section is organised into sub-sections based on the Research

Questions and the results obtained in the analyses in respect of each Research Question.

13.3.1 Drivers of Volume Flexibility

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

volume flexibility?

The summary of the results relating to the first Research Question is presented within the

conceptual framework developed for the Research Question as shown below.

Conditions (brivers)

• --ugh variability in demand levela

wrt-term demand uncertainty

jng-term demand uncernty

iistooiers in	 in l yy d- Ime
dterminatio

• .nortprcd--T; r1

-hart product y L- H
Will drive the need for

• urrency voriati--	 higher

• ornpetif	 act	 V
tlew product introdu icr

gb product mix

rpply choincomplexit

business needs company pol

Camrnunicat on with customers

Levels of volume
flexibility in a specific
manufacturing system

Identified Only in the survey

Identified in both survey and cane studies

Figure 13.2: Drivers of volume flexibility in manufacturing plants

From the figure above, it is interesting to note that all the drivers of volume flexibility

identified from the survey analyses were also identified in the case studies (except

customers ' influence in lead time determination). This is hardly surprising since the case

study plants are a subset of the survey respondents. What is, however, more interesting

to note is that, of all the drivers identified, only high variability in demand levels appears

to be a generic driver of volume flexibility in the plants studied. In other words, this
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driver is applicable to many of the plants studied regardless of the sectors to which they

belong, the nature of their processes and all other observable characteristics tested for in

the empirical research. Demand variability is rated highly by virtually all responding

plants because it is a characteristic shared by most markets. The y-axis in Figure 13.3

shows the proportion of plants that rated the drivers as highly significant.

F presentation of drivers of volume flexibility

=	 90
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E	 70
.- U

> 60U •=

•	 50

40

a 30

Chi-square values

Figure 13.3: Representation of volume flexibility drivers

As Figure 13.3 above shows, the applicability of these drivers to plants varies. For

instance, short produci life cycle was highly rated by a few plants. This driver was found

to be a sector independent driver of volume flexibility in both the survey and the case

studies. Additionally, the case studies reveal that plants that rated this driver as highly

significant operate in markets characterised by ,fIerce competition, changing customer

tastes and, rapid changes in technology that lead to rapid product obsolescence.

Table 13.0 has been used to summarise the drivers of volume flexibility and their

applicability to manufacturing plants based on the empirical evidence provided by the

case studies.
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Drivers of Vohnne Flexibility (RQI) 	 Generic?	 Specific?	 Applicability

High variability in demand levels 	 Yes	 No	 Generally applicable to all the plants studied

Short term demand uncertainty	 Yes	 No	 Applicable to all the plants studied

Long term demand uncertainty	 No	 Yes	 Applicable to plants engaged in contract manufacturing

Supply chain complexity	 No	 Yes	 Applicable to plants with high number of components in

_________ __________ production and plants dealing with many suppliers.

Short Product Life Cycle	 No	 Yes	 Applicable to plants whose products become obsolete

quickly as a result of rapid technology changes,

changing customer tastes and competition.

New Product Introduction 	 No	 Yes	 As above

High Product Mix	 No	 Yes	 Applicable to plants producing non-standardised

products

Short Product Shelf Life	 No	 Yes	 Applicable to plants whose products are perishable or

deteriorate quickly e.g. Food sector.

Competitors' actions 	 No	 Yes	 Applicable to plants operating in fiercely competitive

environment

Currency Variations	 No	 Yes	 Applicable to UK plants with high level of overseas

business involvement

Business needs and company policies	 No	 Yes	 Inconclusive

including 'stop making to stock', and
differentiation

Conununication with customers	 No	 Yes	 Applicable to intermediate goods producer.

Table 13.0: Summary of volume flexibility drivers and their applicability

The first two conclusions of the study are derived from the above discussion.

1. The condition of high variability in demand levels is the major driver of volume

flexibility requirements in manufacturing plants regardless of differences in sector,

product and other plant characteristics. This is because demand variability is a

characteristic shared by most markets (see Figure 13.3).

2. Apart from high variability in demand levels, there are other drivers of volume

flexibility such as short product life cycle, short product shelf life, demand uncertainty,

supply chain complexity and high product mix (see Table 13.0). The applicability of

these drivers in manufacturing plants does not necessarily depend on the sector to which

the plants belong but on other characteristics specific to the plants in question. For

instance, short product shelf lfe is applicable to plants having products that are

perishable or deteriorate quickly and in some make-to-order businesses. Short product

life cycle is applicable to plants operating in markets characterised by fierce competition,

changing customer tastes and, rapid changes in technology - that lead to rapid product

obsolescence.

This refers only to the case study plants
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13.3.2 Enablers and Inhibitors 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?

The summary of the results relating to the second Research Question is presented within

the conceptual framework developed for the Research Question as shown below.

Figure 13.4: Selected enablers and inhibitors of volume flexibility in manufacturing plants

The figure above shows the enablers and the corresponding inhibitors that were identified

from both the survey and the case studies. For instance, the use of an anmialised hours

system was found to be an effective enabler of volume flexibility. The survey analyses

reveal a general increase in the perceived desirability of using an annualised hours

system to deliver volume flexibility (the reasons for this are explored under the third

Research Question).

The case studies reveal that annualised hours 3yslems work reasonably well for coping

with specific conditions such as demand variability over the planning period (usually one

year) and short-tern, demand uncertainty, within a predictable overall total demand.
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Hence, the annualised hours contract is classified as a spec/Ic enabler of volume

flexibility.

Resistance to change is the main inhibitor to the implementation of the annualised

labour hours contract in manufacturing plants. This is more pronounced in unionised

plants. Other problems encountered specifically in some plants include refusal to pay

back hours and mismanagement due to lack of a teani coach. The mechanisms by which

the plants overcome these inhibitors are covered under the fourth Research Question.

Further analysis was carried out to define the effects of the identified enablers on volume

flexibility and whether these enablers are tactical or long-term solutions to achieving

volume flexibility. The classification was 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 classification is

summarised in Figure 13.5.

Decision Period

Effects on
Volume Flexib
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Figure 13.5: Decision hierarchy view and the effects of enablers on volume flexibility

358



Chapter Thirteen - Summary and Conclusions

The circled enablers are those solutions which reduce the need for internal volume

flexibility. For instance, a plant may reject the orders of customer A in order to be more

responsive to a more valued customer B. From customer B's point of view, the plant is

perceived to have some degree of volume flexibility. Hence, it is proposed that the

effects of these solutions on the achievement of volume flexibility are indirect.

The empirical research reveals that some enablers can be used to replace other enablers

and other enablers complement each other in achieving volume flexibility. These are

classified as substitute enablers and complementary enablers respectively. For instance,

the analyses reveal that an annualised hours contract is being used to replace overtime

hours to provide volume flexibility. This is not surprising because one of the reasons for

the introduction of an annualised hours contract in manufacturing plants is to eliminate

the need for overtime hours. 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, there is no need for overtime

hours. The use of teams (teaniworking) and multiskilling are found to complement the

implementation of both the banked hours and of annualised hours contracts.

Encouraging self-management and informal management are found to be important in the

implementation of the banked hours and annualised hours systems. These management

styles work best within the contexts of teams. The teams are given autonomy to set their

schedules and rosters. Working in teams also means that the influence of peer pressure

could be significant. Peer influence was found to be significant, helping to discourage

exploitation of the banked hours and annualised hours systems by operators.

The third, fourth, fifth and sixth conclusions are drawn from the above insights provided

into the second Research Question.

3. Strategies chosen by plants to achieve high levels of volume flexibility include

annualised hours contracts, banked hours system, subcontracting, overtime hours, sister

plants and temporary labour. Problems inherent in the use of annualised hours

contracts, subcontracting and temporary labour to achieve volume flexibility include

resistance to change, inconsistent quality and lack of required skills respectively (see

Figure 13.4).

4. The strategies chosen by plants to achieve high levels of volume flexibility depend on

specific characteristics of the plants that are mostly not sectoral in nature. For instance,

annualised hours contracts can be successfully adopted by any manufacturing plant

experiencing high demand variability and short-term demand uncertainty to achieve
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volume flexibility. It should be noted, however, that both conditions refer to a situation

in which the total demand over the planning period is relatively predictable.

5. Although overtime hours by full time employees is currently the most widely used

strategy to achieve volume flexibility, this strategy is becoming less favoured in the

future by manufacturing plants. There is a growing preference for the use of variable

hours strategies such as annualised hours contracts to achieve volume flexibility by

manufacturing plants.

6. Substitute enablers of volume flexibility exist. For instance, a variable hours strategy

such as an annualised hours contract and/or a banked hours system can be used to

substitute overtime hours by full time employees to achieve volume flexibility. Also,

complementary enablers exist. For instance, the strategies of multiskilling and

teamworking can be used to complement annualised hours contracts and banked hours

system to achieve volume flexibility.

13.3.3 Enablers and Reasons for Choice

RQ3: Why do some plants choose some solutions and other plants choose other

solutions to achieve high levels ofvolunieflexibility?

The third Research Question, which evolved from the survey analyses, was formulated to

provide answers to why certain enablers are preferred to others by manufacturing plants

that use them and why these enablers are desirable in future. The trend observed in the

survey analyses is displayed in Figure 13.6 below.
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Enablers: usage, cost and desirability

.., .s / g/ o ,f
Enablers

Figure 13.6: Enablers of volume flexibility: present usage vs. cost vs. future desirability

As the figure above shows, there are reductions in the use of overtime, temporaly labour

and valying lead limes 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 can be partly

explained by the perception of relative cost of using these strategies as shown in the

above figure. For instance, about 58% of 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 decreasing adoption of overtime hours and

increasing use of annzialised hours contracts to achieve volume flexibility. Other reasons

underpinning the decreasing or increasing adoption of each enabler relate to the market

drivers of volume flexibility and other perceived benefits, which these solutions offer.

These are summarised in Table 13.1 below.
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Enablers of Volume Flexibifity 	 Reasons	 for	 using	 enablers

Genesic reasons	 Specific reasons

Using sister plants 	 • High variability in demand levels	 • Equipment upgrade

• Demand uncertainty

Subcontracting	 • High variability in demand levels	 • Exit/Entry strategy

• To handle non core activities 	 • Reduction of cycle time

Multiskilling	 • High variability in demand levels	 • High product mix

• High skill level requirements

• Aids teamworking

Banked Hours system	 • Copes with high variability in demand levels • Increases productivity

• Excessive overtime cost	 • Increases motivation

• Copes with demand uncertainty	 • Improves relationship between

management and operators

Annualised Hours system 	 • High variability in demand levels 	 • Unavailable labour for peak demand

• Eliminates overtime cost	 periods

• Short-term demand uncertainty	 • Provide work and safety training days

• Lowered absenteeism 	 • Visibility of labour cost/year

Process Improvement 	 • High variability in demand levels 	 • Competition

• Equipment breakdown

• Reduces component complexity

• Achieves common upstream processes

Equipment upgrade	 • Growth in demand levels 	 • Inflexible lines or machines

• Changing technology

Varying lead-times	 • High variability in demand levels 	 • Short and long-term demand uncertainty

• Reduces the need for volume flexibility 	 (Political changes)

• Nature (i.e. continuous) of production

process

Mix flexibility	 • High product mix	 • High set up time

• High variability in demand levels

Overtime	 • None	 • Only option available to plant

Team working	 • High variability in demand levels 	 • Increases responsibility and ownership

• Complements multiskilling	 • Encourages better relationship amongst

workers on site

Supply chain flexibility	 • None	 • Yield factor

• Many suppliers

• Component complexity

Table 13.1: Reasons for using and choosing enablers

The table above suggests that there are many different factors that influence the choice of

some solutions (or enablers) to achieve volume flexibility in manufacturing plants. For

instance, the use of the banked hours system is preferred to an annualised hours system

by Teleco (an Electronics sector contract manufacturer). The plant wins orders that are

based on bids which have highly uncertain success rates. Compared to the banked hours
system, cinnualised hours contracts do not work well in conditions of long-term demand
uncertainty over the normal planning period as they depend on a reasonably good

forecasts of overall total demand.

As discussed earlier, it was also important to seek explanations to why some solutions

are more desirable than others to some plants in the future. For instance, an annualised
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hours contract is more desirable in ftiture because it is seen to be relatively cheap by

most of the responding plants when compared to other solutions like overtime and sub-

contracting. However, as Table 13.1 above suggests, the annualised/banked hours

systems also provided the case study plants with the ability to adequately cope with

demand variability, lower the rate of absenteeism, achieve improved motivation and

productivity and have better visibility of labour costs per year.

The insights provided to answer the third Research Question lead to the seventh

conclusion for the research

7. Plants choose some solutions in preference to others to achieve volume flexibility

because of the perceived cost and other advantages which the preferred solutions offer

and the capability of the solutions to cope effectively with internal and external

conditions that the plant is faced with. For instance, an annualised hours system is

preferred to overtime hours for the achievement of volume flexibility because the former

is perceived to be relatively cheaper to implement, reduces absenteeism and copes

effectively with demand variability (seasonality) and short-term demand uncertainty (see

Table 13.1).

13.3.4 Implementing enablers and overcoming inhibitors

RQ4: How do manufacturing plants actually use the enablers and overcome the

inhibitors to achieve high levels ofvolumeflexibility?

The fourth Research Question also evolved from the survey analyses. The question was

addressed in the case studies. The conceptual framework developed for the second

Research Question has been used to summarise the insights provided for the fourth

Research Question. Only one enabler (using an annualised hours contract) has been

considered in this summary. Details of other enablers can be found in Chapters 11 and

12.
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Figure 13.7: Conceptual framework to summanse insights into RQ4

The implication of the framework above is that in order to increase the level of volume

flexibility in its manufacturing system, a manufacturing plant has to implement an enabler

such as an annualised hours system (if it finds it suitable!). In other words, the "mass"

(level of volume flexibility) has to be pushed from point 'A' to point 'B'. However, there

are some frictional forces that have to be overcome in order for the mass to get to point

'B'. These frictional forces are the inhibitors such as resistance to change. Overcoming

the inhibitors and implementing the enablers are achieved through some factors referred

to as the key implementation factors. For instance, the problem of resistance to change

can be overcome through effective management of change. This involves good

education, communication and consultations with the operators and unions, providing

financial incentives, implementing the system gradually and correct timing of launch.

The insights provided to answer the fourth Research Question lead to the eighth

conclusion.

8. Effective management of change through good education, consultation, gradual

implementation, correct timing of launch, informal management and offering of

incentives (financial or non-financial) is important for the successful implementation of

variable hours strategies such as an annualised hours contract and banked hours system
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in the achievement of high levels of volume flexibility in manufacturing plants (see Table

12.3).

Table 13.2 below sumrnarises the Research Questions and the major conclusions of this

project.

Research Questions	 Conclusions

RQI: Under what conditions does a	 1. The condition of high variability m demand levels is the major driver of volume flexibility

manufacturing plant require high levels of 	 requirements in manufacturing plants regardless of differences in sector, product and other plant

volume flexibility?	 characteristics. This is because demand variability is a characteristic shared by most markets (see Figure

13.3).

2. Apart from high variability in demand levels, there are other drivers of volume flexibility such as

short product lt cycle, short product shelf life, demand uncertainty, supply chain complexity and

high product mix (see Table 13.0). The applicability of these drivers in manufacturing plants does not

necessarily depend on the sector to which the plants belong but on other characteristics specific to the

plants in question. For instance, sho rt product shelf life is applicable to plants having products that are

perishable or deteriorate quickly and in some make-to-order businesses. Sho rt product life cycle is

applicable to plants operating in markets characterised by fierce competition, changing customer tastes

and, rapid changes in technology - that lead to rapid product obsolescence.

RQ2: Given the required capacity of 	 3. Strategies chosen by plants to achieve high levels of volume flexibility include annualised hours

equipment and an effective supply of materials 	 contracts, banked hours system, subcontracting, overtime hours, sister plants and temporany labour.

into, through and out of the production process, Problems inherent in the use of annualised hours contracts, subcontracting and tempora,y labour to

what are the other factors that enable and	 achieve volume flexibility include, resistance to change, inconsistent quality and lack of required
inhibit the achievement of volume flexibility in skills respectively (see Figure 13.4).

manufacturing plants?

4. The strategy chosen by plants to achieve high levels of volume flexibility depends on specific

characteristics of the plants that are mostly not sectoral in nature. For instance, annualised hours

contracts can be successfully adopted by any manufacturing plant expenencing high demand variability

and short-term demand uncertainty to achieve volume flexibility. It should be noted, however, that

both conditions refer to a situation in which the total demand over the planning penod is relatively

predictable.

5. Although overtime hours byflill time employees is currently the most widely used strategy to achieve

volume flexibility, this strategy is becoming less favoured in the future by manufacturing plants. There is

a growing preference for the use of variable hours strategies such as onnualised hours contracts to

achieve volume flexibility by manufacturing plants (see Figure 13.6).

6. Substitute enablers of volume flexibility exist. For instance, a variable hours strategy such as an

annualised hours contract and/or a banked-hours system can be used to substitute overtime hours by

fill time employees to achieve high levels of volume flexibility. Also, complementary enablers exist. For

instance, the strategies of multiskilling and teamworking can be used to complement annualised hours

contracts and banked hours system to achieve volume flexibility in manufacturing plants.

RQ3: Why do some plants choose some	 7. Plants choose some solutions in preference to others to achieve volume flexibility because of the

enablers and other plants choose other enablers perceived cost and other advantages, which the preferred solutions offer and the capability of the

to achieve high levels of volume flexibility?	 solutions to cope effectively with internal and external conditions that the plant is faced with. For

instance, an annualisod hours system is preferred to overtime hours for the achievement of volume

flexibility because the former is perceived to be relatively cheaper to implemeni, reduces absenteeism

and copes effectively with demand variability (seasonality) and short-term demand uncertainty (see Table

13.1).

RQ4: How do manufacturing plants implement 8. Effective management of change through good education, consultation, gradual implementation.

the enablers and overcome the inhibitors to	 correct timing of launch, informal management and offering of incentives (financial or non financial) is

achieve high levels of volume flexibility? important for the successful implementation of variable hours strategies such as an annualised hours

contract and banked hours system in the achievement of high levels of labour capacity flexibility in

manufacturing plants (see Table 12.3).

Table 13.2: Research Questions and Conclusions
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13.3.5 Limitations of the Study

It is worth mentioning the weaknesses of this research work. This evaluation can be of

some help for the advancement of research in the area of manufacturing flexibility.

Narrow focus of the research - The literature review reveals that flexibility is a multi-

dimensional concept. As such, many of the studies (Slack, 1987; Cox, 1989, Hyun and

Ahn, 1992, Suraez et al, 1996 and Thomke and Reinertsen, 1998) on flexibility have

evaluated the core identified dimensions of flexibility in an attempt to advance

knowledge in the area. Due to the relatively little attention given to the issue of volume

flexibility by researchers in the area, this research focuses on volume flexibility, although

it recognises that volume flexibility is just one aspect of manufacturing flexibility. This

focus is a limitation in the sense that the study does not provide empirical evidence that

gives a complete picture of the analysis and the implementation of flexibility as a whole

in manufacturing plants. However, by focusing on and carrying out an in-depth study on

volume flexibility, this study has improved on previous studies that tended to only

'scratch' the surface of the issues in an attempt to cover all the components of

manufacturing flexibility.

The second Research Question was focused on labour-based enablers or sources of

volume flexibility. Hence, the mail survey concentrated on exploring the labour-based

enablers of volume flexibility. This limited the scope of the survey, although respondents

were given the opportunity to identify other sources of volume flexibility that were

applicable to their respective plants. The subsequent case studies were used to correct

this limitation and the case studies reveal other sources of volume flexibility that were

not considered in the design of the survey research.

Dfjiculty in securing "hard data" about volume flexibility - Much of the evidence

obtained in relation to the analysis and implementation of volume flexibility in

manufacturing plants was based on managers' perceptions and less on objective

measures. There are two main reasons for this.

1. As the literature review has revealed, the research on measurement of flexibility as a

whole and in particular volume flexibility is still inconclusive. Authors have not

reached a consensus on how to measure volume flexibility in manufacturing plants.

Similarly, flexibility is a concept that is scarcely measured by managers. Although the

measurement of volume flexibility was not one of the empirical objectives of this

study, it was necessary to be able to assess the degree of volume flexibility of the
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plants studied. This is because enablers of volume flexibility (which the second

Research Question seeks to identify) are only enablers in so far as they provide a

system with the required volume flexibility. Most of the managers interviewed saw

the need to measure the volume flexibility of their manufacturing operations, but

none of them had systems or procedures in place that could assess it. Hence, the

assessment of the degree of volume flexibility was based on the perception of these

managers and not on objective measures.

2. In order to mitigate the above limitation, an attempt was made to carry out an

assessment of volume flexibility based on some models developed in the literature

(e.g. Slack, 1987 and Suarez et a!, 1996). Using these models requires a combination

of some sensitive quantitative data (i.e. historical production volume and data on

production cost of achieving flexibility) and some qualitative data. In most cases, the

managers were not willing to divulge this information, especially the production cost

information. In other cases the information was just not available. According to the

GMO of Teleco. "Unfortunately I have to decline this request. Forward production

planning is carried out daily/weekly such that the most recent plan is meaningful

and therefore retained. Retention of numerous iterations of plans which are

months/years out of date is not our policy ". The lack of historical data on actual

production volume and forecast as well as other attributes of the physical

environments also limited the ability to determine objectively the level and type of

demand uncertainty and in some cases demand variability that the plants experience.

Much of the evidence used to provide answers to the first Research Question (i.e.

drivers of volume flexibility) is therefore largely based on managers' perceptions.

Although some authors (e.g. Downey et al, 1975) have proposed objective measures

for factors like demand uncertainty, there have also been arguments in support of the

use of managers' perceptions. Correa (1992) argues that depending on the previous

level of knowledge of the manager and his cognitive process, the same set of stimuli

from the environment can foster different levels of perceived uncertainty in different

managers. Thus, what is certain to one person is uncertain to another, even when

decisions are based on similar quantitative data (Huff, 1978). Therefore, the use of

managers' perceptions in this research is well justified.
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13.4 Contribution of the Research

This research has contributed to the manufacturing flexibility literature and practice and

the human resources literature.

Contributions to the Concept of Manufacturing Flexibility

Many authors have proposed factors that drive organisations to require flexibility (e.g.

Zelenovic, 1982; Garrett, 1986; Slack, 1991; Guptal and Goyal, 1992 and Hyun and

Ahn, 1992). However, very few have carried out empirical studies to investigate the

relationship between these factors and flexibility (e.g. Swamidass and Newell, 1987,

Correa, 1992 and Correa and Slack, 1996). Flexibility is a multi-dimensional concept.

The components of flexibility are characterised by the types of interactions they have

with environmental or internal factors. A major gap in the manufacturing flexibility

literature has been that many of the studies have treated flexibility as a uni-dimensional

concept in spite of the huge number of contributions towards the development of various

taxonomies of manufacturing flexibility. For instance, a manufacturing plant that

experiences high variability in the demand levels of a standard product that it produces

would require volume flexibility rather than mix flexibility. By canying out an in-depth

study on one component of manufacturing flexibility (i.e. volume flexibility), this project

has partly filled a gap in the manufacturing flexibility literature, particularly in terms of

providing quantitative and qualitative empirical evidence.

1. It has identified various conditions (product, market and supply based) that would

drive a manufacturing plant to require high levels of volume flexibility. This project

shows that the applicability of these drivers is, however, contingent on a number of

factors identified, such as product and plant characteristics. By identifying the drivers

of volume flexibility and most importantly where these drivers are applicable, this

research project has contributed significantly to the manufacturing flexibility

literature as it shows that volume flexibility is not an attribute that is universally

advantageous to all manufacturing plants. Also, practising managers are able to do a

proper assessment of volume flexibility needs prior to implementing volume

flexibility. For instance, most manufacturing plants should be concerned with, and

seek for strategies that can cope with demand variability as it appears to be a

characteristic shared by most markets. Additionally, plants operating in markets

characterised by fierce competition, changing customer tastes and rapid technological

changes - that lead to rapid product obsolescence should be concerned with, and

seek for solutions to cope with short product life cycle.
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2. This study expands the understanding of the classification of manufacturing flexibility

as it proposes three dimensions of strategic manufacturing flexibility (i.e. mix, volume

and new product flexibility types). This project also advances the understanding of

the measurement of volume flexibility. Although the dimensions and measures of

flexibility proposed are based purely on theoretical frameworks, this project

contributes to areas of manufacturing flexibility literature (developing taxonomies of

flexibility and measuring flexibility) which have attracted many studies, many of

which are lacking in consensus.

3. This project has identified various mechanisms through which manufacturing plants

can achieve volume flexibility (this is explained in the next section). By providing

explanations based on empirical evidence as to why some mechanisms are preferred

to others, the project has contributed to an area of manufacturing flexibility literature,

that is, flexibility implementation that has been neglected. The insights also have

important policy implications for practising managers seeking to introduce flexibility

strategies into their operations.

4. By combining the use of quantitative (survey research) and qualitative (case studies)

methods to investigate a common phenomenon, this project has proved that the two

methods can be used to complement each other in the field of operations

management, thus making a methodological contribution to knowledge.

Implications to Practitioners

Managers need to do a proper assessment of volume flexibility needs prior to

implementing solutions to achieve volume flexibility. Some volume flexibility enablers

identified in this research and their characteristics in terms of when to use them, how to

implement them, problems in implementation and their perceived benefits are summarised

in Table 13.3 below to provide pointers for managers hoping to achieve volume

flexibility.
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Contributions to Human Resources Flexibility

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 disciplinesl This project has partly filled the gap

between labour flexibility issues in the human resources management literature and

technical aspects of production flexibility. The study has identified various mechanisms

through which a manufacturing plant can achieve volume flexibility and the potential

problems of implementation. These mechanisms are labelled enablers and inhibitors

respectively and are mostly labour-based. This project has also offered explanations of

how these enablers are used to achieve volume flexibility in manufacturing plants. These

contributions have important policy implications in terms of how to achieve volume

flexibility for practising managers involved in managing in highly turbulent and uncertain

environments. They also have implications for management of change in a production

environment. The following model has been developed to show the relationship between

human resources flexibility literature (e.g. Atkinson, 1985) and the outcome of this

project in relation to the enablers of volume flexibility.

Labour based enablers

• ganked hours system

. Annualined hours
system

•Useofovertime

H• Temporary labour 	
Numerical
Flexibility• Contract employees

Aic

Niultiskill	
I

Ing	
I

TeamworkIn%	 ______
A

Production flexibility

i Volume
flexibility	 Drivers of volume flexibility

demand levels
• High variability In

I	 I	 \.. . Demand uncertainty

• Shortening product lifeI Aids	 cycle

• Competitors actions

• Short product shelf life

I

Mix
flexibility

C

Indirect relstinnnhip

Diceot relationship

Figure 13.8: Linking human resources flexibility with production flexibility

Atkinson (1985) defined functional flexibility as the type of flexibility, which enables

employees to be re-deployed quickly and smoothly between activities and tasks. He

defined numerical flexibility as the ease with which the number of workers employed (or
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hours worked) can be adjusted to meet fluctuations in the level of demand. Using the

flexible firm model (Chapter 4), Atkinson (1985) argued that employees who provide

functional flexibility form the core group of the workforce since their skills cannot easily

be brought in. He posited that employees who provide numerical flexibility are the

peripheral workers who can easily be brought in and released in line with demand

requirements (e.g. temporary labour). The Atkinson model has come under many

attacks. Pollert (1987) argued that the concept of core and periphery workers 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).

With the model developed in Figure 13.8 above, this research has contributed to the

resolution of the above debate. The implication of Atkinson's (1985) model is that a firm

can only achieve numerical flexibility (or volume flexibility) by using peripheral workers

who can easily be brought in and released in line with demand fluctuations. These

peripheral workers are usually not as motivated and committed as the core workers are,

therefore achieving numerical flexibility in this way may lead to other problems such as

an increase in reject rates (quality problems) or low productivity. This research has

confirmed the view that peripheral workers can be used to achieve numerical flexibility

(e.g. using temporary labour and contract employees). It has, however, also provided

empirical evidence to show that an organisation's core group of workers (who would

normally only provide functional flexibility in Atkinson's model) can also be used to

provide numerical flexibility without the organisation having to resort to the use of

peripheral workers. This is achieved through the use of variable hours strategies like an

annualised hours system, banked hours system, job sharing contracts and in some cases

the use of overtime hours. Using these strategies affords an organisation the advantage

of using its motivated and committed workforce to achieve volume flexibility.

To summarise the above argument this research has found that an organisation can

achieve flexibility (both numerical and functional) by:

1. Using its core group of workers and peripheral workers to achieve both functional

and numerical flexibility respectively (Atkinson's 1985 model)

2. Using only its core group to achieve both numerical and functional flexibility.

The choice of which option to adopt depends on the characteristics of the plant or the

conditions which it faces. However, choosing option 2 has the added advantage of
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ensuring the commitment and motivation of the workforce. Workers' commitment and

motivation have been found to be important for operational success in manufacturing

organisations (Deming, 1986; Hayes eta!, 1988 and Womack eta!, 1990).

New Areas for Research

Measurement of volume flexibility - As the literature review in this project has revealed,

the studies on the measurement of volume flexibility and in fact the flexibility concept

itself as a whole are still inconclusive. A number of models have been proposed in the

literature for the measurement of flexibility. However, there has been a lack of empirical

studies to support the theoretical models. This project has proposed 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

manufacturing system to cope with future changes. This combination model should

consist of, for example, Suarez et al's (1996) objective flexibility measure and Slack's

(1987) perceptual measure of the range and response dimension of flexibility. There is a

need to further develop this combination model and test the model using a suitable

empirical investigation to check the model's validity and applicability.

Studies on other dimensions offlexibility - This project has carried out an in-depth study

on volume flexibility, defined as one of the strategic components of manufacturing

flexibility. Many studies in the literature have treated manufacturing flexibility as a uni-

dimensional concept. Interestingly, many of these studies have also revealed various

dimensions of manufacturing flexibility. By treating the issue of flexibility in the broad

sense, it is impossible to reach into the depths of the concept and to be able to address

specific questions such as those addressed in this research project. It is proposed that

future studies on manufacturing flexibility be focused on the other strategic components

of flexibility such as mix flexibility and new product flexibility. This should give a better

picture and understanding of the make up of the concept of manufacturing flexibility,

which to this day is still not well understood either by practising managers or by

academics.

Flexibility in inter-organisational networks - In recent years there has been an increase

in the coming together of firms to harness the benefits of contributing their core or

relative competencies through collaboration, while maintaining their independent

identities. If these relationships exist in a vertical sense, they are referred to as vertical

inter-organisational networks (where the core firm collaborates with its distributors and

suppliers - Achrol, 1997). Vertical networks are being captured in the supply chain
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management literature. If the relationships are between similar firms or firms operating in

similar markets, the network type is referred to as a horizontal network (Hinterhuber and

Levin, 1994 and Oliver and Ebers, 1998).

One of the reasons for the formation of these network types is for organisations to be

able to achieve flexibility either collectively or individually and be responsive to the fast

changing market environment. Thus, the study on flexibility needs to move beyond the

boundaries of individual organisations to explore the issues within different types of

network structures. It will be interesting to explore:

1. Whether flexibility is an issue in inter-organisational networks

2. Whether drivers of flexibility differ with different types of inter-organisational

networks

3. The enablers and inhibitors of flexibility in different inter-organisational networks

4. Differences and similarities in the manner in which different types of inter-

organisational networks seek to address the issue of or achieve flexibility.

As the new millennium approaches, it is clear that the market requirement will be an

extension of the existing ones. Manufacturing organisations will face more challenges,

more competition and highly uncertain environment. These will lead to the search for

different ways to reduce risks and compete in the market place. It is suggested that

flexibility should not be regarded as a thing of the past or as another passing "fad". As

this research project has shown, many of the new frontiers of competition are based on

flexibility. Thus, practitioners need to understand and implement flexibility where

appropriate before embarking on new frontiers of competition. Successful companies in

the new millennium will be those who can effectively manage the transition process faster

than their competitors.
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EI
The questionnaire design before pre-testing is presented in this appendix. This questionnaire
was pre-tested internally within the Cranfield school of Management and externally with the
pilot case study plants using a decIared or participating' pre-test method. After pre-testing,
the questionnaire was modified and the final questionnaire that was administered to Uk
manufacturing plants is displayed in Appendix 2. The cover page of the questionnaire
presented in this appendix also serves as the cover page for the final questionnaire.
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About The Survey

The study is attempting to:

(1) Investigate the conditions under which high levels of volume flexibility (i.e. the
ability to respond effectively to fluctuations in production requirements) will be
required by manufacturing plants, and

(2) Identify the enablers and inhibitors of voLume flexibility in manufacturing plants.

Please answer all questions by either checking the appropriate box, circling the
appropriate number, or by writing in the blank space provided. While you are free to
leave any question unanswered, we urge you to give us your best estimate in cases
where you do not have an exact answer.

Plant Profile and Instructions

Company name

Product/Service

Parent company name
if different from above

Plant address

Name of company contact
to whom feedback report will
be sent and to whom queries
can be directed

Position

Telephone

Fax number

Pledge of Confidentiality

Information will not be presented in any way that would identify any individual plant or firm.
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1. What percentage of the plant's total output (at
manufacturing cost) is supplied to customers; 	 Off the shelf (ex-finished goods stock)	 %

On a quoted lead time shorter than the
actual manufacturing lead time (i.e.
assemble-to-order, pack-to-order) 	 %

On a quoted lead time equal to or
longer than the actual manufacturing
lead time (through engineering design
work or backlog for example)	 %

Total output of plant	 100%

2. Which of the following characteristics drive 	 Insignificant	 Highly
your plant to require high levels of volume	 Significant

flexibility? (please circle one for each item)
High customer demand

Volume flexibility is the ability ofthe plant to valy its	 level variability	 1	 2	 3	 4	 5
production output in a timely and cost efficient manner

Short product shelf-life	 1 2 3 4 5
.Demand Level variability refers to the magnitude of variation
in the absolute quantities of actual customer demand levels. 	 Customer has more power

in the determination of
Shelf-life refers to the perceived limited elapsed time period 	 customer lead time	 1 2 3 4 5
between the date the product manufacture is completed and
the use-by' date of the product.

Short product life cycle	 1 2 3 4 5

Customer lead time is the elapsed time from the time an order	 .
is placed to delivery to the customer. 	 High unpredictability of

customer demand level	 1 2 3 4 5
Product L.fr cycle is the perceived elapsed time period that the
product is in use for before it becomes obsolete or modlYled 	 Others (please list)

_______	 12345

_______	 12345

_______	 12345

_______	 12345

Please answer questions 3-9 relating to
information about the employees directly
involved in production operations in your plant
during low, normal and peak demand
conditions on average in the past year.

Period Low	 Normal Peak
demand demand demand

3. What is the total number of employees
involved in production operations in the plant?	 Number ______ _____ _____

Period Low	 Normal Peak
demand demand demand

4a. How many of these are full-time employees? 	 Number

Hours
b. How many hours on average does each full-
time employee work in a week?
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Period Low	 Normal Peak
demand demand demand

5a. How many are part-time employees?
Numbe_____ _______ _____

b. On average, how many hours does each part-	 Hours
time employee work in a week?
• Part-time empkyees employees who only work a restricted
number of hours each week which would normally be less than
thestandard working week.	 _____ ______ _____ ____

Period Low	 Normal	 Peak

6. Of the part-timers in Q5a above, how many are	 - demand demand demand

on job-sharing contracts?	 Numbe

• Job Sharing : the equivalent fill! time job is shared between
employees in a certain proportion, say two employees sharing
50% each. The job sharers are expected to vasy hours of work in
a flexible way and are free to exchange each others rota.

Period Low	 Normal	 Peak
demand demand demand

7a. How many temporary workers do you have?	 umber

Hours
b. On average, how many hours does each	 _____	 _______
temporary worker work in a week?

• Temporary Labour : includes casual, freelance, short-term
cover or fixed-term employment. 	 _______ _________ _________

Period Low	 Normal	 Peak
demand demand demand

8a. How many contract employees do you have? 	 Numbe

Hours
b. How many hours on average does each
contract employee work in a week?

• Contract employees : Usually skilled and employed for a
fixed-tern, work full hours as company staff within the
contractual period but may not be entitled to hull company
benefits.

9a. How many workers are on annual hours
contracts or equivalent?

b. What is the average annual total hours for each
employee on this contract? 	 Hours

If you employ other variants of annual hours contract, please speci1y:
• Annual Hours Contracr a contract, which enables the
employerto vasy the number of hours, worked in a defined	 ____________________________________________
period within a context of the agreed total working hours for the
year.
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10. How did you cope with the actual fluctuations	 Never	 Used
in demand levels in the past year? Please circle 	 Used	 Extensively

one number for each strategy. 	 Overtime by full
time employees	 1 2 3 4 5

• Overtime: provides for longer hours of work than the standard
week worked normally by employees. 	 Increased hours worked

by part-time employees 1 2 3 4 5
• Sub-coniracling : Out-sourcing all or part of the production
process to absorb some of the fluctuations faced by the company Temporaiy Labour	 1 2	 3 4 5

JobSharing	 1 2	 3 4 5

Annual Hours contracts 1 2 	 3 4 5

Sub-contracting	 1 2	 3 4 5

Contract employees	 1 2	 3 4 5

Rejecting orders	 1 2	 3 4 5
Others (please list)
_______ 12 345

_______ 12 345

12	 345
11. In coping with actual demand level 	 Not	 Very
fluctuations in your plant, how would you assess 	 Costly	 Costly

the relative economics of the use of each of these
strategies? (where applicable, please circle one 	 Overtime by full time

number for each)	 employees	 1	 2	 3	 4	 5

Increased hours worked
by part-time employees 1	 2	 3	 4	 5

Temporary Labour	 1	 2	 3	 4	 5

JobSharing	 1	 2	 3	 4	 5

Annual Hours contracts 1	 2	 3	 4	 5

Sub-contracting	 1	 2	 3	 4	 5

Contract employees	 1	 2	 3	 4	 5

Rejecting orders	 1	 2	 3	 4	 5

Others (please list)
_______ 1 2 3 4 5

_______ 1 2 3 4 5

______ 1 2 3 4 5

12. Which of the above strategies do you think
was the most successful in your plant and why?
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13. In your opinion, what is the desirability of	 Not
each of the listed strategies (in terms of suitability 	 Desirable

and relative economics) in coping with demand
fluctuations in your plant in the future? (please	 Overtime by full time

circle one for each).	
employees	 1

Increased hours worked
by part-time employees 1

Temporary Labour 	 1

Job Sharing	 1

Annual Hours contracts 1

Sub-contracting	 1

Contract employees 	 1

Rejecting orders	 1

Others (please list)

Highly
Desirable

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

14. How problematic has each of the listed factors	 Not	 Vexy
been to your plant's ability to cope with demand 	 Problematic	 Problematic

fluctuations in the past two years? (please circle
one for each item used. Ignore strategies 'not 	 Getting full-time

used')	
employees to work
overtimehours	 1	 2	 3	 4	 5

Getting part-time
employees to work
increased hours	 1	 2 3	 4	 5

Securing temporaiy
Labour	 1	 2	 3	 4	 5

Implementing job
sharing	 1	 2 3	 4	 5

Implementing annual
hourscontracts 	 1	 2	 3	 4	 5

Sub-contracting	 1	 2	 3	 4	 5

Securing contract
employees	 1	 2 3	 4	 5
Others problems(please list)
_______ 1 2 3 4 5

_______ 1 2 3 4 5

1	 2	 3	 4	 5
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15. How problematic do you think each of the
listed factors will be to the ability of your plant to
cope with demand fluctuations in the future?
(please circle one for each item)

Not
Problematic

Getting full-time
employees to work
overtime hours

Getting part-time
employees to work
increased hours.	 1

Securing temporaiy
Labour	 1

Implementing job
sharing contract

Implementing annual
hours contract	 1

Sub-contracting	 1
Securing contract
employees	 I

Rejecting orders	 1
Others problems(please list)

Veiy
Problematic

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 S

2	 3	 4	 5

2	 3	 4	 5
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THANK YOU FOR COMPLETING TifiS QUESTIONNAIRE

Please write your comments below regarding the completion of this questionnaire
in terms of clarity of the questions, ease of obtaining the required information,
time spent on the questionnaire and your feelings in general.

PLEASE SEND THE COMPLETED QUESTIONNAIRE TO CRANFIELD
SCHOOL OF MANAGEMENT IN TIlE PRE-PALI) ENVELOPE OR BY FAX
TO 01234 754488.

Should you have any questions about this survey, please contact:

Goke Oke
Doctoral Researcher
Operations Management Research Centre
Cranfield School of Management
Cranfield, Bedfordshire, MK43 OAL.
Tel. 01234 754380
Fax: 01234 754488
Email: a.oke@cranfield.ac.uk
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The questionnaire shown in Appendix I was pre-tested. The revised questionnaire design
and the covering letter are, therefore, presented in this appendix. The questionnaire was
administered by mail survey to a total of 529 UK manufacturing plants.
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20 October, 1998

Mr----------

Dear Mr

Based on your past participation in the Management Today/Cranfield School of Management
Best Factory Awards, I would like to ask for your co-operation in a research programme which
we are now undertaking. This part of the research study is being carried out by my research
student, Mr. Goke Oke, as part of his doctoral studies.

The study is attempting to investigate the conditions under which high levels of volume
flexibility (i.e. the ability to respond effectively to fluctuations in production requirements) will
be required by manufacturing plants and how it can be implemented. Much has been written
lately about the importance of volume flexibility in today's markets, but no study to date has
proposed a comprehensive framework to identify the enablers and inhibitors to its
implementation through rigorous empirical analysis. We believe the results of the study will
have direct application to business practice and will contribute to filling existing gaps in
knowledge about this critical issue in manufacturing strategy.

The findings of the study will be fed back to the participating plants as the research progresses,
and there will be at least a 1-2 year delay before significant public dissemination of any results.
We hope therefore that this study might be of mutual benefit.

We would sincerely appreciate your participation in this survey which we are sure will be of
mutual benefit. The survey is being distributed to more than 500 manufacturing plants in the
UK representing various industrial classifications. In trials, the questionnaire took
approximately 15 minutes to complete.

As for the Best Factory Award, you are assured of full confidentiality in this survey. Your
completed questionnnaire will be assigned a code number and handled exclusively by the
researcher. No individual response will ever be identifiable. Only aggregate data will be used
for analysis and interpretation, and in summary reports. I do hope you will feel able to
participate.

Yours Sincerely,

Professor Cohn New
Head, Operations Management Research Center.
Cranfield School of Management.
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About The Survey

The study is attempting to:

(1) Investigate the conditions under which high levels of volume flexibility (i.e. the
ability to respond effectively to fluctuations in production requirements) will be
required by manufacturing plants, and

(2) Identify the enablers and inhibitors of volume flexibility in manufacturing plants.

Please answer all questions by either checking the appropriate box, circling the
appropriate number or by writing in the blank space provided. While you are free to
leave any question unanswered, we urge you to give us your best estimate in cases
where you do not have an exact answer.

Plant Profile and Instructions

Company name

Product/Service

Parent company name
if different from above

Plant address

Name of Company contact
to whom feedback report will
be sent and to whom queries
can be directed

Position

Telephone

Fax number

Pledge of Confidentiality

Information will not be presented in any way that would identify any individual plant or firm.
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1. Which of the following characteristics drive	 Insignificant	 Highly
your plant to require high levels of volume	 Significant

flexibility? (please circle one for each item)
High customer demand

Demand level variability refers to the magnitude of variation 	 level variability	 1	 2	 3	 4	 5
(i.e. highs & lows) in the absolute quantities of actual customer
demand levels	 Short product shelf-life 	 1	 2	 3	 4	 5

Shelf-life refers to the perceived limited elapsed time period 	 Customer has more ower
between the date the product manufacture is completed and	 .	 . . p

the 'use-by' date of the product. 	 m the determination of
customer lead time	 1	 2 3 4 5

Customer lead time is the elapsed time from the time an order
is placed to delivery to the customer. 	 Short product life cycle	 1	 2	 3	 4	 5

Product life cycle is the perceived elapsed time period that the High unpredictability of
product is in use for before it becomes obsolete or modified 	 customer demand level	 1	 2	 3	 4 5

Demand level unpredictability refers to the degree of
uncertainty in determining customer demand levels.	 Others (please list)

_______	 12345
Volume fZexi.bilily is the ability of the plant to vary its
production output in a timely and cost efficient manner	 1	 2 3 4 5

_______	 12345

_______	 12345

Questions 2-8 relate to information about the
employees (full time, part-time, temporary and
contract) directly involved in production
operations in your plant during low, normal
and peak demand conditions, over a time
period.

Within	 Over	 Over or longer
lyear	 2years	 than3years

2. Over what time penod did you (or do you)
experience fluctuations in demand levels? (i.e. 	 ______ _______________________
low, normal & peak demand). Please circle one. 	 ______ ________________________ -

3. What was (is) the average total number (head 	 Period Low	 Normal Peak

count) of employees (including full-time, part-	 ______ demand demand demand

time etc.) involved in production operations in
the plant over this time period? 	 Number

Period	 Low	 Normal Peak
demand demand demand

4a. How many of these were (are) full-time
employees?	 Number

Hours
b. How many hours on average did (does) each
full-time employee work in a week?

Period Low	 Normal	 Peak

5a. How many were (are) part-time employees? 	 demand	 demand demand

b. On average, how many hours did (does) each 	 Number

part-time employee work in a week? 	 Hours
• Part-time employees : employees who only work a restricted 	 _______ _______ ________ ________
number of hours each week which would normally be less than
the standard working week.
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6. Of the part-timers in Q5a, how many were 	 Period Low	 Normal	 Peak

(are) on job-sharing contracts?
	

demand demand demand

4umber
• Job Sharing : the equivalent fill time job is shared between
employees in a certain proportion, say two employees sharing
50% each. The job sharers are expected to vary hours of work in
a flexible way and are free to exchange each others rota.

7a. How many temporary workers did (do) you
have?

b. On average, how many hours did (does) each
temporary worker work in a week?

• Temporary Labour : includes casual, freelance, short-teem
cover or fixed-term emolovment.

8a. How many contract employees did (or do) you
have?

b. How many hours on average did (or does) each
contract employee work in a week?

• Co,,tract employees : Usually skilled and employed for a
fixed-term, work fill hours as company staff within the
contractual period but may not be entitled to full company
benefits.

9a. How many workers are on annual hours
contracts or equivalent?

b. What is the average annual total hours for each
employee on this contract?

• Annual Hours Contract: a contract which enables the
employer to vary the number of hours worked in a defmed period
within a context of the agreed total working hours for the year.

For example an employee may be contracted for and is paid to
work l900hrs yearly. The actual number of hours worked on
daily/weekly/monthly bases may vary depending on the
requirements as long as the annual total is within the l900hrs.
Hence overtime is discouraged.

If you employ other variants of annual hours contract, please
specify:

Period Low	 Normal	 Peak
demand demand demand

umber

Hours

Period Low	 Normal	 Peak

	

demand demand	 demand

umber

Hours

Hours
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Very
Costly

2	 3	 4	 5

2
	

3
	

4
	

5

2
	

3
	

4
	

5

2
	

3
	

4
	

5

2
	

3
	

4
	

5

2
	

3
	

4
	

5

2
	

3
	

4
	

5

2
	

3
	

4
	

5

2
	

3
	

4
	

5

10. How did your plant cope over the period	 Not	 Used
when you experienced fluctuations in actual 	 Used	 Extensively

demand levels? Please circle one number for each Overtime by full
time employees	 1 2 3 4 5strategy.

• Overtime: provides for longer hours of work than the standard Increased hours worked
week worked nonnally by employees, 	 by part-time employees	 1	 2	 3	 4	 5

• Job Sharing : the equivalent full time job is shared between 	 Temporary Labour 	 1	 2	 3	 4	 5
employees in a certain proportion, say two employees sharing
50%each. Thejobsharersareexpectedtovaryhoursofworkin Job Sharing	 1	 2	 3	 4	 5a flexible way and are free to exchange each others rota

• Aflnual Hours Contract: a contract which enables the	 Annual Hours contracts 	 1	 2 3 4 5
employer to vaiy the number of hours worked in a defmed period
within a context of the agreed total working hours for the year 	 Sub-contracting	 1	 2 3	 4	 5

• Sub-contracting : Out-sourcing all or rart of the production	 Contract employees	 1	 2 3	 4	 5process to absorb some of the fluctuations faced by the company

Varying lead times 	 1	 2 3 4 5

Rejecting orders	 1	 2 3	 4	 5
Others (please list)
_______ 1 2345

_______ 12 345

12	 345
11. In coping with actual demand level
fluctuations in your plant, how would you assess
the relative economics of the use of each of these
strategies? (please circle one number for each).
Your perceptions for strategies 'not used' is also
sought.

Not
Costly

Overtime by full time
employees	 1

Increased hours worked
by part-time employees 1

Temporary Labour	 1

Job Sharing	 1

Annual Hours contracts 1

Sub-contracting	 1

Contract employees 	 1

Varying lead times	 1

Rejecting orders

Others (please list)
2
	

3
	

4
	

5

2
	

3
	

4
	

5

2
	

3
	

4
	

5
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12. Which of the above strategies (in Q 10) do you ______________________________________________
think was the most successful in your plant and
why?

13. In your opinion, what will the desirability of 	 Not	 Highly
each of the listed strategies (in terms of suitability 	 Desirable	 Desirable

and relative economics) be in coping with
demand fluctuations in your plant in the future? Overtime by full time

(please circle one for each).	
employees	 1	 2	 3	 4	 5

Increased hours worked
by part-time employees 1 	 2	 3	 4	 5

Temporary Labour 	 1	 2 3	 4	 5

JobSharing	 1	 2	 3	 4	 5

Annual Hours contracts 1 	 2	 3	 4	 5

Sub-contracting 	 1	 2	 3	 4	 5

Contract employees	 1	 2	 3	 4	 5

Varying lead times	 1	 2	 3	 4	 5

Rejecting orders	 1	 2	 3	 4	 5

Others (please list)
_______ 1 2 3 4 5

_______ 1 2 3 4 5

	

1	 2	 3	 4	 5

14. How problematic has each of the listed factors 	 Not	 Very
been to your plant's ability to meet production	 Problematic	 Problematic

output requirements during the period of demand
fluctuations? (please circle one for each item 	 Hiring full-time

used. Ignore strategies 'not used') 	
employees	 1	 2	 3	 4	 5

Getting full-time
employees to work
overtime hours	 1	 2 3 4 5

Getting part-time
employees to work
increased hours	 1	 2	 3	 4	 5

Securing temporary
Labour	 1	 2 3	 4	 5

Implementing job
sharing	 1	 2	 3	 4	 5

Continued.........
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Not	 Very
Question 14 continued:

	

	 Problematic	 Problematic
Implementing annual
hours contracts	 1	 2	 3	 4	 5

Sub-contracting 	 1	 2	 3	 4	 5

Securing contract
employees	 1	 2	 3	 4	 5

Getting customers to
agree to variations in
leadtime.	 1	 2	 3	 4	 5

Others problems(please list)
_______ 1 2 3 4 5

_______ 1 2 3 4 5

1	 2	 3	 4	 5

15. If you were to use them in future, how	 Not	 Very
rnb1,miir. ,lrs ,n.. f1i1, r4 nfil 1cf,1	 Problematic	 Problematic1tt	 S..#LSLUt.SS flJ J ) U L&flLLfl tt•.#1L .JS '-S AS# AAOL..4

factors will be to the ability of your plant to cope
Hirmg full-timewith demand fluctuations? (please circle one for

each item). Ignore strategies that you will not	
employees	 1

consider at all to cope with demand level 	 Getting full-time
fluctuations in the future. 	 employees to work

overtime hours

Getting part-time
employees to work
increased hours.	 1

Securing temporary
Labour	 I

Implementing job
sharing contract	 1

Implementing annual
hours contract

Sub-contracting	 I
Securing contract
employees	 1

Getting customers to
agree to variations in
lead time	 1

Rejecting orders 	 1
Others problems(please list)

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4
	

5

2	 3	 4
	

5

2	 3	 4
	

5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

2	 3	 4	 5

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE
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Please write any comments you may have below:

PLEASE SEND THE COMPLETED QUESTIONNAIRE WITHIN THE NEXT
15 DAYS TO CRANFIELD SCHOOL OF MANAGEMENT IN THE PRE-PAID
ENVELOPE. THANK YOU.

Should you have any questions about this survey, please contact:

Goke Oke
Doctoral Researcher
Operations Management Research Centre
Cranfield School of Management
Cranfield, Bedfordshire, MK43 OAL.
Tel. 01234 754380
Fax: 01234 754488
Email : a.oke@cranfleld.ac.uk
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I APPENDIX3 F

The results of the reliability test carned out for the questionnaire are presented in this appendix.
The questionnaire was given to different managers working in the same plant within the
production department. Collusion amongst respondents was highly discouraged. 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.

Plant A —2 respondents

****** Method 1 (space saver) will be used for this analysis *****

RELIABILITY ANALYSIS - SCALE	 (ALPHA)

Reliabil ity Coefficients

N of Cases =	 44.0	 N of Items = 2

Alpha	 .9278

Plant B —3 respondents

****** Method 1 (space saver) will be used for this analysis ******

RELIABILITY ANALYSIS - SCALE	 (ALPHA)

Reliability Coefficients

N of Cases =	 44.0	 N of Items = 3

Alpha =	 .8023

408



Plant C —3 respondents

****** Method 1 (space saver) will be used for this analysis ******

RELIABILITY ANALYSIS - SCALE	 (ALPHA)

Reliability Coefficients

N of Cases =	 44.0	 N of Items = 3

Alpha	 .8630

Plant D —3 respondents

****** Method 1 (space saver) will be used for this analysis ******

RELIABILITY ANALYSIS - SCALE	 (ALPHA)

Reliability Coefficients

N of Cases =	 44.0	 N of Items = 3

Alpha	 .8533

PJant E —2 respondents

****** Method 1 (space saver) will be used for this analysis ******

RELIABILITY ANALYSIS - SCALE	 (ALPRA)

Reliability Coefficients

N of Cases =	 44.0	 N of Items = 2

Alpha	 .8741
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EE±E±EI]
The results of the analysis of Research Question One (i.e. Drivers of volume flexibility) based on
an uncollapsed scale are presented in this appendix. These are:

1. The percentage of responding plants rating the drivers on a 5-point significance rating scale
across sectors.

2. Chi-square tests to determine whether differences in ratings are sector dependent.

An example of the SPSS Syntax programme used to execute the analysis is given below:

CROSSTABS
iTABLESdemvar BY sector
/FORMAT= AVALUE NOINDEX BOX LABELS TABLES
/STATISTIC=CHISQ
/CELLS= COUNT ROW COLUMN.

demvar is the variable that represents high variability in demand levels
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High demand level variability * Sector Crosstabulatiofl

___________ ___________ ___________ Sector 	___________ ___________ __________ ___________ _______ Total
Process	 Eng.	 Eng. Capital	 Electronics Household	 Food

Consumer	 kits	 products
____________ ____________ ____________ ____________ goods 	 ____________ ___________ ____________ ________ ________

High	 Insignificant	 Count	 1	 1
demand
level
variability____________ ____________ ____________ ____________ ____________ ___________ ____________ ________ ________

% within 100.0% 100.0%
High
demand
level

____________ ____________ variability 	 ____________ ____________ ____________ ___________ ____________ ________ ________
% within	 4.2%	 .8%

__________ __________ Sector	 __________ __________ __________ _________ __________ _______ _______
Less	 Count	 1	 3	 1	 1	 6

____________ Significant	 ____________ ____________ ____________ ____________ ___________ ____________ ________ ________
%within	 16.7%	 50.0%	 16.7%	 16.7%	 100.0%
High
demand
level

____________ ____________ variability 	 ____________ ____________ ____________ ___________ ____________ ________ ________
% within	 42%	 25.0%	 4.5%	 6.7%	 5.0%

__________ __________ Sector	 __________ __________ __________ _________ _________ ______ _______
___________ Significant	 Count	 1	 3	 2	 5	 2	 1	 14

%within	 7.1%	 21.4%	 14.3%	 35.7%	 14.3%	 7.1%	 100.0%
High
demand
level

____________ ____________ variability 	 ____________ ____________ ____________ ___________ ____________ ________ ________
%within	 4.2%	 11.5%	 16.7%	 22.7%	 9.5%	 6.7%	 11.7%

____________ ____________ Sector 	 ____________ ____________ ____________ ___________ ____________ ________ ________
More	 Count	 12	 12	 4	 8	 9	 4	 49

_____________ Significant 	 ____________ ____________ ____________ ____________ ___________ ____________ ________ ________
% within	 24.5%	 24.5%	 8.2%	 16.3%	 18.4%	 8.2%	 100.0%
High
demand
level

_____________ ____________ variability 	 ____________ ____________ ____________ ___________ ____________ ________ ________
% within	 50.0%	 46.2%	 33.3%	 36.4%	 42.9%	 26.7%	 40.8%

___________ ___________ Sector	 __________ ___________ ___________ __________ __________ _______ _______
Highly	 Count	 9	 11	 3	 8	 10	 9	 50

_____________ significant 	 ____________ ____________ ____________ ____________ ___________ ____________ ________ ________
%within	 18.0%	 22.0%	 6.0%	 16.0%	 20.0%	 18.0%	 100.0%
High
demand
level

____________ ____________ variability 	 ____________ ____________ ____________ ___________ ____________ ________ ________
%within	 37.5%	 42.3%	 25.0%	 36.4%	 47.6%	 60.0%	 41.7%

__________ __________ Sector	 __________ __________ __________ _________ __________ _______ _______
Total	 ___________ Count	 24	 26 ________ 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
High
demand
level

___________ ___________ variability 	 ___________ ___________ ___________ __________ ___________ _______ ________
%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%

___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ _______ _______

Chi-Sauare Tests
df	 I Asyrnp.Sig.

Pearson

Likelihood	 21.148	 20	 .388
Ratio
Linear-by-	 1.528	 1	 .216
Linear
Association
Nof Valid	 120

a - 19 cells (63.3%) have expected count less than 5. The minimum expected count is .10.
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Short Product Shelf Life * Sector Crosstabulation

____________ ___________ ___________ Sector	 ___________ ___________ ___________ ___________ _______ Total
Process	 Eng.	 Eng. Capital	 Electronics	 Household	 Food

Consumer	 kits
_____________ ____________ ____________ ____________ goods	 ____________ ____________ ____________ _______ ________
Short	 Insignificant	 Count	 15	 18	 11	 14	 14	 3	 75
Product
ShelfLife	 ___________ ___________ ___________ ___________ ___________ ___________ ___________ _______ _______

%within	 200%	 24.0%	 14.7%	 18.7%	 18.7%	 4.0%	 100.0%
Short
Product

___________ ___________ Shelf Life 	 ___________ ___________ ___________ ___________ ___________ _______ _______
%within	 62.5%	 69.2%	 91.7%	 63.6%	 66.7%	 20.0% 62.5%

__________ __________ Sector	 __________ __________ __________ __________ __________ ______ _______
Less	 Count	 7	 5	 1	 5	 4	 4	 26

_____________ significant 	 _____________ _____________ _____________ _____________ _____________ _____________ ________ _________
%within	 26.9%	 19.2%	 3.8%	 19.2%	 15.4%	 15.4%	 100.0%
Short
Product

___________ ___________ Shelf Life 	 ___________ ___________ ___________ ___________ ___________ _______ _______
%within	 292%	 192%	 8.3%	 22.7%	 19.0%	 26.7% 21.7%

___________ ___________ Sector 	 ___________ ___________ ___________ ___________ ___________ _______ _______
___________ Significant	 Count	 1	 1	 ___________ 1	 1	 2	 6

%within	 16.7%	 16.7%	 16.7%	 16.7%	 33.3%	 100.0%
Short
Product

___________ ____________ Shelf Life 	 ___________ ___________ ___________ ___________ ___________ _______ _______
% within	 4.2%	 3.8%	 4.5%	 4.8%	 13.3% 5.0%

____________ _____________ Sector 	 ____________ ____________ ____________ ____________ ____________ _______ ________
More	 Count	 1	 1	 2	 2	 5	 11

____________ Significant 	 ____________ ____________ ____________ ____________ ____________ ____________ _______ ________
%wflhin	 9.1%	 9.1%	 18.2%	 18.2%	 45.5% 100.0%
Short
Product

___________ ___________ Shelf Life	 ___________ ___________ ___________ ___________ ___________ _______ _______
%within	 4.2%	 3.8%	 9.1%	 9.5%	 33.3% 9.2%

__________ __________ Sector	 __________ __________ __________ __________ __________ ______ _______
Highly	 Count	 1	 1	 2

______________ significant	 _____________ _____________ _____________ _____________ _____________ _____________ ________ _________
% within	 50.0%	 50.0%	 100.0%
Short
Product

___________ __________ Shelf Life 	 __________ __________ __________ __________ __________ ______ _______
%withln	 3.8%	 6.7%	 1.7%

___________ ___________ Sector 	 ___________ ___________ ___________ ___________ ___________ _______ _______
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
Short
Product

___________ __________ Shelf Life	 __________ __________ __________ __________ __________ ______ _______
%within	 1OQ.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0	 100.0%

__________ __________ Sector	 __________ __________ __________ __________ __________ ______ ______

Chi-Square Tests

Value	 dl	 Asymp. Sig.
_____________ ____________ ____________ (2-sided)
Pearson	 27.372k	 20	 .125
Chi-Square ____________ ____________ ____________
Likelihood	 26.656	 20	 .145
Ratio___________ ___________ ___________
Linear-by-	 6.915	 1	 .009
Linear
Association____________ ____________ ____________
Not Valid	 120
Cases____________ ____________ ____________

a - 22 cells (73.3%) have expected count less than 5. The minimum expected count is .20.
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Lead time determined by customers * Sector Crosstabulation

_____________ ____________ ____________ Sector	 ____________ ____________ ____________ ____________ _______ Total
Process	 Eng.	 Eng. Capital	 Electronics	 Household	 Food

Consumer	 kits
____________ ____________ ____________ ____________ goods 	 ____________ ____________ ____________ _______ __________

Lead time	 Insignificant	 Count	 2	 1	 2	 1	 6
determined
by
customers____________ ____________ ____________ ____________ ____________ ____________ ____________ _______ __________

%within	 33.3%	 16.7%	 33.3%	 16.7%	 100.0%
Lead time
determined

by
____________ _____________ customers	 ____________ ____________ ____________ ____________ ____________ _______ __________

% within	 8.3%	 3.8%	 9.1%	 6.7%	 5.0%
___________ ___________ Sector 	 ___________ __________ ___________ ___________ ___________ ______ ________

Less	 Count	 2	 1	 2	 1	 2	 1	 9
____________ significant 	 ____________ ____________ ____________ ____________ ____________ ____________ _______ __________

%within	 22.2%	 11.1%	 22.2%	 11.1%	 222%	 11.1%	 100.0%
Lead time
determined
by

___________ ___________ customers ___________ ___________ ___________ ___________ ___________ ______ _________

% within	 8.3%	 3.8%	 16.7%	 4.5%	 9.5%	 6.7%	 7.5%
__________ __________ Sector	 __________ __________ __________ __________ __________ ______ ________

___________ Significant	 Count	 8	 9	 7	 7	 6	 2	 39
%within	 20.5%	 23.1%	 17.9%	 17.9%	 15.4%	 5.1%	 100.0%
Lead time
determined
by

___________ ___________ customers ___________ ___________ ___________ ___________ ___________ _______ _________
%within	 33.3%	 34.6%	 58.3%	 31.8%	 28.6%	 13.3% 32.5%

___________ ___________ Sector	 ___________ ___________ ___________ ___________ ____________ _______ _________
More	 Count	 10	 11	 1	 8	 7	 5	 42

____________ Significant	 ____________ ____________ ____________ ____________ ____________ ____________ _______ __________
%within	 23.8%	 26.2%	 2.4%	 19.0%	 16.7%	 11.9%	 100.0%
Lead time
determined
by

____________ ____________ customers ____________ 	 ____________ ____________ _______ __________
%within	 41.7%	 42.3%	 8.3%	 36.4%	 33.3%	 33.3% 35.0%

___________ ___________ Sector	 ___________ ___________ ___________ ___________ ___________ _______ ________
Highly	 Count	 2	 4	 2	 4	 6	 6	 24

_____________ Significant	 _____________ _____________ _____________ _____________ _____________ _____________ ________ __________

%within	 8.3%	 16.7%	 8.3%	 16.7%	 25.0%	 25.0%	 100.0%
Lead time
determined
by

____________ ____________ customers 	 ____________ ____________ ____________ ____________ ____________ _______ __________

% within	 8.3%	 15.4%	 16.7%	 18.2%	 28.6%	 40.0% 20.0%
__________ __________ Sector 	 __________ __________ __________ __________ __________ ______ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
Lead time
determined
by

___________ ___________ customers ___________ ___________ ____________ ___________ ___________ ______ _________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0	 100.0%

__________ __________ Sector	 __________ __________ __________ __________ __________ ______ ________

re Tests
I Value

20

20	 I .425

Linear-by-	 3.760	 1	 .053
Linear

Cases

a - 20 cells (66.7%) have expected count less than 5. The minimum expected count is .60.
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Short Product Life Cycle * Sector Crosstabulation

_____________ ____________ _____________ Sector 	____________ _____________ ___________ ____________ ________ Total

Process	 Eng.	 Eng. Capital	 Electronics Household	 Food
Consumer	 kits

______________ _____________ ______________ _____________ goods	 _____________ ____________ _____________ _________ ___________
Short	 Insignificant	 Count	 17	 14	 7	 6	 9	 8	 61
Product Life
Cycle____________ ____________ ____________ ____________ ____________ ___________ ____________ ________ ___________

%within	 27.9%	 23.0%	 11.5%	 9.8%	 14.8%	 13.1%	 100.0%
Short
Product Life

_____________ ____________ Cycle	 ____________ ____________ ____________ ___________ ____________ ________ __________
% within	 70.8%	 53.8%	 58.3%	 27.3%	 42.9%	 53.3%	 50.8%

___________ __________ Sector	 __________ __________ __________ _________ __________ _______ ________
Less	 Count	 5	 5	 3	 11	 6	 2	 32

____________ Significant	 ____________ ____________ ____________ ____________ ___________ ____________ ________ __________
%within	 15.6%	 15.6%	 9.4%	 34.4%	 18.8%	 6.3%	 100.0%
Short
Product Life

____________ ____________ Cycle	 ____________ ____________ ____________ ___________ ____________ ________ __________
%within	 20.8%	 19.2%	 25.0%	 50.0%	 28.6%	 13.3%	 26.7%

___________ ___________ Sector	 ___________ ___________ ___________ _________ __________ _______ _________
___________ Significant	 Count	 1	 4	 2	 2	 4	 2	 15

%within	 6.7%	 26.7%	 13.3%	 13.3%	 26.7%	 13.3%	 100.0%
Short
Product Life

____________ ____________ Cycle	 ____________ ____________ ____________ ___________ ____________ ________ __________
%within	 4.2%	 15.4%	 16.7%	 9.1%	 19.0%	 13.3%	 12.5%

___________ ___________ Sector 	 ___________ ___________ ___________ __________ ___________ _______ _________
More	 Count	 1	 2	 3	 2	 1	 9

____________ Significant	 ____________ ____________ ____________ ____________ ___________ ____________ ________ __________
%within	 11.1%	 22.2%	 33.3%	 22.2%	 11.1%	 100.0%
Short
Product Life

____________ ____________ Cycle 	 ____________ ____________ ____________ ___________ ____________ ________ __________
% within	 4.2%	 7.7%	 13.6%	 9.5%	 6.7%	 7.5%

__________ __________ Sector	 __________ __________ __________ _________ __________ ______ ________
Highly	 Count	 1	 2	 3

___________ Significant	 ___________ ___________ ___________ ___________ __________ ___________ ________ _________
%within	 33.3%	 66.7%	 100.0%
Short
Product Life

____________ ____________ Cycle 	 ____________ ____________ ____________ ___________ ____________ ________ __________
% within	 3.8%	 13.3%	 2.5%

___________ ___________ Sector 	 ___________ ___________ ___________ __________ ___________ _______ _________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
Short
Product Life

____________ ____________ Cycle 	 ____________ ____________ ____________ ___________ ____________ ________ __________
%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%

__________ __________ Sector	 __________ __________ __________ _________ __________ _______ ________

Chi-Square Tests

Value	 df	 Asyrnp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 25.431'	 20	 .185
Chi-Square ___________ ___________ ___________
Likelihood	 24.562	 20	 .219
Ratio_____________ ____________ ____________
Linear-by-	 4.865	 1	 .027
Linear
Association_____________ ____________ ____________
Nof Valid	 120
Cases_____________ ____________ ____________

a - 20 cells (66.7%) have expected count less than 5. The minimum expected count is .30.
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High Unpredictability of demand Levels * Sector Crossabulation

___________ ___________ ____________ Sector 	___________ ___________ ___________ __________ _______ Total
Process	 Eng.	 Eng. Capital Electronics	 Household	 Food

Consumer	 kits
_____________ _____________ ______________ _____________ goods	 _____________ _____________ ___________ _________ _____________
High	 Insignificant	 Count	 1	 2	 3
Unpredictab
ility of
demand
levels_____________ _____________ _____________ _____________ _____________ ______________ ___________ _________ _____________

%within	 33.3%	 66.7%	 100.0%
High
Unpredictab
ilityof
demand

______________ _____________ levels 	 _____________ _____________ _____________ 	 ___________ _________ _____________

% within	 3.8%	 9.5%	 2.5%
__________ __________ Sector	 __________ __________ __________ __________ ________ ______ __________

Less	 Count	 6	 2	 1	 1	 4	 14
____________ Significant 	 ____________ ____________ ____________ ____________ _____________ ___________ ________ ____________

% within	 42.9%	 14.3%	 7.1%	 7.1%	 28.6%	 100.0%
High
Unpredictab
ilityof
demand

____________ ____________ levels 	 ____________ ____________ ____________ ____________ ___________ ________ ____________
% within	 25.0%	 16.7%	 4.5%	 4.8%	 26.7%	 11.7%

__________ __________ Sector	 __________ __________ __________ __________ _________ _______ __________
___________ Significant 	 Count	 5	 4	 3	 3	 5	 3	 23

%within	 21.7%	 17.4%	 13.0%	 13.0%	 21.7%	 13.0%	 100.0%
High
Unpredictab
ility of
demand

____________ ____________ levels	 ____________ ____________ ____________ ____________ ___________ ________ ____________
% within	 20.3%	 15.4%	 25.0%	 13.6%	 23.8%	 20.0%	 19.2%

__________ __________ Sector	 __________ __________ __________ __________ _________ _______ __________

More	 Count	 11	 15	 6	 12	 9	 5	 58
____________ Significant	 ____________ ____________ ____________ ____________ ____________ ___________ ________ ____________

% within	 19.0%	 25.9%	 10.3%	 20.7%	 15.5%	 8.6%	 100.0%
High
Unpredictab
ility of
demand

_____________ _____________ levels 	 _____________ _____________ _____________ _____________ ___________ _________
%within	 45.8%	 57.7%	 50.0%	 545%	 42.9%	 33.3%	 48.3%

__________ __________ Sector	 __________ __________ __________ __________ ________ ______ __________
Highly	 Count	 2	 6	 1	 6	 4	 3	 22

____________ significant	 ____________ ____________ ____________ ____________ ____________ ___________ ________ ____________
% within	 9.1%	 27.3%	 4.5%	 27.3%	 18.2%	 13.6%	 100.0%
High
Unpredictab
ility of
demand

_____________ _____________ levels	 _____________ _____________ _____________ _____________ ____________ _________ _____________

% within	 8.3%	 23.1%	 8.3%	 27.3%	 19.0%	 20.0%	 18.3%
___________ ___________ Sector 	 ___________ ___________ ___________ ___________ __________ _______ ___________

Total	 __________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
High
Unpredictab
ilityol
demand

___________ ____________ levels 	 ___________ ___________ ___________ ____________ __________ _______ ___________
%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%

__________ ___________ Sector	 __________ __________ __________ ___________ _________ _______ __________
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Chi-Square Tests

Value	 df	 Asymp.Sig.
____________ ____________ ____________ (2-sided)
Pearson	 23.631	 20	 259
Chi-Square ____________ ____________ ____________
Likelihood	 25.966	 20	 .167
Ratio___________ ___________ ___________
Linear-by-	 .082	 1	 .774
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________

a - 24 cells (80.0%) have expected count less than 5. The minimum expected count is .30.
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APPENDIX 5

The results of the analysis of Research Question One (i.e. Drivers of volume flexibility) based on
a collapsed scale are presented in this appendix. These are:

1. The percentage of responding plants rating the drivers on a 3-point significance rating scale
across sectors.

2. Chi-square tests to determine whether differences in ratings are sector dependent.

An example of the SPSS Syntax programme used to collapse the scales is given below:

IF (demvar 1) demva = I
EXECUTE.

IF (demvar = 2 or demvar = 3) demva = 2.
EXECUTE.

IF (demvar 4 or demvar = 5) demva 3.
EXECUTE.

Demvar represents variable of demand variability on an uncollapsed scale
Demva represents new variable of demand variability on the collapsed scale.

An example of the SPSS Syntax programme used to compute the analysis is given below:

CROSSTABS
/TABLES=demva BY sector
/FORMAT= AVALUE NOINDEX BOX LABELS TABLES
/STATISTIC=CHISQ
ICELLS= COUNT ROW COLUMN.

417



High demand level variabilfty (DEMVA) * Sector Crosstabulation

___________ ____________ ___________ Sector 	___________ ___________ __________ ___________ _______ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
___________ ____________ ___________ ___________ goods	 ___________ __________ ___________ _______ _________
DEMVA1.00	 Count	 1	 __________ __________ _________ __________ _______ 1

% within	 100.0%	 100.0%
_________ _________ DEMVA	 _________ _________ _________ ________ _________ ______ _______

% within	 42%	 .8%
___________ ___________ Sector 	 ___________ __________ ___________ __________ ___________ _______ _________
___________ 2.00	 Count	 2	 3	 5	 6	 2	 2	 20

%within	 10.0%	 15.0%	 25.0%	 30.0%	 10.0%	 10.0%	 100.0%
________ DEMVA	 ________ ________ ________ ________ ________ _____ _______

%within	 8.3%	 11.5%	 T%	 27.3%	 9.5%	 13.3%	 16.7%
__________ __________ Sector	 __________ __________ __________ _________ __________ _______ ________
___________ 3.00	 Count	 21	 23	 7	 16	 19	 13	 99

%within	 21.2%	 23.2%	 7.1%	 16.2%	 19.2%	 13.1%	 100.0%
_________ _________ DEMVA	 _________ _________ _________ ________ _________ ______ _______

% within	 87.5%	 88.5%	 58.3%	 72.7%	 90.5%	 86.7%	 82.5%
__________ __________ Sector	 __________ __________ __________ _________ __________ _______ ________
Total	 ___________ Count 	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ DEMVA	 _________ ________ _________ ________ _________ ______ _______

% within	 100.0%	 0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
___________ Sector	 ___________ ____________ ___________ __________ ___________ ________ _________

Chi-Square Tests

Value	 df	 Asymp. Sig.
______________	 _________ _____________ (-slded)
Pearson	 13.620	 10	 .191
Chi-Square	 _______ ___________ ___________
Likelihood	 11.763	 10	 .301
Ratio___________ ____________ ___________
Linear-by-	 .292	 1	 .589
Linear
Association___________ ___________ ___________
Nof Valid	 120

LCases

a - 4 cells (22.2%) have expected count less than 5. The minimum expected count is 1.10.
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Short product shelf life (SHELIF) * Sector Crosstabulation

____________ ____________ _____________ Sector 	____________ _____________ ___________ ____________ ________ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
____________ ____________ _____________ ____________ goods	 _____________ ___________ ____________ ________ ___________
SHELIF	 1.00	 Count	 15	 18	 11	 14	 14	 3	 75

% within	 20.0%	 24.0%	 14.7%	 18.7%	 18.7%	 4.0%	 100.0%
__________ __________ SHELIF	 __________ __________ ___________ _________ __________ _______ _________

%within	 62.5%	 69.2%	 91.7%	 63.6%	 66.7%	 20.0%	 62.5%
___________ ___________ Sector	 ___________ ___________ ____________ __________ ___________ _______ __________
___________ 2.00	 Count	 8	 6	 1	 6	 5	 6	 32

%wilhin	 25.0%	 18.8%	 3.1%	 18.8%	 15.6%	 18.8%	 100.0%
__________ __________ SHELIF	 __________ __________ ___________ _________ __________ _______ _________

% within	 33.3%	 23.1%	 8.3%	 27.3%	 23.8%	 40.0%	 26.7%
__________ __________ Sector	 __________ __________ ___________ _________ __________ _______ _________
___________ 3.00	 Count	 1	 2	 ___________ 2	 2	 6	 13 -

% within	 7.7%	 15.4%	 15.4%	 15.4%	 46.2%	 100.0%
__________ __________ SHELIF	 __________ __________ __________ _________ __________ ______ ________

%within	 4.2%	 7.7%	 9.1%	 9.5%	 40.0%	 10.8%
___________ ___________ Sector 	 ___________ ___________ ____________ __________ ___________ _______
Total	 ___________ Count 	 24	 26	 12	 22	 21	 15	 120

% within	 20.O%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
___________ __________ SHELIF	 __________ __________ ___________ _________ __________ _______ _________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
___________ __________ Sector 	 __________ __________ ___________ _________ __________ _______ _________

Chi-Square Tests

Value	 df	 Asymp. Sig.
____________ ___________ ___________ (2-sided)
Pearson	 23.720	 10	 .008
Chi-Square ___________ ___________ ___________
Likelihood	 22.271	 10	 .014
Ratio____________ ____________ ____________
Linear-by-	 5.908	 1	 .015
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases_________ _________ _________

a -3 cells (16.7%) have expected countless than 5. The minimum expected count is 1.30.
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Customer influence in lead time determination (LEADTIM) * Sector Crosstabulation

___________ ___________ ____________ Sector 	 ___________ ___________ __________ ___________ ________ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
____________ ____________ _____________ ____________ goods 	 ____________ ___________ ____________ ________ ____________
LEADTIM1.00	 Count	 2	 1	 __________ 2	 __________ 1	 6

%within	 33.3%	 16.7%	 33.3%	 16.7%	 100.0%
__________ __________ LEADTIM __________ __________ __________ _________ __________ _______ __________

%wtthin	 8.3%	 3.8%	 9.1%	 6.7%	 5.0%
__________ __________ Sector	 __________ __________ __________ _________ __________ _______ __________
___________ 2.00	 Count	 10	 10	 9	 8	 8	 3	 48

%wtthin	 20.8%	 20.8%	 18.8%	 16.7%	 16.7%	 6.3%	 100.0%
________ ________ LEADTIM ________ ________ ________ _______ ________ ______ ________

% within	 41.7%	 38.5%	 75.0%	 36.4%	 38.1%	 20.0%	 40.0%
_________ _________ Sector 	 _________ _________ _________ ________ _________ ______ _________
__________ 3.00	 Count	 12	 15	 3	 12	 13	 11	 66

%within	 18.2%	 22.7%	 4.5%	 18.2%	 19.7%	 16.7%	 100.0%
_________ _________ LEADTIM ________ _________ _________ ________ _________ ______ _________

% within	 50.0%	 57.7%	 25.0%	 54.5%	 61.9%	 73.3%	 55.0%
__________ __________ Sector	 __________ __________ __________ _________ __________ _______ __________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0% -
_________ _________ LEADTIM _________ _________ _________ ________ _________ ______ _________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
____________ _____________ Sector 	 ____________ ____________ ____________ ___________ ____________ ________

Chi-Square Tests

Value	 df	 Asyrup. Sig.
_____________ ______________ _____________ (2-sided)
Pearson	 11.578	 10	 .314
Chi-Square ____________ ___________ ___________
Likelihood	 12.988	 10	 .224
Ratio____________ ___________ ___________
Linear-by-	 2.263	 1	 .133
Linear
Association_____________ ____________ ____________
Not Valid	 120
Cases_____________ ____________ ____________

a -2 cells (11.1%) have expected count less than 5. The minimum expected count is 1.60.
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Short Product life cycle (LIFCYCL) * Sector Crosstabulation

___________ ___________ ___________ Sector	 ___________ ___________ __________ ___________ _______ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ___________ ____________ ________ ___________
LIFCYCL	 1.00	 Count	 17	 14	 7	 6	 9	 8	 61

%within	 27.9%	 23.0%	 11.5%	 9.8%	 14.8%	 13.1%	 100.0%
_________ _________ LIFCYCL _________ _________ _________ ________ _________ ______ ________

% wtthin	 70.8%	 53.8%	 58.3%	 27.3%	 42.9%	 53.3%	 50.8%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ ___________ _______ _________
___________ 2.00	 Count	 6	 9	 5	 13	 10	 4	 47

%within	 12.8%	 19.1%	 10.6%	 27.7%	 21.3%	 8.5%	 100.0%
__________ __________ LIFCYCL	 __________ __________ __________ _________ __________ ______ ________

%within	 25.0%	 34.6%	 41.7%	 59.1%	 47.6%	 26.7%	 39.2%
___________ ___________ Sector	 ___________ ___________ ___________ __________ ___________ _______ _________
___________ 3.00	 Count	 1	 3	 ___________ 3	 2	 3	 12

% within	 8.3%	 25.0%	 25.0%	 16.7%	 25.0%	 100.0%
_________ _________ LIFCYCL _________ _________ __________ ________ _________ ______ ________

%within	 4.2%	 11.5%	 13.6%	 9.5%	 20.0%	 10.0%
__________ __________ Sector 	 __________ __________ __________ _________ __________ ______ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0% -	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ _________ LIFCYCL	 _________ _________ __________ ________ _________ ______ ________

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
___________ __________ Sector 	 __________ __________ ___________ _________ __________ _______ _________

Chi-Square Tests

Value	 dl	 Asymp. Sig.
____________ ____________ __________ (2-sided)
Pearson	 13.223k	 10	 .211
Chi-Square ____________ __________ _______________
Likelihood	 14.509	 10	 .151
Ratio____________ __________ _______________
Linear-by-	 4.343	 1	 .037
Linear
Association_____________ ___________ ________________
Nof Valid	 120
Cases____________ __________ _______________

a - 3 cells (16.7%) have expected count less than 5. The minimum expected count is 1.20.
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Demand unpredictability (DEMUNPR) * Sector Crosstabulation

____________ ____________ ____________ Sector 	____________ ____________ ____________ ___________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods	 ____________ ____________ ___________ ________ ________
DEMUNPR1.00	Count	 __________ 1	 __________ __________ 2	 ______ 3

% within	 33.3%	 66.7%	 100.0%
__________ __________ DEMUNPR __________ _________ __________ __________ _________ ______ ______

% within	 3.8%	 9.5%	 2.5%
____________ ____________ Sector	 ____________ ____________ ____________ ____________ ___________ ________ ________
___________ 2.00	 Count	 11	 4	 5	 4	 6	 7	 37

%within	 29.7%	 10.8%	 13.5%	 10.8%	 162%	 18.9%	 100.0%
__________ __________ DEMUNPR __________ __________ __________ __________ _________ ______ ______

% within	 45.8%	 15.4%	 41.7%	 18.2%	 28.6%	 46.7%	 30.8%
____________ ____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________ ________
___________ 3.00	 Count	 13	 21	 7	 18	 13	 8	 80

% within	 16.3%	 26.3%	 8.8%	 22.5%	 16.3%	 10.0%	 100.0%
__________ __________ DEMUNPR __________ __________ __________ __________ _________ ______ ______

% within	 54.2%	 80.8%	 58.3%	 81.8%	 61.9%	 53.3%	 66.7%
___________ ___________ Sector	 ___________ ___________ ___________ ___________ __________ _______ _______
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

% within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ DEMUNPR __________ __________ __________ __________ _________ ______ ______

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
_____________ ____________ Sector 	 ____________ ____________ _____________ ____________ ___________ ________

Chi-Square Tests

Value	 df	 Asymp. Sig.
_____________ ____________ _____________ (2-sided)
Pearson	 15.467k	 10	 .116
Chi -Square ____________ _____________ ____________
Likelihood	 15.711	 10	 .108
Ratio____________ _____________ ____________
Linear-by-	 .118	 1	 .731
Linear
Association____________ _____________ ____________
Nof Valid	 120
Cases____________ _____________ ____________

a - 4 cells (22.2%) have expected count less than 5. The minimum expected count is 1.30.
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L]
The results of the analysis of the first part of Research Question Two (i.e. Enablers of volume
flexibility) based on a collapsed scale are presented in this appendix. These are:

1. The percentage of responding plants using the enablers based on a 3-point degree of usage
rating scale across sectors.

2. Chi-square tests to determine whether differences in ratings are sector dependent.

An example of the SPSS Syntax programme used to execute the analysis is given below:

CROSSTABS
/TABLESovertiO BY sector
/FORMAT= AVALUE NOINDEX BOX LABELS TABLES
/STATISTIC=CHISQ
/CELLS= COUNT ROW COLUMN.

Overtlo represents use of overtime hours by full time employees.
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Overtime by full time employees (OVERTIO) * Sector Crosstabulation

____________ _____________ ____________ Sector 	 _____________ ____________ ___________ ____________ ________ Total
Process	 Engineering	 Engineering	 Electronics Household 	 Food

Consumer	 Capital kits
____________ _____________ ____________ ____________ goods	 ____________ ___________ ____________ ________ ________
OVERTIO1.00	 Count	 3	 ___________ __________ _________ 2 	 1	 6

%within	 50.0%	 33.3%	 16.7%	 100.0%
__________ __________ OVERTIO __________ __________ __________ _________ __________ _______ _______

%within	 12.5%	 9.5%	 6.7%	 5.0%
__________ ___________ Sector 	 __________ ___________ __________ _________ __________ _______ _______
___________ 2.00	 Count	 6	 1	 2	 5	 6	 4	 24

%within	 25.0%	 4.2%	 8.3%	 20.8%	 25.0%	 16,7%	 100.0%
__________ __________ OVERTIO __________ __________ __________ _________ __________ _______ _______

% within	 25.0%	 3.8%	 16.7%	 22.7%	 28.6%	 26.7%	 20.0%
_____________ _____________ Sector	 _____________ ______________ _____________ ____________ _____________ _________ _________
__________ 3.00	 Count	 15	 25	 10	 17	 13	 10	 90

%within	 16.7%	 27.8%	 11.1%	 18.9%	 14.4%	 11.1%	 100.0%
__________ __________ OVERTIO __________ __________ __________ _________ __________ _______ _______

%within	 62.5%	 96.2%	 83.3%	 77.3%	 61.9%	 66.7%	 75.0%
__________ __________ Sector 	 __________ ___________ __________ _________ __________ _______ _______
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ OVERTIO _________ _________ _________ ________ _________ ______ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
_____________ ____________ Sector 	 ____________ _____________ ____________ ___________ ____________ ________ ________

Chi-Square Tests

Value	 df	 Asymp. Sig.
____________ ____________ _____________ (2-sided)
Pearson	 14.385	 10	 .156
Chi-Square ____________ ____________ ____________
Likelihood	 17.892	 10	 .057
Ratio___________ ___________ ___________
Linear-by-	 .272	 1	 .602
Linear
Association____________ ____________ ____________
Not Valid	 120
Cases____________ ____________ ____________

a - 4 ceHs (22.2%) have expected count Jess than 5. The minimum expected count is 1.80.
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Increased hours worked by part-time employees (PARTIMO) * Sector Crosstabulation

_____________ ____________ ____________ Sector	 ____________ ____________ ___________ ____________ ________ Total
Process	 Engineering	 Engineering	 Electronics Household 	 Food

Consumer	 Capital kits
_____________ ____________ ____________ _____________ goods 	 ____________ ___________ ____________ ________ __________
PARTIMO	 1.00	 Count	 21	 19	 9	 16	 11	 11	 87

%within	 24.1%	 21.8%	 10.3%	 18.4%	 12.6%	 12.6%	 100.0%
__________ __________ PARTIMO __________ __________ __________ _________ __________ _______ ________

%within	 87.5%	 73.1%	 75.0%	 72.7%	 52.4%	 73.3%	 72.5%
____________ ____________ Sector 	 ____________ ____________ ____________ ___________ ____________ ________
___________ 2.00	 Count	 2	 4	 1	 2	 5	 2	 16

%within	 12.5%	 25.0%	 6.3%	 12.5%	 31.3%	 12.5%	 100.0%
_________ _________ PARTIMO _________ _________ _________ ________ _________ ______ ________

%within	 8.3%	 15.4%	 8.3%	 9.1%	 23.8%	 13.3%	 13.3%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ ___________ _______ _________
___________ 3.00	 Count	 1	 3	 2	 4	 5	 2	 17

%within	 5.9%	 17.6%	 11.8%	 23.5%	 29.4%	 11.8%	 100.0%
_________ __________ PARTIMO _________ _________ _________ ________ _________ ______ ________

%within	 4.2%	 11.5%	 16.7%	 18.2%	 23.8%	 13.3%	 14.2%
_____________ ______________ Sector 	 _____________ _____________ _____________ ____________ _____________ _________ ___________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%withiri	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ PARTIMO _________ __________ _________ ________ _________ ______ ________

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
____________ ____________ Sector 	 ____________ _____________ ____________ ___________ ____________ ________ ___________

Chi-Square Tests

Value	 df	 Asymp.Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 8.223	 10	 .607
Chi-Square ____________ ____________ ____________
Likelihood	 8.518	 10	 .578
Ratio___________ ___________ ___________
Linear-by-	 4.439	 1	 .035
Linear
Association____________ _____________ ____________
N of Valid	 120
Cases_____________ ______________ _____________

a -3 cells (16.7%) have expected count less than 5. The minimum expected count is 1.60.
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Temporary labour (TEMPO) * Sector Crosstabulation

I Sector	 ____________ ____________ ___________ ____________ __________ Total
Process	 Engineering	 Engineering	 Electronics Household 	 Food

Consumer	 Capital kits
___________ ____________ ___________ ___________ goods	 ___________ __________ ___________ _________ _________
TEMPO	 1.00	 Count	 6	 6	 4	 6	 9	 6	 37

%within	 16.2%	 16.2%	 10.6%	 16.2%	 24.3%	 16.2%	 100.0%
__________ __________ TEMPO	 __________ __________ __________ _________ __________ ________ ________

%within	 25.0%	 23.1%	 33.3%	 27.3%	 42.9%	 40.0%	 30.8%
____________ _____________ Sector 	 ____________ ____________ ____________ ___________ ____________ __________
___________ 2.00	 Count	 9	 7	 2	 5	 5	 2	 30

%within	 30.0%	 23.3%	 6.7%	 16.7%	 16.7%	 6.7%	 100.0%
__________ __________ TEMPO	 __________ __________ __________ _________ __________ ________ ________

%within	 37.5%	 26.9%	 16.7%	 22.7%	 23.8%	 13.3%	 25.0%
_____________ ______________ Sector 	 _____________ _____________ _____________ ____________ _____________ ___________
___________ 3.00	 Count	 9	 13	 6	 11	 7	 7	 53

%within	 17.0%	 24.5%	 11.3%	 20.8%	 13.2%	 13.2%	 100.0%
__________ __________ TEMPO	 __________ __________ __________ _________ __________ ________ ________

% within	 37.5%	 50.0%	 50.0%	 50.0%	 33.3%	 46.7%	 44.2%
__________ ___________ Sector 	 __________ __________ __________ _________ __________ ________ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

% within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ ___________ TEMPO	 __________ __________ __________ _________ __________ ________ ________

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
____________ _____________ Sector	 ____________ ____________ ____________ ___________ ____________ __________ __________

Chi-Square Tests

Value	 df	 Asymp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 6.309	 10	 .789
Chi-Square ____________ ____________ ____________
Likelihood	 6.295	 10	 .790
Ratio____________ ____________ ____________
Linear-by-	 .784	 1	 .376
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________ ____________

a - 4 cells (22.2%) have expected count less than 5. The minimum expected count is 3.00.
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Job sharing contracts (JOBSHAO) * Sector Crosstabulation

___________ ____________ ___________ Sector 	___________ ___________ __________ _____________ _______ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods	 ____________ ___________ ______________ ________ __________

JOBSHAO	 1.00	 Count	 23	 25	 10	 20	 21	 15	 114

%within	 20.2%	 21.9%	 8.8%	 17.5%	 18.4%	 13.2%	 100.0%

__________ __________ JOBSI-IAO __________ __________ __________ _________ ____________ _______ ________
% within	 95.8%	 96.2%	 83.3%	 90.9%	 100.0%	 100.0% 95.0%

__________ __________ Sector	 __________ __________ __________ _________ ____________ _______ ________
___________ 2.00	 Count	 1	 1	 2	 1	 _____________ _______ 5

% within	 20.0%	 20.0%	 40.0%	 20.0%	 100.0%

__________ __________ JOBSHAO __________ __________ __________ _________ ___________ ______ ________
% within	 4.2%	 3.8%	 16.7%	 4.5%	 4.2%

____________ ____________ Sector	 ____________ ____________ _____________ ___________ ______________ ________ ___________
___________ 3.00	 Count	 ___________ ___________ ___________ 1 	 _____________ _______ 1

% within	 100.0%	 100.0%

__________ __________ JOBSHAO __________ __________ __________ _________ ___________ ______ ________
% within	 4.5%	 .8%

______________ _____________ Sector 	 _____________ _____________ _____________ ____________ _______________ _________ ___________

Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%

__________ _________ JOBSHAO _________ _________ __________ ________ ___________ ______ ________
% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%

____________ ___________ Sector	 ___________ ___________ ____________ __________ _____________ _______ __________

Chi-Square Tests

a - 3 cells (16.7%) have expected count less than 5. The minimum expected count is 1.10.
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Annualised Hours Contracts (ANUALHO) * Sector Crosstabulation

____________ ___________ ___________ Sector	 ___________ ___________ __________ _____________ _________ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
______________ _____________ _____________ _____________ goods 	 _____________ ___________ _______________ ___________ _________
ANUALHO	 1.00	 Count	 19	 25	 11	 18	 19	 13	 105

% within	 18.1%	 23.8%	 10.5%	 17.1%	 18.1%	 12.4%	 100.0%
__________ _________ ANUALHO _________ _________ _________ ________ __________ ________ ______

%within	 79.2%	 96.2%	 91.7%	 81.8%	 90.5%	 86.7%	 87.5%
__________ __________ Sector	 __________ __________ __________ _________ ____________ ________ _______
___________ 2.00	 Count	 1	 1	 ___________ 2	 _____________ _________ 4

% within	 25.0%	 25.0%	 50.0%	 100.0%
__________ __________ ANUALHO __________ __________ __________ ________ ___________ ________ _______

% within	 4.2%	 3.8%	 9.1%	 3.3%
____________ ____________ Sector	 _____________ ____________ ____________ ___________ ______________ __________ ________
___________ 3.00	 Count	 4	 ___________ 1	 2	 2	 2	 11

%within	 36.4%	 9.1%	 18.2%	 18.2%	 182%	 100.0%
__________ __________ ANUALHO __________ __________ __________ ________ ___________ ________ _______

I	 %within	 16.7%	 8.3%	 9.1%	 9.5%	 13.3%	 9.2%
____________ ____________ Sector	 ____________ ____________ ____________ ___________ ______________ __________ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ ANUALHO _________ _________ _________ ________ __________ ________ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
____________ ____________ Sector	 ____________ ____________ ____________ ___________ ______________ __________ ________

Chi-Square Tests

Value	 dl	 Asymp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 8.551k	 10	 .575
Chi-Square ____________ ____________ ____________
Likelihood	 11.497	 10	 .320
Ratio____________ ____________ ____________
Linear-by-	 .125	 1	 .724
Linear
Association_____________ _____________ _____________
Nof Valid	 120
Cases____________ ____________ ____________

a - 4 cells (22.2%) have expected count less than 5. The minimum expected count is 2.40.
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Subcontracting (SUBCONO) * Sector Crosstabulation

___________ ___________ ___________ Sector	 ___________ ___________ ___________ _____________ _________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods	 ____________ ____________ ______________ __________ ________
SUBCONO	 1.00	 Count	 15	 7	 3	 5	 15	 12	 57

%within	 26.3%	 12.3%	 5.3%	 8.8%	 26.3%	 21.1%	 100.0%
__________ __________ SUBCONO __________ __________ __________ _________ ___________ ________ ______

%within	 62.5%	 26.9%	 25.0%	 22.7%	 71.4%	 80.0%	 47.5%
___________ ___________ Sector 	 ___________ ___________ ___________ ___________ _____________ _________ _______
__________ 2.00	 Count	 7	 13	 6	 12	 6	 2	 46

%within	 15.2%	 28.3%	 13.0%	 26.1%	 13.0%	 4.3%	 100.0%
_________ __________ SUECONO _________ _________ _________ _________ __________ ________ ______

% within	 29.2%	 50.0%	 50.0%	 54.5%	 28.6%	 13.3%	 38.3%
__________ ___________ Sector 	 __________ __________ __________ __________ ____________ ________ _______
__________ 3.00	 Count	 2	 6	 3	 5	 ____________ 1	 17

%within	 11.8%	 35.3%	 17.6%	 29.4%	 5.9%	 100.0%
_________ _________ SUBCONO _________ _________ _________ ________ __________ _______ ______
I	 %withln	 8.3%	 23.1%	 25.0%	 22.7%	 6.7%	 14.2%
____________ _____________ Sector 	 ____________ _____________ ____________ ____________ ______________ __________ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%wilhin	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ SUBCONO __________ __________ __________ _________ ___________ ________ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
__________ ___________ Sector 	 __________ ___________ __________ __________ ____________ ________ _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 27.530	 10	 .002
Chi -Square ____________ ____________ ____________
Likelihood	 31.157	 10	 .001
Ratio___________ ___________ ___________
Linear-by-	 3.208	 1	 .073
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases________	 ____________ ____________

a - 2 cells (11.1%) have expected count less than 5. The minimum expected count is 1.70.
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Contract Employees (CONTRAO) * Sector Crosstabulation

___________ ____________ ___________ Sector	 ____________ ___________ ___________ ___________ _________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
___________ ____________ ___________ ___________ goods 	 ___________ ___________ ___________ _________
CONTRAO	 1.00	 Count	 17	 18	 7	 15	 15	 13	 86

%within	 19.8%	 20.9%	 8.1%	 17.4%	 18.6%	 15.1%	 100.0%
_________ _________ CONTRAO _________ __________ _________ _________ _________ ________ ________

%within	 70.8%	 69.2%	 58.3%	 68.2%	 76.2%	 86.7%	 71.7%
__________ __________ Sector 	 __________ __________ __________ _________ _________ ________ ________
___________ 2.00	 Count	 3	 3	 2	 3	 5	 1	 17

%within	 17.6%	 17.6%	 11.8%	 17.6%	 29.4%	 5.9%	 100.0%
_________ _________ CONTRAO _________ _________ _________ _________ _________ ________ ________

%within	 12.5%	 11.5%	 16.7%	 13.6%	 23.8%	 6.7%	 14.2%
____________ ____________ Sector 	 ____________ ____________ ____________ ____________ ____________ __________ __________
___________ 3.00	 Cottnt	 4	 5	 3	 4	 __________ 1	 17

% within	 23.5%	 29.4%	 17.6%	 23.5%	 5.9%	 100.0%
_________ _________ CONTRAO _________ _________ _________ ________ ________ _______ _______

%within	 16.7%	 19.2%	 25.0%	 18.2%	 6.7%	 14.2%
_____________ ____________ Sector 	 ____________ ____________ ____________ ____________ ____________ __________ __________
Total	 ___________ Count 	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ CONTRAO __________ __________ __________ _________ _________ ________ ________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
_____________ ____________ Sector 	 ____________ ____________ ____________ ____________ ____________ __________ __________

Chi-Square Tests

Value	 dl	 Asymp. Sig.
______________ _____________ _____________ (2-sided)
Pearson	 8.486k	 10	 .581
Chi-Square ____________ ____________ ____________
Likelihood	 11.256	 10	 .338
Ratio____________ ____________ ____________
Linear-by-	 2.338	 1	 .126
Linear
Association___________ ___________ ___________
Nof Valid	 120
Cases____________ ____________ ____________

a - 3 cells (16.7%) have expected countless than 5. The minimum expected count is 1.70.
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Varying lead times (LEADTIO) * Sector Crosstabulation

___________ ___________ ___________ Sector	 ____________ ___________ __________ ___________ ________ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
_____________ _____________ _____________ _____________ goods 	 _____________ ____________ _____________ _________ ___________
LEADTI0	 1.00	 Count	 8	 8	 3	 4	 7	 9	 39

%within	 20.5%	 20.5%	 7.7%	 10.3%	 17.9%	 23.1%	 100,0%
__________ __________ LEADTIO	 __________ __________ __________ _________ __________ _______ ________

% within	 33.3%	 30.8%	 25.0%	 18.2%	 33.3%	 60.0%	 32.5%
____________ ____________ Sector 	 ____________ ____________ ____________ ___________ ____________ ________ __________
__________ 2.00	 Count	 12	 8	 3	 11	 10	 4	 48

%within	 25.0%	 16.7%	 6.3%	 22.9%	 20.8%	 8.3%	 100.0%
__________ __________ LEADTIO 	 __________ __________ __________ _________ __________ _______ ________

% within	 50.0%	 30.8%	 25.0%	 50.0%	 47.6%	 26.7%	 40.0%
__________ __________ Sector 	 __________ __________ __________ _________ __________ _______ ________
___________ 3.00	 Count	 4	 10	 6	 7	 4	 2	 33

%within	 12.1%	 30.3%	 18.2%	 21.2%	 12.1%	 6.1%	 100.0%
__________ __________ LEADTIO 	 __________ __________ __________ _________ __________ _______ ________

%within	 16.7%	 38.5%	 50.0%	 31.8%	 19.0%	 13.3%	 27.5%
__________ __________ Sector 	 __________ __________ __________ _________ __________ _______ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ LEADTIO _________ _________ _________ ________ _________ ______ _______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
___________ ___________ Sector	 ___________ ___________ ___________ __________ ___________ _______ _________

Chi-Square Tests

Value	 df	 Asyrnp. Sig.
_____________ _____________ ______________ (2-sided)
Pearson	 14.628	 10	 .146
Chi-Square ____________ _____________ ____________
Likelihood	 14.275	 10	 .161
Ratio____________ _____________ ____________
Linear-by-	 1.025	 1	 .311
Linear
Association_____________ ______________ _____________
Nof Valid	 120
Cases____________ _____________ ____________

a - 5 cells (27.8%) have expected count less than 5. The minimum expected count is 3.30.
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Rejecting orders (REJECO) * Sector Crosstabulation

____________ ____________ ____________ Sector	 ____________ ____________ ___________ ____________ ________ Total
Process	 Engineering	 Engineering	 Electronics Household	 Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ___________ ____________ ________ ___________
REJECO	 1.00	 Count	 21	 21	 8	 17	 17	 13	 97

%within	 21.6%	 21.6%	 6.2%	 17.5%	 17.5%	 13.4%	 100.0%
___________ ___________ REJECO	 ___________ ___________ ___________ _________ __________ _______ _________

%within	 87.5%	 80.8%	 66.7%	 77.3%	 81.0%	 86.7%	 80.8%
__________ __________ Sector 	 __________ __________ __________ _________ __________ _______ _________
__________ 2.00	 Count	 2	 5	 4	 5	 2	 1	 19

% within	 10.5%	 26.3%	 21.1%	 26.3%	 10.5%	 5.3%	 100.0%
__________ __________ REJECO	 __________ __________ __________ _________ __________ _______ _________

% within	 8.3%	 19.2%	 33.3%	 22.7%	 9.5%	 6.7%	 15.8%
__________ __________ Sector 	 __________ __________ __________ _________ __________ _______ _________
___________ 3.00	 Count	 1	 ___________ ___________ __________ 2	 1	 4

% within	 25.0%	 50.0%	 25.0%	 100.0%
__________ __________ REJECO	 __________ __________ __________ _________ __________ _______ _________

% within	 42%	 9.5%	 6.7%	 3.3%
___________ ___________ Sector	 ___________ ___________ ___________ __________ __________ _______ _________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ REJECO	 __________ __________ __________ _________ _________ ______ ________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
___________ ___________ Sector	 ___________ ___________ ___________ __________ ___________ _______ __________

Chi-Square Tests

Value	 df	 Asymp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 10.840	 10	 .370
Chi -Square ____________ ____________ ____________
Likelihood	 11.757	 10	 .302
Ratio____________ ____________ ____________
Linear-by-	 .314	 1	 .575
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________ ____________

a - 4 cells (22.2%) have expected count less than 5. The minimum expected count is 1.40.
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[i!ii
The results of the analysis of respondents' perception of costs of using enablers based on a
collapsed 3-point scale are presented in this appendix. These are:

1. The percentage of responding plants in different sectors rating the enablers based on
their perception of the relative costs of using the enablers.

2. Chi-square tests to determine whether differences in ratings are sector dependent.

An example of the SPSS Syntax programme used to execute the analysis is given below:

CROSSTABS
ITABLES=overtil BY sector
/FORMAT= AVALtJE NOINDEX BOX LABELS TABLES
/STATST1C=CHISQ
ICELLS= COUNT ROW COLUMN.

Overtil represents the perception of relative costs of using overtime hours to achieve volume
flexibility.
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Overtime Hours by full time employees (OVERTI1) * Sector Crosstabulation

___________ ___________ ___________ Sector	 ___________ ___________ __________ __________ _______ Total
Process	 Engineering	 Engineering Electronics	 Household Food

Consumer	 Capital kits
____________ ____________ _____________ ____________ goods 	 ____________ ____________ ___________ ________ ___________
OVERTII1.00	 Count	 ___________ ___________ ___________ 2 	 __________ 1	 3

% within	 66.7%	 33.3%	 100.0%
_________ _________ OVERTI1 _________ _________ _________ _________ ________ ______ ________

%within	 9.1%	 6.7%	 2.5%
__________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _________
___________ 2.00	 Count	 8	 13	 3	 8	 10	 7	 49

%within	 16.3%	 26.5%	 6.1%	 16.3%	 20.4%	 14.3%	 100.0%
_________ _________ OVERTII _________ _________ _________ _________ ________ ______ ________

% within	 33.3%	 50.0%	 25.0%	 36.4%	 47.6%	 46.7%	 40.8%
____________ ____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________ ___________
__________ 3.00	 Count	 16	 13	 9	 12	 11	 7	 68

%within	 235%	 19.1%	 13:2%	 17.6%	 16.2%	 10.3%	 100.0%
_________ _________ OVERTI1 _________ __________ _________ _________ ________ ______ ________

% within	 66.7%	 50.0%	 75.0%	 545%	 52.4%	 46.7%	 56.7%
__________ __________ Sector 	 __________ ___________ __________ __________ _________ _______ _________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ OVERTII _________ __________ _________ _________ ________ ______ ________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
__________ __________ Sector 	 __________ __________ __________ _________ _________ _______ ________

Chi-Square Tests

Value	 df	 Asymp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 10.701	 10	 .381
Chi-Square ____________ ____________ ____________
Likelihood	 10.918	 10	 .364
Ratio____________ ____________ ____________
Linear-by-	 2.093	 1	 .148
Linear
Association_____________ _____________ _____________
Nof Valid	 120
Cases____________ ____________ ____________

5 cells (27.8%) have expected count less than 5. The minimum expected
count is 1.30.
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Increased hours worked by part-time employees (PARTIMI) * Sector
Crosstabulation

___________ ____________ ___________ Sector	 ___________ ___________ ___________ __________ _______ Total
Process	 Engineering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ____________ ___________ ________ ________
PARTIM1	 1.00	 Count	 4	 5	 4	 6	 4	 4	 27

%within	 14.8%	 18.5%	 14.8%	 22.2%	 14.8%	 14.8%	 100.0%
__________ __________ PARTIMI 	 __________ __________ __________ _________ _________ ______ ______

%within	 16.7%	 192%	 33.3%	 27.3%	 19.0%	 26.7%	 22.5%
__________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _______
___________ 2.00	 Count	 14	 16	 6	 12	 17	 7	 72

%within	 19.4%	 22.2%	 8.3%	 16.7%	 23.6%	 9.7%	 100.0%
__________ __________ PARTIMI	 __________ __________ __________ _________ _________ ______ ______

% within	 58.3%	 61.5%	 50.0%	 54.5%	 81.0%	 46.7%	 60.0%
__________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _______
___________ 3.00	 Count	 6	 5	 2	 4	 __________ 4	 21

%within	 28.6%	 23.8%	 9.5%	 19.0%	 19.0%	 100.0%
_________ _________ PARTIMI _________ _________ _________ _________ ________ ______ ______

%within	 25.0%	 192%	 16.7%	 18.2%	 26.7%	 17.5%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ _______ _______
Total	 ___________ Count 	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ PARTIM1 	 __________ __________ __________ _________ _________ ______ ______

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%
___________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
______________ _____________ _____________ (2-sided)
Pearson	 9.095	 10	 .523
Chi-Square ___________ ___________ ___________
Likelihood	 12.423	 10	 258
Ratio___________ ___________ ___________
Linear-by-	 1.218	 1	 .270
Linear
Association____________ _____________ ____________
Nof Valid	 120
Cases____________ _____________ ____________

6 cells (33.3%) have expected count less than 5. The minimum expected
count is 2.10.
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Temporary labour (TEMP 1) * Sector Crosstabulation

___________ ___________ ___________ Sector	 ___________ ___________ __________ __________ ________ Total
Process	 Engrneering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
_____________ _____________ _____________ _____________ goods	 _____________ ____________ ____________ _________ _________

TEMPI	 1.00	 Count	 3	 3	 3	 1	 3	 3	 16
%within	 18.8%	 18.8%	 18.8%	 6.3%	 18.8%	 18.8%	 100.0%

__________ __________ TEMP1	 __________ __________ __________ _________ _________ _______ _______
%within	 12.5%	 11.5%	 25.0%	 4.5%	 14.3%	 20.0%	 13.3%

___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ _______ _______
__________ 2.00	 Count	 15	 14	 6	 12	 14	 10	 71

%within	 21.1%	 19.7%	 8.5%	 16.9%	 19.7%	 14.1%	 100.0%
__________ __________ TEMPI	 __________ __________ __________ _________ _________ _______ _______

% within	 62.5%	 53.8%	 50.0%	 54.5%	 66.7%	 66.7%	 59.2%
__________ __________ Sector 	 __________ __________ __________ _________ _________ _______ _______
___________ 3.00	 Count	 6	 9	 3	 9	 4	 2	 33

%within	 18.2%	 27.3%	 9.1%	 27.3%	 12.1%	 6.1%	 100.0%
__________ __________ TEMP1	 __________ __________ __________ _________ _________ _______ _______

%wtthin	 25.0%	 34.6%	 25.0%	 40.9%	 19.0%	 13.3%	 27.5%
_________ _________ Sector	 _________ _________ _________ ________ ________ ______ ______
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ __________ TEMP1	 _________ __________ _________ _________ ________ ______ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
__________ ___________ Sector 	 __________ ___________ __________ __________ _________ _______ _______

Chi-Square Tests

5 cells (27.8%) have expected count less than 5. The minimum expected
count is 1.60.
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Job sharing (JOBSHAI) * Sector Crosstabulation

____________ ___________ ___________ Sector	 ___________ ___________ __________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
______________ _____________ _____________ _____________ goods 	 _____________ ____________ ____________ _________ _________
JOBSI-IAI	 1.00	 Count	 5	 8	 5	 3	 3	 4	 28

% within	 17.9%	 28.6%	 17.9%	 10.7%	 10.7%	 14.3%	 100.0%
__________ __________ JOBSHA1 __________ __________ __________ _________ _________ _______ _______

%within	 20.8%	 30.8%	 41.7%	 136%	 14.3%	 26.7%	 23.3%
___________ __________ Sector	 __________ __________ __________ _________ _________ _______ _______
__________ 2.00	 Count	 11	 14	 5	 18	 17	 10	 75

%within	 14.7%	 18.7%	 6.7%	 24.0%	 22.7%	 13.3%	 100.0%
__________ _________ JOBSHA1 _________ _________ _________ _________ ________ ______ ______

%within	 45.8%	 53.8%	 41.7%	 81.8%	 81.0%	 66.7%	 62.5%
__________ __________ Sector 	 __________ __________ __________ _________ _________ _______ _______
___________ 3.00	 Count	 8	 4	 2	 1	 1	 1	 17

%within	 47.1%	 23.5%	 11.8%	 5.9%	 5.9%	 5.9%	 100.0%
__________ __________ JOBSHAI _________ __________ __________ _________ _________ _______ _______

%withit	 33.3%	 15.4%	 16.7%	 4.5%	 4.8%	 6.7%	 14.2%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ _______ _______
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ JOBSHAI __________ __________ __________ _________ _________ _______ _______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
__________ __________ Sector	 __________ __________ __________ _________ _________ _______ _______

Chi-Square Tests

3 cells (16.7%) have expected count less than 5. The minimum expected
count is 1.70.
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Annualised Hours Contracts (ANUALHI) * Sector Crosstabulation

____________ ___________ ___________ Sector 	 ___________ ___________ __________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
______________ _____________ _____________ _____________ goods 	 _____________ ____________ ___________ _________ _________
ANUALHI	 1.00	 Count	 9	 12	 6	 7	 12	 8	 54

%within	 16.7%	 22.2%	 11.1%	 13.0%	 22.2%	 14.8%	 100.0%
__________ _________ ANUALH1 _________ _________ _________ ________ ________ ______ ______

% within	 37.5%	 46.2%	 50.0%	 31.8%	 57.1%	 53.3%	 45.0%
_____________ ____________ Sector	 ____________ ____________ ____________ ___________ ___________ ________ ________
__________ 2.00	 Count	 14	 11	 5	 12	 7	 5	 54

%within	 25.9%	 20.4%	 9.3%	 22.2%	 13.0%	 9.3%	 100.0%
__________ _________ ANUALHI _________ _________ _________ ________ ________ ______ ______

%within	 58.3%	 42.3%	 41.7%	 54.5%	 33.3%	 33.3%	 45.0%
___________ __________ Sector	 __________ __________ __________ _________ _________ _______ _______
___________ 3.00	 Count	 1	 3	 1	 3	 2	 2	 12

%within	 8.3%	 25.0%	 8.3%	 25.0%	 16.7%	 16.7%	 100.0%
__________ _________ ANUALHI _________ _________ _________ ________ ________ ______ ______

%within	 4.2%	 11.5%	 8.3%	 13.6%	 9.5%	 13.3%	 10.0%
___________ __________ Sector	 __________ __________ __________ _________ _________ _______ _______
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ ANIJALHI _________ _________ _________ ________ ________ ______ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
__________ __________ Sector 	 __________ __________ __________ _________ ________ _______ _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
______________ _____________ _____________ (2-sided)
Pearson	 6.071	 10	 .809
Chi-Square ___________ ___________ ___________
Likelihood	 6.303	 10	 .789
Ratio___________ ___________ ___________
Linear-by-	 .242	 1	 .623
Linear
Association____________ _____________ ____________
Nof Valid	 120
Cases____________ _____________ ____________

6 cells (33.3%) have expected count less than 5. The minimum expected
count is 1.20.
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Subcontracting (SUBCONI) * Sector Crosstabulation

___________ ___________ ___________ Sector 	___________ ___________ ___________ __________ _______ Total
Process	 Engineering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ____________ ___________ ________ ___________
SUBCONI	 1.00	 Count	 ___________ 4	 3	 1	 3	 2	 13

%within	 30.8%	 23.1%	 7.7%	 23.1%	 15.4%	 100.0%
_________ _________ SUBCONI _________ _________ _________ _________ ________ ______ ________

% within	 15.4%	 25.0%	 4.5%	 14.3%	 13.3%	 10.8%
__________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _________
___________ 2.00	 Count	 7	 13	 5	 9	 8	 2	 44

%wtthin	 15.9%	 29.5%	 11.4%	 20.5%	 18.2%	 4.5%	 100.0%
__________ __________ SUBCON1 __________ __________ __________ _________ ________ ______ ________

%within	 29.2%	 50.0%	 41.7%	 40.9%	 38.1%	 13.3%	 36.7%
__________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _________
__________ 3.00	 Count	 17	 9	 4	 12	 10	 11	 63

%within	 27.0%	 14.3%	 6.3%	 19.0%	 15.9%	 17.5%	 100.0%
__________ __________ SUBCON1 __________ __________ __________ _________ ________ ______ ________

% within	 70.8%	 34.6%	 33.3%	 54.5%	 47.6%	 73.3%	 52.5%
_____________ ____________ Sector 	 ____________ ____________ _____________ ____________ ___________ ________ ___________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ SUBCONI _________ _________ __________ _________ ________ ______ ________

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
__________ __________ Sector 	 __________ __________ ___________ __________ _________ _______ _________

Chi-Square Tests

Value	 dl	 Asymp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 15.811	 10	 .105
Chi-Square ___________ ___________ ___________
Likelihood	 18.622	 10	 .045
Ratio__________ __________ __________
Linear-by-	 .237	 1	 .626
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________ ____________

3 cells (16.7%) have expected count less than 5. The minimum expected
count is 1.30.
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Contract employees (CONTRAI) * Sector Crosstabulation

___________ ___________ ____________ Sector	 ___________ ____________ ___________ __________ _______ Total
Process	 Engineering	 Engineenng	 Electronics	 Household Food

Consumer	 Capital kits
_____________ _____________ _____________ _____________ goods 	 _____________ ____________ ___________ _________ _________
CONTRA1	 1.00	 Count	 __________ 5	 2	 1	 2	 2	 12

%within	 41.7%	 16.7%	 8.3%	 16.7%	 16.7%	 100.0%
________ ________ CONTRAI ________ ________ ________ ________ _______ _____ ______

%within	 192%	 16.7%	 4.5%	 9.5%	 13.3%	 10.0%
__________ __________ Sector 	 __________ __________ __________ _________ _________ _______ _______
__________ 2.00	 Count	 7	 7	 4	 11	 13	 5	 47

%within	 14.9%	 14.9%	 8.5%	 23.4%	 27.7%	 10.6%	 100.0%
_________ _________ CONTRAI _________ _________ _________ ________ ________ ______ ______

%within	 29.2%	 26.9%	 33.3%	 50.0%	 61.9%	 33.3%	 39.2%
__________ __________ Sector	 __________ __________ __________ _________ ________ ______ _______
__________ 3.00	 Count	 17	 14	 6	 10	 6	 8	 61

%within	 27.9%	 23.0%	 9.8%	 16.4%	 9.8%	 13.1%	 100.0%
________ ________ CONTRA1 ________ ________ ________ ________ _______ _____ ______

% within	 70.8%	 53.8%	 50.0%	 45.5%	 28.6%	 53.3%	 50.8%
__________ __________ Sector	 __________ __________ ___________ __________ _________ _______ _______
Total	 ___________ Count 	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ CONTRAI _________ _________ __________ _________ ________ ______ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
____________ ____________ Sector	 ____________ ____________ _____________ ____________ ___________ ________

Chi-Square Tests

7 cells (38.9%) have expected count less than 5. The minimum expected
count is 1.20.
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Varying lead times (LEADTII) * Sector Crosstabulation

___________ ___________ ____________ Sector	 ___________ ____________ __________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
____________ ____________ _____________ ____________ goods 	 _____________ ___________ ___________ ________ ________
LEADTI1	 1.00	 Count	 2	 5	 2	 4	 2	 3	 18

%within	 11.1%	 27.8%	 11.1%	 22.2%	 11.1%	 16.7%	 100.0%
_________ _________ LEADTII	 _________ _________ _________ ________ ________ ______ ______

%within	 8.3%	 19.2%	 16.7%	 18.2%	 9.5%	 20.0%	 15.0%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ ________ ________
___________ 2.00	 Count	 15	 13	 6	 10	 14	 7	 65

%within	 23.1%	 20.0%	 9.2%	 15.4%	 21.5%	 10.8%	 100.0%
_________ _________ LEADTI1	 _________ _________ _________ ________ ________ ______ ______

% within	 62.5%	 50.0%	 50.0%	 45.5%	 66.7%	 46.7%	 54.2%
__________ __________ Sector	 __________ __________ __________ _________ _________ _______ _______
___________ 3.00	 Count	 7	 8	 4	 8	 5	 5	 37

%within	 18.9%	 21.6%	 10.8%	 21.6%	 13.5%	 13.5%	 100.0%
__________ __________ LEADTI1	 __________ __________ __________ _________ ________ _______ _______

% within	 29.2%	 30.8%	 33.3%	 36.4%	 23.8%	 33.3%	 30.8%
__________ __________ Sector	 __________ __________ __________ _________ ________ _______ _______
Total	 ___________ Count 	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ LE.ADTI1 	 __________ __________ __________ _________ ________ _______ _______

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
___________ ___________ Sector	 ___________ ___________ ___________ __________ _________ _______ _______

Chi-Square Tests

Value	 dl	 Asymp. Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 3.992	 10	 .948
Chi-Square ____________ ____________ ____________
Likelihood	 4.121	 10	 .942
Ratio___________ ___________ ___________
Linear-by-	 .075	 1	 .784
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________ _____________

4 cells (22.2%) have expected count less than 5. The minimum expected
count is 1.80.
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Rejecting orders (REJECI) * Sector Crosstabulation

___________ ___________ ___________ Sector	 ___________ ___________ ___________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ____________ ___________ ________ ___________
REJEC11.00	 Count	 __________ 4	 1	 3	 1	 _______ 9

%within	 44.4%	 11.1%	 33.3%	 11.1%	 100.0%
___________ ___________ REJEC1 	 ___________ ___________ ___________ __________ __________ _______ _________

%within	 15.4%	 8.3%	 13.6%	 4.8%	 7.5%
__________ __________ Sector	 __________ __________ __________ __________ _________ _______ _________
___________ 2.00	 Count	 1	 ___________ ___________ 1 	 1	 1	 4

%within	 25.0%	 25.0%	 25.0%	 25.0%	 100.0%
__________ __________ REJEC1 	 __________ __________ __________ __________ _________ _______ _________

% within	 4.2%	 4.5%	 4.8%	 6.7%	 3.3%
____________ ____________ Sector	 ____________ ____________ ____________ ____________ ___________ ________ ___________
__________ 3.00	 Count	 23	 22	 11	 18	 19	 14	 107

%within	 21.5%	 20.6%	 10.3%	 16.8%	 17.8%	 13.1%	 100.0%
___________ ___________ REJECI 	 ___________ ___________ ___________ __________ __________ _______ _________

% within	 95.8%	 84.6%	 91.7%	 81.8%	 90.5%	 93.3%	 89.2%
__________ ___________ Sector 	 __________ __________ __________ __________ _________ _______ _________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ ___________ REJEC1	 __________ __________ __________ __________ _________ _______ _________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
____________ _____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________ ___________

Chi-Square Tests

Value	 di	 Asymp.Sig.
_____________ _____________ _____________ (2-sided)
Pearson	 8.803	 10	 .551
Chi-Square ____________ ____________ ____________
Likelihood	 12.160	 10	 .275
Ratio___________ ___________ ___________
Linear-by-	 .022	 1	 .883
Linear
Association_____________ _____________ _____________
Not Valid	 120
Cases____________ ____________ _____________

5 cells (27.7%) have expected count less than 5. The minimum expected
count is 1.40.
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APPENDIX 8

The results of the analysis of future desirability of enablers of volume flexibility based on a
collapsed 3-point scale are presented in this appendix. These are:

1. The percentage of responding plants in different sectors rating the enablers in terms of
the extent of future desirability of the enablers.

2. Chi-square tests to determine whether differences in ratings are sector dependent.

An example of the SPSS Syntax programme used to execute the analysis is given below:

CROSSTABS
/TABLES=overti3 BY sector
/FORMAT= AVALUE NOINDEX BOX LABELS TABLES
/STATISTIC=CHISQ
/CELLS= COUNT ROW COLUMN.

Overti3 represents the future desirability of the use of overtime hours to achieve volume
flexibility.
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Overtime hours by full time employees (OVERTI3) * Sector Crosstabulation

___________ ___________ ___________ Sector 	 ___________ ___________ ___________ ____________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ____________ _____________ ________ ________
OVERTI3	 1.00	 Count	 3	 2	 1	 1	 1	 5	 13

% within	 23.1%	 15.4%	 7.7%	 7.7%	 7.7%	 38.5%	 100.0%
_________ _________ OVERTI3 _________ _________ _________ _________ __________ ______ ______

% within	 12.5%	 7.7%	 8.3%	 4.5%	 4.8%	 33.3%	 10.8%
__________ __________ Sector 	 __________ __________ __________ __________ ___________ _______ _______
__________ 2.00	 Count	 15	 9	 5	 13	 10	 7	 59

%within	 25.4%	 15.3%	 8.5%	 22.0%	 16.9%	 11.9%	 100.0%
_________ _________ OVERTI3 _________ _________ _________ _________ __________ ______ ______

%within	 62.5%	 34.6%	 41.7%	 59.1%	 47.6%	 46.7%	 49.2%
__________ __________ Sector 	 __________ __________ __________ __________ ___________ _______ _______
__________ 3.00	 Count	 6	 15	 6	 8	 10	 3	 48

%within	 12.5%	 31.3%	 12.5%	 16.7%	 20.8%	 6.3%	 100.0%
__________ __________ OVERTI3 __________ __________ __________ _________ __________ _______ _______

% within	 25.0%	 57.7%	 50.0%	 36.4%	 47.6%	 20.0%	 40.0%
____________ ____________ Sector	 ____________ ____________ ____________ ____________ _____________ ________ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ OVERTI3 _________ _________ _________ _________ __________ ______ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
___________ ___________ Sector 	 ___________ ___________ ___________ ___________ ____________ ________ ________

Chi-Square Tests

Value	 df	 Asymp. Sig.
_____________ _____________ ______________ (2-sided)
Pearson	 17.052	 10	 .073
Chi-Square ____________ ____________ ____________
Likelihood	 15.288	 10	 .122
Ratio____________ ____________ ____________
Linear-by-	 .097	 1	 .755
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases_____________ _____________ _____________

7 cells (38.9%) have expected count less than 5. The minimum expected
count is 1.30.
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Increased hours worked by part-time employees (PARTIM3) * Sector
Crosstabulation

__________ ___________ __________	 Sector ___________ __________ ________ _________	 Total
Process	 Engineering Engineering Electronics Household Food

Consumer Capital kits
___________ ___________ ___________ ___________	 goods	 ___________ ________ _________ 	 _______

PARTIM3	 1.00	 Count	 16	 15	 8	 9	 8	 9	 65
%within	 24.6%	 23.1%	 12.3%	 13.8%	 12.3% 13.8% 100.0%

________ _________ PARTIM3 ________ _________ ________ _______ _______ 	 _____
%within	 66.7%	 577%	 66.7%	 40.9%	 38.1% 60.0% 54.2%

___________ ___________	 Sector ___________ ___________ ___________ ________ _________ 	 _______
_________	 2.00	 Count	 6	 4	 4	 7	 5	 3	 29

%within	 20.7%	 13.8%	 13.8%	 24.1%	 17.2% 10.3% 100.0%
_________ _________ PARTIM3 _________ _________ _________ _______ ________ 	 ______

% within	 25.0%	 15.4%	 33.3%	 31.8%	 23.8% 20.0% 24.2%
___________ ___________	 Sector ___________ ___________ ___________ ________ _________ 	 _______
__________	 3.00	 Count	 2	 7	 __________	 6	 8	 3	 26

%within	 7.7%	 26.9%	 23.1%	 30.8% 11.5% 100.0%
_________ _________ PARTIM3 _________ _________ _________ _______ ________ 	 ______

%within	 8.3%	 26.9%	 27.3%	 38.1% 20.0% 21.7%
___________ ___________	 Sector ___________ ___________ ___________ ________ _________ 	 _______

Total	 _________	 Count	 24	 26	 12	 22	 21	 15	 120
%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5% 12.5% 100.0%

_________ _________ PARTIM3 _________ _________ _________ _______ ________ 	 ______
% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%

___________ ___________	 Sector ___________ ___________ ___________ ________ _________ 	 _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ____________ ___________ (2-sided)
Pearson Chi-	 12.658	 10	 .243

Square___________ ___________ ___________
Likelihood	 15.477	 10	 .116

Ratio___________ ___________ ___________
Linear-by-	 4.404	 1	 .036

Linear
Association___________ ___________ ___________
Not Valid	 120

Cases___________ ___________ ___________
Not Valid	 120

Cases___________ ___________ ___________

4 cells (22.2%) have expected count less than 5. The minimum expected
count is 2.60.
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Temporary labour (TEMP3) * Sector Crosstabulation

___________ ___________ ____________ Sector	 ___________ ____________ __________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
_____________ _____________ ______________ _____________ goods 	 ______________ ____________ ___________ _________ _________
TEMP3	 1.00	 Count	 7	 8	 5	 6	 8	 3	 37

%within	 18.9%	 21.6%	 13.5%	 16.2%	 21.6%	 8.1%	 100.0%
_________ _________ TEMP3	 _________ _________ __________ ________ ________ ______ ______

%within	 29.2%	 30.8%	 41.7%	 27.3%	 38.1%	 20.0%	 30.8%
__________ __________ Sector	 __________ __________ __________ _________ ________ _______ _______
__________ 2.00	 Count	 11	 6	 2	 7	 5	 7	 38

% within	 28.9%	 15.8%	 5.3%	 18.4%	 13.2%	 18.4%	 100.0%
__________ __________ TEMP3	 __________ __________ __________ _________ ________ _______ _______

%within	 45.8%	 23.1%	 16.7%	 31.8%	 23.8%	 46.7%	 31.7%
___________ ___________ Sector 	 ___________ ___________ ____________ __________ __________ ________ ________
___________ 3.00	 Count	 6	 12	 5	 9	 8	 5	 45

%within	 13.3%	 26.7%	 11.1%	 20.0%	 17.8%	 11.1%	 100.0%
_________ _________ TEMP3 	 _________ _________ __________ ________ ________ ______ ______

%within	 25.0%	 46.2%	 41.7%	 40.9%	 38.1%	 33.3%	 37.5%
___________ __________ Sector	 __________ __________ ___________ _________ _________ _______ _______
Total	 ___________ Count 	 24	 25	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ TEMP3	 __________ __________ __________ _________ ________ _______ _______

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
___________ __________ Sector	 __________ __________ ___________ _________ _________ _______ _______

Chi-Square Tests

Value	 dl	 Asymp.Sig.
_____________ ____________ _____________ j2-sided)
Pearson	 7.668	 10	 .661
Chi-Square ____________ _____________ ____________
Likelihood	 7.739	 10	 .654
Ratio___________ ____________ ___________
Linear-by-	 .110	 1	 .740
Linear
Association___________ ____________ ___________
Nof Valid	 120
Cases____________ _____________ ____________

5 cells (27.8%) have expected count less than 5. The minimum expected
count is 3.70.
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Job sharing (JOBSHA3) * Sector Crosstabulation

___________ ____________ ___________ Sector	 ___________ ____________ __________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
_______ ___________ ___________ ___________ goods	 ____________ __________ __________ ________ ________

JOBSI-lA3	 1.00	 Count	 13	 16	 7	 15	 10	 8	 69
%within	 18.8%	 23.2%	 10.1%	 21.7%	 14.5%	 11.6%	 100.0%

__________ __________ JOBSHA3 __________ __________ __________ _________ ________ _______ _______
%within	 54.2%	 61.5%	 58.3%	 68.2%	 47.6%	 53.3%	 57.5%

__________ __________ Sector	 __________ __________ __________ _________ _________ _______ _______
__________ 2.00	 Count	 8	 7	 4	 5	 11	 3	 38

%within	 21.1%	 18.4%	 10.5%	 13.2%	 28.9%	 7.9%	 100.0%
__________ __________ JOBSHA3 __________ __________ __________ _________ _________ _______ _______

% within	 33.3%	 26.9%	 33.3%	 22.7%	 52.4%	 20.0%	 31.7%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ ________ ________
___________ 3.00	 Count	 3	 3	 1	 2	 __________ 4	 13

%within	 23.1%	 23.1%	 7.7%	 15.4%	 30.8%	 100.0%
__________ __________ JOBSHA3 __________ __________ __________ _________ ________ _______ _______

%within	 12.5%	 11.5%	 8.3%	 9.1%	 26.7%	 10.8%
__________ __________ Sector	 __________ __________ __________ _________ _________ _______ _______
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ JOBSHA3 __________ __________ __________ _________ ________ _______ _______

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
__________ __________ Sector 	 __________ __________ __________ _________ _________ _______ _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
____________ ____________ ____________ (2-sided)
Pearson	 11.172	 10	 .344
Chi-Square ____________ ____________ ____________
Likelihood	 12.132	 10	 .276
Ratio____________ ____________ ____________
Linear-by-	 .058	 1	 .809
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________ ____________

5 cells (27.7%) have expected count less than 5. The minimum expected
count is 1.30.
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Annualised hours contracts (ANUALH3) * Sector Crosstabulation

___________ ___________ ___________ Sector 	 ___________ ___________ __________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ___________ ___________ ________ ________
ANUALH3	 1.00	 Count	 4	 7	 3	 7	 7	 4	 32

%within	 12.5%	 21.9%	 9.4%	 21.9%	 21.9%	 12.5%	 100.0%
__________ __________ ANUALH3 __________ __________ __________ _________ ________ _______ _______

%within	 16.7%	 26.9%	 25.0%	 31.6%	 33.3%	 26.7%	 26.7%
____________ ____________ Sector 	 ____________ ____________ ____________ ___________ ___________ ________ ________
___________ 2.00	 Count	 10	 9	 8	 9	 5	 4	 45

%within	 222%	 20.0%	 17.8%	 20.0%	 11.1%	 8.9%	 100.0%
__________ _______	 ANUALH3 __________ __________ __________ _________ _________ _______ _______
___________ ________- % within 	 41.7%	 34.6%	 66.7%	 40.9%	 23.8%	 26.7%	 37.5%
_____________ _____________ Sector 	 _____________ _____________ _____________ ____________ ____________ _________ _________
__________ 3.00	 Count	 10	 10	 1	 6	 9	 7	 43

% within	 23.3%	 23.3%	 2.3%	 14.0%	 20.9%	 16.3%	 100.0%
_________ _________ ANUALH3 _________ _________ _________ ________ ________ ______ ______

%within	 41.7%	 38.5%	 8.3%	 27.3%	 42.9%	 46.7%	 35.8%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ _______ _______
Total	 ___________ Count 	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ __________ ANUALH3 __________ __________ __________ _________ _________ _______ _______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
_____________ ____________ Sector	 ____________ ____________ ____________ ___________ ___________ ________ ________

Chi-Square Tests

Value	 df	 Asymp. Sig.
____________ ____________ ____________ (2-sided)
Pearson	 10.001	 10	 .440
Chi-Square ___________ ___________ ___________
Likelihood	 10.911	 10	 .365
Ratio____________ ____________ ____________
Linear-by-	 .135	 1	 .714
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________ ____________

4 cells (22.2%) have expected count less than 5. The minimum expected
count is 3.20.
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Subcontracting (SU BCO N3) * Sector Crosstabulation

___________ ___________ ____________ Sector 	 ___________ ___________ ___________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
____________ ____________ ____________ ____________ goods 	 ____________ ____________ ___________ ________ ________
SUBCON3	 1.00	 Count	 12	 4	 2	 9	 11	 9	 47

%within	 25.5%	 8.5%	 4.3%	 19.1%	 23.4%	 19.1%	 100.0%
__________ __________ SUBCON3 __________ __________ __________ _________ _________ _______ _______

% within	 50.0%	 - 15.4%	 16.7%	 40.9%	 52.4%	 60.0%	 39.2%
__________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _______
___________ 2.00	 Count	 10	 16	 4	 8	 7	 5	 50

%within	 20.0%	 32.0%	 8.0%	 16.0%	 14.0%	 10.0%	 100.0%
__________ __________ SUBCON3 __________ __________ __________ _________ _________ _______ _______

%within	 41.7%	 61.5%	 33.3%	 36.4%	 33.3%	 33.3%	 41.7%
__________ __________ Sector 	 __________ __________ __________ __________ _________ _______ _______
___________ 3.00	 Count	 2	 6	 6	 5	 3	 1	 23

%within	 8.7%	 26.1%	 26.1%	 21.7%	 13.0%	 4.3%	 100.0%
__________ __________ SUBCON3 __________ __________ __________ _________ _________ _______ _______

%within	 8.3%	 23.1%	 50.0%	 22.7%	 14.3%	 6.7%	 192%
____________ ____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
_________ _________ SUBCON3 _________ _________ _________ _________ ________ ______ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
___________ ___________ Sector 	 ___________ ___________ ___________ __________ __________ _______ _______

Chi-Square Tests

Value	 df	 Asymp.Sig.
____________ ____________ ____________ (2-sided)
Pearson	 21.311	 10	 .019
Chi-Square ____________ ____________ ____________
Likelihood	 21.215	 10	 .020
Ratio____________ ____________ ____________
Linear-by-	 1.491	 1	 .222
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases____________ ____________

3 cells (16.7%) have expected count less than 5. The minimum expected
count is 2.30.
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Contract employees (CONTRA3) * Sector Crosstabulation

___________ ____________ ___________ Sector	 ___________ ___________ ___________ __________ ________ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
____________ _____________ ____________ ____________ goods	 ____________ ____________ ___________ ________ ________
CONTRA3	 1.00	 Count	 15	 8	 6	 8	 10	 11	 58

% within	 25.9%	 13.8%	 10.3%	 13.8%	 17.2%	 19.0%	 100.0%
_________ _________ CONTRA3 _________ _________ _________ ________ ________ ______ ______

% within	 62.5%	 30.8%	 50.0%	 36.4%	 47.6%	 73.3%	 48.3%
____________ _____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________
___________ 2.00	 Count	 7	 14	 4	 10	 8	 2	 45

%within	 15.6%	 31.1%	 8.9%	 22.2%	 17.8%	 4.4%	 100.0%
________ _________ CONTRA3 ________ ________ ________ ________ ________ ______ ______

%within	 29.2%	 53.8%	 33.3%	 45.5%	 38.1%	 13.3%	 37.5%
____________ _____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________
___________ 3.00	 Count	 2	 4	 2	 4	 3	 2	 17

%within	 11.8%	 23.5%	 11.8%	 23.5%	 17.6%	 11.8%	 100.0%
_________ _________ CONTRA3 _________ _________ _________ ________ ________ ______ ______

%within	 8.3%	 15.4%	 16.7%	 18.2%	 14.3%	 13.3%	 14.2%
____________ _____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________ ________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
________ _________ CONTRA3 ________ ________ ________ ________ ________ ______ ______

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
____________ _____________ Sector 	 ____________ ____________ ____________ ____________ ___________ ________ ________

Chi-Square Tests

Value	 df	 Asymp.Sig.
____________ _____________ ____________ (2-sided)
Pearson	 11.233	 10	 .340
Chi-Square ____________ ____________ ____________
Likelihood	 11.837	 10	 .296
Ratio___________ ___________ ___________
Linear-by-	 .005	 1	 .941
Linear
Association____________ ____________ ____________
Nof Valid	 120
Cases

5 cells (27.8%) have expected count less than 5. The minimum expected
count is 1.70.
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Varying lead times (LEADTI3) * Sector Crosstabulation

____________ ___________ ___________ Sector	 ___________ ____________ ___________ __________ _______ Total
Process	 Engineering	 Engineering	 Electronics	 Household	 Food

Consumer	 Capital kits
_____________ ____________ ____________ ____________ goods 	 _____________ ___________ ___________ ________ ___________
LEADTI3	 1.00	 Count	 9	 9	 4	 10	 7	 10	 49

% within	 18.4%	 18.4%	 8.2%	 20.4%	 14.3%	 20.4%	 100.0%
__________ __________ LEADTI3 	 __________ __________ __________ _________ ________ ______ ________

% within	 37.5%	 346%	 33.3%	 45.5%	 33.3%	 66.7%	 40.8%
____________ Sector 	 ____________ ____________ _____________ ___________ ___________ ________ ___________

___________ 2.00	 Count	 9	 12	 5	 10	 10	 5	 51
¼ within	 17.6%	 23.5%	 9.8%	 19.6%	 19.6%	 9.8%	 100.0%

__________ __________ LEADTI3 	 __________ __________ __________ _________ ________ ______ ________
%within	 37.5%	 46.2%	 41.7%	 45.5%	 47.6%	 33.3%	 42.5%

___________ ___________ Sector	 ___________ ___________ ___________ __________ _________ _______ _________
___________ 3.00	 Count	 6	 5	 3	 2	 4	 _______ 20

%within	 30.0%	 25.0%	 15.0%	 10.0%	 20.0%	 100.0%
__________ __________ LEADTI3 	 __________ __________ __________ _________ ________ ______ ________

I	 %within	 25.0%	 19.2%	 25.0%	 9.1%	 19.0%	 16.7%
_____________ ____________ Sector	 ____________ ____________ _____________ ___________ ___________ ________ ___________
Total	 ___________ Count	 24	 26	 12	 22	 21	 15	 120

¼ within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
__________ _________ LEADTI3	 _________ _________ __________ _________ ________ ______ ________

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
____________ ___________ Sector	 ___________ ___________ ____________ ___________ __________ ________ __________

Chi-Square Tests

Value	 df	 Asymp. Sig.
____________ ____________ ____________ (2-sided)
Pearson	 8.960	 10	 .536
Chi-Square ___________ ___________ ___________
Likelihood	 11.068	 10	 .352
Ratio_____________ ____________ ____________
Linear-by-	 2.562	 1	 .109
Linear
Association______________ _____________ _____________
Nof Valid	 120
Cases_____________ ____________ ____________

5 cells (27.8%) have expected count less than 5. The minimum expected
count is 2.00.
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Rejecting orders (REJEC3) * Sector Crosstabulation

____________ ___________ ____________ Sector	 _____________ __________ __________ __________ __________ Total
Process	 Engineenng	 Engineerin Electronics	 Household Food

Consumer	 g Capital
____________ ___________ ____________ ___________ goods 	 kits	 __________ __________ __________ ________
REJEC3	 1.00	 Count	 24	 26	 12	 19	 21	 15	 117

%within	 20.5%	 22.2%	 10.3%	 16.2%	 17.9%	 12.8%	 100.0%
___________ __________ REJEC3 	 __________ ____________ _________ _________ _________ _________ _______

%within	 100.0%	 100.0%	 100.0%	 86.4%	 100.0%	 100.0%	 97.5%
___________ ___________ Sector 	 ___________ ____________ _________ __________ _________ _________ _______
___________ 2.00	 Count	 ___________ ____________ _________ 3 	 _________ _________ 3

% within	 100.0%	 100.0%
___________ ___________ REJEC3 	 ___________ ____________ _________ __________ _________ _________ _______

% within	 13.6%	 2.5%
___________ __________ Sector	 __________ ____________ _________ _________ _________ _________
Total	 __________ Count	 24	 26	 12	 22	 21	 15	 120

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5%	 100.0%
___________ __________ REJEC3 	 __________ ____________ _________ _________ _________ _________ _______

I	 %within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%	 100.0%
____________ ___________ Sector 	 ___________ _____________ __________ __________ __________ __________ ________

Chi-Square Tests

Value	 df	 Asymp.Sig.
____________ ____________ ____________ (2-sided)
Pearson	 13.706	 5	 .018
Chi-Square ____________ ____________ ____________
Likelihood	 10.532	 5	 .061
Ratio___________ ___________ ___________
Linear-by-	 .255	 1	 .613
Linear
Association_____________ _____________ _____________
N of Valid	 120
Cases____________ ___________ ___________
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L 
APPENDIX 9

This appendix presents the results of the calculations used to classify the strength of the
identified enablers of volume flexibility using an unweighted combination model.

The strength of each enabler is determined by a factor l, calculated from the following
formula:

'U = IA + 'B + IC

3

= Factor for the proportion of plants that used the enabler extensively (i.e. IA = % of plants
using the enabler extensively/I 00)

lB = Factor for the proportion of plants that perceive the use of the enabler not to be costly
(i.e. 'B % of plants that perceive the use of the enabler not to be costly/I 00)

Ic = Factor for the proportion of plants that desire the use of the enabler in future
(i.e. l = % of plants that desire the use of the enabler in future/i 00)
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Enablers	 IA	 IC	 'U 'A + 1B +

_____________________ _____________________ ____________________ _____________________ 	 3
Overtime hours by 	 0.75	 0.025	 0.4	 0.392
fulltime employees __________________ _________________ __________________ __________________
Increased hours	 0.142	 0.225	 0.217	 0.195
worked by part
timeemployees	 __________________ _________________ __________________ __________________
Temporary labour	 0.442	 0.133	 0.375	 0.317

Job sharing	 0.008	 0.233	 0.108	 0.116

Annualised hours	 0.092	 0.45	 0.358	 0.300
contracts__________________ __________________ __________________ __________________
Subcontracting	 0.142	 0.108	 0.192	 0.147

Contract	 0.142	 0.10	 0.142	 0.128
employees__________________ _________________ __________________ __________________
Varying lead times	 0.275	 0.15	 0.167	 0.197

Rejecting orders	 0.033	 0.075	 0.0	 0.036
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APPENDIX 10

This Appendix presents the results of statistical analysis undertaken to determine substitute
and complementary enablers of volume flexibility. Substitutes are defined as those strategies,
which can be replaced or can replace other strategies to achieve volume flexibility.
Complements are those strategies which when used by a plant are likely to encourage the
use of other specific strategies.

Substitute and complementary enablers are determined by correlating the strategies
employed to achieve volume flexibility with each other. A significant negative correlation
provides likely candidates for substitutes. A significant positive correlation provides
candidates for complementary enablers. Only the results of significant correlation are
presented in this appendix. Results of likely substitute and complements are shaded in the
displayed SPSS output tables.

The SPSS Syntax programme used to run this analysis is given below:

CROSSTABS
ITABLES=overtiO BY partimO BY sector
/FORMAT= AVALUE NOINDEX BOX LABELS TABLES
/STATISTIC=CORR
/CELLS= COUNT ROW COLUMN.

OvertlO represents the use of overtime hours by full time employees
PartimO represents increased hours worked by part time employees
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Use of overtime hours vs. temporary labour. Symmetric Measures

Sector	 Value	 Asymp. Std. Error Approx. T (b) pprox. Sig. (c)
___________ _______________________ _______________ __________ 	 (a)	 _____________ _____________

Process	 Interval by Interval	 Pearson's F	 .038	 .175	 .177	 .861
Ordinal by Ordinal 	 Spearmai	 .097	 .193	 .457	 .652

___________ _______________________	 Correlatioi __________ _________________ _____________ _____________
__________	 N of Valid Cases	 _____________	 24	 _______________ ____________ ____________
Engineering	 Interval by Interval	 Pearson's F	 -.180	 .091	 -.897	 .379
Consumer

goods______________________ ______________ _________ ________________ ____________ ____________
Ordinal by Ordinal 	 Spearmal	 -.189	 .095	 -.941	 .356

___________ _______________________	 Correlatioi __________ _________________ _____________ _____________
_________	 N of Valid Cases	 ____________	 26	 ______________ __________ __________
Engineering	 Interval by Interval	 Pearson's F	 -.415	 .150	 -1.443	 .180
Capitalkits ______________________ ______________ _________ ________________ ____________ ____________

Ordinal by Ordinal 	 Spearmai	 -.424	 .150	 -1.482	 .169
___________ _______________________	 Correlatioi __________ _________________ _____________ _____________
__________	 N of Valid Cases	 _____________	 12	 ______________ ___________ ___________
Electronics	 Interval by Interval	 Pearson's F	 .273	 .232	 1.269	 .219

Ordinal by Ordinal 	 Spearmal	 .242	 .236	 1.115	 .278
___________ ______________________	 Correlatioi _________ ________________ _____________ ____________
__________	 N of Valid Cases	 _____________	 22	 _______________ ____________ ____________
Household	 Interval by Interval	 Pearson's F	 .335	 .166	 1.549	 .138

Ordinal by Ordinal 	 Spearmai	 .355	 .182	 1.653	 .115
___________ _______________________	 Correlatioi __________ _________________ _____________ _____________
__________	 N of Valid Cases	 _____________	 21	 _______________ ____________ ____________

Food	 Interval by Interval	 Pearson's F	 .517	 .181	 2.178	 .048
Ordinal by Ordinal	 Spearmal	 .515	 .212	 2.165	 .050

___________ _______________________	 Correlatiol __________ _________________ _____________ _____________
_________	 N of Valid Cases	 ____________	 15	 ______________ ___________ __________

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
c Based on normal approximation.
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The use of overtime hours vs. annualised hours contracts. Symmetric
Measures

	Secto	 Value	 symp. Std. Erro Approx. I Approx. Sig. (c)
______________ __________________ ____________________ _________	 (a)	 (b)	 -

	

Proces!	 Interval by Interva	 Pearson's R	 -.743	 .113	 -5.206	 .000

	

_____________	 Ordinal by Ordina Spearman Correlation 	 -.606	 .174	 -3.573	 .002

	

_____________	 N of Valid Case! __________________	 24	 _____________ ________ ____________

	

Engineering	 Interval by Interva	 Pearson's R	 .040	 .028	 .196	 .846
Consumergoodr _________________ __________________ _________ _____________ _________ ____________

	

_____________	 Ordinal by Ordina Spearman Correlation 	 .040	 .028	 .196	 .846

	

____________	 N of Valid Case ________________	 26	 _________ ________ __________

	

Engineering	 Interval by Interva	 Pearson's R	 .135	 .082	 .430	 .676
Capitalkit ! ___________________ ____________________ __________ _______________ _________ _____________

	

_____________	 Ordinal by Ordina Spearman Correlation	 .135	 .082	 .430	 .676

	

_____________	 N of Valid Case _________________	 12	 _____________ ________ ___________

	

Electronic!	 Interval by Interva	 Pearson's R	 -.288	 .243	 -1.344	 .194

	

___________	 Ordinal byOrdina Spearman Correlation	 -.305	 .241 - -1.434	 .167

	

______________	 N of Valid Case ___________________ 	 22	 ______________ _________ ____________

	

Househok	 Interval by Interva	 Pearson's R	 .501	 .196 - -2.522	 .021 -

	

_____________	 Ordinal by Ordina Spearman Correlation 	 -.467	 .161	 -2.302	 .033

	

______________	 N of Valid Case ___________________ 	 21	 ______________ _________ ____________

	

Food	 Interval by Interva	 Pearson's R	 -.385	 .350	 -1.505	 .156

	

_____________	 Ordinal by Ordina Spearman Correlation 	 -.246	 .331	 -.916	 .376

	

_____________	 N of Valid Case _________________ 	 15	 _____________ ________ ___________

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
c Based on normal approximation.
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Use of overtime hours vs. contract employees. Symmetric Measures

Sector	 Value \symp. Std. Erro Approx. T Approx. Sig.
_____________________ ________________ _________________ _______	 (a)	 (b)	 (c)

Process	 Interval by lnterva	 Pearson's R	 -.502	 .206	 -2.724	 .012

	

Ordinal by Ordina	 Spearman	 -.479	 .194	 -2.560	 .018

	

______________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
____________________ N of Valid Case ________________ 	 24 _____________ _________ __________

	

Engineering Consumer Interval by Interva	 Pearson's R	 .126	 .066	 .620	 .541
goods________________ _________________ _______ ______________ _________ __________

	

Ordinal by Ordina	 Spearman	 .131	 .069	 .649	 .523

	

______________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
____________________ N of Valid Case: ________________ 	 26 _____________ ________ __________

	

Engineering Capital kits Interval by Interva 	 Pearson's R	 .351	 .134	 1.185	 .264

	

Ordinal by Ordina	 Spearman	 .365	 .138	 1.240	 .243

	

______________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
__________________ N of Valid Case: _______________ 12 ____________ ________ _________

Electronics	 Interval by Interva	 Pearson's R	 .346	 .093	 1.650	 .115

	

Ordinal by Ordina	 Spearman	 .364	 .097	 1.747	 .096

	

_____________________ ________________	 Correlation	 _______ ______________ _________ __________
____________________ N of Valid Case: ________________ 	 22 _____________ ________ __________

Household	 Interval by Interva	 Pearson's R	 .064	 .176	 .280	 .782

	

Ordinal by Ordina	 Spearman	 .021	 .204	 .094	 .926

	

______________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
____________________ N of Valid Case: ________________ 	 21	 _____________ _________ __________

Food	 Interval by Interva	 Pearson's R	 .242	 .095	 .898	 .385

	

Ordinal byOrdina	 Spearman	 .273	 .108	 1.023	 .325

	

______________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
___________________ N of Valid Case: ________________ 15 _____________ ________ _________

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
c Based on normal approximation.
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Use of overtime hours vs. varying lead times. Symmetric Measures

Sector	 Value	 symp. Std. Erro Approx. T Approx. Sig.
_______________________ ________________ __________________ _______ 	 (a)	 (b)	 (c)

Process	 Interval by Interva 	 Pearsons R	 .171	 .247	 .816	 .423

	

Ordinal by Ordina	 Spearman	 .216	 .241	 1.037	 .311

	

_______________________ ________________ 	 Correlation	 _______ ______________ ________ ___________
_____________________ N of Valid Case: ________________ 24 _____________ ________ __________

Engineering Consumer 	 Interval by Interva	 Pearson's R	 .260	 .127	 1.319	 .200
goods________________ _________________ _______ ______________ _________ ___________

	

Ordinal by Ordina	 Spearman	 .255	 .124	 1.292	 .209

	

________________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
______________________ N of Valid Case: ________________ 	 26 _____________ ________ __________
Engineering Capital kits	 Interval by Interva	 Pearson's R	 .674	 .170	 2.887	 .016 -

	

Ordinal by Ordina	 Spearman	 .632	 .171	 2.582	 .027

	

________________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
______________________ N of Valid Case ________________ 	 12 _____________ ________ __________

Electronics	 Interval by Interva	 Pearson's R	 .263	 .153	 1.219	 .237

	

Ordinal byOrdina	 Spearman	 .280	 .154	 1.305	 .207

	

________________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
______________________ N of Valid Case: ________________ 	 22 _____________ ________ __________

Household	 Interval by Interva	 Pearson's R	 .260	 .183	 1.175	 .255

	

Ordinal by Ordina	 Spearman	 .269	 .200	 1.219	 .238

	

________________________ _________________ 	 Correlation	 _______ _______________
______________________ N of Valid Case ________________ 	 21	 _____________ ________ __________

Food	 Interval by Interva	 Pearson's R	 .182	 .181	 .669	 .515

	

Ordinal by Ordina	 Spearman	 .106	 .234	 .384	 .707

	

________________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
____________________ N of Valid Cases _______________ 15 ____________ ________ _________

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
c Based on normal approximation.
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Use of overtime hours vs. rejecting orders. Symmetric Measures

Sector	 Value	 symp. Std. Erro Approx. T Approx. Sig.
__________________ __________________ _________________ _______ 	 (a)	 (b)	 (c)

Process	 Interval by Interval	 Pearson's R	 .250	 .078	 1.211	 .239
Ordinal by Ordinal	 Spearman	 .285	 .089	 1.395	 .177

____________________ ____________________ 	 Correlation	 ________ _______________ _________ ___________
_________________ N of Valid Cases ________________ 24 _____________ ________ __________
Engineering Consumer Interval by Interval	 Pearson's R	 .098	 .053	 .480	 .635

goods___________________ __________________ _______ ______________ _________ ___________
Ordinal by Ordinal	 Spearman	 .098	 .053	 .480	 .635

____________________ ____________________ 	 Correlation	 ________ _______________ _________ ___________
_________________	 N of Valid Cases ________________ 26 _____________ ________ __________

Engineering Capital kits Interval by Interval 	 Pearson's R	 .316	 .130	 1.054	 .317
Ordinal by Ordinal	 Spearman	 .316	 .130	 1.054	 .317

___________________ ___________________	 Correlation	 _______ ______________ _________ ___________
_________________	 N of Valid Cases ________________ 12 _____________ ________ __________

Electronics	 Interval by Interval	 Pearson's R	 -.224	 .235	 -1.026	 .317
Ordinal by Ordinal	 Spearman	 -.224	 .235	 -1.026	 .317

____________________ ____________________ 	 Correlation	 ________ _______________ _________ ___________
__________________	 N of Valid Cases _________________ 22 _____________ ________ __________

Household	 Interval by Interval	 Pearson's R	 -.131	 .169	 -.574	 .572
Ordinal by Ordinal	 Spearman	 -.111	 .212	 -.488	 .631

____________________ ____________________ 	 Correlation	 ________ _______________ _________ ___________
___________________	 N of Valid Cases __________________ 21	 ______________ _________ ___________
-	 Food	 Interval by Interval	 Pearson's R	 -.564	 .284	 -2.463	 .029

Ordinal by Ordinal 	 Spearman	 -.280	 .337	 -1.053	 .312
____________________ ____________________ 	 Correlation	 ________ _______________ _________ ___________
___________________	 N of Valid Cases __________________ 15	 ______________ _________ ___________

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
c Based on normal approximation.
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Increased hours worked by part-time employees vs. job sharing. Symmetric
Measures

Sector	 Value ¼symp. Std. Erro Approx. T Approx. Sig.
______________________ ________________ __________________ _______	 (a)	 (b)	 (c)

Process	 Interval by Interval 	 Pearson's R	 -.074	 .042	 -.347	 .732

	

Ordinal by Ordinal 	 Spearman	 -.079	 .045	 -.370	 .715

	

______________________ ________________	 Correlation	 _______ ______________ _________ __________
____________________ N of Valid Case _________________ 24 _____________ ________ __________

	

Engineering Consumer Interval by Interva	 Pearson's R	 .473	 .204	 2.627	 .015
goods_______________ _________________ _______ _____________ ________ __________

	

Ordinal by Ordina	 Spearman	 .394	 .180	 2.101	 .046

	

______________________ ________________	 Correlation	 _______ ______________ _________ __________
____________________ N of Valid Case _________________ 26 _____________ ________ __________

	

Engineering Capital kits Interval by Interval	 Pearson's R	 -.245	 .108	 -.801	 .442

	

Ordinal by Ordinal 	 Spearman	 -.256	 .111	 -.837	 .422

	

_______________________ _________________ 	 Correlation	 ________ _______________ _________ ___________
____________________ N of Valid Caser _________________ 12 _____________ ________ __________

Electronics	 Interval by Interval	 Pearson's R	 .081	 .219	 .363	 .720

	

Ordinal by Ordina	 Spearman	 .174	 .254	 .790	 .439

	

______________________ ________________	 Correlation	 _______ ______________ _________
__________________ N of Valid Case _______________ 22 ____________ ________ _________

	

HouseholdInterval by Interval 	 Pearson's R	 . (d) ______________ _________ __________
____________________ N of Valid Caser _________________ 21	 _____________ _________ __________

	

FoodInterval by Interval 	 Pearson's R	 . (d) ______________ _________ __________
____________________ N of Valid Caser _________________ 15 _____________ _________ __________

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
c Based on normal approximation.
d No statistics are computed because JOBSHAO is a constant.
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Subcontracting vs. contract employees. Symmetric Measures

Sector	 Value	 symp. Std. Erro Approx. I Approx. Sig.
______________________ ________________ __________________ _______	 (a)	 (b)	 (C)

Process	 Interval by Interva 	 Pearsons R	 .336	 .246	 1.672	 .109

	

Ordinal by Ordina	 Spearman	 .191	 .238	 .914	 .370

	

_______________________ _________________ 	 Correlation	 ________ _______________ __________ ___________
____________________ N of Valid Case: _________________ 24 _____________ _________ __________

	

Engineering Consumer Interval by Interva	 Pearson's R	 .034	 .207	 .168	 .868
goods________________ _________________ _______ ______________ _________ __________

	

Ordinal by Ordina	 Spearman	 .091	 .212	 .447	 .659

	

_______________________ _________________ 	 Correlation	 _______ _______________ _________ ___________
____________________ N of Valid Case: ________________ 	 26 _____________ ________ __________

	

Engineering Capital kits Interval by Interva 	 Pearson's R	 .000	 .320	 .000	 1.000

	

Ordinal by Ordina	 Spearman	 .000	 .312	 .000	 1.000

	

______________________ ________________	 Correlation	 _______ ______________ _________ __________
____________________ N of Valid Case: ________________ 	 12 _____________ ________ __________

Electronics	 Interval by Interva	 Pearson's R	 .516	 .157	 2.697	 .014

	

Ordinal by Ordina	 Spearman	 .485	 .191	 2.478	 .022

	

______________________ ________________	 Correlation	 _______ ______________ _________ __________
______________________ N of Valid Case: _________________ 	 22 ______________ _________ ___________

Household	 Interval by Interva	 Pearson's R	 -.106	 .200	 -.465	 .647

	

Ordinal by Ordina	 Spearman	 -.106	 .200	 -.465	 .647

	

______________________ ________________	 Correlation	 _______ ______________ _________ ___________
____________________ N of Valid Case: ________________ 	 21	 _____________ ________ __________

Food	 Interval by Interva	 Pearson's R	 -.172	 .075	 -.628	 .541

	

Ordinal by Ordina	 Spearman	 -.195	 .086	 -.715	 .487

	

______________________ ________________	 Correlation	 _______ ______________ _________ ___________
____________________ N of Valid Case: _________________ 15 _____________ ________ __________

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
c Based on normal approximation.
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Subcontracting vs. varying lead times. Symmetric Measures

Sector	 Value symp. Std. Errol Approx. I Approx. Sig.
____________________ ____________________ _________________	 (a)	 (b)	 (c)

Process	 Interval by Interval	 Pearsons R	 .267	 .191	 1.298	 .208

	

Ordinal by Ordinal	 Spearman	 .231	 .195	 1.116	 .277
_____________________ _____________________ 	 Correlation	 _______________
___________________ N of Valid Cases ________________ 24 _____________ ________ __________

	

Engineering Consumer Interval by Interval 	 Pearsons R	 .531	 .178	 3.070	 .005
goods__________________ ________________ - _____________ ________ __________

	

Ordinal by Ordinal	 Spearman	 .529	 .184	 3.052	 .005
_____________________ _____________________ 	 Correlation	 _______________
___________________ N of Valid Cases _________________ 26 _____________ ________ __________

	

Engineering Capital kits Interval by Interval 	 Pearson's R	 .142	 .311	 454	 .659

	

Ordinal by Ordinal	 Spearman	 .167	 .308	 .535	 .605
_____________________ _____________________ 	 Correlation	 _______________
___________________ N of Valid Cases _________________ 12 _____________ ________ __________

Electronics	 Interval by Interval 	 Pearson's R	 .097	 .199	 .437	 .667

	

Ordinal by Ordinal	 Spearman	 .087	 .210	 .391	 .700
_____________________ _____________________ 	 Correlation
___________________ N of Valid Cases _________________ 22 _____________ ________ __________

Household	 Interval by Interval	 Pearson's R	 -.021	 .214	 -.093	 .927

	

Ordinal by Ordinal	 Spearman	 -.019	 .215	 -.082	 .935
_____________________ _____________________ 	 Correlation
___________________ N of Valid Cases _________________ 21 _____________ ________ __________

Food	 Interval by Interval 	 Pearson's R	 .302	 .193	 1.143	 .274

	

Ordinal by Ordinal	 Spearman	 .317	 .249	 1.205	 .250
_____________________ _____________________ 	 Correlation	 _______________
___________________ N of Valid Cases _________________ 15 _____________ ________ __________

a Not assuming the null hypothesis.
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APPENDIX 11

The results of the analysis of inhibitors of volume flexibility based on a collapsed 3-point scale
are presented in this appendix. These are:

1. The percentage of responding plants in different sectors rating the inhibitors based on
how problematic they are to the achievement of volume flexibility.

2. Chi-square tests to determine whether differences in ratings are sector dependent.

An example of the SPSS Syntax programme used to execute the analysis is given below:

CROSSTABS
ITABLESoverti4 BY sector
/FORMAT= AVALUE NOINDEX BOX LABELS TABLES
/STATISTIC=CHISQ
/CELLS= COUNT ROW COLUMN.

Overti4 represents 'getting full time employees to work overtime hours"
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Hiring full time employees (HIRIN4) * Sector Crosstabulation

___________ ___________ ___________ Sector	 ___________ __________ ________ _________	 Total
Process	 Engineering Engineering Electronics Household Food

Consumer Capital kits
___________ ____________ ___________ ___________ 	 goods	 ___________ ________ _________	 _______

HIRIN4	 .00	 Count	 2	 2	 _________	 1	 4	 9

	

%within	 22.2%	 22.2%	 11.1%	 44.4%	 100.0%
_________ _________ HIRIN4 _________ _________ ________ ______ _______	 ______

	

% within	 8.3%	 7.7%	 4.5%	 19.0%	 7.5%

	

___________ ____________ Sector 	 ___________ ___________ ___________ ________ _________ 	 _______
_________	 1.00	 Count	 5	 5	 1	 2	 2	 5	 20

	

%within	 25.0%	 25.0%	 5.0%	 10.0%	 10.0% 25.0% 100.0%
_________ __________ HIRIN4 _________ _________ _________ _______ ________	 ______

	

%within	 20.8%	 19.2%	 8.3%	 9.1%	 9.5%	 33.3% 16.7%

	

___________ ____________ Sector 	 ___________ ___________ ___________ ________ _________ 	 _______
__________	 2.00	 Count	 12	 4	 6	 8	 7	 6	 43

	

%within	 27.9%	 9.3%	 14.0%	 18.6%	 16.3% 14.0% 100.0%
_________ _________ HIRIN4 ________ _________ ________ ______ _______	 ______

	

% within	 50.0%	 15.4%	 50.0%	 36.4%	 33.3% 40.0% 35.8%

	

___________ ___________ Sector	 __________ ___________ __________ ________ _________ 	 _______
_________	 3.00	 Count	 5	 15	 5	 11	 8	 4	 48

	

% within	 10.4%	 31.3%	 10.4%	 22.9%	 16.7%	 8.3% 100.0%
_________ _________ HIRIN4 ________ ________ ________ ______ _______	 ______

	

% within	 20.8%	 57.7%	 41.7%	 50.0%	 38.1% 26.7% 40.0%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______

Total	 __________	 Count	 24	 26	 12	 22	 21	 15	 120

	

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5% 12.5% 100.0%
_________ _________ HIRIN4 _________ _________ ________ _______ _______ 	 ______

	

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______

Chi-Square Tests

Value	 dl	 Asymp. Sig.
___________ ___________ ___________ (2-sided)
Pearson Chi-	 21.435a	 15	 .123

Square___________ ___________ ___________
Likelihood	 23.051	 15	 .083

Ratio___________ ___________ ___________
Linear-by-	 .003	 1	 .954

Linear
Association___________ ___________ ___________
Linear-by-	 .003	 1	 .954

Linear
Association___________ ___________ ___________
Nof Valid	 120

Cases___________ ___________ ___________
N of Valid	 120

Cases

a - 14 cells (58.3%) have expected count less than 5. The minimum expected count is 1.90.
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Getting full time employees to work overtime hours (OVERTI4) * Sector Crosstabulation

___________ ___________ ___________ Sector ___________ __________ _________ _________	 Total
Process	 Engineering Engineering Electronics Household Food

consumer capital kits
___________ ___________ ___________ ___________	 goods	 ___________ _________ _________ 	 _______

	

OVERTI4.00	 Count	 1	 _________ _________ ________ ________ - 1

	

% within	 100.0%	 100.0%
_________ _________ OVERTI4 _________ _________ ________ _______ _______	 ______

	

% within	 4.2%	 .8%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______
_________	 1.00	 Count	 9	 11	 6	 7	 7	 5	 45

	

% within	 20.0%	 24.4%	 3.3%	 15.6%	 15.6% 11.1% 100.0%
_________ _________ OVERTI4 _________ _________ ________ _______ _______ 	 ______

	

% within	 37.5%	 42.3%	 50.0%	 31.8%	 33.3% 33.3% 37.5%
___________ ___________ Sector ___________ ___________ __________ ________ ________	 _______
_________	 2.00	 Count	 12	 13	 4	 12	 12	 7	 60

	

%within	 20.0%	 21.7%	 6.7%	 20.0%	 20.0% 11.7% 100.0%
_________ _________ OVERTI4 _________ _________ ________ _______ _______ 	 ______

	

%within	 50.0%	 50.0%	 33.3%	 54.5%	 57.1% 46.7% 50.0%
___________ ____________	 Sector	 ___________ ___________ __________ _________ _________ 	 _______
_________	 3.00	 Count	 2	 2	 2	 3	 2	 3	 14

	

%within	 14.3%	 14.3%	 14.3%	 21.4%	 14.3% 21.4% 100.0%
_________ _________ OVERTI4 ________ _________ ________ _______ _______ 	 ______

	

%within	 8.3%	 7.7%	 16.7%	 13.6%	 9.5%	 20.0% 11.7%
___________ ___________	 Sector	 ___________ ___________ __________ _________ _________ 	 _______

Total	 _________	 Count	 24	 26	 12	 22	 21	 15	 120

	

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5% 12.5% 100.0%
_________ _________ OVERTJ4 ________ _________ ________ _______ _______ 	 ______

	

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%
___________ ___________ Sector ___________ ___________ __________ _________ _________	 _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ___________ ___________ (2-sided)
Pearson Chi-	 7.908a	 15	 .927

Square___________ ___________ ___________
Likelihood	 7.054	 15	 .956

Ratio___________ ___________ ___________
Linear-by-	 1.514	 1	 .219

Linear
Association__________ __________ __________
Linear-by-	 1.514	 1	 .219

Linear
Association___________ __________ ___________
N of Valid	 120

Cases___________ __________ ___________
N of Valid	 120

Cases__________ __________ __________

a - 7 cells (29.2%) have expected count less than 5. The minimum expected count is 1.10.
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Getting part time employees to work increased hours (PARTIM4) * Sector Crosstabulation

___________ __________ __________	 Sector __________ __________ ________ ________ 	 Total
Process	 Engineering Engineering Electronics Household Food

Consumer Capital kits
___________ ___________ ___________ ___________ goods 	 ___________ ________ _________ 	 _______

PARTIM4	 .00	 Count	 12	 13	 7	 7	 5	 7	 51
% within	 23.5%	 25.5%	 13.7%	 13.7%	 9.8%	 13.7% 100.0%

_________ _________ PARTIM4 _________ _________ _________ _______ _______ 	 ______
% within	 50.0%	 50.0%	 58.3%	 31.8%	 23.8% 46.7% 42.5%

___________ ___________ Sector ___________ ___________ ___________ ________ _________ 	 _______
__________	 1.00	 Count	 8	 6	 3	 2	 6	 4	 29

% within	 27.6%	 20.7%	 10.3%	 6.9%	 20.7% 13.8% 100.0%
________ ________ PARTIM4 ________ ________ ________ ______ _______	 ______

% within	 33.3%	 23.1%	 25.0%	 9.1%	 28.6% 26.7% 24.2%
___________ ___________ Sector ___________ ___________ ___________ ________ _________ 	 _______
__________	 2.00	 Count	 3	 5	 2	 9	 7	 2	 28

%within	 10.7%	 17.9%	 7.1%	 32.1%	 25.0%	 7.1% 100.0%
_________ _________ PARTIM4 _________ _________ _________ _______ _______ 	 ______

%within	 12.5%	 19.2%	 16.7%	 40.9%	 33.3% 13.3% 23.3%
____________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______
__________	 3.00	 Count	 1	 2	 _________	 4	 3	 2	 12

% within	 8.3%	 16.7%	 33.3%	 25.0% 16.7% 100.0%
_________ _________ PARTIM4 _________ _________ _________ _______ ________	 ______

%within	 4.2%	 7.7%	 18.2%	 14.3% 13.3% 10.0%
___________ ___________ Sector ___________ ___________ ___________ ________ _________ 	 _______

Total	 __________	 Count	 24	 26	 12	 22	 21	 15	 120
% within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5% 12.5% 100.0%

_________ _________ PARTIM4 _________ _________ _________ _______ _______ 	 ______
%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%

_________ _________ Sector _________ _________ _________ _______ ________ 	 ______

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ___________ ___________ (2-sided)
Pearson Chi-	 17.134	 15	 .311

Square___________ ___________ ___________
Likelihood	 18.813	 15	 .222

Ratio___________ ___________ ___________
Linear-by-	 5.157	 1	 .023

Linear
Association___________ ___________ ___________
Linear-by-	 5.157	 1	 .023

Linear
Association___________ ___________ ___________
Nof Valid	 120

Cases___________ ___________ ___________
Nof Valid	 120

Cases___________ ___________ ___________

a - 5 cells (20.8%) have expected count less than 5. The minimum expected Count iS 1.20.
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Securing temporary labour (TEMP4) * Sector Crosstabulation

__________ ___________ __________ Sector __________ __________ ________ ________ _______ Total
Process	 Engineering Engineering Electronics Household Food

Consumer Capital kits
___________ ____________ ___________ ___________ 	 goods	 ___________ _________ _________ _______ _______

TEMP4	 .00	 Count	 6	 3	 3	 4	 5	 ______ 21

	

% within	 28.6%	 14.3%	 14.3%	 19.0%	 23.8%	 100.0%
________ _________ TEMP4 ________ ________ ________ _______ _______ _____ _____

	

%within	 25.0%	 11.5%	 25.0%	 18.2%	 23.8%	 17.5%
___________ ____________	 Sector	 ___________ ___________ ___________ _________ _________ _______ _______
__________	 1.00	 Count	 3	 5	 3	 2	 6	 9	 28

	

%within	 10.7%	 17.9%	 10.7%	 7.1%	 21.4%	 32.1% 100.0%
_________ _________ TEMP4 _________ ________ ________ _______ _______ ______ ______

	

%within	 12.5%	 19.2%	 25.0%	 9.1%	 28.6%	 60.0% 23.3%
___________ ____________	 Sector	 ___________ ___________ ___________ _________ _________ _______ _______
_________	 2.00	 Count	 11	 13	 3	 8	 5	 2	 42

	

%within	 26.2%	 31.0%	 7.1%	 19.0%	 11.9%	 4.8%	 100.0%
________ _________ TEMP4 ________ ________ ________ _______ _______ _____ _____

	

% within	 46.8%	 50.0%	 25.0%	 36.4%	 23.8%	 13.3% 35.0%
___________ ___________	 Sector	 ___________ __________ __________ ________ _________ _______ _______
__________	 3.00	 Count	 4	 5	 3	 8	 5	 4	 29

	

%within	 13.8%	 17.2%	 10.3%	 27.6%	 17.2%	 13.8% 100.0%
_________ _________ TEMP4 _________ _________ _________ _______ ________ ______ ______

	

% within	 16.7%	 19.2%	 25.0%	 36.4%	 23.8%	 26.7% 24.2%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ _______ _______

Total	 _________	 Count	 24	 26	 12	 22	 21	 15	 120

	

% within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5% 100.0%
_________ _________ TEMP4 ________ ________ ________ _______ _______ ______ ______

	

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%
____________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ _______ _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ____________ ___________ (2-sided)
Pearson Chi-	 24.817a	 15	 .052

Square___________ __________ __________
Likelihood	 25.909	 15	 .039

Ratio___________ __________ __________
Likelihood	 25.909	 15	 .039

Ratio___________ __________ __________
Linear-by-	 .001	 1	 .971

Linear
Association___________ __________ __________
Linear-by-	 .001	 1	 .971

Linear
Association___________ __________ __________
Nof Valid	 120

Cases___________ __________ __________
Nof Valid	 120

Cases___________ __________ __________

a - 4 cells (16.7%) have expected count less than 5. The minimum expected count is 2.10.
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Implementing job sharing (JOBSHA4) * Sector Crosstabulation

__________ ___________ ___________ Sector	 __________ ___________ ________ ________	 Total
Process	 Engineering Engineering Electronics Household Food

Consumer Capital kits
__________ ___________ ___________ __________ 	 goods ___________ ________ ________	 _______
JOBSHA4	 .00	 Count	 14	 21	 7	 11	 13	 7	 73

	

% within	 19.2%	 28.8%	 9.6%	 15.1%	 17.8%	 9.6% 100.0%
________ _________ JOBSHA4 ________ ________ _________ _______ _______	 ______

	

% within	 58.3%	 80.8%	 58.3%	 50.0%	 61.9% 46.7% 60.8%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______
________	 1.00	 Count	 4	 2	 1	 4	 2	 3	 16

	

% within	 25.0%	 12.5%	 6.3%	 25.0%	 12.5% 18.8% 100.0%
_________ _________ JOBSHA4 _________ _________ _________ _______ _______ 	 ______

	

% within	 16.7%	 7.7%	 8.3%	 18.2%	 9.5%	 20.0% 13.3%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______
________	 2.00	 Count	 3	 ________	 2	 3	 1	 2	 11

	

% within	 27.3%	 18.2%	 27.3%	 9.1%	 18.2% 100.0%
_________ _________ JOBSHA4 ________ ________ _________ _______ _______ 	 ______

	

% within	 12.5%	 16.7%	 13.6%	 4.8%	 13.3% 9.2%
____________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______
__________	 3.00	 Count	 3	 3	 2	 4	 5	 3	 20

	

% within	 15.0%	 15.0%	 10.0%	 20.0%	 25.0% 15.0% 100.0%
_________ _________ JOBSHA4 ________ ________ _________ _______ _______ 	 ______

	

%within	 12.5%	 11.5%	 16.7%	 18.2%	 23.8% 20.0% 16.7%

	

___________ ___________ Sector 	 __________ __________ ___________ ________ ________ 	 _______
Total	 _________	 Count	 24	 26	 12	 22	 21	 15	 120

	

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5% 100.0%
_________ __________ JOBSHA4 _________ _________ _________ _______ _______ 	 ______

	

%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%

	

___________ ____________ Sector 	 ___________ ___________ ___________ _________ _________ 	 _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ___________ ___________ (2-sided)
Pearson Chi-	 10.873a	 15	 .762

Square___________ __________ __________
Likelihood	 13.032	 15	 .600

Ratio___________ __________ __________
Likelihood	 13.032	 15	 .600

Ratio___________ __________ __________
Linear-by-	 1.199	 1	 .273

Linear
Association___________ __________ __________
Linear-by-	 1.199	 1	 .273

Linear
Association___________ __________ __________
N of Valid	 120

Cases___________ __________ __________
Nof Valid	 120
Cases__________

a - 8 cells (33.3%) have expected count less than 5. The minimum expected count is 1.10.
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Implementing annualised hours contracts (ANUALH4) * Sector Crosstabulation

_________ _________ ________ Sector _________ _________ _______ _______ ______ Total
Process	 Engineering Engineering Electronics Household Food

Consumer Capital kits
___________ ___________ __________ __________ 	 goods ___________ ________ _________ _______
ANUALH4	 .00	 Count	 14	 19	 7	 11	 12	 4	 67

% within	 20.9%	 28.4%	 10.4%	 16.4%	 17.9%	 6.0% 100.0%
_________ _________ ANUALH4 ________ _________ _________ _______ _______ ______

%within	 58.3%	 73.1%	 58.3%	 50.0%	 57.1%	 26.7% 55.8%
___________ ___________ Sector	 __________ ___________ ___________ ________ _________ _______
_________	 1.00	 Count	 2	 1	 1	 4	 2	 3	 13

%within	 15.4%	 7.7%	 7.7%	 30.8%	 15.4%	 23.1% 100.0%
_________ _________ ANUALH4 _________ _________ _________ _______ _______ ______

%within	 8.3%	 3.8%	 8.3%	 18.2%	 9.5%	 20.0% 10.8%
___________ ___________	 Sector ___________ ___________ ___________ _________ _________ _______
__________	 2.00	 Count	 3	 2	 __________	 3	 2	 4	 14

% within	 21.4%	 14.3%	 21.4%	 14.3%	 28.6% 100.0%
_________ _________ ANUALH4 _________ _________ _________ _______ _______ ______

%within	 12.5%	 7.7%	 13.6%	 9.5%	 26.7% 11.7%
___________ ___________ Sector ___________ ___________ ___________ ________ _________ _______
_________	 3.00	 Count	 5	 4	 4	 4	 5	 4	 26

% within	 19.2%	 15.4%	 15.4%	 15.4%	 19.2%	 15.4% 100.0%
_________ _________ ANUALH4 _________ _________ _________ _______ _______ ______

%within	 20.8%	 15.4%	 33.3%	 18.2%	 23.8%	 26.7% 21.7%
____________ ___________ 	 Sector ___________ ___________ ___________ _________ _________ _______

Total	 _________	 Count	 24	 26	 12	 22	 21	 15	 120
%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5% 100.0%

________ ________ ANUALH4 ________ ________ ________ _______ _______ _____
%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%

___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ___________ ___________ (2-sidedL
Pearson Chi-	 13.915a	 15	 .532

Square___________ ___________ ___________
Likelihood	 14.946	 15	 .455

Ratio___________ ___________ ___________
Linear-by-	 1.399	 1	 .237

Linear
Association___________ ___________ ___________
Linear-by-	 1.399	 1	 .237

Linear
Association___________ ___________ ___________
Nof Valid	 120

Cases___________ ___________ ___________
Nof Valid	 120

Cases___________ ___________ ___________

a - 7 cells (29.2%) have expected count less than 5. The minimum expected count is 1.30.
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Subcontracting (SUBCON4) * Sector Crosstabulation

__________ __________ __________	 Sector __________ __________ ________ ________	 Total
Process	 Engineering Engineering Electronics Household Food

Consumer Capital kits
___________ ___________ ___________ ___________ 	 goods	 ___________ _________ _________
SUBCON4	 .00	 Count	 10	 3	 2	 5	 9	 7	 36

% within	 27.8%	 8.3%	 5.6%	 13.9%	 25.0% 19.4% 100.0%
_________ _________ SUBCON4 _________ _________ _________ ______ _______

% within	 41.7%	 11.5%	 16.7%	 22.7%	 42.9% 46.7% 30.0%
___________ ___________	 Sector	 ___________ ___________ ___________ ________ _________
_________	 1.00	 Count	 1	 5	 1	 3	 _______ 4	 14

%within	 7.1%	 35.7%	 7.1%	 21.4%	 28.6% 100.0%
_________ _________ SUBCON4 _________ _________ _________ ______ _______

% within	 4.2%	 19.2%	 8.3%	 13.6%	 26.7% 11.7%
___________ ___________	 Sector	 ___________ ___________ ___________ ________ _________
_________	 2.00	 Count	 6	 13	 7	 10	 7	 2	 45

% within	 13.3%	 28.9%	 15.6%	 22.2%	 15.6%	 4.4% 100.0%
_________ _________ SUBCON4 _________ _________ _________ ______ _______

% within	 25.0%	 50.0%	 58.3%	 45.5%	 33.3% 13.3% 37.5%
___________ ___________ Sector ___________ ___________ ___________ ________ ________
__________	 3.00	 Count	 7	 5	 2	 4	 5	 2	 25

% within	 28.0%	 20.0%	 8.0%	 16.0%	 20.0%	 8.0% 100.0%
_________ _________ SUBCON4 _________ _________ _________ ______ _______

% within	 29.2%	 19.2%	 16.7%	 18.2%	 23.8% 13.3% 20.8%
___________ ___________	 Sector	 ___________ ___________ ___________ ________ _________

Total	 __________	 Count	 24	 26	 12	 22	 21	 15	 120
%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5%	 12.5% 100.0%

_________ _________ SUBCON4 _________ _________ _________ ______ _______
%within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0%100.0%

___________ ___________ Sector ___________ ___________ ___________ ________ ________

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ___________ ___________ (2-sided)
Pearson Chi-	 23.428a	 15	 .075

Square___________ ___________ ___________
Likelihood	 26.471	 15	 .033

Ratio___________ ___________ ___________
Linear-by-	 1.598	 1	 .206

Linear
Association___________ ___________ ___________
Linear-by-	 1.598	 1	 .206

Linear
Association___________ ___________ ___________
N of Valid	 120

Cases___________ ___________ ___________
No! Valid	 120

Cases___________ ___________ ___________

a - 4 cells (16.7%) have expected count less than 5. The minimum expected count is 1.40.

471



Securing contract employees (CONTRA4) * Sector Crosstabulatiori

________ ________ ________ Sector ________ ________ ______ ______ 	 Total
Process	 Engineering Engineering EIectronic- Household Food

Consumer Capital kits
__________ __________ __________ __________ goods __________ ________ ________ 	 ______
CONTRA4	 .00	 Count	 11	 11	 5	 5	 12	 8	 52

%within	 21.2%	 21.2%	 9.6%	 9.6%	 23.1% 15.4% 100.0%
________ ________ CONTRA4 ________ ________ ________ _______ _______ 	 _____

% within	 45.8%	 42.3%	 41.7%	 227%	 57.1% 53.3% 43.3%
_________ _________ Sector _________ _________ _________ _______ ________ 	 ______
________	 1.00	 Count	 3	 6	 2	 3	 _______ 4	 18

%within	 16.7%	 33.3%	 11.1%	 16.7%	 22.2% 100.0%
________ ________ CONTRA4 ________ ________ ________ _______ _______ 	 _____

%within	 12.5%	 23.1%	 16.7%	 13.6%	 26.7% 15.0%
_________ _________ Sector _________ _________ _________ _______ ________ 	 ______
__________	 2.00	 Count	 6	 8	 2	 7	 6	 2	 31

% within	 19.4%	 25.8%	 6.5%	 22.6%	 19.4% 6.5% 100.0%
________ ________ CONTRA4 ________ ________ ________ _______ _______ 	 _____

%within	 25.0%	 30.8%	 16.7%	 31.8%	 28.6% 13.3% 25.8%
_________ _________ Sector _________ _________ _________ _______ ________ 	 ______
_________	 3.00	 Count	 4	 1	 3	 7	 3	 1	 19

%within	 21.1%	 5.3%	 15.8%	 36.8%	 15.8%	 5.3% 100.0%
________ ________ CONTRA4 ________ ________ ________ _______ _______ 	 _____

% within	 16.7%	 3.8%	 25.0%	 31.8%	 14.3% 6.7% 15.8%
_________ _________ Sector _________ _________ _________ _______ ________ 	 ______

Total	 _________	 Count	 24	 26	 12	 22	 21	 15	 120
%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5% 12.5% 100.0%

________ ________ CONTRA4 ________ ________ ________ _______ _______ 	 _____
% within	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0% 100.0%

_________ _________ Sector _________ _________ _________ _______ ________ 	 ______

Chi-Square Tests

	Value	 df	 Asymp. Sig.
__________ __________ __________ (2-sided)

	

Pearson Chi- 18.566	 15	 .234
Square__________ __________ __________

Likelihood	 22.227	 15	 .102
Ratio__________ __________ __________

Likelihood	 22.227	 15	 .102
Ratio__________ _________ __________

Linear-by-	 .212	 1	 .645
Linear

Association__________ __________ __________
Linear-by-	 .212	 1	 .645

Linear
Association___________ __________ ___________
Nof Valid	 120

Cases___________ __________ ___________
N of Valid	 120

Cases__________ __________ __________

a - 6 cells (25.0%) have expected count less than 5. The minimum expected count is 1.80.
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Getting customers to agree to variation in lead times (LEADTI4) * Sector Crosstabulation

__________ __________ __________	 Sector __________ __________ ________ ________	 Total
Process

	

	 Engineering Engineering Electronics Household Food
Consumer Capital kits

___________ ___________ ___________ ___________ goods ___________ ________ ________ 	 _______
LEADTI4	 .00	 Count	 5	 2	 1	 _______	 4	 3	 15

	

% within	 33.3%	 13.3%	 6.7%	 26.7% 20.0% 100.0%
_________ _________ LEADTI4 _________ _________ _________ _______ _______ 	 ______

	

% within	 20.8%	 7.7%	 8.3%	 19.0% 20.0% 12.5%
___________ ___________	 Sector ___________ ___________ ___________ _________ _________	 _______
_________	 1.00	 Count _________	 1	 _________ _______ _______ 1 	 2

	

%within	 50.0%	 50.0% 100.0%
_________ _________ LEADTI4 _________ _________ _________ _______ _______ 	 ______

	

%within	 3.8%	 6.7%	 1.7%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______
__________	 2.00	 Count	 7	 7	 4	 9	 7	 3	 37

	

%within	 18.9%	 18.9%	 10.8%	 24.3%	 18.9%	 8.1% 100.0%
_________ _________ LEADTI4 _________ _________ _________ _______ _______	 ______

	

% within	 29.2%	 26.9%	 33.3%	 40.9%	 33.3% 20.0% 30.8%
___________ ___________	 Sector	 ___________ ___________ ___________ _________ _________ 	 _______
_________	 3.00	 Count	 12	 16	 7	 13	 10	 8	 66

	

%within	 18.2%	 24.2%	 10.6%	 19.7%	 15.2%	 12.1% 100.0%
_________ _________ LEADTI4 _________ _________ _________ ______ _______ 	 ______

	

%within	 50.0%	 61.5%	 58.3%	 59.1%	 47.6% 53.3% 55.0%
___________ ___________ Sector ___________ ___________ ___________ ________ ________ 	 _______

Total	 _________	 Count	 24	 26	 12	 22	 21	 15	 120

	

%within	 20.0%	 21.7%	 10.0%	 18.3%	 17.5% 12.5% 100.0%
_________ _________ LEADTI4 _________ _________ _________ ______ _______ 	 ______

	

% within	 100.0%	 100.0%	 100.0%	 100.0%	 100.0% 100.0% 100.0%
___________ ___________	 Sector	 ___________ ___________ ___________ ________ _________ 	 _______

Chi-Square Tests

Value	 df	 Asymp. Sig.
___________ ___________ ___________ (2-sided)
Pearson Chi-	 12.564a	 15	 .636

Square___________ ___________ ___________
Likelihood	 15.143	 15	 .441

Ratio___________ ___________ ___________
Linear-by-	 .065	 1	 .799

Linear
Association___________ ___________ ___________
Linear-by-	 .065	 1	 .799

Linear
Association___________ ___________ ___________
Nof Valid	 120

Cases___________ ___________ ___________
N of Valid	 120

Cases___________ ___________ ___________

a - 8 cells (33.3%) have expected count less than 5. The minimum expected count is 2.20.
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FAPPENDD]

ENGICO: HANDBOOK ON NEW WORKING PATFERNS

1. Summary of Proposed Annual Hours Scheme

1.1 The annual hours scheme at Engico has three main aims:-

• To accommodate a reduction in working time for industrial staff and an increase for Engico
staff, both groups being established on an average working week of 38.25 hours.

• To permit the company to expand production in key plants, and to respond to growth and
change in its business.

• To provide the opportunity of varying working hours to meet a fluctuating workload, and to
reduce the company's dependence on overtime.

1.2 The essence of the scheme is to introduce a flexible working day, which can be varied
between 35 and 42.5 hours per week and at the same time have a reserve of hours which
can be built up or run down to accommodate fluctuations in workload. The great majority of
employees will be covered by either the 'Committed Days' (CD) version of this concept or the
'Committed Shifts' (CS) version.

1.3 The Extended Double Days (EDO) work pattern does not have the same variability. It is a
fixed rota with summer period adjustments to provide sufficient time for at least a fortnight's
holiday during this period. There are no reserve hours in the EDD pattern.

1.4 Weekend overtime will still continue to be available and will be paid as worked. However,
such overtime will be controlled and it is anticipated that it will reduce substantially. Overtime
may also be earned if the weekday hours exceed the upper limit of variability.

1.5 The benefits of the scheme for employees are that it increases leisure time and days off
for industrial staff and transfers into guaranteed pay part of the fluctuating overtime earnings.
There are also more opportunities for job variety and minimal unsocial hours working.

2. Operation of Annual Hours Scheme

2.1 Definitions: All industrial and Engico staff will have an annual hours contract of 1744 hours
per annum.

2.2 Committed Hours: Each employee will be committed to at (east 1687.5 hours in the form
of days or shifts. The minimum commitment under the CD and CS patterns is 225 working
days.

2.3 Each day or shift that is committed can be extended by taking hours from reserve. The
week can be shortened by working five hours instead of seven and a half on Fridays in low
activity periods. The hours are put back in the reserve account.

2.4 The 'flexiday' or tlexishift' may have staggered starts and finishes to meet operational
needs. The nominal hours are:-

Normal Weeks	 'Short' Weeks
Committed Days - Industrial 	 08:00 - 16:00	 13:00) Friday

- Staff	 08:15-16:15	 13:15) finish

2.5 A time account will operate throughout the year and the enployee and employer must
ensure that the account is in balance at the year end, both for committed and reserve hours.
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2.6 Reserve Hours: The reserve hours will be a maximum of 56.5 hours at the beginning of
the annual hours year. This may increase in low activity periods.

2.7 In normal circumstances, management will ensure that the reserve hours are fully taken
up. However, in exceptional circumstances where these are not used, the employee has the
pay benefit of the unused balance.

2.8 If more than the flexible reserve is required during the year, the additional hours will count
as overtime. The same principle applies if the limit of 5 hours per week of flexible reserve is
exceeded. This assumes that the empJoyee is not substantially in deficit on his time account
for committed hours. He will normally be expected to bring his committed hours into balance
before being offered "overtime".

2.9 Reserve hours may not be used for 'paying off' deficits on the time account for committed
hours.

2.10 Notice Period: The employee has the right to refuse to work flexible reserve hours if the
notice period is too short. For this purpose, the employee must be notified by no later than the
end of the previous working day or shift.

2.11 A minimum of a week's notice will be given in normal circumstances should the
management want to make a change from one established work pattern to another
established work pattern. The same notice will normally apply in the case of 'short weeks' in
tow activity periods.

2.12 A minimum of three months' notice will be given should the management wish to change
any of the established working patterns in a significant way (e.g. the introduction of semi-
continuous or fully continuous shift patterns). This will be the subject of consultation and
acceptance by the employees concerned.

2.13 Absence: In the case of certified sickness absence the rostered or committed days or
shifts lost will be deducted from the employees time account for the period of absence. In the
case of long-term sickness, pro rata adjustments to the outstanding reserve hours balance
will be made to ensure equitable treatment.

2.14 In the case of unauthorised absence, no deduction from the time account will be made
for the hours lost. The same principle will apply in normal circumstances to concessionary
time off at the employee's request except where this is part of an employer-recognised
arrangement.

2.15 Inability to complete the committed annual hours will result in pro-rata adjustments to
annualised, equalised pay.

2.16 Holidays: Apart from the EDD and VSD patterns (where special arrangements for a
summer holiday period apply) holidays will be restricted on the basis of not more than one
employee on holiday out of a team of five.

2.17 In normal circumstances there will be no carry-over of surplus or deficit hours from one
annual hours year to another. The accumulated leave scheme can continue to operate as can
the holiday entitlement based on service anniversary dates.

2.18 Quarterly Time Accounts: It will not normally be permitted for an employee to be in
overall surplus or deficit on his time account (committed and reserve hours) by more than 60
hours each quarter. The final quarter is expected to be brought into balance for the year end.
The actual hours used can be compared with the anticipated or rostered usage week by week
to ensure effective control and to prevent substantial surpluses or deficits occurring. Every
employee will be entitled to have access to his own time account on request at any time.
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New Working Patterns (1) Committed days

Purpose of Work Patterns:To permit variation of weekday working hours to meet operational
and business needs.

Annual Hours Contract The contract is for 1744 hours per annum, which is equivalent to
38.25 hours per week on average.

Working Hours: Nominally 08:00 - 16:00 with half hour (unpaid) lunch break and one (paid)
tea break per day for industrial staff and supervision. For administrative staff the hours are
08:15 - 16:15. During 'short' weeks industrial staff will finish at 13:00 on Friday and
administrative staff at 13:15 with no lunch break in the morning period.

Working Pattern: During busy periods hours are extended at either end of the day to meet
requirements. The extended hours are taken from reserve. During low activity periods the
short week is worked with early finish on Friday. 2.5 hours per week are added to reserve.

Committed Days: The individual is normally committed to working 45 weeks of 37.5 hours per
week except when 'short weeks' are worked. This is 225 working days per annum of 7.5
hours per day or 1687.5 annual hours.

Reserve Hours: 56.5 hours are held in reserve to be used for extending the length of the
working day. The individual would not normally be asked to utilise more than 5 of the reserve
hours in any week. Additional week day reserve hours are created by the addition of the 'short
week' hours.

Notice Period: Notice for working short weeks will be given by tile end of the previous week.
Notice for working extended days will be given by the end of the previous working day.

Annual Hours Reconciliation
Annual Hours

Committed weekdays (maximum):	 1687.5
Reserve weekday hours (minimum):	 56.5
Contract Total:	 1744.0

Weekend Working: Weekend working is normally regarded as 'overtime" and will be paid at
the normal premium rates.

Annual Holidays: Free time will not be restored, but it is normally expected that not more than
I in 5 employees will be off at any one time. The leave accumulation scheme will continue on
the basis of surplus committed days being carried forward. It would be expected that holidays
are minimised in the period leading up to the financial year end.

New Working Patterns (2) Committed Shifts

Purpose of Work Pattern: To create a shift working regime for workflow and operational
requirements combined with variations to meet a fluctuating workload.

Annual Hours Contract: The contract is for 1744 hours per annum, which is equivalent to
38.25 hours per week on average.

Working Hours: (A) 06:00 - 13:30; 13:20 - 21:20 or
(B) 06:30-14:00; 13:50-21:50

A flexible paid half hour meal break is taken during the shift.
During 'short' weeks employees on morning shift will move onto normal days, with employees
on afternoon shift rostered off.

Working Pattern: During busy periods hours are extended at the beginning of the morning
shift (normally by no more than half an hour) and at the end of the afternoon shift (normally
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finishing no later than the end of the extended double daywork pattern). The extended hours
are taken from reserve.
During tow activity periods the short week is worked with an average of 3.75 hours to be
added to reserve per week over a fortnight.

Committed Shifts: 225 working shifts are committed per annum, of 7.5 hours per shift.

Reserve Hours: 56.5 hours are held in reserve to be used for extending the length of the shift.
The individual would not normally be asked to utilise more than 5 hours of the reserve in any
week.
Additional week day reserve hours are created by the addition of the "short week" hours.

Notice Period: Notice for working short weeks will be given by the end of the previous week.
Notice for working extended shift wilt be given before the end of the previous shift for the
individuals concerned.

Annual Hours Reconciliation
Annual Hours

Committed weekdays (maximum): 	 1687.5
Reserve weekday hours (minimum): 	 56.5
Contract Total:	 1744.0

Weekend Working: Weekend working is normally regarded as "overtime" and will be paid as
worked at the normal premium rates.

Annual Holidays: Free time will not be rostered, but it is normally expected that not more than
1 in 5 employees will be off at any one time. The leave accumulation scheme will continue on
the basis of surplus committed days being carried forward.
It would be expected that holidays are minimised in the period leading up to the financial year
end.

New Working Patterns (3) Extended Double Days

Purpose of Work Pattern: To increase operating hours on key plant and equipment and to
achieve flexibility between day and shift working.

Annual Hours Contraci The contract is for 1744 hours per annum, which is equivalent to
38.25 hours per week on average.

Working Hours: Mornings 06:00 - 15:00
Afternoons 14:50 - 23:45 	 Monday to Thursday

14:50 —22:10	 Friday
Days	 07:30 - 16:39 (with half hour unpaid lunch)

Working Pattern

M	 T	 W	 Th
	

F	 S	 S	 Total

Crew Week
A
	

1	 M
	

M
	

M
	

M
	

M	 -	 -	 45
B
	

2	 A
	

A
	

A
	

A
	

A	 -	 -	 43
C
	

3	 D
	

D
	

D
	

D
	

D	 -	 -	 42.5
D
	

4	 A
	

A
	

A
	

A
	

A	 -	 -	 43
E
	

5	 M
	

M
	

M
	

M
	

M	 -	 -	 45
F
	

6	 0
	

0
	

0
	

0
	

0	 0	 0	 0

218.5
Average	 36.42
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Summer Period: A fortnight's summer holiday is created by moving week 3 and forgoing a
dayworking plant during part of the twelve week holiday period. Thus the employee can
virtually choose his holiday fortnight so long as not more than one other person from the crew
of six has chosen the same or overlapping weeks.
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IAPPENDIX 13[

TELECO: PROPOSAL FOR BANKING HOURS

Introduction

This proposal builds upon the success of the 1997/98 local flexible hours agreement. For the
period 1st August 1998 to 31st March 199, banking hours with the following guidance is
possible. Recovery of hours will be possible up to the 31st April 1999.

Scope

This proposal covers all Direct Operational personnel

Increasingly our customer requirements vary considerably and changes to production
capacity are required at very short notice.

This scheme enables the voluntary agreement between employees and the company to
adjust attendance hours based upon capacity requirements and personal needs.

We will be limiting this variation in hours to ensure it remains practical for both implementation
and recovery. The key principles of how it will work are given below:

Key Principles

• Banking of hours will be accommodated by employees being asked to take time off in lieu of
hours being recovered at a later date.

• Within the capacity plan, Production Management will seek to advise employees a minimum
of 7 days in advance of the need to reduce attendance hours.

• Employees can volunteer to reduce their working patterns. Production Management will
seek to accommodate these requests, but agreement will always be dependent upon the
immediate capacity and skills requirement.

• Hours will be recovered with premium within strict time periods (Monday to Friday) within the
variable weekly capacity demands we have to manage. A minimum of 3 days notice will be
given, and wherever possible, 7 days notice of the need to attend work to recover hours.

• Production Management will be sympathetic and accommodate requirements, taking due
notice of employees' personal circumstances.

• Hours recovered on Saturday will be derated to accommodate overtime regulator.

• Recovery of banked hours on Saturday will be entirely voluntary.

• Maximum time that can be banked initially is 40 hours. This will be reviewed monthly and
may be extended to 50 hours based upon capacity forecasts.

• Minimum time that can be banked is 4.5 hours.
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Recovery of hours generally will be restricted to the following time spans, depending upon the
individual's working pattern at the time of recovery.

Working Pattern

Monday—Thursday
	

2.00pm - 4.00pm
	

6-2

Friday
	

11 .3Oam - 4.SOpm

Monday - Thursday
	

12.00am —2.00pm
	

2-10
Friday
	

9.3Oam - 11 .3Oam

Monday - Thursday
	 4.3Opm - 6.3Opm

	
7.45 - 4.30

Friday
	

12.45pm - 5.l5pm
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APPENDIX 14

FONGOODS: REVISED BANK DAY SYSTEM FOR GENERAL
PRODUCTION OPERATORS

An alternative to lay off days

• Bank days to be credited to the bank

• Full weeks pay provided including bonus but no shift pay for any banked days

• Days to be paid back when production demand increases or for cover in the case of
absenteeism

• As a general rule, 48 hours notice required in request for bank days to be paid back bearing
in mind special circumstances.

• Persons with the most bank days accrued will be approached first when bank days are paid
back

• Bank days paid back during the week or Saturdays to be reduced by 1.5 times i.e. 8 hours
banked, 5.5 hours to work.

• Bank days paid back during Sunday to be reduced by 2 times i.e. 8 hours banked, 4 hours
to work.

• A maximum of 6 days or 48 hours can be banked.

• In the event of someone reaching this cut of level, further discussions will take place.

• In the event of anyone not showing a reasonable amount of co-operation with regard to
bank day pay off, individual discussions will take place on how to reduce their level of banked
days to an acceptable level.

• Bank days owed at the end of the calendar year will be written off providing reasonable co-
operation has been seen.

This system will be reviewed on an ongoing basis.
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