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"When you measure what you are speaking about and express it in numbers, you 

know something about it. Otherwise, your knowledge is of a meagre and 

unsatisfactory kind; it may be the beginning of knowledge, but you have scarcely in 

thought advanced to the stage of science." -Lord Kelvin, I 824-1907. 
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Abstract 

Shopfloor performance measures have significant impact on the overall performance 

of a manufacturing organisation. Measures are used in many ways to support the 

decision making function across an organisation. 

Many research suggest that many shopfloor measures used by manufacturers were 

derived when producers dominated market (Srikanth et a!, 1995; Goldratt, 1988, 

1990; Stein, 1994; Kaplan et a! , 1992). Cost control was the major factor in ensuring 

profitable operations (Srikanth et a! , 1995). 

Today cost-based measures are no longer appropriate as other critical dimensions are 

needed to maintain manufacturing competitiveness (Goldratt, 1990). The market 

condition dictates such things as faster lead times, increased variety of quality 

products and cost effective purchasing. Increasing competition has also forced 

producers to be more proactive in seizing every sales opportunity available. Cost

based measures fails because they focus too much on local improvements and short 

term performance that do not necessarily translate into overall improvement (Goldratt, 

1992). 

Today manufacturing competitiveness come in three key dimensions: product, price 

and responsiveness (Goldratt, 1986). Shorter lead times and due date performance 

assist to achieve manufacturing responsiveness. In turn, these key factors rely on 

good shopfloor performance assisted by shopfloor measures. 

Theory of Constraints synchronisation principles were looked at and analysed to 

explore how they could be used to derive working shopfloor measures. 

Synchronisation of activities is important to bring about the desired performance 

through synergy. The step by step approaches of the Five Focusing Steps and the 

synchronisation mechanism offered by the DBR scheduling could be used as the 

benchmark whereby shopfloor measures are derived. The TOC performance 

measurement, Throughput, Inventory and Operating Expense measures, should be the 

objectives of shopfloor measures achievements. 
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Glossary of Terms 

The followings are the definitions of some popular terms used in this document (in 

alphabetical order): 

1. CCR: Umble et al (1990) describes Capacity Constraint Resource (CCR) as any 

resource which if not properly scheduled and managed, is likely to cause the actual 

flow of product through the plant to deviate from the planned product flow. 

2. Dependent Events: A chain of events or activities that cannot overlap each other to 

give the full results or products. 

3. Global Optima: Achievement of organisation wide or overall improvement that 

should also cover localised improvement (Goldratt, 1992). 

4. JIT: Just-In-Time (JIT) is defined in Schermerhorn (1993) as a scheduling system 

that attempts to reduce costs and improve workflow by scheduling materials to 

arrive at work centres as they are needed. 

5. Local Optima: Achievement of localised improvement that may not have any 

effect on overall improvement (Goldratt, 1992). 

6. Shopfloor Performance Measures: A metric used to quantify the efficiency and/or 

effectiveness of an action at the shopfloor level (see Chapter 3 for detailed 

descriptions of this term and its associated topics) . 

7. Sub-system: A smaller component of a larger system that operates to its benefit 

(Schermerhorn, 1993). This could be interpreted as those individual but 

interrelated departments working together in an organisation. 

8. System: A collection of interrelated parts that function together to achieve a 

common purpose (Schermerhorn, 1993). 

9. System's Constraint: Anything that prevents the system advancing towards its 

goal. 

I 0. The Goal: The 'Goal' or simply the 'goal' will be utilised throughput this 

document and Goldratt (1992) defines the goal of for-profit enterprise as "to make 

(more) money now and in the future". 

11 . TOC: Dettmer (1994) describes Dr. EM Go1dratt's Theory of Constraints (TOC) 

as a system improvement philosophy. TOC is a paradigm, which includes not only 

its concepts and guiding principles, but also its tools and applications. Examples 

of TOC applications are the Thinking Process and the Drum Buffer Rope 

scheduling mechanism. 
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12. TQM: Total Quality Management (TQM) is defined in Schermerhorn (1993) as a 

style of managing an organisation wide commitment to continuous improvement 

and focusing on meeting customer needs. 

13. WCM: World Class Manufacturing (WCM) is a term first widely publicised in 

studies developed by RJ Schonberger ( 1986). Although the meaning of world 

class is in the eye of beholder, there is general agreement that a WCM is a firm 

that has attained a high level of manufacturing capability, used that capability to 

gain competitive advantage and constantly strives to improve those capabilities 

(Leong et al , 1995). 

Additional and more complete descriptions of other terms used will be explained in 

the body of thi s document. 
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Chapter One: Introduction 

1.0 Research Background 

Goldratt (1992) suggests that in order to understand and to derive working policies a 

goal needs to be formulated. He suggests that the operation of a profit-making 

organisation should be focused towards the Throughput World where the goal is to 

make (more) money now and in the future. Other goals, such as producing quality 

products, improving human resource outcome, value for money and rapid product 

cycles are some means to achieve the ultimate goal of making money. This does not 

imply that the focus on money disregards other key factors such as quality- related 

issues and meeting employees' interests. In fact, a responsible organisation would be 

required to satisfy other key prerequisites such as applying key quality management 

principles, maintaining a balanced and safe work environment. 

In order to achieve the goal a manufacturing organisation must possess distinctive 

competitive dimensions that can be categorised into three major area with two 

corresponding sub-majors each (Goldratt et al, 1986). 

Major Categories Subcategories 
1. Product • Quality 

• Engineering 
2. Price • Higher margins 

• Lower investment per 
unit 

3. Responsiveness • Due date performance 

• Shorter lead-time 
Table 1.1: Manufacturing Competitive Edge. 

The first competitive edge signifies the need to manufacture quality products that are 

fit for the purpose and meet customers' requirements. It is commonly known that 

quality is a key factor to attracting and securing sales, and also to ensure smooth 

manufacturing processes. Quality products and processes can be achieved through 

excellence in engineering. 



As companies are able to offer similar products to the market, the next competitive 

edge would come from being able to have higher margins (i.e. lower overall costs) and 

lower investment per unit in the overall production. These two factors would allow a 

company to flex its product pricing to suit the targeted market (Goldratt, 1994). 

Responsiveness to demand becomes crucial to attracting and securing sales, as market 

is flooded with quality products at competitive prices. In order to maintain and/or 

improve market share a manufacturer must be able to meet the agreed due date which 

appears to keep getting shorter. One of the prerequisites to achieve good due date 

performance is through shortening manufacturing lead-time. 

In order to ensure progress towards achieving the future goals, company management 

must put in place a performance measurement system whereby measures are used to 

gauge past actions and the quantified data will be used to determine future actions. 

This includes measuring personnel and their activities to provide some indication on 

the organisation's capability to reach the targeted objectives. 

Dumond ( 1994) states that performance measurement (PM) is a research topic that 

covers many disciplines such as production operations and finance . It involves key 

internal factors of managing organisation such as defining objectives, developing 

means to achieve these objectives, and developing control and feedback mechanisms. 

A performance measurement system also involves external affairs functions such as 

customer service and customer focus groups. Subject to what it is to be measured and 

how measures are applied, measures can have a different impact on an organisation's 

overall performance. Performance measurement that relates to production operations 

at the shopfloor level will be the main focus of this study. Their reasons are described 

in the following paragraphs. 

It is commonly known that the measure of performance of for-profit organisation is 

found by examining its financial state. An absolute measure to judge this type of 

company is Net Profit (NP) which generally appears in company's Profit and Loss 

statement (Goldratt, 1990). In addition, relative measures such as Return on 

Investment (ROI), Return on Assets (ROA) and Return on Shareholders' Equity 

(ROSE or ROE) can be used to measure company's bottom line (Goldratt, 1990). A 
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third measure, "cashflow", is a necessary condition that measures the flow of money 

in and out of organisation (Goldratt, 1990). The latter suggest that a bad cash flow 

following successful delivery of goods and/or services would result in a negative 

effect as operating expense increased while sales revenue stay the same. 

However, these financial measures are less effective when used on a daily basis as it 

would be difficult to relate actions directly to financial measures such as NP and ROI. 

Thus, in order to provide mechanism to support the attainment of the financial 

objectives, Goldratt (1990) suggests that the financial goal of making money be 

achieved by increasing Throughput (T) and simultaneously decreasing Inventory (I) 

and Operating Expense (OE). T, I and OE performance measures also form a part of 

the Theory of Constraints performance measurement framework. 

Goldratt ( 1990) describes T, I and OE as operational measures that can be used as a 

day-by-day decision making tool. This is due to their relevance to everyday activities 

involved in the production environment. Their definitions are shown in Table 1.2. 

Operational Measure Descriptions 
I. Throughput (T) The rate at which money is generated through sales 

(sales revenue minus raw material cost) . 
2. Inventory (I) The amount of money tied up in materials that the 

company intends to sell. 
3. Operating Expense (OE) The money spent to convert Inventory into 

Throughput. 
Table 1.2: Definitions ofT, I and OE Operational Measures. 

The following describes how T, I and OE can be used to calculate NP and ROI 

(Goldratt, 1990): 

Financial Measures T,I and OE Formulas 
1. NP T-OE 
2. ROI (T-OE)/ I 

Table 1.3: T, I and OE Formulas to Calculate NP and ROI. 

Relationship between T, I and OE, and other financial measures suggest that there is a 

hierarchy of measures which roughly parallels the number of management levels in an 

organisation. This suggests that the measures used at various functions within the 
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company's management hierarchy should be inter-related and not applied in isolation. 

Figure 1.1 shows a simplistic view of the measures hierarchy. 

The Goal: To Make (More) 
Morey Now And In The Future 

Net Profit, 
Return-on· Investrrent 

Throughput. 
Inventory, Operating Expense 

Shopfloor Performance Measures 

Figure 1 . I : Hierarchy of Measures. 

One of the many ways to achieve the competitive advantages shown in Table 1.1 is 

through excellent shopfloor (i.e. the third and lowest level management) performance, 

which is inherently assisted by the application of shopfloor measures. This lowest 

management level is as important as any other unit in the organisation because the 

provision of goods and services typically originates at the shopfloor level. 

Due to the type of decisions to be made, most shopfloor measures are likely to be of 

non-financial measure type. However, Rangone (1996) states that the use of non

financial measures in performance measurement implies two major problems: 

1. The selection of a proper set of measures capable of assessing and 

controlling all critical factors that act on the competitive priorities. 

2. The integration of those several measures, expressed in heterogeneous units, 

into a single evaluation of the overall performance of a manufacturing 

department (i.e. lower level management). 

Although most shopfloor measures can be of non-financial type their application will 

impact an organisation's financial performance. In addition, at this level specific 

measures are required to accompany a variety of activities which will be largely 

different from one organisation to another. Therefore, interpretation of Throughput, 

Inventory and Operating Expense at the shopfloor level can be rather complex. 

Furthermore, the realisation of shopfloor measures can be critical in ensuring that T is 

up while simultaneously I and OE are down. This further reinforces that the type of 
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shopfloor measures and their applications are important as a means to bring an 

organisation closer to its objectives. 

In order to provide a mechanism in which appropriate shopfloor measures can be 

derived, this study focuses on the Theory of Constraints (TOC) applications due to 

strong interest and the availability of expertise at Massey University. Detailed 

descriptions of TOC and its key components are shown in Chapter 3. In addition , 

TOC has been chosen partly because of its success track records shown in the 

I iterature, and some of these are the works by Lippa ( 1990), Cook (1994 ), Fawcett et 

al (1991 ) and De Colvenaer et al (1992). 

1.2 Study Objectives 

From the previous discussions, the following key objectives were investigated in this 

research, which were to identify and analyse: 

1. The problems with using traditional cost accounting based measures. 

2. The performance measurement system. 

3. The criteria and principles for developing appropriate shopfloor measures. 

4. The impact of selected shopfloor measures on overall organisation 

performance. 

In order to full y comprehend the lower management level performance it was decided 

to study the application of shopfloor measures in New Zealand manufacturers. This 

initiated the development of a research survey, which helped identify and analyse the 

following objectives: 

5. The application of shopfloor measures in popular use. 

6. Common production related problems. 

7. Other key production operations practice. 
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1.3 Importance of the Study 

At the time of the survey, the New Zealand manufacturing industry was undergoing 

major re-structuring following the decision to reduce tariffs by the National 

Government early in 1998 (New Zealand Year Book, 1998). Cheaper imported goods 

and increased product variety and volume have made it difficult for local 

manufacturers to compete as they have significantly larger overhead costs versus 

volume of production when compared with many of their overseas competitors. 

Particularly affected are those companies engaging in worldwide competition such as 

the motor vehicle assemblers. 

As a result of the tariff reductions, a number of companies have reduced their 

workforce and/or gone into voluntarily closure, as their operations become non-viable. 

Many of New Zealand's largest employers such as the car manufacturing and 

assembly industries had closed down in late 1997 or as late as the end of 1998. 

Companies such as Toyota (with approximately 350 employees), Ford and Mazda 

(with approximately 350 employees and 900 companies respectively) have either 

closed down or will be closed down near the end of 1998 1
• These negative effects 

have questioned the competitiveness of some New Zealand manufacturers . 

This study helped clarify the performance measurement functions and examined 

development criteria of appropriate shopfloor measures. In addition, other key 

performance measurement issues were also analysed. These included such things as 

the link between shopfloor measures to other organisational functions, key operational 

policies and methods that enhance control and synchronise activities throughout 

organisation. 

The survey research helped in the study of the shopfloor measures used by the New 

Zealand manufacturers. Some of the key benefits include analysis of the effectiveness 

and the usefulness of selected shopfloor measures, the identification of the occurrence 

rate and the financial impact of particular production related problems. 
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1.4 Organisation of the Study 

Chapter Two outlines the problems with traditional performance measures. The 

section started with an overview of the changes that had taken place in the 20th century 

and how these changes have affected performance measurement. This was followed 

by a discussion on the role of management accounting in the manufacturing 

organisation's decision making function. The next section outlines the limitations and 

the problems of traditional performance measurement in the manufacturing 

environment. A Current Reality Tree was developed to further describe the problems 

and to trace the root cause using cause and effect mechanism. 

Chapter Three exammes the performance measurement system design. The 

discussion starts with an outline of performance measurement design attributes. The 

second half of this chapter examines selected authors' work. Most notable is the 

Theory of Constraints performance measurement system and its synchronisation 

principles that formed the foundation of this study. It is important to synchronise 

shopfloor activities, as local achievements do not necessarily lead to overall company 

performance and that there will be certain amount of resources available to carry out 

the manufacturing tasks to the agreed standards. The synchronisation principles 

formed the backbone of the Drum Buffer Rope scheduling that could be used to derive 

shopfloor policies and measures. 

Chapter Four assesses the ideas collected from the previous two chapters into a series 

of criteria for developing appropriate shopfloor measures. The criteria developed 

were mostly gathered from Goldratt's work and selected other authors' work under the 

Theory of Constraints umbrella. Also included is a proposal of a step by step process 

to derive measures. 

Chapter Five illustrates the survey research methodology. A survey research was 

carried out with the objective to analyse and examine the application of shopfloor 

measures in New Zealand manufacturers. This chapter discusses in detail such things 

as the survey's objectives and its benefits, the survey research design and the survey 

1 These figures were gathered during plant visits made in 1996 as well as various media reports during 
September and December 1998. 
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instrument development process. It also included a discussion on how product flow 

and traditional measures affect the performance of production operations. 

Chapter Six details the analysis of the survey results. These are mainly interpretations 

of statistical data as a means to obtaining the predetermined objectives. The 

knowledge gained helped picture the application of shopfloor measures, the 

significance of production related problems and other key performance issues in the 

New Zealand manufacturers who were surveyed. Chapter Seven includes the 

conclusion from this study, and Chapter Eight provides recommendations for future 

work. 
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Chapter Two: The Problems with Traditional Performance 
Measures 

2.0 Introduction 

This chapter aims to examine the problems associated with traditional measures. The 

discussion starts with recounting the manufacturing industry evolution that took place 

in the 201
h century. During this time significant changes have taken place in the 

manufacturing scene that effect the design and the application of the performance 

measurement system. This is followed by an outline of selected authors ' work that 

summarises the underlying problem of the traditional management philosophy and 

other associated measures. Specific examples of these problems in the manufacturing 

environment completed the discussions. In addition, cause and effect mechanism that 

is part of Theory of Constraints Thinking Process application was developed to help 

verify some of the problems associated with using the traditional measures. It assisted 

in confirming the need to adopt more appropriate performance measurement methods. 

2.1 The Manufacturing Industry Performance Measurement Evolution 

In the early 20th century, manufacturers dominated the market as the demand for 

goods worldwide out-weighted supply (Srikanth and Robertson, 1995). 

Manufacturers had more influence than consumers did. This type of market was 

called the seller's market and controlling costs could enhance profitability. Ploss! 

( 1990) further state that the early 201
h century manufacturing environment was 

characterised by: 

• Throughput rates of products controlled by direct labour. 

• Slowly changing technology resulting in long product life cycles and 

infrequent major design changes. 

• A management focus on labour efficiency. 

• Other resources (like capital invested in machines and skilled staff) used to 

enhance direct labour. 
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Therefore, measures used were called the cost-accounting based measures and to suit 

these circumstances the principal characteristics of traditional cost system were: 

• Direct labour costs had a prominent role. 

• The bulk of overhead costs were closely related to direct labour. 

• Cost centre activities revolved around direct labour. 

• Direct manufacturing costs varied largely with throughput and hence direct 

labour. 

However, in the latter half of the 20th century, technological improvements and other 

changes in the business world resulted in more greatly improved quality products 

available than the market demanded in many sectors of industry (Srikanth and 

Robertson , 1995). 

This situation resulted in the consumers gaining control over the manufacturers and 

hence gave consumers the ability to dictate prices, their influence in manufacturers' 

production operations. This type of market is appropriately termed as the consumer's 

market and suggests that cost accounting based measures may be no longer 

appropriate for managing business performance (Srikanth and Robertson, 1995; 

Ploss] , 1990; Ghalayini et al, I 996; Maskell, 1991 ). 

The change to a consumer's market from a seller's market has necessitated changes in 

the way manufacturing company's production operations are managed (Kaplan et al, 

1992; Umble et al, I 990). In order to regain a competitive edge companies not only 

shifted their strategic priorities from low cost production to quality, flexibility, short 

lead time and dependable delivery, but also implemented new technologies and 

philosophies of production management (Ghalayini et al , 1996). Some of the well

known improvement methods are Flexible Manufacturing Systems (FMS), Total 

Quality Management (TQM) and Just-in-Time (JIT) . These changes have also 

initiated a review of how measures should be derived and applied (Goldratt, 1990). 

Goldratt (1992) states that cost accounting is the number one enemy to productivity 

due to its short-term focus to achieve company-wide performance and the goal of 

making money now and in the future. Cost accounting's emphasis on numbers alone 

such as cost reduction and individual unit efficiency would only result in localised 
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improvement that do not necessarily translate to overall or company-wide 

performance (this is further explained later in this chapter). 

Measures are important because they play a significant role in supporting action(s) 

and the decision making functions. Measures provide data and information needed 

for formulating actions to bridge current progress and future goals. Therefore, 

measures need to be defined properly so that appropriate formula can be prescribed to 

address the core problem(s)2 that prevent the attainment of company wide goals. In 

order to gain understanding of how cost accounting influences the performance of a 

manufacturing organisation, there is a need to explain the role of management 

accounting in a manufacturer' s decision making function. 

2.2 The Role of Management Accounting in the Manufacturing Organisations 

Drury et al ( 1998) state that the description of management accounting function was 

based on the following analogy: the management accountant was viewed as the ship's 

pilot under the direction of a captain. This can be further described by the primary 

role of management accountants in manufacturing organisation which is to provide a 

financial analysis of management decisions and activities (Fry et al, 1995). Therefore, 

the reports generated by the management accounting system are to be used to evaluate 

organisation ' s performance and to evaluate the performance of the operations 

managers (Goldratt, 1990). 

Management accounting is fairly new having evolved from simple cost accounting 

system (Fry eta!, 1995). Two primary purposes of the cost accounting system were to 

value inventory and to determine cost of goods sold (CGS) for the plant income 

statement, each of which is a requirement of the financial accounting system (Johnson 

et a!, 1987). 

External pressure such as the capital market where investment decisions are made in a 

quick succession could forced a manufacturer to put in place policies for short-term 

performance so that the company appears to be financially sound at all times. This 

2 Goldratt ( 1992) defines 'core problem' as the root cause of all undesirable effects. 
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means there is a vast potential for company management to trade necessary long-term 

policies with policies to gain short-term performance. 

These phenomena and their effects on manufacturing operations can be described 

further by the following illustration3
. 

"In addition to the fact that management accounting reports are the score card of 
an operation manager's performance, another reason for the sometime 
overemphasis by these managers on financial accounting reports is the short 
term nature of US capital markets. Wall Street investors are required by 
numerous regulatory bodies to keep a 'hands-off' relationship with the 
companies they own. Further, institutional investors such as pension funds, 
mutual funds, etc., are required by law to seek a maximum rate of return on their 
investment. Since these institutional investors hold the majority of stock 
ownership in US companies, stocks are often traded like commodities as 
investors seek maximum return. Given this hands-off relationship between 
companies they own, and the short duration for which many stocks are held, it is 
necessary for investors to rely almost exclusively on short term financial reports 
to gauge the success of their investment. This further encourages managers to 
emphasis short-term financial performance .... .linking the management 
accounting system to the financial accounting system strongly encourages 
operations managers to emphasise plant financial performance rather than other, 
perhaps more meaningful , performance criteria. And since the primary financial 
accounting report, the income statement, is normally generated, monthly 
operations managers are encouraged to focus on short term financial 
performance rather than a longer term period. Indeed, in a recent study by 
Industrial Research Institute (Jacobs, 1991 ), operations managers identified the 
two major threats to US competitiveness as external financial pressures and 
short term management focus" -Fry et a! ( 1995). 

The above shows how external pressure and the expectations of wary investors 

influence the internal management functions and the development of manufacturing 

strategy required achieving the stated financial goal on a short-term basis. Moreover, 

due to a reliance on management accounting performance as operational management 

scorecard the measures used at the shopfloor often had a similar, if not the same, short 

term performance focus (see Appendix D: Traditional Manufacturing Measures) . 

3 Although the illustration mentioned only US companies, similar circumstances are found everywhere 
else as US financial systems and management practices have significant influence in the rest of the 
world. US refers to the United States of America. 
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2.3 Limitations of Traditional Cost Accounting Based Measures 

Maskell ( 1991) summarises the problems with traditional management accounting and 

its related performance measures into the following classifications: 

Classification Descriptions 
I. Lack of Relevance • Management accounting reports are not directly related to 

the manufacturing strategy. 

2. Cost Distortion 

3. Inflexibility 

4. Impediment to 

Progress in World 
Class 
Manufacturing 

• Financial measures are not meaningful for the control of 
production and distribution operations. 

• The application of cost accounting to pricing decisions is 
frequently irrelevant and misleading. 

• Traditional cost accounting IS concerned with cost 
elements. The pattern of cost elements has changed in 
recent years, and this detailed analysis is less important. 

• The distinction between direct and indirect costs is not 
rigid as it used to be. The same is true of variable and 
fixed costs. 

• The traditional methods of apportioning overheads can 
sign ificantly distort product costs. 

• Traditional management accounting reports do not vary 
from plant to plant within the organisation. Similarly, 
they usually do not change over time as needs of the 
business change. 

• Cost accounting reports frequently are received too late to 
be of value. 

• Cost accounting reports frequently are viewed with 
disdain by operations managers because they do not help 
them with their job and because they are often used to 
censure the operations manager when variances are not 
favourable. 

• Traditional methods of assessing the pay back on capital 
projects can impede the introduction of world class 
manufacturing. 

• Cost accounting often causes managers to undertake 
wasteful and unnecessary tasks in order to make the 
figures look good. 

• Concentrating on machine and labour efficiency rates 
encourages the production of large batch quantities. 

• Overhead absorption variances encourage large batch 
sizes and overproduction. 

• Cost accounting requires much detailed data that is costly 
to obtain. 

• Cost accounting reinforces the entrenched ideas and 
outmoded methods that need to be replaced. 
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5. Subjection to the 
Needs of 
Financial 
Accounting 

• Too often cost accounts are regarded as a subsidiary 
ledger of financial accounts. To be of value, management 
accounting systems must be based on different methods 
and assumptions than on the financial accounts. These 
methods apply to such issues as inventory valuation, 
overhead absorption and accounting period. 

Table 2.1: Summary of Problems with Traditional Accounting Based Measures -

adapted from Maskell (1991 ). 

Ghalayini et al ( 1996) further summarised the following eight most commonly cited 

limitations of traditional performance measures from a range of literature that include 

Kaplan ( 1990) and Fisher (1992). 

Limitations Descriptions 
1. Traditional See Table 2.1 

Management 
Accounting Systems 

2. Lagging Metrics Financial reports are usually closed monthly thus they 
are lagging metrics that are a result of past decisions. 

3. Corporate Strategy Traditional performance measures rarely incorporated 
strategy. Rather the objectives have been to minimise 
costs, increase labour efficiency and machine utilisation. 

4. Relevance to Practice Traditional measures try to quantify performance and 
other improvement efforts in financial terms. Yet, most 
improvement efforts are difficult to quantify in dollars 
(i.e. lead time reduction, customer satisfaction and 
product quality). In addition, operators find typical 
financial reports difficult to understand which leads to 
frustration and dissatisfaction. As a result, traditional 
performance measures are often ignored in practice at the 
factory shopfloor level. 

5. Inflexible Traditional financial reports are inflexible in that they 
have a predetermined format which is used across all 
departments. However, even departments within a 
company have their own characteristics and priorities. 
Thus, measures used in one department may not be 
relevant for others. 

6. Expensive The preparation of traditional financial reports requires 
an extensive amount of data which is usually expensive 
to obtain. 

7. Continuous Fisher (1992) argues that setting standards for 
Improvement performance measures in general conflicts with 

continuous improvement. "If standards were not 
carefully set, they had the effect of setting norms rather 
than motivating improvement. Workers may hesitate to 
perform to their maximum if they realise that the 
standard for upcoming periods may be revised upward 
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by current results" 
8. Customer Maskell (1991 ) argues that traditional performance 

Requirements and measures are no longer useful since in order to meet 
Management customer requirements of higher quality products, 
Techniques shorter lead time and lower cost, management have to 

give shopfloor operators more responsibility and 
authority m their work. Consequent! y, traditional 
financial reports used by middle managers do not reflect 
a more autonomous management approach. 

Table 2.2: General Limitations of Traditional Performance Measures- adapted from 

Ghalayini et al (1996). 

2.4 The Problems with the Traditional Performance Measurement in the 

Manufacturing Environment 

Umble et al (1990) state that the standard cost procedures and the performance 

measures supported by these cost systems all too often tri gger dysfunctional actions 

with in the organisation in general and specifically with in the manufacturing system. 

The origin of these dysfunctional actions stems from the ideology of maximising the 

efficiency of each individual work centres instead of maximising the overall 

performance of the organisation or system. 

Traditional cost accounting advocates increasing efficiency from all corners of the 

organisation to lower unit costs to form the path to lowering overall product10n costs. 

This came from the suggestion that the sum of individual unit efficiency would result 

in the efficiency of the overall system (Goldratt, 1992). This is also known as "the 

sum of local optima is the sum of global optima". Examples of this notion can be 

seen from such policies as I 00% activation of all work centres and bulk discounted 

purchasing. 

However, Goldratt (1992) states that a system that aims to reach 100% efficiencies 

from all its resources would become an inefficient system. This is due to the 

existence of system's constraints coupled with two critical factors termed "dependent 

events" and "statistical fluctuations". Goldratt (1992) defines constraint as anything 

that prevents the system from advancing to its goal. "Dependent events" refers to a 

chain of events that cannot take place until certain other events occur. "Statistical 
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fluctuations" refers to those activities that take place at irregular intervals or the 

deviations in the completion of predetermined tasks that have a disruptive effect on 

the manufacturing process. A major cause of concern over statistical fluctuations is 

that prediction of a given outcome is difficult. 

A manufacturing system can only produce as much as the constraint or the slowest 

work unit can produce, thus as all work unit reaches 100% efficiency there will be the 

following negative consequences: 

• Considerable amount of money is tied in the form of raw and work in 

progress (WIP) materials not needed in the immediate future and this will 

cost money as investments (through purchasing materials) were made too 

early. 

• It is possible that there will be shortages in some materials while on the 

other hand excess materials are accumulating. 

• Long queues of WIP will build up in front of the slowest work center. 

• When "Murphy"4 strikes delays will be accumulated and it would be 

difficult for the system to recover as no spare capacity is available. 

• Raw materials lose their value, as their flexibility is restricted as they are 

assembled into sub-components. 

• The system will be in a vulnerable position to negotiate sales fluctuations as 

all capacity has been exhausted. 

• Another potential downfall of cost based measures is in the area of quality. 

In order to reach maximum efficiency, large batches would be assigned to 

each work centres. If the simplest way to ensure quality is to check each 

batch at final assembly, then defects would be found after a particular large 

batch has been committed to given order. Even if there is quality check at 

each manufacturing process, a certain amount of materials in the large batch 

has already been consumed. 

In addition, as responsiveness is a key competitive advantage in the 90's, to minimise 

the damage caused by the likely late shipment the production function will have to 

assign more work and expedite the manufacturing process. This in effect often 

requires shopfloor staff to work overtime. At this stage, the focus is no longer to 
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make sure that there is 100% efficiency at each work centre, but to ensure on time 

shipment and as a result there is more cost to the company as traditionally staff 

working overtime are paid at premium rates. 

From the above discussions it can be concluded that individual departments working 

in virtual isolation, each striving to meet their own efficiency standards, can have a 

devastating effect on downstream operations (Umble et al, 1990; Goldratt, 1992). The 

costs or expense incurred arising from the emphasis of localised improvement come 

from both short term effects (e.g. time and material resources) and long term effects 

(e.g. inability to negotiate sales fluctuations). 

2.5 Current Reality Tree Method to Illustrating Problems with Traditional 

Performance Measurement 

In addition to the previous discussions, a Current Reality Tree (CRT) approach was 

undertaken with the aim of outlining the problems associated with using traditional 

measures through "cause-effect-cause" mechanism or chains. The CRT method is a 

part of the Theory of Constraints Thinking Process application (see Chapter 3). 

The Current Reality Tree (CRT) is defined as a logical structure designed to depict the 

state of reality as it currently exists in a given system (Dettmer, 1994). The CRT 

seeks cause-and-effect connections between visible indications of a system's 

condition and the originating causes which produce them. The Current Reality Tree is 

thus designed to achieve the following objectives (Dettmer, 1994): 

• Identification of Undesirable Effects (UDE) from the use of traditional cost 

accounting measures. 

• Relate UDEs through the logical chain of cause and effect to root causes. 

• Identification of core problem. 

The CRT is first created by listing significant and when possible all UDEs known to 

the system. The next step would involve connecting two related UDEs together and 

positioning the one that seems to lead below the one that seems to follow and 

4 Murphy is commonly referred to unpredictable events that often disturb the planned activities. 
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connecting them with an arrow. In addition to this, cause sufficiency5 and additional 

cause factors would need to be added in a similar fashion as the first connection of 

two UDEs. Each different "branch" could be connected to others, which are related. 

The process of creating CRT requires the development of cause-and-effect chains. 

These steps repeat themselves in a similar fashion until logical lateral connections 

present themselves. Once the CRT is completed root causes which account for large a 

proportion of UDEs can then be identified. In summary a CRT is used to isolate what 

needs changing in the existing system. 

Descriptions of the effects and condition(s) that cause them are displayed in boxes. 

Logical connections are then made by using arrowhead lines to indicate the 

relationship. The CRT is read out between the entities by using "IF .. THEN .. " 

statements in the direction of the arrows. The "banana" or the semi-circular shape 

between two or more lines indicates the logic "AND" relationship between them. 

An example of a CRT is given below: 

Production lead 
times are too long 

Production lead time is 
directly proportional to 
WlP in ventory levels 

Inventory levels 
are too high 

Figure 2.1: Example of a CRT. 

The CRT is read as follows: "IF (Production lead time is directly proportional to WIP 

inventory levels) AND IF (Inventory levels are too high) THEN (production lead 

times are too long)". The following CRT follows the above pattern and is divided 

into six parts for manageable reading. Please note that in many places the CRT 

branches may not show detailed logical connections and "Big Jumps"6 may appear. 

However, it should highlight the major lateral connections. 

5 'Cause Sufficiency' refers to the need for additional condition(s) to occur before the outcome or result 
can eventuate. 
6 "Big Jumps" refers to a chain of cause and effect that bypassed a certain element making the 
connection seemingly unrelated. This can occur when certain cause and effect chains are seemingly 
obvious that they do not need to be drawn or when no logical explanation can be presented for the 
missing Iink(s) . 
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Strategic and tactical decisions l 
are developed using 

inappropriate information 

L ~~ 
~-------------."';.::: I "-"> 

I Managers and operators are 
making operating decisions largely 

based on own "intuition/ 
judgerrentl experience" 

I Corporate strategy is J 

l 
rarely been incorporated 
into shopfloor rreasures 

'f 
~ :S:;::> Many managers (will) find it 

__.------=-------------._ 1 ~ difficult to link between 
Financial reports have [ Managers/ operat?rs ) !operational and financial rreasures 

I the potential to rnis- have to make deCISIOns 
inform current situation . based on input received ~ 'T ~ 

"Lagging Metrics" 

( Financial reports are 
usually closed monthly 

c::::z --.;;:::;, 
r----------L~, 1 r-~~--~------~ 

Most of traditional Most operating 
rreasures are non 

financial type 
rreasures focus are in 

financial data 

Non financial performance can 
be difficult to be interpreted to 

financial performance 

Most irnproverrents efforts are difficult to 
quantifY in dollars. eg. lead tirre reduction. 
adherence to delivery, schedule, custorrer 

satisfaction and product quality 

Figure 2.2: Current Reality Tree- Part 1. 

( Traditional cost accounting rreasures) 
on total and obsessive focus on 

individual unit cost reduction is not 
appropriate in the buyers' market 

Cost accounting rreasures are based on the 
asumptions of independence (of cost "arisings") 
ie. equal "value" of cost regardless of where it 
arises and also equal "value" oftirre regardless 

of where it is used 

Ensuring sales is more 
important than single focus on 

cost-based efficiency rreasures 

Today, there are more 
producers than market demand 

in many sector of industry 

Traditional cost accounting system 
focuses on the reduction of unit 

costs, eg. through the redoction of 
direct labour content 

In early 20th century 
efficiency was pararmunt in 
the manufacturing industry 

Traditional accounting based 
measures were developed early 
in the century when demand was 

exceeding the supply 

Early 20th century 
producers were able 
to influence market 

Early 20th century 
demand was far 

exceeding the supply 

Sorre sort of acc01mting 
managerrent is required 
as a managerrent tool 

Figure 2.3: Current Reality Tree- Part 2. 
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Many manufacturing organisation 
will face severe dificulties in 

coming to terms with today's 
volatile business environment 

_f_ l Ongoing improverrent 800 
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affected 
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Measures are rarely c;:;:::--
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Organisation needs to review its Incorrect standard or People have the dept. '~ requirerrent 
performance measurerrent measures may lead to tendency to settle ~ 

system periodically in order to setting of norms rather into norms 
Traditional cost 

identify areas for irnproverrent than motivating for 
accounting based improverrents 

rreasures are inflexible 

£ L~ ~ L ~ 
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~ L' \ 
600 Traditional performance Traditional rreasures Different areas of 

measurerrent requires an have pre-determined organisation require 
extensive amount of data which format used across all different set of 

is usually expensive to obtain departrrents rreasures 

1J \:Z ~ c L_ ~::::> 

/ "' ® Traditional accounting-based f Inputs to the system are 
measures attempt to account for I not homogeneous and 
all or most of the "variances" of I\ some are intangible 

the system inputs/outputs 

Figure 2.6: Current Reality Tree- Part 5. 
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The likelyhood of 
missing customer 
order is greater 

Operating expense 
will increase 

In order to survive expediting 
becomes a necessary tool and 

staff works overtime 

A large proportion of money is 
tied up in form ofRM 

inventory which leads to 
significant cashtlow problem 

Manufucturing lead time is 
likely to be long 

igh RM inventory is 
a sign of slow 
Inventory turn 

Manufacturing line is 
unable to response fast 

Raw material inventory is 
expected to be high 

Production is clogged 
-not smooth 

Many organisation rely 
on big stock to meet 
fluctuating demand 

RM release dates are 
based on individual 
resource output rate 

High WIPs are likely to 
be produced as a resuh 

All resources are 
expected to work to 
maximum capacity 

Organisations comprise 
value chains with 
dependent events 

Not all resources have 
equal capacity, ie. 

resources have 
different output rate) 

Extensive focus is on the 
efficiency of factory 

workers and individual 
departments 

Productivity using traditional accounting 
view can be defined as every worker 

working all the timeor at least as fast as 
the engineered standard 

Figure 2.7 : Current Reality Tree- Part 6. 
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2.6 Chapter Two Summary 

The evolution that took place in the 20th century and its effects on performance 

measurement was discussed. The focus on efficiency and cost was the requirements 

in the early 20th Century. The limitations and the problems of traditional measures 

arose from the short-term performance focus induced by the management accounting 

that focuses on external reporting. Moreover, it is strongly linked to cost accounting 

principles applicable during the times when efficiency and controlling costs were the 

few key factors for ensuring profitable operations. In summary, management 

accounting and standard cost systems are strongly related to a company's operations 

management. Management accounting regularly provides key criteria for formulating 

manufacturing strategy and for performance evaluation purposes. In addition, due to 

the short-term nature of the capital market investment, the operations managers will 

emphasize plant financial performance. These phenomena helped induce short-term 

focus on operations performance. The end result is an inconsistency between the 

management accounting system and the long-term manufacturing focus (i .e. strategy) 

necessary for continued competitiveness (Fry et al, 1995; Goldratt, 1990). However, 

the focu s on short-term performance (i.e. costs) alone is no longer applicable in 

today's business world where competitiveness comes from a combination of other key 

dimensions, e.g. excellence in engineering, quality and responsiveness . From the 

review of the effects of short term measures a current reality tree was drawn to help 

outline the problems faced from implementing traditional cost accounting principles 

using the cause and effect mechanism. 
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Chapter Three: Performance Measurement System Design 

3.0 Introduction 

This chapter examines key attributes in the design of a performance measurement 

system. It starts with a general discussion on performance measurement design 

attributes. This is followed by assessing the importance of measuring performance 

and the type of measures attached to a performance measurement system in a 

manufacturing firm . Selected improvement methods are discussed with the objective 

to identify fundamental requirements in deriving measures and managing performance 

measurement systems (i.e. measures and application methods). 

3.2 Performance Measurement System 

McNair et al (1989) cited by Lockamy et al (1994), state that the ultimate goal of a 

performance measurement system is to integrate the organisation's actions across 

various managerial levels and functions to achieve its goal. The existence of a 

performance measurement system helps focus company's effort on a selected range of 

pursuits, in the decision making process and attainment of strategic objectives that are 

accepted by the entire company. 

Neely et al (1995) suggest that performance measurement literally means the process 

of quantifying action where measurement is the process of quantification and action 

that leads to performance that meet predetermined objectives. Measures are used to 

gauge past actions and the resultant data will be used to determine future actions. 

This process can be linked to the Planning-Organising-Leading-Controlling (POLC) 

cycle that formed the four functions of management (Schermerhorn, 1993). In this 

cycle important data such as from the measurement of progress made against planned 

achievements will be used to determine necessary actions to attain the company wide 

objectives. 
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In order for this cycle to function well, there is a need for a fast and reliable 

measurement process to enable the performance measurement function to provide 

meaningful data. A fast and reliable measurement process is assisted by the 

application of effective and efficient measures. The descriptions of these two terms 

that relate to the performance measurement are as follow. 

Terms Description 
1. 

2. 

Effectiveness Refers to how measures can help achieve predetermined 
objectives. 

Efficiency Refers to how measures improve resource utilisation to achieve 
predetermined objectives. 

Table 3.1: Performance Measurement Effectiveness and Efficiency Terms 

Descriptions. 

Effectiveness and efficiency suggest that performance measurement also involve both 

internal and external functions. Their interdependence can be illustrated from the 

following scenario: a firm's external function namely customer service that uses 

measures such as "customer focus" and "number of complaint" is supported by the 

firm's internal function namely production that uses measures such as "on-time 

delivery" and "conformance to product specification". 

The followings are descriptions of other selected terms associated with performance 

measurement (Neely et al, 1995; Crawford et al, 1988): 

Terms: Descriptions: 
1. 

2. 

3. 

4. 

5. 

Performance The process of quantifying the efficiency and 
measurement effectiveness of an action. 
Performance A systematic way of evaluating the inputs, outputs, 
measurement system transformation, and productivity in a manufacturing or 

non-manufacturing operation. The system includes a 
performance criteria, standards and measures. The set of 
metrics is used to quantify both the efficiency and 
effectiveness of actions. 

A performance A metric used to quantify the efficiency and/or 
measure effectiveness of an action. The actual value of the 

performance criterion. 
Performance criterion The relative element (such as parts per million defects 

and manufacturing lead-time) used to evaluate macro-
and micro-performance, long-term and short-term 
performance, functional performance (e.g. accounting, 
manufacturing, etc.) and overall performance. 

Performance standard The accepted satisfactory level of performance. 
Table 3.2: Additional Performance Measurement Terms Descriptions. 
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The interaction of the above can be described in a performance measurement 

framework that consisted of vanous management levels as well as different 

environment within organisation. The framework roughly indicates the hierarchy and 

the units present in organisations. A performance measurement system can be 

examined at three different levels: the individual measures, the set of performance 

measures and their relationships with the environment in which they operate (Neely et 

a!, 1995). 

The En vironment 

Performance 
M easurerrent 
Sys tem 

--------------~ 
Figure 3.1: A framework for performance measurement system design - adapted from 

Neely et al ( 1995). 

As Figure 3.1 shows, a performance measurement system consists of a number of 

individual performance measures. A collection of these individual measures and their 

applications in turn make up a performance measurement system. In addition, the 

environment surrounding the framework (e.g. external pressure and other 

expectations) will influence the performance measurement system. This point has 

also been explained in Chapter 2. 

From the above it can be seen that a performance measurement system composed of 

performance criteria, standards, and measures that assist the planning, scheduling, 

monitoring, and control of resources to assist organisation achieves its objectives. 
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3.2 Key Benefits of Measuring Performance 

Boyd et al (1997) state that performance measures are the link between individual 

behaviour and organisational goals. Staff used measures in a performance 

measurement system to identify current performance and to help formulate necessary 

actions to achieve company wide objectives. There are the following key benefits of 

measuring performance (Kaydos, 1998)7
: 

Key Benefits Brief Descriptions8 

I. Clear In order to ensure smooth operation between various 
responsibilities functions in an organisation, tasks and responsibilities need 

to be assigned properly. This is to ensure that capable staff 
handle the required tasks and also to improve staff 
accountability. Measuring performance helps match staff 
capabilities and the type of responsibilities they could bear. 

2. Strategic alignment Performance measurement helps management to 
of objectives strategically align various departmental or local objectives 

to bring about synchronisation of all function towards 
achieving company-wide goal. 

3. Efficient allocation From havi ng clear responsibility and alignment of strategic 
of resources objectives, management can then allocate resources 

efficiently so that staff can carry out their duties. 
4. Better planning and In order to enable company confronts future challenges 

forecasting management needs measure current performance so that 
they can plan and forecast better. 

5. Freedom to Management should be able to delegate work appropriately 
delegate without without losing control usmg its understanding of staff 
losing contro l responsibi lities, the resources available and the targeted 

objectives. 
6. Increased quality Increased quality and productivity can result from such 

and productivity things as more autonomy, clearer responsibility and 
improved allocation of resources. These factors would 
enable staff to improve the quality of their work which is a 
requirement to improve productivity. 

7. Recognition One of the most powerful tools to induce appropriate 
behaviour IS to recognised staff for their contribution 
towards attaining the company wide goal. This IS an 
important step as staff need to know how their work help 
achieve the targeted level of performance. Staff recognition 
is also a fonn of reward. 

Table 3.3: Seven Key Benefits of Performance Measurement. 

7 W. Kaydos's book titled "Operational Performance Measurement" is not yet available at the Massey 
University library at the time this document was produced. These seven points were shown in an 
internet site: www.decision!!foup.com/opm.htm and they were considered useful. 
8 These descriptions are researcher's interpretation. 
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Although the discussion may not cover everything that describes the need to measure 

performance, it has at least provided some indication on how measuring performance 

can be useful for organisation. The next section assessed the essential elements of 

performance measurement system. 

3.3 Focusing Improvement Efforts using Performance Measures as the Guide 

Boyd et al ( 1997) state that measures are used to accompany certain policies that 

govern activities within the system. Therefore in order to define appropriate measures 

major operational principles need to be defined first. This also suggests that 

performance measures are the link between local activities and organisation wide 

goal. Although it is simple to state this requirement, the process of ensuring that local 

activities will lead to the attainment of the company wide goal can be difficult. 

In order to identify ways in which appropriate measures can be developed, focus must 

be placed to acknowledging what those measures need to be achieving. This can be 

achieved by focusing on how measures can help achieve the three major competitive 

edges described by Goldratt and Fox ( 1986) in the earlier section. This can be 

achieved by analysing three primary functions performed by manufacturing 

organisations: meeting customer requirements, utilisation of resources and ensuring 

sound financial results. 

For a company to operate smoothly, activities of these three functions must be well 

synchronised by ensuring each unit's activities compliance to achievement of the 

company wide goal, and not just localised improvement. This means no one function 

can be activated and measured in isolation. 

Goldratt (1992) states that the achievement of local optima does not (necessarily) lead 

to the achievement of the global goal. This means measurement should not instigate 

various units to achieve target(s) that would later induce the 'protect your rear part' 

behaviour. This is where departments accuse each other of trying to jeopardise each 

other's work. 
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An example that could be used to illustrate the above point is where three work 

centres namely Manufacturing, Sales and Purchasing are in a feud involving incoming 

customers' orders. The situation might see Manufacturing accusing Sales for 

committing too much too early (because high 'number of sales orders' would mean 

higher sales bonus). Completing the order as promised by Sales would be almost 

impossible for Manufacturing whose performance is measured by its ability to 

'produce the specified quality goods at the due date promised' but whose lead-time is 

much longer than the delivery time promised by Sales. This in turn would create 

pressure on Purchasing (which is measured by its ability to provide 'cost effective' 

and 'discounted' purchasing) to bring in the required raw material rapidly (and 

probably at a premium price) from its suppliers. 

The above situations simply depict how measures play an important part in inducing 

the right behaviour and actions to synchronise efforts to attain the targeted goal. This 

simply shows that measures should not be used in isolation and that attempts to do so 

will often result in sub-optimal outcomes (from the perspective of the overall 

operation of the company). 

Stein (1994) states that most people would agree intuitively if given only one choice 

of what to improve in the three measurements Throughput should be chosen to be the 

most important. However, there are additional issues to consider: 

• Inventory and Operating Expense have limited room for improvement, as 

they both cannot be reduced below the minimum level required to produce 

and to protect the ability of an organisation to realise Throughput. 

• Attaining the goal "to make more money now and in the future" based on a 

program, which concentrates on a reduction of Operating Expense, would 

not support to sustaining growth. If the objective to achieve constant cost 

reduction is actually achieved then sales (lead to Throughput) would also be 

reduced to zero. 

• If Inventory and Operating Expense exist to produce and protect the 

Throughput figure then understanding more about what is to be done to 

improve Throughput becomes a prerequisite to dealing with the other two 

measurements. 
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• Increasing Throughput is not inherently limited and therefore produces the 

greatest opportunity for improving the whole system. By the same token, a 

tremendous number of Inventory and Operating Expense can be permitted as 

long as the Throughput figure continuously grows at a fast enough pace. 

• Concentrating on Throughput provides a tremendous leveraging effect tn 

that since it is created by an interdependent sequence of events and the 

existence of a system's constraint, very few things must be improved for 

Throughput to increase. 

The above points and their descriptions show a path to where improvement effort can 

be focused. This will then translate into li st of things to consider when developing 

measures and the required plan of actions. 

3.4 Types of Measures 

Decision making process utilises different type of measures and they are not restricted 

to using certain type of measures or data as to allow enrichment of ideas for 

developing a working strategic plan. Santori et al ( 1987) state that most companies 

still rely primarily on conventional measures to evaluate performance and motivate 

people. These include both basic financial accounting and cost accounting measures 

such as gross margin, inventory turns and overhead variance (Goldratt, 1990). Some 

of these measures remain necessary and valid for assessing selected performance 

avenues of a company. However, some are no longer appropriate or have changed 

value in today's dynamic manufacturing environment (see Chapter 2 for details). 

There are two major types of measures: financial and non-financial. The application 

of these two types of measures somehow correlate with the hierarchy of measures 

which roughly parallels the number of management levels (see Figure 1.1 ). Financial

type company wide measures such as Net Profit and Return-On-Investment are 

typically used at the top of the hierarchy. The interpretation of top level management 

measures can be found in three operational measures suggested by Goldratt ( 1992), 

they are Throughput (T), Inventory (I) and Operating Expense (OE). These are three 
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operational measures have the capability to capture the essence of manufacturing 

operations. See Chapter 3.7 for more details of these three measures. 

Middle 
Management 

Lower 
Management 

Measures 

Fmancial 
Measures 

Figure 3.2: Approximate Proportion of Non Financial and Financial Measures in a 

Manufacturing Organisation Management Hierarchy. 

Figure 3.2 shows the approximate proportion of non-financial and financial measures 

throughout all management levels. Both financial and non-financial measures can be 

used extensively but their proportion at any given management level will largely be 

influenced by what it is to be measured and the type of decisions to be made. 

Typically, top management level mostly deals with strategic and company-wide issues 

using mostly financial type measures. Some of the financial measures used such as 

Net Profit and Return-on-Investment have significant effect to overall company 

performance. Other measures such as Throughput, Inventory and Operating Expense 

can be linked to NP and ROI (see Chapter I ). These measures have the capability to 

capture the breadth of the entire organisation thus they are termed the 'global ' 

measures. 

Financial measures can be used to quantify the effect of past and future operations. 

However, some company operations are more meaningful when they are quantified 

using non-financial measures, e.g. total production volume and total number of quality 

related problems. In addition, due to each department's function, some aspect of 

organisation can only be measured by either financial or non-financial measures. 

Some of these non-financial measures would need to taken into consideration in the 

strategic planning process as they have some influence long term performance. 
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As top management finalised its strategic plan and the targeted financial goal, the 

lower level management then needs to interpret them into something tangible that 

each local unit must carry out. This means interpreting the global measures used by 

the top management into various departmental measures at lower management. The 

measures used at departmental level or at individual level are appropriately termed 

' local ' measures. 

Therefore from the above discussions there are the following key points m the 

performance measurement system: financial and non-financial , global and local 

measures. Some of the measures employed are also used for internal and external 

reporting. The next sections cover various performance measurement system designs 

and their associated components. The objective was to gain insight of selected 

authors' suggestions and to extract key criterion for suitable shopfloor performance 

measurement. 

3.5 Kaplan and Norton's Balanced Scorecard 

The balanced scorecard9 has the objective to link corporate strategy with actual results 

(Kaplan et al, 1992). This is shown from its emphasis on mapping key elements of a 

company' s performance as a whole, thus requires a balanced presentation of both 

relevant financial and non-financial measures of various key aspects simultaneously. 

The essential thrust of the balanced scorecard is based on two fundamental 

prepositions: the first is "what you measure is what you get" and second is "to meet 

managers' requirements for a comprehensive range of performance measures in order 

to manage their business" (Clarke, 1997). 

The balanced scorecard includes financial measures that record the results of past 

actions and it complements these financial measures with operational measures from 

other functions such as customer service and manufacturing processes (Kaplan et al, 

1992). The need to combine and assess different functions simultaneously originated 

from the complexity of managing several functions crucial to organisation's survival. 

9 The Balanced Scorecard, scorecard, balanced scorecard and BS terms will be used interchangeably. 
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The suggested framework includes four key perspectives from which to identify 

measures (see Figure 3.3). 

Financial Perspective-
How does the COJll)any look to its 

shareholders? 
eg. ROCE, Revenue/profit growth, Cash flow. 

I 
Customer Perspective-

How do custorrers perceive us? 
eg. On-time deliveries. Nurroerof orders to be I filled. Market share/ growth, Custorrer 

satisfaction, etc. 
1 

Internal Business Perspective
What does the corrpany need to excell at? 

eg. Units/volurre produced, Labour 
efficiency, Percentage defects, Tender 

Innovation and Learning Perspective
How can the orgsanisation continue to 

iJ'll)rove and create value? I eg. 'o. of new products, No. of new clients, 
o. of staff training days. 

Figure 3.3: The Four Elements of the Balanced Scorecard- adapted from Clarke 

( I 997). 

The links shown in the Figure 3.3 re-enforce the need to view all elements of an 

organisation as a whole, not as separate entities. The structure also shows the aim of 

the process which is to meet customers' requirements as effectively and efficiently as 

possible. Descriptions of the above four perspectives and some of their related 

measures are described in the following section. 

3.5.1 Internal Business Perspective 

The internal business perspective focuses on key internal factors that deliver products 

and services required to maintaining business presence in the market place, such as 

product cycle and quality process. 

Customer-based measures are important and need to be translated into measures that 

company must accomplish internally to meet its customers' expectations (Kaplan et 

al, 1992). It is logically sound that managers need to focus on those critical internal 

operations that enable them to satisfy customer needs. 
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The internal measures for the balanced scorecard should be derived from the business 

processes that have the greatest impact on customer satisfaction, e.g. production lead

time, quality, employee skills and productivity (Kaplan et al, 1992). In order to 

facilitate this a company should also attempt to identify and measure their company's 

core competencies and critical technologies needed to ensure survivability. 

Employee involvement is thus a prerequisite to carry out internal business perspective 

which also aim at achieving such things as cycle time, quality, and productivity. The 

development of specific measures should involve employees at lower management 

levels to ensure staff have clear targets for actions, decisions and improvement 

activities. This should foster staff understanding and to encourage their commitment 

to the process of goal setting. 

3.5.2 Innovation and Learning Perspective 

The innovation and learning perspective highlights the importance of continuous 

improvement to meet future challenges. To ensure future successes companies must 

continually improve their current product(s) and processes so that their products meet 

customers' requirements through enhancing its most valuable asset, its employees. 

Continuous improvement begins with company staff embarking on projects to 

improve company operation. Some means to achieve this goal is through research and 

development of new and better products and services, improved staff ability to 

produce their own improvement ideas, improved product value for money, etc. 

A company's ability to innovate, improve and learn ties directly to the company's 

overall value and success. That is, only through the ability to meet customers' 

demands, to create value for customers and to improve operations continually, just to 

name a few, can a company move towards achieving its goals. 
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3.5.3 Financial Perspective 

There is a need to translate improved performance into bottom-line results. If 

improved performance fails to be reflected in the bottom line, company managers 

should re-examine the basic assumptions of their strategy and mission. It must be 

realised that not all long-term strategies are profitable strategies. 

Financial perspective represents traditional accounting measures that report the 

financial consequences of actions already taken. This highlights how the company 

appears to shareholders and other resultant measures, such as Net Profit, cashflow and 

Return -on-In vestment. 

Managers should specify how improvements in quality, cycle time, quoted lead times, 

del ivery and new product introduction will lead to higher market share, operating 

margins and asset turnover or to reduced operating expenses (Kaplan et a!, 1992). 

The challenge is to learn how to explicitly link between operations (actions taken) and 

finance (financial gain from actions taken). 

3.5.4 Customer Perspective 

The customer perspective focuses on factors that are really important to customers 

such as value for money, product and service quality. Without its customers, for

profit organisations simply would not exist. In order to assist in improving customer 

focus, many organisations have a corporate mission statement that would include 

customer focus perspective. However, there are other key technologies that could be 

used to improve company's customer focus. Some examples are customers' 

involvement in the design process and customer service function. 
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3.5.5 Advantages of the Balanced Scorecard 

Kaplan et a! ( 1992) state that the balanced scorecard has two main strengths that are as 

follow: 

I. It summarises m one management report many of seemingly disparate 

elements of a company's competitive agenda, e.g. reducing response time 

and improving quality. 

2. It prevents sub-optimisation, e.g. by forcing senior managers to consider all 

operational measures, the balanced scorecard lets them see whether 

improvement in one area may have been achieved at the expense of another. 

Due to its origin from the finance function, traditional measurement system has a 

control bias. That is, traditional performance measurement systems specify the 

particular actions they want employees to take and then measure whether the 

employees have in fact taken those actions. In that way, the systems try to control 

behaviour. Such measurement systems fit with the engineering mentality of the 

Industrial Age. 

The balanced scorecard, on the other hand, is well suited to the kind of organisation 

many companies are trying to achieve. The scorecard puts strategy and vision , not 

control, as its focus. It establishes goals but assumes that people will adopt whatever 

behaviour and take whatever actions are necessary to arrive at those goals. The 

measures are designed to pull people toward the overall vision. 

By combining the financial, customer, internal process, innovation, and organisational 

learning perspectives, it is claimed the balanced scorecard helps managers understand 

many interrelationships (Kaplan et al, 1992). This understanding can help managers 

transcend traditional notions about functional barriers and ultimately lead to improved 

decision making and problem solving. 
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3.5.6 Limitations of the Balanced Scorecard 

There are possible traps that managers must be aware of prior to embarking on 

decision making process using the balanced scorecard mechanism. An initial caution 

is for managers to be aware of the possibility of having too many or too few 

performance measures for assessment using the balanced scorecard structure. Being 

close to daily activities, managers could possibly acquire the view that everything is 

critical , and thus lead to the possibility of considering too many measures at the same 

time. 

Assigning inappropriate measures to review, like any other method of performance 

measurement, is another possible pitfall of using this method. Managers using the 

balanced scorecard must be able to distinguish between those actions (or measures) 

that have a major influence on the organisation wide goals and other supporting 

actions. Although Kaplan et al (1992) describe in greater detail the requirements and 

the descriptions of each of the four perspectives, careful analyses are a prerequisite 

prior to using the scorecard system. 

Although the balanced scorecard tries to prevent sub-optimisation, the structure can 

overshadow logical links between the various actions that shape the four perspectives. 

It is possible that action(s) taken in one perspective, say 'Customer' , has no direct 

impact to improve on other perspective(s), say 'Financial ' and 'Internal Business '. 

Incomplete analyses of the relationship between actions taken on a local area and their 

impact to overall performance can lead towards achieving only local improvements. 

The balanced scorecard is mainly useful at the top level management; it was found 

that middle to lower management, could not implement the balanced scorecard 

without the involvement of the senior managers who have more complete picture of 

the company's vision and priorities (Kaplan et al, 1992). Ghalayini et al (1996) state 

that the structure of the balanced scorecard is primarily designed for senior managers 

to provide them with an overall view of performance. Thus, it is not intended for, nor 

suitable for factory level application on a daily basis. 
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In addition, the scorecard does not allow management to identify another key element 

to survival of examining competition explicitly (Ghalayini et al, 1996). It is still 

possible, however, to initially include this element in the 'Internal' and/or 'Customer' 

perspectives where management would be force to carefully examine competition. 

3.5.7 Summary of the Balanced Scorecard 

The balanced scorecard is a useful tool to highlight four important perspectives to 

managing organisation. The links between Financial, Customer, Internal Business, 

and Innovation and Learning perspectives can enable management view performance 

in several areas simultaneously. It can be seen as a means to synchronise 

improvement effort at a general level by linking actions in one area to the impacts on 

other areas. From this structure management can organise actions and identify local 

goals that would bring the organisation closer to its common goal. 

However, there are various things to consider prior to using the balanced scorecard. 

One major problem highlighted shows that the structure of the balanced scorecard is 

intended mainly for middle to top management to view the different actions from the 

"above". The practicality of using the scorecard at lower level management was 

questioned, as it does not, by itself, allow easy access for developing practical and 

effective shopfloor measures. 

Analysis of actions (to be) taken can be proved to be difficult as the scorecard 

structure would not allow practical cause-effect-cause connections to be developed to 

an adequate level. This means the structure of the balanced scorecard could 

overshadow cause and effect links between local/ individual actions at the four 

important perspectives. 

It can be concluded that although the scorecard provides middle to top management 

with a means to view how different actions and measures can be linked together, it 

does not provide direct and practical method of developing specific shopfloor 

measures. 
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3.6 Lockamy and Cox's Generalised Organisational Performance Measurement 

System Model 

Lockamy and Cox (1994) produced what they stated as a modified version of the 

performance measurement system developed by Cox and Blackstone ( 1994 ). This 

model combines together several key functions that make an entire performance 

measurement system. 

Current Fitlllnduls: 
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Figure 3.4: Generalised Organisational Performance Measurement System Model

adapted from Lockamy and Cox ( 1994). 

Three functions, termed 'Finance', 'Resource' and 'Customer' functions, formed a 

linkage that facilitates information sharing. This triangle is formed to bring the 

organisation closer to the goal through fulfilling their customers requirements. The 

Finance function is linked to the Business function where ultimate measures such as 

Net Profit and Return on Investment will become some of the primary data for 
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developing strategic decisions. All the 'links' shown in the model are aimed to 

provide useful communication channel between various functions in the organisation. 

This would be useful to involving staff to identifying the capabilities of each function 

to meet company wide objectives and to improve processes involved. 

The model can be equated to the Balanced Scorecard where an organisation's 

functions are linked together to facilitate the identification of proper actions, and thus 

measures, to attain the company wide objectives. However, the algorithm to derive 

appropriate shopfloor measures has not been explicitly explained. In order to derive 

the measures required, Lockamy and Cox (1994) described the need to understand the 

Throughput World principles outlined by Goldratt's TOC prior to engaging in any 

decision making exercise using this model. This mean cause and effect knowledge of 

certain actions needs to be understood and determined prior to applying them. 

The process requires determining the impact of actions taken at one function to other 

functions through the performance measurement systems and its links. This process 

coupled with further development could initiate the identification of win-win 

solutions needed to sustain long-term growth. 

3.7 Maskell's Performance Measurement/or World Class Manufacturing 

Key principles outlined by Goldratt's Theory of Constraints and development work by 

Umble et al's Synchronous Manufacturing will help management focus the 

improvement effort. Their work is further supported by Maskell ( 1991) who states 

that by replacing traditional management accounting and variance reports, new and 

more appropriate measures can be developed to move an organisation closer to its 

objectives. 

Among a series of suggestions by Maskell ( 1991 ), there is however a list of seven 

principles of performance measurement system design that can be used to derive 

appropriate measures. These principles are as follows: 

1. Measures should be made explicit and directly related to the company wide 

goal and the subsequent strategies. 
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2. There should be a combination of financial and non-financial measures so 

that the significance of actions can be fully apprehended. 

3. Measures will have different terms according to where they will be utilised. 

Different functions will require different terms for the measures. 

4. Measures should be adapted to the changing circumstances. This means 

which measures are important will be determined by the system's constraint 

and that when the need changes their application and importance will also 

change. 

5. Measures should be simple and easy to use. This means measure should not 

have conflicting objectives, e.g. cost based measures vs. throughput world 

measures. 

6. Measures should be directed to stimulate continuous improvement and staff 

should be encouraged to use measures as tools for identifying opportunity 

for improvement and not as "punishment" factor. 

The above descriptions suggest that shopfloor measure should be multi-dimensional 

to meet the various needs described in the above six points. 

3.8 Srikanth 'sIn-Sync Performance Measurement Technique 

Srikanth et al ( 1995) offers a series of measures grouped under the In-Sync umbrella. 

The In-Sync measures were developed to accompany the changes in manufacturing 

operations that follow TOC principles. This can be seen from the inclusion of 

Throughput, Inventory and Operating Expense measures in the In-Sync technique to 

measure operational performance. 

There are three groups that form the In-Sync measurement technique. They are as 

follows: 

1. External customer focus . 

2. Internal focus on making money. 

3. The structure and balance in which the previous two groups are applied. 
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Orientation Measure Focusing Question 
1. External ~ Customer • What do customers expect? 

Satisfaction • Are the customers happy? 

• Where is the company relative to the 
~ Competitive Position competition? 

2. Internal ~ Operational • How well is the company managing 
Performance its assets? 

~ Local Indicators • Which specific aspect of the operation 
needs improvement? 

Table 3.4: The Groups within In-Sync Performance Measurement- adapted from 

Srikanth et al (1995). 

The above table shows that in order to achieve company wide objectives there are 

internal and external factors to consider in the development of In-Sync performance 

measurement. These two factors should be further defined so that necessary actions 

can be carried out in order to achieve effective and efficient provision of customers' 

requirements. 

An important part of the In-Sync technique is the local indicators used to relate local 

processes to the achievement of overall goals. In this study, local indicators would be 

interpreted as shopfloor measures . The customer satisfaction, competitive position 

and operational performance measures provide indication on how well the business 

operations are performing. The measures that help evaluate how individual activities 

are affecting customer satisfaction, competitive position and company wide 

profitability are called local indicators or local measures (Srikanth eta!, 1995). 

3.8.1 Activity-Outcome Measure 

As described in earlier in this chapter, individual or local indicators must help relate 

local activities to overall company-wide performance. Otherwise, as each local 

activity reaches its respective individual maximum potential manufacturing operations 

will be placed in a critical condition (see Chapter 2.4). While it is a simple and 

necessary requirement to insist that local indicators be tied to total system 

performance, this is difficult to achieve in practice (Srikanth et al, 1995). In the In-
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Sync technique, these local indicators that measure the outcome of individual activity 

are called Activity-Outcome Measures. 

3.8.2 Activity-Focusing Measure 

At the individual activity level an operator must identify what aspect of one's 

performance has the most impact on the business. This can be linked to identifying 

improvement activities that will help business performance the most. The measures 

that help manage this specific activity so that the critical activity-outcome measure 

improves are called Activity-Focusing Measures (Srikanth et al, 1995). 

The customer and operational measures that made up the In-Sync measurement 

process are aimed to provide information regarding the organisation's performance 

relative to activity-outcome and activity-focusing measures. Local indicators should 

be aimed to provide detailed and local information to assist everyone in the 

organisation (from top management to engineers to shopfloor operators) do the best 

they can and engage in relevant and focused improvement activities. 

3.8.3 Constraint Measure 

An essential part of the synchronous management concept is to ensuring proper 

management of constraints critical in the achievement of optimum company wide 

performance. The measures that could help management control and manage the 

constraints to the best advantage of the entire organisation are called Constraint 

Measures (Srikanth et al, 1995). For example, if materials availability were found to 

be the constraint then the constraint measure would be the yield for this material 

through the process. 

Below shows a typical cycle of processes to identify constraint measures: 
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the synchronous approach identifies the vital activities and collects detailed 

information necessary to monitor these activities. 

Some examples of the measures that follow the above process are as follows: 

Organisational Level Performance Measure Examples of 
Performance Measure 

Corporate or Division Global In-Sync measures Delivery, Returns, Price, 
etc., T, I, OE 

Business Unit In-Sync measures Delivery, Quality, T, I, OE 
Local Activity Activity-outcome Quantity, Schedule 

measures attainment, Inventory, OE 
Table 3.5: Examples of types of measures appropriate for various organisational levels 

- adapted from Srikanth et al ( 1995). 

In-Sync performance measurement technique advocates the company management to 

collect information about the constraint or the weakness area which will then be used 

to derive constraint measures. In addition, each employee ought to recognise how 

one's performance can help company wide performance. 

3.9 Theory of Constraints 

Dettmer (1994) describes TOC as a system's improvement philosophy. This stems 

from the perspective that organisation's success or failure is a function of the 

interactions between various internal and external processes. Goldratt ( 1992) states 

that a system is analogous to series of chains and thus the strength of each individual 

chain is limited by the weakest link. The weakest link can be equated as the constraint 

that limits the organisation ability to achieve its goal. This suggests that significant 

improvement results only when the weakest link or the constraint is improved. 

Dettmer (1994) further describes TOC as a paradigm10
, which includes not only its 

concepts and guiding principles, but also its tools and applications. Spenser and Cox 

( 1994) cited by Balderstone (1997), state that TOC consists of three main 

components. 

10 A paradigm can be described as a model or pattern of thinking that have the vast potential to 
influence behaviour. 
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Establish current performance 
_ ___, _...., of the business 

Monitor and regularly track 
the data needed to manage 

the constraint 

Identify the specific step in 
the workflow that is the 

limiting factor for these key 
performance features 

Identify the key performacne 
feature needing irrqJrovement 

Figure 3.5: Systematic Approach to Developing Constraint Measures- adapted from 

Srikanth et al (1995). 

Detailed definitions of constraint types and constraint improvement process are 

contained in Chapter 3.9 Theory of Constraint. 

3.8.4 In-Sync Summary 

The process of developing appropriate shopfloor or local measures starts by 

understanding the performance expected to be delivered by that local unit in relation 

to the overall company wide performance. At a local unit, the measures that help 

evaluate performance relative to desired results are activity-outcome measures. 

Measures that assist in focusing on the key aspects to ensure performance are called 

activity-focusing measures. 

The process of developing the global In-Sync set of measures can be summarised as 

follows (Srikanth et al, 1995): 

1. Define the appropriate set of customer and operational measures that will be 

used to evaluate the unit's performance. Establish targets for performance 

and monitor on a regular basis. 

2. Optimise opportunity for achieving results by identifying and focusing on 

constraints. Constraint measures provide business managers with the 

information to manage constraints. Instead of averaging, accumulating or 

otherwise summarising performance of all of the myriad business activities, 
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Application 
1. Production 

Application 

2. Performance 
Measureme 
nt 

3. Thinking 
Processes 
(TOC TP) 

Descriptions 
The major emphasis of this subdivision is to managing project and 
production system. This branch includes: 
• "Five Focusing Steps" method to facilitate systematic ongoing 

improvement. 
• Drum-Buffer-Rope (DBR) scheduling mechanism and its 

associated buffer management. 
• A, V, T and Combination plant structure and production flow. 
• Distribution system design and analysis. 
The TOC management accounting system is an alternative to 
traditional cost accounting. This has the objective to formulate a 
series of performance measures and necessary management 
accounting practices to encouraging behaviour that promotes 
organisation wide productivity. Included within this branch are: 
• Throughput (T), Inventory (I) and Operating Expense (OE) 

financial type operational measures. 
• Supporting measures at sub-system levels such as Throughput 

Dollar Days (TDD) and Inventory Dollar Days (IDD) to support 
the attainment ofT, I and OE. 

• A TOC product mix algorithm to calculate an optimal mix of 
production. 

A set of problem solving tools consisting of cause-effect-cause that 
would allow a series/combination of actions and their outcomes to 
be scrutinised using " IF ... THEN" mechanism. These six tools are: 
Current Reality Tree (CRT), Evaporating Cloud Diagram (ECD) or 
Conflict Resolution Diagram (CRD), Future Reality Tree (FRT), 
Pre-requisite Tree (PRT), Transition Tree (TRT) and the 
Communication Current Reality Tree (CCRT). For examples of 
CRTs see Chapter 2, for example FRTs see Chapter 4. 

Table 3.6: TOC Applications Descriptions. 

3.9.1 TOC's Ongoing Improvement Recipe: The Five Focusing Steps 

The Thinking Process and other TOC applications are built around the TOC's Five 

Focusing Steps (FFS). These five steps help focus improvement process by 

concentrating on strengthening the weakest link. The Five Focusing Steps consist of 

the following steps: 

1st Step: Identify the System's Constraint(s) 
A constraint is anything that prevents a system from advancing to its goal(s). 
Thus, identifying the constraint is critical since it can inhibit growth in profit. In 
any organisation there are not many constraints, but at least a few would exist. 
Accumulated work-in-progress and frequentiy delayed due dates are signal 
examples of the constraint. See Chapter 3.9 for more details on the types of 
constraint. 
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2nd Step: Exploit the System's Constraint 
The constraint resource effectiveness and the efficiency must be maximised as 
time or other resources wasted here would mean irretrievable loss. An example 
to exploit a constraint resource is by allocating more personnel resource to 
reduce machine setup time and make sure parts are there in front of the 
constraint resource so that it will not starve for work (effectively reducing down 
time). 

3rd Step: Subordinate everything else to the decision made in the previous step 
This step has the objective to synchronise all system activities to the tune of the 
constraint. This is particularly important, as to reduce the effect of fluctuations 
and other disturbance in the system, no other resources should be producing 
more than the constraint's capacity. One way to achieve this objective is by 
tying the timing of all other activities to match the slowest resource or the 
constraint. This means no other resources should be activated too early or too 
late behind the constraint schedule. Problems from ineffective synchronisation 
can be illustrated by the production of materials not needed in the near future, 
other resources producing much more parts than the constraint can consume and 
the constraint starving for work because parts do not arrive on time. 

4th Step: Elevate the System's Constraint 
This step is aimed at removing or eliminating the constraint once actions to 
maximise current system's performance have been taken. Examples of ways to 
accomplish this step are by increasing the constraint's consumption rate such as 
by adding its capacity (e.g. buy more resource) and by removing some workload 
to other resources (e.g. sub-contract). 

5th Step: If a constraint has been broken in the previous steps then go back to 
step 1. but do not allow inertia to cause a system's constraint 
The previous steps, if carried out successfully, will ensure constraint(s) to be 
eliminated. However, due to dependent events and statistical fluctuations there 
is a potential for further constraint along the system's many sections thus the 
cycle needs to be repeated. 

The Five Focusing Steps can be used to develop applicable solutions as they allow 

systematic approach to solving problems that prevents managers from fire fighting 11
• 

These five steps will help understand other TOC applications such as the Drum

Buffer-Rope (DBR) scheduling mechanism that focuses on scheduling activities based 

on the tune of the constraint (see the following sections). 

11 Goldratt ( 1992) describes 'fire fighting' as an unsynchronised approach to solving problems that 
focused on removing the undesirable effects rather than the root cause for the undesirable effects. 
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3.9.2 Types of Constraint 

A system's constraint is defined as anything that prevents the system from advancing 

to its goal and there are five constraint types with at least one constraint exists in every 

organisation (Goldratt, 1992). 

Type of Constraint Definitions 
1. Resource Constraint Demand placed on a resource is greater than its capacity. 
2. Marketing Constraint Market's consumption rate is less than the producer's 

production capacity. 
3. Supplier Constraint Demand placed on a supplier is greater than supplier's 

capability to deliver the required raw materials. 
4. Inertia Constraint This can be seen from the way personnel resist to change 

from carrying out traditional policies that are no longer 
appropriate. 

5. Policy Constraint When certain policy(s) prevent the system advancing to its 
goal. 

Table 3.7: Five Types of Constraint. 

However, upon closer inspection there are only two categories of constraints: physical 

and policy constraints, in which the latter plays a significant role to constitute the 

former (Goldratt, 1992). This is due to the fact that policies govern all activities 

within a system. 

3.9.3 Theory of Constraints Performance Measurement 

Goldratt ( 1992) suggests that the goal of any for-profit organisation would be "to 

make more money now and in the future". The performance for this type of company 

would be determined from its financial performance, and some of the most commonly 

used measures are Net Profit (NP) and Return on Investment (ROI). Company focus 

on such things as cost effective purchasing, zero defects and to be the market leader 

are "Necessary Conditions", sometimes the means to reach the goal, but they are not 

the goal (Goldratt, 1990). 

Furthermore, Goldratt ( 1994) describes that the goal should be achieved while 

ensuring the attainment two other objectives. One, to protect the interests of 

shareholders by increasing their shares' values and two, to satisfy the interests of 

employees by providing a secure and satisfying environment. These are two very 
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important factors to consider, as an organisation would not want to achieve a goal 

with a detrimental effect on other key elements critical for sustaining growth. 

A core component of TOC performance measurement developed by Goldratt and Fox 

( 1986, 1992) is comprised of three fundamental aspects for consideration. These are 

as follows: 

I . How much money does the company generate? 

2. How much money does the company capture? 

3. How much money is required to operate the company? 

The above three questions assist with the interpretation of prerequisites to achieve the 

goal of making money. These were then used to define financial measures to quantify 

profitable operation. In addition, NP and ROI are two measures that do not allow 

simple day to day decision making, as it would take time to determine these two 

measures. NP and ROI are two financial measures that would be most useful in 

determining company performance only after a specified period of time. Thus another 

set of measures are required that can be used for operational purposes and the daily 

decision making process. 

Goldratt ( 1990) further defined three measures crucial to the achievement of the goal, 

which are synonymous with the three questions. These measures are Throughput, 

Inventory and Operating Expense. Their descriptions are contained in the sections 

following thi s one. 

3.9.4 Throughput 

Throughput (T) has been defined by Goldratt ( 1990) as the rate at which the system 

generates money through sales (of goods and/or services) over a period of time. This 

is measured by calculating the amount of money captured by the system or the 

organisation as a whole. The formula to calculate Throughput is shown below: 
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Throughput= Sales- Materials or Truly Variable Costs12 

Finished goods do not translate into Throughput unless they are sold to customers 

outside the system. Sales revenue is a component of net profit whereas finished goods 

inventory is not. This means that in a multi-company group where there exist intra 

group trades or intemal-customer13 relationships the manufactured goods must be sold 

to customers outside the group. 

Throughput is a financial type measure that can be understood well at the operational 

level and can be used in daily decision making across the organisation. The focus of 

Throughput also promotes behaviour that is consistent with the organisational goal of 

making money now and in the future. 

3.9.5 Inventory 

Inventory (I) has been defined by Goldratt ( I 990) as all the money that the system 

invests in purchasing things that it intends to sel l. This definition includes raw 

materials, work in process inventory, finished goods inventory, and is contrary to the 

"traditional'' definition in that it also includes the total assets of the organisation such 

as plant, land and buildings. 

Inventory= all the money the system invests in purchasing things the system intends 

to sell 

In addition to the above statement there are two collateral definitions of Inventory. 

The first relates to the investment made to facilitating the manufacturing process (to 

changing raw materials into saleable goods) such as plant and machineries. The 

second is the investment made to buy raw materials for making the goods. It is 

important to note that the latter has higher mobility than the former such as in the case 

12 Wright (1999) suggested "Truly Variable Costs" as a better term to use than 'Total Variable Costs". 
In some case the word "Total" could mean money paid for labour. However, this is conflicting to the 
meaning of the word "Variable" as labour can be considered a fix cost. 
13 Internal-Customer means the relationship between one business unit to another within one group of 
companies. It is also the term widely used in TQM describing the need to view the relationship 
between various units or work centres as a chain of customers and to treat them to highest degree as it 
would to customers outside the organisation. 
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when money is generated through selling manufactured goods over short period of 

time. In contrast, plant and machinery form a type of Inventory that can be more 

difficult to be turned into Throughput. This is because plants and machinery are likely 

to be sold at the end of their useful life and their values depreciate over time. 

Wright (1999) 14 suggests that the word "Inventory" may be replaced with 

"Investment" as inventory, whether they are plants or raw materials, are bought so that 

they can be turned into Throughput following a series of manufacturing processes. 

Inventory could mean more than just assets, as another side to it is liability15
. Thus, 

distinctions must be made to identify when a part of Inventory is an asset or liability. 

Goldratt ( 1990) gave an example of how distinctions can be made about classifying 

Inventory. Consider a purchase of oil for lubricating machines: the money paid to the 

vendor at the time of the purchase should not be considered as operating expense as it 

is still definitely an Inventory. As the oil gets used, the portion that has been used has 

to be removed from Inventory andre-categorised as operating expense. 

Srikanth et al ( 1995) further state that this definition (or the process of quantifying 

Inventory) does not add value as the material is processed. In contrast, a common 

"traditional" method of valuing Inventory is to absorb labour and overhead as the 

material is processed thus progressively increasing its value ("Value Added" 

Inventory valuation). This "added-value" concept is highly misleading, as in reality 

no "value" has been added and it could be argued that only "damage" has been added. 

This is because once materials have been developed into something else, it is almost 

impossible to reverse the process to return them into their original state and thus 

flexibility is lost. 

14 Wright ( 1999) refers to the knowledge gained from discussions with principle supervisor Mr. AC 
Wright of Massey University. 
15 Goldratt, EM, Late Night Discussions Number Five: Inventory is a Liability?, 
http://www.goldratt.comllibraryflnd5 .htm 
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3.9.6 Operating Expense 

Goldratt ( 1990) has defined operating Expense (OE) as all the money the system 

spends on turning inventory into throughput with the exception of inventory 

purchases. 

Operating Expense = the money spent to convert Inventory into Throughput 

Srikanth et al ( 1995) state that no fundamental distinction between direct labour and 

indirect labour is made in this definition as both should be used to assist in the 

conversion of Inventory into Throughput or in the flow of product to customers. The 

I iterature references also suggest that this definition. for the most part, include actual 

expenses. In another words, it counts real money spent as opposed to elements such 

as variances. In contrast, traditional costing (or standard costing) and budgeting 

emphasises positive or negative variance if an operation costs less or more than the 

budgeted figures. 

3.9.7 TOC Performance Measures Advantages 

Srikanth et al ( 1995) state that the T , I and OE overcome the direct labour myopia and 

the tendency for local optimisation of the traditional standard cost systems in 

measuring manufacturing operations. 

Input ..... 1 1 Output 
I ----=R=-a-w-:M-:-a-t-en-:-.a-:-ls--!VJ~ Manufacturing Business 11---:s=-o..,..:ld:-::Pro~d-:-u-c-t --1 T 

~ Assets & 
Input I Expenses 

OE 

Figure 3.5: The Relationship between T, I and OE and the flow of money into and out 

of a system - adapted from Srikanth et a! ( 1995). 

The following formulas describe the inter-relationship between the universal financial 

measures such as NP and ROI and T, I and OE operational measures. 
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Measures Formulas Description 
Net Profit T - OE It measures the amount of profit made. 
Return on Investment (T- OE)/1 It measures the percentile of return or the results of 

all the investments made. 
Productivity Ratio T/OE T/OE ratio is a measure of total productivity. It 

represents the amount of money earned for each 
dollar expended. In the simple case of steady-state 
market conditions (where T remains steady or 
fixed), it is expected that good management will 
find ways to improve operations process 
improvements, inventory reductions and the like 
(that is to lower OE), so that T/OE will increase 
from year to year. 

Inventory Turns Til Measures the effectiveness with which inventory 
or material investments is converted into 
throughput. The higher the value of this ratio, the 
faster the flow of product, which in turn implies 
faster responsiveness, shorter production lead 
times and lower inventories. 
The ratio Til is not linear in its behaviour with 
changing market conditions. As sales increases, 
Til may increase at first, but as one begins to 
exhaust the production capacity, inventory will 
build up and Til will decline. 

Table 3.8: Mathematical Formulas Relating toT, I and OE. 

These formulas further clarify the way in which operational measures ofT, I and OE 

can be used to quantify ultimate for-profit organisation performance measures of NP 

and ROI. The fonnulas also suggest the way in which the goal of making money can 

be realised: increase Throughput while simultaneously decrease Inventory and 

Operating Expense. 

Summary of the benefits from using T, I and OE for evaluating operational 

perfonnance (Srikanth et al , 1995): 

I. They link manufacturing decisions to sales. 

2. They drive speed and flexibility. 

3. These measures encompass all the spending under a manager's control 

(balance cost reduction with improvements in the competitive elements). 

4. They help maintain a global orientation and discourage local optimisation. 

5. These measures clearly link decisions and actions to making money. 
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3.9.8 Additional Operational Measures in the Theory of Constraints Framework: 

Brief Descriptions and A Critique 

Goldratt ( 1988) suggests that performance to schedule is the most important measure, 

as any deviations from the planned schedule would result in impaired production 

performance. Conformance to schedule means parts should not be made too early or 

too late as they would jeopardize the system's balance. However, a prerequisite to 

this is a production function that devised its schedule with an appreciation of the 

system's constraint. 

In order to assist on schedule performance TOC proposes two distinct types of 

measures that can be used at sub-systems level. First, Inventory Dollar Days (IDD) 

which has the aim to measure things done ahead of schedule. Second, Throughput 

Dollar Days (TDD) which has the aim to measure things done behind schedule. Their 

descriptions and shortcomings are described in the following sections. 

lnventorv Dollar Days (IDD) 

Goldratt ( 1988) has defined Inventory Dollar Days to have the objective to account for 

excess inventories within a system. IDD is calculated by multiplying excess inventory 

days by the value of the unit of inventory. It could be interpreted as a measure that 

forces management to assess in advance the need to acquire inventory as purchasing 

things not needed in the immediate future could be disastrous to system's cashflow. 

Goldratt ( 1988) further suggest that in order to establish the IDD control 

measurement, specific appropriate buffer will need to be defined first. The first step is 

to define the concept of Customer-Tolerance-Time (CTT). This is the time from 

when a client places an order until delivery is expected to arrive. CTT may be 

different from product to product and it can help determine the utilisation of resources 

as well as timing of the investment. 

However, cited by Balderstone (1997), Noreen et al (1995) comment that the IDD 

measure was used at some plants visited in their study but was often dismissed as not 

useful as some of the measures given were too large to be calculated. A possible 

interpretation of this statement may be that the calculated numbers resulted in some 
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really large figures but the measure's effectiveness in inducing the right behaviour to 

keep inventory as low as possible was never realised. 

One possibility that may have hindered the application of the IDD measure lies with 

the intimately involved person (liP) such as the production manager or the plant 

manager. Some of the prerequisites to a successful implementation of the IDD 

measure is for the I1P to be comfortable with and understand well the ramification of 

applying IDD in the manufacturing operations. 

One of the many things to consider in applying IDD is to determining the tolerance 

limit for the level of inventory in the system as it can only be reduced to a certain level 

depending on such factors such as the availability of supply and the need to protect 

Throughput. In addition, contingency actions must be developed to counter the effect 

of reaching minimum/ maximum allowable tolerance figure for IDD. 

The usefulness of IDD may not be fully realised in a system where TOC principles 

and DBR mechanism are applied, as it already aimed at a low inventory system of 

production. Therefore if DBR is applied correctly excess inventories and the costs 

associated with IDD may not pose any problem (Balderstone, 1997). 

In a non-DBR system the IDD measure may still be applicable as it informs a widely 

recognised the negative impact of having too much inventory too soon. However, the 

buy in of the UP into the liD measure's analysis and how it ties in with the current 

performance measurement system will have significant impact on the success of the 

IDD application. 

Throughput Dollar Days (TDD) 

Goldratt ( 1988) has defined Throughput Dollar Days as a measure that quantifies an 

organisation's failure to ship finished Inventory on time. TDD is computed by 

assigning to every late order a value equal to its throughput multiplied by the number 

of days the order is late, the larger the deviation from zero the tardier the order. 

TDD focuses in the quantification of the magnitude of the deviation from the 

promised commitments to clients. The effect of, say, two orders with different value 
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which were late for a different period could be the same due to the multiplication 

factor. Goldratt ( 1988) further state that a summation on all of the missed orders will 

give the unit an objective measurement of its level of performance, at any point in 

time, as it forces a plant to concentrate on the very late orders. 

Goldratt ( 1988) also suggests that the measurement of TDD is not restricted to 

measuring just a plant's deviation. It can also be very effectively used internally, to 

measure the delivery performance of every production department, work centre and 

even the performance of other functions such as engineering and accounting. 

However, cited by Balderston (1997), many researches found that although the idea 

sounded good in theory it was not used at any of the sites (visited by those 

researchers) applying TOC principles and it was di smissed as an impractical idea. 

This may be due to it being a ' reactive' measure that it would be difficult to ensure 

early compliance to schedule. 

3.9.9 Drum-Buffer-Rope Scheduling 

In order to gam knowledge of the importance of synchronising activities m the 

manufacturing organisation there needs to be an explanation of the philosophy behind 

synchronous manufacturing. Umble et al ( 1990) define synchronous manufacturing as 

an all-encompassing manufacturing management philosophy that includes a consistent 

set of principles, procedures, and techniques where every action is evaluated in terms 

of the common global goal of the organisation. 

Synchronising activities can be facilitated by the implementation of Drum-Buffer

Rope (DBR) scheduling technique, which is the production application of the TOC. 

DBR concentrates on the resource constraint that determines the plant's overall output 

rate. DBR focuses in providing a fast delivery response and a low work in progress 

(WIP) inventory. The DBR mechanism utilises three components core to its 

operation. 
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Item Definitions 
1. Drum A Master Production Schedule (MPS) that is consistent with the 

constraint(s) of the s_ystem. 
2. Buffer Protection of system 's Throughput from statistical fluctuations through 

the utilisation of time buffer at strategic places, e.g. shipping buffer and 
assembly buffer. 

3. Rope Synchronisation of production process at each resource to the tune of the 
Drum. 

Table 3.9: Drum-Buffer-Rope Terms Defmitions. 

In order to devise a good and applicable production schedule, there needs to be a 

consideration of the effect of system's constraints. These constraints can be any one 

or a combination of critical constraints such market demand, capacity and supply of 

raw materials (see Chapter 3.4: Type of Constraints). The series of considerations to 

make when deriving the basic production plan as proposed by Umble et al ( 1990) are 

as follows: 

1 . The proposed production plan quantities should not exceed projected market 

demand. 

2. There must be a sufficient supply of materials available to support the 

production plan. 

3. The proposed product flow requ ired to support the production plan must not 

overload the processing capabilities of the resources. 

The above considerations should result in the identification of critical factors in the 

production plan that both the market and the factory can support. It is also a necessary 

step to avoid such things as missed deliveries and sub-utilisation of resources. 

Once the preliminary production plan has been established, the next step is to develop 

detailed schedules for the capacity constraint resources (CCRs) in the plant. This 

schedule is primarily derived from the system's constraint such as the market and/or 

other type of constraint. The CCR schedules can then be used to finalise the overall 

production plan and once completed the plan will be called the Master Production 

Schedule (MPS). The MPS will become the basis for scheduling actual (overall) 

shopfloor activities and the knowledge gained from the MPS can be used in devising a 

marketing campaign, e.g. to quoting delivery dates. The process to establishing the 
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MPS is referred to as the "Drum" and influences the management of other activities in 

the system. 

The existence of statistical fluctuations in the form of production disruptions and 

variances will not make the actual material flow the same as in the planned flow. In 

order to ensure Throughput and meet the promised delivery dates, there needs to be 

some form of protection. The protection in this scheduling mechanism is called the 

"Buffer" and can be in the form of materials inventory but predominantly in the form 

of time. Buffers must be placed at strategic places along the firm's production system. 

Such a place could be found in the front of CCR or the slowest work centre and in the 

assembly department. The addition of Buffer will in effect increases the planned lead 

time from the absolute minimum required to manufacture the products by an amount 

suffic ient to accommodate the likely disruptions. 

In order to avoid further preventable disruptions the schedules of all non-CCRs will 

need to be synchronised to fully support the MPS, which in turn is structured to reflect 

and support the schedules of the CCRs. This means the planned production schedule 

for each work centre should be tied to the pace set by the MPS or the tune of the 

Drum. As non-CCRs inherently possess extra capacity, their abi lity to catch up 

following a series of disruptions makes them more agile than CCRs. Therefore, non

CCRs should not be acti vated to the same degree as the CCR to avoid producing more 

than there is demand. The synchronisation of non-CCRs is thus called the "Rope" and 

one function of the rope is to ensure timely release of both raw and WIP materials into 

and during its journey in the manufacturing system. 

Some examples of successful DBR implementation can be explored in Fry et al 

(1991), Wu et al (1994) and Chakravorty (1996). 

3.9.10 TOC Synchronisation Principles 

A pre-requisite to developing shopfloor measures is the synchronisation principles 

extracted from the above discussions, as offered by Goldratt (1986) and further work 

carried out by Umble et al ( 1990). 
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1st: Balance production flow. not production capacity 

The production rate should be matched to the constraint's rate of consumption 

as it governs Throughput. Balancing production capacity on the other hand does not 

guarantee smooth flow of Throughput because of such things as dependent events and 

statistical fluctuations. It also means materials should be released based on the 

constraint. Goldratt ( 1986) states that this can be easily formulated using the Drum

Buffer-Rope heuristic (see earlier section). 

2"d: The utilisation of constraint(s) determine non-CCR utilisation 

Constraint(s) determine the utilisation of resources, as resources should be 

utilised to satisfy the consumption capacity of the constraint. This includes the 

utili sation of non-Capacity Constraining Resources (non-CCR). Over activation of 

non-CCR will result in inventory and operating expense going up, and no actual 

increase in Throughput. 

3rd: All resources should be "utilised" and not merely "activated" 

"Activation" of resources means simply assigning work to keep "efficiencies" 

up at 100%. This can be disastrous to organisation operations as it does not contribute 

anything to maximising Throughput. 'Utilisation ' of resources, on the other hand, is 

aimed at assigning work only when there is/are need(s) for the work centre(s) to 

operate. If a work centre is operated and if no Throughput is generated then it would 

only create waste. 

41h: An hour lost at a CCR (or a constraint) is an hour lost for the entire system. 

As the constraint governs all activities in the system, less than 100% operation 

at the constraining resources means lost of Throughput. 

51
h: An hour saved at a non-CCR does not have any impact in system's performance 

From the previous description, CCRs govern Throughput and Inventory, thus 

time saved at a non-CCR does not have any affect to the entire operation. 

61h: A scarce resource governs the other resources and thus the output of the system 

Resource(s) with the smallest capacity will govern the completion period of 

customers' orders. The Drum (of DBR) will take into account both orders and 
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production capability to develop synchronisation. This is in contrast with another 

method, MRP, where orders govern inventory and throughput. 

71
h: Transfer batch should not always egual a process batch 

This is to ensure smooth uninterrupted flow of materials between work units. 

Transfer batch should prevent materials from sitting idle while the next work centre is 

waiting thus wasting valuable time. 

81
h: Process batches should be variable. not fixed 

Process batch size should reflect the need to maintain smooth flow of product 

through the system and this means it will be dependent on the decision made in the 

schedule. A fixed process batch size would mean high inflexibility to overcome 

statistical fluctuations. 

91
h: Set the schedule by examining all the constraints simultaneously 

As previously described, constraint would have significant control over the 

schedule as it governs Throughput rate and Inventory held. This is equivalent to 

solving a linear program. This approach also avoids sub-optimisation. 

3.9.11 Possible Shopfloor Measures 

This section has the objective to illustrate possible shopfloor measures that follow the 

synchronisation principles outlined. There are four possible type of resources along a 

manufacturing line: Bottleneck and Non-Bottleneck, Capacity Constraint Resource 

(CCR) and Non-Capacity Constraint Resource (defined in Table 3. 11 ). Then, there 

are also three different production resources: machines, labour and materials 16
• The 

type of measures used depends on the type of resource and the way the resource is 

16 "Study Guide Overview and Introduction to Operations and Company Management", 43.740 
Production Systems, Institute of Technology and Engineering, Massey University. 
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utilised. The majority of the measures shown in Table 3.11 have been derived from 

the Drum Buffer Rope scheduling17
. 

17 The table and the measures shown were generated during a feedback session with the chief 
supervisor, Mr. AC Wright and at this stage it is not yet fully developed solutions as no detailed 
analysis have been carried out due to time constraint. 
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Resource Non-bottleneck Bottleneck Non-bottleneck CCR Non-CCR 
Pre-bottleneck Post-bottleneck 

I. Machines • Less than I 00% • 100% Machine • Less than I 00% • 100% Machine • Less than I 00% 
Machine Utilisation Utilisation Machine Utilisation Utilisation Uti I isation 

• Finish Job As Soon • Minimise Downtime • Pinish Job As Soon • Minimise Downtime • Match CCR 
As Possible and Stop • Buffer Protection As Possible and Stop • Buffer Protection Production Volume 
When There Is When There Is 

Nothing To Do NothingTo Do 

2. Labour • Less Than I 00% • 100% Labour • Less than I 00% • 100% Labour • Less than I 00% 
Labour Utilisation Utili sation Labour Utilisation Uti lisation Labour Utilisation 

• Less Than I 00% • Availability of Highly • Finish Job As Soon • Availability of Highly • Finish Job As Soon 
Labour Activation Capable Staff or As Poss ible and Stop Capable Staff or As Possible and Stop 

• Finish Job As Soon "Best" Staff When There Is "Best" Staff When There Is 
As Possible and Stop Noth ing To Do Nothing To Do 

When There Is 
Nothing To Do 

3. Materials • Minimum to Zero • Zero Scrap • Zero Scrap • Zero Scrap • Minimise or Zero 
Scrap • 100% Yield • 100% Yield • 100% Yield Scrap 

• Materials Release • Materials Availability • Variable Transfer and • Materials Availability • 100% Yield 
Based On Constraint • Adequate Buffer Process Batch Sizes • Variable Transfer and • Variable Transfer and 

• Variable Transfer and • Variable Transfer and • Throughput Dollar Process Batch Sizes Process Batch Sizes 
Process Batch Sizes Process Batch Sizes Days 

• Inventory Dollar Days • Inventory Dollar Days 
-------

Note: 
Bottleneck: Any resource whose capacity is smaller than either the proceeding or the following activities. 
CCR: Any resource which if not properly scheduled and managed, is likely to cause the actual flow of product through the plant to deviate from the planned product flow. 

Table 3.10: Examples of Shopfloor Measures Following the Drum-Buffer-Rope Scheduling Principles- suggestion by Wright ( 1999). 
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3.10 Performance Measurement System Design Summary 

The perfonnance measurement system covers the entire organisation from the 

shopfloor level to the top management level. This chapter has examined the 

objectives and the attributes that fonn a perfonnance measurement system. This study 

focuses on the shopfloor management and its associated individual or local measures. 

Measures form an important part of management as they have critical role in guiding 

staff to carry out the four function of management: planning, leading, organising and 

controlling. This also suggests that measures should be placed in a strategic context 

as it influences and thus governs activities and behaviour. Measures need to be 

simple and explicit to allow easy determination of actions required to achieve the 

organisational goals. Personnel should be enthused by the measures rather than being 

annoyed, as they will have to use them on daily basis. Measures and the measurement 

process should also include forewarning function where staff will be motivated to take 

proper actions that help synchronise activities to prevent mismanagement of the 

resources available. 

The selected suggestions described the importance of synchronising all organisational 

activities. There are a series of critical aspects which measures need to adhere to as 

part of overall mechanism of managing plant. Performance measurement framework 

as suggested by Kaplan et al (1992) and Lockamy and Cox (1994) would enable the 

identification of general factors affecting an organisation's performance. The 

application of principles outlined by Goldratt's Theory of Constraints and Maskell 's 

seven principles of performance measurement design can further enhance the 

measurement system application especially the management of shopfloor activities. 

Rangone ( 1996) states that competitive priorities have to be explicitly considered in 

the design of a manufacturing performance measurement system, aimed at monitoring 

the correct implementation of the manufacturing strategy at all levels of the 

manufacturing organisation structure. Hence, a manufacturing performance 

measurement system should be able to assess the overall level of support that each 

department provides to the achievement of the competitive priorities. 
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Theory of Constraints perfonnance measurement suggests some robust measures that 

can be defined and function well at top to middle management levels. Ultimate 

measures of the goal of making money and three operational measures that can assist 

in daily decision making have been developed. Throughput, Inventory and Operating 

Expense can also be used to detennine where improvement activities should be 

focused. As Throughput, Inventory and Operating Expense govern the decision 

making process, they will also govern almost every action in a manufacturing 

organisation. 

TOC measures for subsystems such as Throughput Dollar Days and Inventory Dollar 

Days have received mix response with some indicating their difficulty in applying 

these measures. However, these subsystems' measures applicability and their 

potential should not be ignored as they bring useful perspective to the impact of plan 

deviation. 

Throughput, Inventory and Operating Expense combined with a scheduling 

philosophy with an appreciation to the system's constraint could be used as the next 

stepping stone to develop appropriate shopfloor measures . The rationale is that 

smooth operation is initiated from careful planning which also implies careful 

scheduling. In order to ensure smooth operation appropriate measures must be 

developed. 
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Chapter Four: Criteria of Appropriate Shopfloor Measures 

4.0 Introduction 

This chapter examines key points outlined in the previous two chapters that would be 

useful in the development of appropriate shopfloor measures. The key concepts 

consisted mainly of the Theory of Constraints principles and a few additional inputs 

from other authors ' suggestions. Combined they made up a list of criteria that can be 

used as guide when deriving shopfloor measures (i.e. local measures at the shopfloor 

level ). The criteria are aimed to induce synchronisation of manufacturing activities so 

that the company wide objectives can be achieved effectively and efficiently. 

However, these criteria might not cover the entire requirements of developing 

shopfloor measures. Thus, one must exercise caution by analysing TOC 

synchronisation principles further. 

4.1 Criteria for Developing Appropriate Shopfloor Measures 

The following table contains the list of criteria and their corresponding sub-majors: 

Criteria Sub-majors 
I. Direct association with • Direct association with the company wide 

company' s long-term strategy. 

• 

• 
2. Assist the synchronisation of • 

the organisation ' s activities. 

• 

• 

3. Shopfloor measures can be • 
mainly non-financial measures, 
but they should be quantifiable 
in financial terms. 

• 

goals. 
Direct link to Throughput, Inventory and 
Operating Expense operational measures. 
A_p~eciation of the system's constraint. 
Shopfloor measures should assist the 
synchronisation process that is part of the 
Drum Buffer Rope scheduling. 
Focus to finish work as soon as possible and 
avoid unnecessary production during times 
when there is no actual demand. 
Focus to provide fast feedback to and 
between operators and managers. 
All organisational activities should be 
directed toward the achievement of 
company wide goals. As this is measured in 
financial terms thus non-financial measures 
should be quantifiable in financial terms. 
Non-financial measures should assist in the 
develo_I>_ment of external r~orts. 
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4. Capable to provide indication • Assist m ensuring critical manufacturing 
of critical success factors. process. 

• Reduce "multi -tasking" - a project 
management concept. 

5. Easy to understand and apply. • Allow shopfloor staff to make more 
frequent strategic decisions locally. 

6. Assist in fostering continuous • The measurement process should induce 
improvement culture. continuous improvement. 

• Ensure appropriate work force behaviour. 
Table 4.1: Criteria for Developing Appropriate Shopfloor Measures- A Proposal for 

Consideration. 

1. Direct association with company's long-term strategy 

Direct Association with the company-wide goal 

Short-term gain does not necessarily lead to long-term gain as localised 

improvement does not necessarily lead to company-wide improvement. The goal for 

for-profit company should be to make more now and in the future as outlined in 

Chapter 3, and that everything else should be synchronised to achieve this objective. 

This is achieved by increasing overall company's Throughput, lowering Inventory and 

Operating Expense. 

Direct association with the six competitive dimensions required in today's business 

There are six competitive factors: quality, engineering, higher margins, lower 

investment per unit, shorter lead-time and responsiveness. The strategy to acquire any 

combination of these competitive factors may differ from one company to another 

depending on each company's requirements and place in the market. Performance 

measures must directly measure the success or failure of the company's effort to 

achieve any of these competitive factors and thus, the manufacturing strategy 

(Maskell, 1991 ). This means a company must identify its constraint so that it can 

develop necessary actions that overcome the root cause to the problems. 

Application of shopfloor measures should meet T, I and OE criteria 

As previously described the achievement of the goal is usually measured using 

traditional financial measures such as Net Profit and Return-on-Investment. The 

achievement of these measures is assisted by T, I and OE (see Chapter 3 for more 

details). In turn, shopfloor and other local measures should support the achievement 
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of T, I and OE. A useful focusing question that might be applicable is thus: What 

shopfloor actions or local activities help to achieve increased T, lower I and OE? 

However, a prerequisite is to define the meaning ofT, I and OE must be first defined 

for each work centre. This is due to the different names and forms ofT produced, as 

well as I and OE consumed at each work centre. 

Appreciation of the system's constraint 

Every organisation has at least one constraint and relatively few constraints. 

Constraint management affects the type of measures used to determine activities at the 

lower level management. The type of constraint present in an organisation determines 

the type of measures to be used by its staff. 

2. Adherence to the Drum Buffer Rope scheduling and synchronisation principles 

Shopfloor measures should assist the synchronisation process that is part of the DBR 

scheduling 

As described in Chapter 3, DBR permits the synchronisation of manufacturing 

activities. The TOC synchronisation principles that formed the DBR heuristics should 

enable shopfloor staff to measure both work process and outcome. The measurement 

of work process can be in the form comes from conformance to product or work 

specifications. The work outcome measures shopfloor activities, and coupled with 

DBR schedule, are often certain to meet the demand placed as DBR is propelled by 

the system's constraint(s). 

Focus to finish work as soon as possible and avoid unnecessary production during 

times when there is no actual demand 

The first part, 'finish work as soon as possible', relates to "responsiveness" and 

assist in achieving "short lead-time" competitive dimensions outlined in Chapter 1. 

Responsiveness can be defined as ability to react on timely manner to the needs of the 

situation, and is a prerequisite to achieving the required production lead-time. The 

achievement of the quoted lead-time is assisted by a well-developed schedule that 

takes into considerations various critical factors such as the existence of a system's 

constraint, dependent events and other disturbances, i.e. the DBR scheduling. 
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The second part, 'avoid unnecessary production', is aimed at avoiding staff increases 

unnecessary Inventory and possibility, unnecessary Operating Expense. As described 

in Chapter 4, producing more than is necessary only leads to mostly negative effects. 

Producing more than is necessary can be equated to producing waste and contradicts 

with Muda 18
, Mura 19 and Muri20

. 

During the times when demand is low shopfloor staff should not be penalised by not 

producing anything. The likely achievement from staff working all the time is high 

"labour activation" which does not add any value to company' s bottom line (unless 

high it leads to increase in Throughput) . 

In addition , the Critical Chain21 project management concept requires, among a list of 

requirements that staff perform like a "Roadrunner". It means staff should work as 

fast as possible to complete the required tasks and stop work when there is no work to 

do. 

Measures that can be used to help achieve the desirable outcomes discussed above are, 

therefore, "conformance to schedule" and "conformance to specifications", (e.g. 

product specification). A prerequisite to installing these measures in the performance 

function is thus a robust DBR schedule. 

However, during the low season, shopfloor staff could be encouraged to undertake 

"gedunken"22 mental training aimed at finding improvement opportunities. This point 

has been widely advocated by TQM where staff are encouraged to find solutions to 

the problems themselves thus leading to process ownership and fulfillment23
. 

Therefore, a possible measure to use during the low season is the "number of 

improvements identified". Such measure might not directly impact the company' s 

bottom line, but there is potential for it to lead long-term performance improvement. 

18 Muda is a Toyota TQM concept which describes the waste of waiting, motion, over-production, etc. 
19 Mura is a Toyota TQM concept which describes unevenness or irregularities that occur during 
production, e.g. producing more there is demand. 
20 Mura is a Toyota TQM concept which describes overburden that occurs when equipment, processes 
or people are pushed beyond their capacity or requirements. 
2 1 See Goldratt's Critical Chain , 1997, for more details on TOC project management concept. 
22 Goldratt (1990) describes "Gedunken", a German word that means think, as thinking or mental 
exercise that can be used to find better ways and/or doing the right things. 
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Focus to provide fast feedback to and between operators and managers. 

Shopfloor measures and their application should assist and induce the provision 

of timely feedback. The feedback link is between shopfloor operators performing 

different tasks and between shopfloor activities and the operations managers. 

3. Shopfloor measures can be mainly non-financial measures. but they should be 

quantifiable in financial terms 

All organisational activities should be directed toward the achievement of company 

wide goals. Thus, non-financial measures should be quantifiable in financial terms. 

In general, most financial measures are not suitable to be used as decision-making 

tools at the shopfloor level. This is due to their irrelevancy for the nature of shopfloor 

activities which consist of mainly manufacturing tasks. In addition, shopfloor staff 

are not required to make strategic decisions for the company. However, they are 

required to carry out daily production operations required to achieve company wide 

goals. Shopfloor staff need to be able to identify how decisions made will affect T, I 

and OE. 

Nonfinancial measures should assist in the development of external reports. 

Local or shopfloor measures should be transformable into other types of 

measures (i.e. financial measures) for external reporting purposes. This is because the 

entire value of a company does not rest on its outright financial performance alone but 

also on other necessary conditions that enables the achievement of such performance. 

Sound operating performance is a prerequisite and this can be measured using T, I and 

OE. In turn these measures are achievable through accomplishing well executed 

schedules. Therefore, universal measures such as 'conformance to schedule', 

'conformance to specifications', and '1 00% yield in CCR' should be adapted as they 

help management gauge operational capabilities. 

23 See Schermerhorn (1993) on staff motivation and personnel management. 
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4. Capable to provide indication of critical success factors 

Assist in ensuring critical manufacturing process. 

Quality process is a prerequisite to the production of quality products. One of 

the competitive factors required today is the provision of quality products through 

excellent engineering. Activity-Outcome and Activity-Focusing measures principles 

outlined by Srikanth et al ( 1995) could be used to help shopfloor staff in ensuring the 

achievement of quality level. In addition, constraint measures can help staff ensure 

that the critical operations do not get delayed. This can be achieved using buffer 

management and DBR plant control. 

Reduce "multi-tasking"- a project management concept 

In line with the Critical Chain principles, shopfloor staff must not be overloaded 

by carrying out "multi-tasking" activities where they are expected to perform more 

than one activity at once. Multi tasking has the potential to shift staff's work focus 

and thus might often results in longer production lead-times. Shopfloor staff should 

be permitted to carry out cross-functional work as it enriches both staff and the 

company, but staff should only be concentrating at one particular task at one time. A 

measure that might be useful to help shopfloor staff focus their work is the "Number 

of task carried out at any given time", which should be as few as possible. 

5. Easy to understand and apply 

Allow shopfloor staff to make more frequent strategic decisions locally 

Every set of measures should be easy to understand and to be applied by 

shopfloor operators. This means that operators should be able to use the measures to 

focus their activities in accordance with the synchronisation principles, e.g. schedule 

attainment, on-time deliveries and quality products. 

Allow shopfloor staff to make more frequent strategic decisions locally 

In line with employee empowerment principles the development of specific local 

measures should allow shopfloor staff to make more frequent strategic decisions 

locally. 
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6. Assist in fostering continuous improvement culture 

The measurement process should induce continuous improvement 

Measures used should reinforce the behaviour the organisation is seeking from 

its employees. It is particularly important to foster a continuous improvement culture. 

Staff should be awarded by, not only the amount of work they did, but also how their 

performance and the operation affect the overall company performance. 

Ensure appropriate workforce behaviour 

The set of measures used and/or the process of measuring a set of objectives 

should relate to the need to foster a continuous improvement culture. TOC's Five 

Focusing Steps can be used by staff as a tool to establish an on-going improvement 

culture, where the cycle continually repeats and assists staff to overcome whatever 

barrier they may face on the road to achieving the company goals. This also means 

that staff and/or operations should be measured on their contribution towards 

achieving the goal. 

4.2 Shopfloor Measures Development Sequence: A Proposal for Consideration 

The following steps were developed usmg 'define objective - define measures -

define (next) objective ' cycles. 

I. Define a company wide goal 

• To make money now and in the future. 

2. Define measures to be used to account for the achievement of this company 

wide goal 

• Net Profit, Return-On-Investment and cashflow. 

3. Define actions required to achieve the agreed goal 

• Increase Throughput while simultaneously reducing Inventory and Operating 

Expense. 

4. Define measures aimed to assist the above 

• Throughput, Inventory and Operating Expense. 

5. Define actions required to achieve the above measures 
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• Develop a DBR schedule to plan activities 

• Develop actions to accompany DBR such as 'to increase the rate of production 

based on the constraint', 'reduction of both unnecessary raw materials and Work

in-Progress Inventory' , and 'reduce the amount of unnecessary Operating 

Expense' . 

6. Define measures aimed to assist the above actions at the local level 

• E.g. "Identify the constraint", "conform to product specification", "conform to 

schedule", "zero-defects" or "100% quality", etc. 

Focusing Questions: 

I. What should this/ my own function do to support the next function to achieve a 

company wide goal? 

• In the case of manufacturing unit this would be to produce required goods on 

schedule. 

2. What should this/ my own function do to increase organisation's Throughput, 

reduce the organisation's excess Inventory and reduce organisation's Operating 

Expense? 

• In the case of manufacturing unit this would be to ensure that the required 

materials are present on time, to manufacture on time and to dispatch the goods to 

the next business unit on time. 

At the individual level one must identify what aspect of one's performance has the 

most impact on the entire business operation. This process is equivalent to identifying 

the activity-outcome measure that help the firm the most. This is assisted by measures 

that help manage so that the critical activity-outcome measure improves are called 

activity-focusing measures (Srikanth et al , 1995). 

4.3 A Cause and Effect Method to Analysing Performance Measures 

There are many aspects of world class manufacturing and there are performance 

measurement methods that can be used to monitor each aspect. It is almost 

impossible to give equal importance and weight to all measures. Inappropriate use of 

measures and their numbers can become misleading and confusing instead of helpful. 

72 



Maskell ( 1991) states that manufacturing policies include all aspects of WCM, 

however each plant should focus on a limited number of key issues. The performance 

measurement requirements at each plant must reflect the importance of applicable 

world class manufacturing aspects in that plant. Performance measurement reports 

must therefore reflect those specific requirements. 

An important factor in analysing performance measurement is to identify whether the 

measures move the entire work units or the plant in the direction of the goal of making 

money. This can be facilitated through the application of Future Reality Tree ' logic 

trees'24 which is a part of the TOC Thinking Process. In this technique possible 

solutions or alternatives are developed with additional feasible outcome and other 

necessary conditions to determine whether the proposed actions would bring about the 

desired outcome. During the development process, negative outcome or ' negative 

branches' might appear as consequence of taking specific actions, thus needing some 

'trimming' with additional actions that overcome the problems. 

The steps to creating a Future Reality Tree are as follows25
: 

I. Write down the positive effects that are expected to result from the proposed 

action. 

2. Write down a li st of negative effects that you feel might result from taking 

the proposed action. 

3. Connect the proposed solution with your suspected positive and negative 

effects by cause and effect relationships. 

4. Read the negative branches from bottom up using if-then logic, scrutinising 

every statement and logical connection along the way, and make necessary 

corrections. 

In this study no local or shopfloor measure was tested using the cause and effect 

mechanism. However, it was felt necessary to provide a background of how measures 

could be tested under varying degree of requirements and conditions. A decision was 

24 'Logic Tree(s)' refers to the creation of cause and effect links that allows the identification of such 
things as core problems, effect of actions taken and to analyse the possible outcome of would be 
actions. 
25 Goldratt, EM, The Jonah Programme, A Y Goldratt Institute, 1997. 
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made to look for completed work in similar subject resulted in the use of Boyd et al 

( 1997) that have outlined a process where TOC TP can be applied to analyse the 

impact of applying specific measures. 

Example No.1: 
An example of how to construct a negative branch using efficiency as the 
performance measure, which is a performance measure widely used m the 
production department at the plant level of the Pressboard Plant. 

1st step: to list positive effects that are expected to result from the use of 
efficiency as a performance measure, e.g. increased efficiency (what gets 
measured gets done), lower costs per unit of product, and increased profits. 

2"d step: to li st potential negative effects that might result from adopting the 
chosen measure - efficiency. Although negative effects of increasing efficiency 
may not come readily to mind, one possibility is that management will be 
motivated to build finished goods for which there are no orders. 

3rd step: to connect the proposed action (i.e., adoption of efficiency as a 
performance measure for the production department) with the positive and 
negative effects using the cause-and-effect relationships. This is shown in 
Figure 4.2. 

4th step: to read the branches from bottom up, scrutinising every statement and 
logical connection and make any necessary corrections. Branches in a cause
and-effect diagram should be read using statements in the following format: "if 
(the statement at the origin of an arrow), then (the statement at the end of the 
arrow)". 

The plant produces 
more goods than 

there is demand for 

Efficiency is adopted as 
a performance measure 

Figure 4.1: Initial connection of proposed action and expected consequences -

adapted from Boyd et al (1997). 
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Reading Figure 4.1: 
Reading up the left branch of the tree: "IF efficiency is adapted as a performance 
measure THEN efficiency increases". Although this may be true, other 
necessary conditions are needed to support the logic. Additional item to be 
added could be the fact that management is rewarded for maximising its 
performance measures. 

Thus a more clear statement would be: "IF efficiency is adapted as a 
performance measure AND management is rewarded for maximising its 
performance measures THEN efficiency increases". Although this makes sense, 
it is still not complete because efficiency will not increase automatically because 
management is rewarded for increasing efficiency. 

As another example, the statement of the right-hand branch of the tree is: "IF 
efficiency is adapted as a performance measure THEN the plant produces more 
goods than there is demand for". Once again, while this may be true, the logic 
of the statement can be improved further. This is referred in TOC TP as a " long 
arrow", i.e., there is a need for one or more additional statements to clarify the 
logic. In this case, a better cause-and-effect relationship might be: "IF 
efficiency is adapted as a performance measure AND management is rewarded 
based on maximising its performance measure THEN management will try to 
maximise efficiency". 

This statement does not provide the way to the effect of producing more goods 
than there is demand for, so there is a need to add additional steps and/or 
entities. A logical next step might be: "IF management will try to maximise 
efficiency AND efficiency is defined as actual output divided by standard output 
THEN management will try to maximise actual output". 

It is still not clear that producing more goods than there is demand for is logical 
negative effect of using efficiency as a performance measure. Thus another step 
to add in the cause-and-effect logic: "IF management will try to maximise actual 
output AND sometimes the market will not buy everything the plant can 
produce THEN the plant will at times produce more than market demands". 
Figure 4.2 is a cause-and-effect diagram of the above logic. 
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Canying cost of 
inventory can be 

very high 

Cbods that are not in demand 
at the regular price m.tst be 13 

sold at a reduced price 

Sorretirnes there will be 
FOI for which there is I 0 

no demand 

Sorretirres goods that are 
-r------.l,----~::::::1 made to a forecas t are never II 

o rdered by cus to rrers 

Excess production m.tst 
8 be stored at the plant or 

distribution centres 

Cbods produced in excess of 
market demand rnus t be based 9 

on forecasts , not orders 

The plan t will at tirres 
7 produce lll)re than the 

market demands 

Sorretirres the market will 
4 not take every th ing the 13 

\.. plant can produce ) 

Efficiency is actual 
outpu t! standard output 5 

2 
rnaximising its perf. rreasure 

Figure 4.2: Negative Branch for Using "Efficiency" as a Perfonnance Measure

adapted from Boyd et al ( 1997). 

Statement 7 in Figure 4.2 is the hypothesised negative outcome of using 
efficiency as a performance measure. However, the negative branch has been 
extended beyond the effect of producing more goods than the market demands 
to look at the negative effect on firm profitability, which is shown in statement 
14 (at the top of the tree). 

The negative branch in Figure 4.2 indicates that profits will decrease if 
efficiency is adapted as a perfonnance measure. A second negative branch on 
left-hand branch of the tree in Figure 4.1 , which indicated that although 
increasing efficiency will lead to reduced cost per unit, it will not lead to 
reduced wage costs. 

Negative branches can (and should) be constructed for all of the performance 
measures to determine whether they lead the entity being measured in the 
desired direction of making more money both now and in the future. 
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Example No. 2: 
As a further example if the use of the negative branch, a negative branch is 
constructed below for the use of overtime as a performance measure for the 
production department. 

1st Step: The positive effects that are expected to result from the use of overtime 
as a performance measure are a reduction in cost and an increase in profits. 

2nd Step: The negative effects that might result from the use of overtime as a 
performance measure are a decrease in on-time deliveries and, depending on 
how labour standards are computed, less favourable labour variances. 

3rd Step: The proposed solution is connected with the expected positive and 
negative results (see Figure 4.3). 

Once again, the arrows appear to be somewhat "long" requiring intermediate 
steps to be inserted to clarify the logic. Beginning with the right-hand side of 
the tree, the negative branch in Figure 4.3 is developed. Once again, it has taken 
a number of intermediate steps to reach the intuitive conclusion developed in the 
first pass at the negative branch in Figure 4.5. 

Many measures provide excellent benefits under a given set of conditions. 
However, most companies do not meet this given set of conditions, therefore 
negative consequences result. 

Negative branches can be developed for basically any measure, as there are 
always negative and positive and impact of using particular measure. In some 
cases, ways to "prune" the negative branch (i.e., eliminate the negative 
consequences) may become apparent as the cause-and-effect relationships are 
diagrammed. In other cases, it will appear that the negative consequences 
cannot be easi ly avoided, and therefore it might be wiser to consider using a 
different performance measure that moves the department or individual towards 
overall goal of making more money both now and in the future. 

Examples o(Negative Branch Discussion: 
Although it is not impossible to discuss each measure's potential, the following 
are brief descriptions of predicted negative effect or branches of some common 
used measures: 

Efficiency: Efficiency is generally defined as actual output divided by standard 
output. Some common means of increasing efficiency are to combine batches in 
order to save setups, to increase machine rates, or to run an operation for longer 
hours. Efficiency, or the related measure utilisation, may be good performar~ce 
measures at a constraint resource; however, at non-constraints (which most 
resources are), they can lead to producing parts for which there is no current 
demand. This can lead not only to increased inventory carrying costs but, more 
importantly, to making non-constraints unavailable when needed to support the 
constraint, resulting in decreased throughput for the entire plant and an increase 
in net income both currently and in the future . In addition to the dilution of part 
priorities, WIP inventory will mcrease and part and product lead times will 
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increase. This increased level of WIP inventory may make it more difficult to 
identify quality problems and their sources. The negative branch could have 
been used to identify these negative consequences also. 

Gradeout: This refers to the percentage of good production, and is generally a 
good measure as long as the overall goal of making more money is kept in mind. 
For example, there may be unmet demand for "seconds" at only a slightly lower 
price than first quality product. In this case, it may not make sense to spend a 
significant amount to improve the Gradeout percentage. 

Cost: This is shown as a performance measure for both production and 
purchasing. In production, it must be remembered that most of the cost of the 
product is determined when the process is designed and very little is subject to 
management's control in the short run. A focus on cost reduction can lead to 
the same negative consequences shown in Figure 4.4 with respect to overtime, 
i.e., it is possible to save out-of-pocket costs for overtime today but end up 
losing customers and future profits as a result. In purchasing a focus on cost 
may be at the expense of quality or due date performance from vendors. 

Downtime: Either total downtime or unscheduled downtime might be used as a 
performance measure. Measuring and reducing total downtime can lead to 
production for which there is no current demand. Measuring unscheduled 
downtime is intended to lead to an increase in preventive maintenance and a 
decrease in breakdowns; however, breakdowns generally only effect throughput 
at a constraint. Accordingly, unscheduled downtime is a better performance 
measure at a constraint than at non-constraint resources. 

In stock: Actions in the inventory area have changed significantly with the move 
to Just-in-Time. Being out of stock of an item is not necessarily bad, but if not 
having an item in stock increases lead-time to exceed the desired customer lead
time, it should be viewed negatively. A potential negative consequence of this 
measure is that purchasing may protect itself by maintaining higher than 
necessary level of raw material inventory. A complementary measure that may 
help to offset this tendency is days of supply of raw material and purchased 
parts. 

Response time: This measures the time from the date a requisition is made to 
issuance of a purchase order. The desired outcome is really minimisation of 
time from issuance of a requisition to receipt of the correct material, and there 
may be instances in which issuing a purchase order quickly (e.g., without 
exploring all options) may result in increasing total lead time for receipt of 
material. 

On time: This is generally a good measure for the transportation function for the 
portion of the total lead-time for which it is responsible. In other words, 
transportation can only be responsible for the transit time, not the many other 
components of lead time that are most likely to cause an order to be late. 

Complete as ordered: This can only be the responsibility of the transportation 
function to the extent that products are ready to be shipped. 
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Net Profit, ROCE. ROI: These are intended to measure whether the plant as a 
whole is moving in the right direction. A problem with using them to measure 
plant performance, however, is that they are significantly effected by inter
company transactions, including transfer prices and allocations of corporate 
overhead, and for this reason they may not be useful for decision making. 

The above are some possible negative consequences of using these performance 
measures to measure plant of department performance. Developing negative 
branches for each measure would yield more complete and detailed lists of 
negative consequences for each, and should be done anytime a new performance 
measure is proposed. As part of the construction of the negative branch, any 
unique circumstances related to that facility or its environment may have to be 
considered. 

Total wage costs for the plant will be 
constant but the cost allocated to each 

unit of product will decrease 

Wage costs are not affected 
by efficiency because workers 

are paid by the hour 

Management will try to 
maximise actual output 

Management will try to 
maximise efficiency 

Efficiency is ac tual 
output/ standard output 

Efficiency is adopted as 
\ a performance measure) 

Management is rewarded 
for maximising its 

performance measures 

Figure 4 .3: Negative Branch for Decreased Cost- adapted from Boyd et al (1997). 

Q>rofits increase) 

~ 
Costs are reduced 

The percentage of 
on-time delivery is 
likely to decrease 

Overtime is adopted as a 
performance measure 

Figure 4.4: Positive and Negative Effects of Overtime- adapted from Boyd et al 

(1997). 
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Sometimes customers will 
change vendors 

(customers will be lost) 

Customers want vendors 
who can consistently meet 

their demands 

Sometimes customer 
delivery requirements 

will be met 

Use of overtime is sometimes 
required to meet customer 

delivery requirements 

Overtime is one of 
several resources that 

are commonly available 

Sometimes market demands 
exceed the total of normal 

capacity and inventory 

Sometimes use of additional 
resource is required to meet 

customer demand 

Sometimes production 
does not go as planned 

Management will try 

Overtime is adopted as a 
performance measure 

Management is rewarded 
for optimising 

performance measure 

Figure 4.5 Negative Branch for Adopting "Overtime" as a Performance Measure-

adapted from Boyd et al ( 1997). 

4.3.1 Reminder 
Performance measures should not be blindly chosen as almost all measures have 

negative consequences if they are misapplied. Analyses of the conditions, the system 

environment and possible negative consequences of adopting specific measures must 

be placed first in development of measures agenda. 

The negative branch reservation part of TOC TP is helpful for analysing the 

conditions under which a particular measure has positive or negative consequences. 

An example, if a work centre is a constraint then efficiency or utilisation may be very 

good measures, however the same measures can lead to negative outcomes if used at 

non-constraints. 
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4.4 Chapter Four Summary 

The criteria outlined in this chapter consisted mainly of the Theory of Constraints 

philosophies. In addition, other improvement technologies outlined in Chapter 2 and 

3 were also considered. The criteria mentioned adherence to the Drum Buffer Rope 

scheduling which were developed using the nine synchronisation principles outlined 

in Chapter 3 and has been investigated to be a robust system. It consisted of a 

management concept that manages both constraint and non-constraint resources so 

that each individual resources achieve the company wide objectives effectively and 

efficiently. The elimination of the system's constraint as well as the reduction of its 

effects to the firm 's performance is the focus of the synchronisation principles. The 

shopfloor measures should be aimed to assist the achievement of carefully developed 

schedule. The shopfloor measures should not be developed in isolation, as this will 

induce localised improvements. However, at this stage the criteria still requires 

further development. It is not impossible for additional key elements to be included in 

the criteria. One of the many ways to check the possible outcome of a particular 

measure application is through cause and effect mechanism that is part of the Future 

Reality Tree. These means, the criteria coupled with the Future Reality Tree analysis 

will complement each other and would help derive appropriate shopfloor measures . 
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Chapter Five: Survey Research Methodology 

5.0 Introduction 

This chapter summarises the survey research undertaken to study how New Zealand 

manufacturers used shopfloor performance measures. Very little has been written 

about the use of shopfloor performance measures and their effectiveness in the New 

Zealand manufacturing industry. A survey of shopfloor performance measures 

application was developed and carried out to gather relevant data for analyses. 

5.1 Survey Research Justification 

There are a number of alternatives to a survey research , which were considered. One 

research method considered was face to face interview. However, this method was 

estimated to consume a considerable amount of time and cost while the number of 

interview may not be adequate to gather substantial amount of data. 

There is limited number of manufacturing companies that would fit the criteria of 

targeted companies in the Manawatu region26
. Hence. long distance travel outside the 

region and often far from the main centres would be required to carry out the 

interviews for data collection. This was not seen as a valid option due to a time 

constraint and the researcher's other commitments. Therefore, to gather as much data 

as possible, the survey research was chosen. Survey research was also considered 

most appropriate to achieve the objectives of the research. 

26 Manawatu is the name of a region where Massey University Turitea campus is located. 
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5.2 Survey Research Objectives 

The shopfloor performance measures survey of New Zealand manufacturing 

companies has the objective to identify and analyse the following: 

1. The application of a range of pre-listed shopfloor performance measures and 

other company specific27 shopfloor measures. 

2. The significance of a range of common company concerns and/or 

production-related problems. 

3. The financial performance that would indicate respondents' overall company 

performance and when possible, to correlate this with the use of particular 

types of performance measure and the problems experienced. 

4. Selected production and operation tools and policies, e.g. production batch 

splitting and minimising the number of setup policies, and the type of 

scheduling methods employed. 

5. Opportunities for improving operational performance using the respondents' 

experience and knowledge. 

6. To assist New Zealand manufacturing companies, where possible, to 

benchmark their acti vities and become more aware of possible avenues for 

improvement with regard to the measures of shopfloor performance. 

7. Reference information that would help describe respondents' companies, 

e.g. the number management hierarchy and the size of workforce. 

5.3 Survey Research Benefits 

The major benefits stemming from this survey research were the identification of 

Throughput and Cost World measures28
. Investigations carried out to assess the 

measures ' perceived level of importance and usefulness rating were helpful to gain an 

understanding of the operations principles applied at the shopfloor level. Results 

gained enabled judgment to be made on the type of improvement effort is required to 

bring about some competitiveness into New Zealand manufacturers. The data 

27 'Company specific ' refers to specially developed measures to meet specific company requirements. 
28 Throughput World measures refer to those measures that have the same or similar orientation as the 
T , I and OE operational measures concept where increasing Throughput is paramount. Whereas, Cost 
World measures refer to those cost accounting based measures where cost saving is paramount. 
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gathered should help identify any correlation between the type of measures used and 

the financial performance (i.e. ROI). This would help to identify the critical success 

factors at the shopfloor level. 

The second major benefit is the identification of a list of production-related problems, 

and these problems' occurrence rate and financial impact. The investigation resulted 

in useful data for consideration when developing a suitable approach for 

improvement. Data gained for this section should be useful in a correlation study 

(with ROI data) to identify which negative factors affect financial performance the 

most. 

Respondents' free form responses provide an insight to how operators observe the 

success rate of shopfloor performance measurement process currently in place. Their 

experiences and knowledge of current process would be useful in the development of 

more appropriate processes respectively. 

The survey questions may alert respondents to practices that could give a competitive 

edge, i.e. it could be used as a self assessment tool. The questionnaire provides a 

prompt for managers to think through measurement issues pertinent to their current 

operations, to assess their performance and raises other relevant issues that they may 

have not considered previously. One of the many ways to achieve some objectivity 

for the self-assessment process was to make use of scale one (lowest) to five (highest) 

to measure the manager's perception on the impact of a particular measure and/or 

production related concern. 

The data gained would describe some of the operational procedures applied in the 

surveyed companies. Trends and other analysis would enable to be carried in future 

studies. As an example of further work which may be indicated as an area for future 

studies, the classification of scheduling methods should enable researchers to judge 

for themselves opportunities for improvement in the companies surveyed. 
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5.4 Information Used in the Development of the Survey Questionnaire 

Edwards ( 1986) undertook a research study which focuses on the performance 

measures used by management accountants for internal purposes in all types of 

industries, e.g. manufacturing, di stribution and service. The respondents for this study 

are members of the National Association of Accountants, Montvale, New Jersey. 

Therefore, the findings from this research cannot be generalised to other 

manufacturing companies. Edwards's research was aimed to fulfil the wish of the 

Association to obtain a general observation for those performance measures that 

management accountants are using and to discover any other relevant information. 

The measures found and their descriptions suggest that standard cost accounting 

principles were still emphasised (see Appendix D: Traditional Manufacturing 

Measures). The information obtained from Edward 's research was useful during the 

development process for this survey research. The pre-listed measures were sourced 

from Edward's findings as no data that would suggest the existence of particular 

shopfloor measures in New Zealand manufacturers existed. Details of the 

questionnaire are contained in Appendix A: Survey Questionnaire Form. 

Other references were also looked at and analysed to help design the survey: 

Author(s) Research Title or Focus 
Streams 

Vokurka et a! T,C Measuring Operating Performance: A Specific 
( 1995) Case Study. 
White (1996) T A Survey and Taxonomy of Strategy-related 

Performance Measures for Manufacturing. 
New et a! (1995) T,C Performance Measurement and the Focused 

Factory: Empirical Evidence. 
Sinclair et al c Assessing the Effectiveness of Performance 
( 1996) Measurement Systems: A Case Study. 
Andersen et al T,C Setting Up A Performance Benchmarking 
(1998) Network. 
Legend: T =Theoretical and conceptual framework discussion how the system should work. 

C = Case study describing how the system operates in a specific firms. 

Table 5.1: Selected References Discussing Performance Measurement Research. 
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5.5 Survey Research Design 

5.5.1 Data Source 

The list of target companies was obtained from the 1997 Kompass - The Authority On 

New Zealand Business CD-ROM29
. This data source was loaned from the Institute of 

Technology and Engineering, Massey University. The Kompass CD-ROM has a 

setup tool that enables the selection of the companies based on specific criteria (see 

Chapter 5.5.3 Targeted Companies for more details). The amount of data contained, 

simple data classification to form a list of targeted companies and labelling has made 

the Kompass CD-ROM an obvious choice. 

The Kompass CD-ROM manufacturer and/or distributor has kindly provided 1000 

free print credits that permitted the transfer of data to Microsoft Word for labeling 

purpose30
. This would otherwise cost approximately $100 plus GST31

. 

Another database, the New Zealand UBD (New Zealand Universal Business 

Directory) CD-ROM was assessed prior to using the Kompass CD-ROM. It contains 

the addresses of more than 150,000 companies operating in New Zealand. However, 

it does not have the same setup tools that would allow straightforward classification of 

companies and was thus considered inappropriate. 

5.5.2 Targeted Respondents 

The survey pack was targeted at senior management who had a satisfactory knowledge 

of the company's operations and the application of performance measures (see 

Appendix C: Introductory Letter for details). The introductory letter (and the survey 

questionnaire) was addressed to senior member of the management with a position 

title such as 'Production Manager', 'Managing Director', 'Operations Manager' or 

'General Manager' . 

29 Kompass- The Authority On New Zealand Business CD-ROM from herein will be referred as the 
Kompass CD-ROM, Kompass database or Kompass. 
30 A telephone conversation with a sales representative of the Kompass CD-ROM confirmed the 
provision of these free print credits as they are used for academic research purpose. The contact 
address of the manufacturer/distributor is shown on the CD-ROM 's protective casing. 
31 GST is an abbreviation for Government Service Tax imposed by the New Zealand Government at 
12.5%. 
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5.5.3 Targeted Companies 

The criteria for target companies are as follows: 

1. Top 300 New Zealand manufacturing companies as listed in the Kompass 

CD-ROM. The KOMPASS CD-ROM manufacturer did not make details of 

the selection criteria used to derive this list public. 

2. Manufacturers of both domestic and export goods. 

3. Medium to large sized companies (i.e. companies that employ more than 25 

personnel). 

300 company managers were sent survey and this was not seen as an exceedingly 

large number given the nature of the survey research that has the potential to net a low 

response. In order to ensure some validity in the stati stical analysis the research aimed 

at a minimum of 30% response rate (i.e. 90 companies). 

Manufacturers of both domestic and export goods tend to produce higher volumes and 

employ higher numbers of employees. In addition, due to worldwide competition 

these companies are likely to impose some international standards. This means they 

are likely to contribute significant data as, in order to compete internationally, they 

need to apply some of the latest and modern technologies. These companies' 

experiences would provide some useful hints on how measures should be adapted and 

developed to bring about the desired results. 

The medium size companies scale for the New Zealand economy may be different 

from that of other countries. The New Zealand Statistics Department32 uses a 

classification which is as follows: "0 to 5", "6 to 9", "1 0 to 49", "50 to 1 00", "100 or 

more" employees. However, a different classification was used for this survey as this 

survey aimed at "medium to large sized companies that employ more than 25 

personnel". Although these two classifications are different, the classification used in 

this research included middle to the highest point as described by the New Zealand 

Statistics' classification and was therefore considered to be suitable for targeted 

companies criteria. 

32 New Zealand Statistics is a New Zealand government agency that collects and analyses important 
statistical data. 
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The rationale for the above criteria is that medium to large sized companies are likely 

to utilise some form of performance measurement system. Their experiences in using 

particular types of shopfloor performance measurement system will greatly assist to 

identify opportunity for improvements. 

5.5.4 Methods to Ensuring Adequate Response Rate 
Past experiences of other researchers who carries out survey research using mailed 

questionnaires indicates that 15 to 30% response can be considered as "normal" 33
. 

Careful consideration was thus given trying to ensure the highest possible return rate, 

which are as follows: 

• Actual names of the persons holding the targeted positions were included 

which was intended to stimulate interest. 

• Careful choice of survey question sequence. 

• The provision of self addressed freepost return envelopes. 

• Phone calls to approximately fifty (50) major companies with the objective 

of tracking progress following a follow up on non-respondents. 

5.6 Survey Research Process 

The survey instruments were designed in collaboration with a group of Institute of 

Technology and Engineering lecturers. The five-member panel comprised quality, 

statistics, manufacturing systems and production operations experts who have 

acquired comprehensive survey research experiences throughout their professional 

careers34
. 

The development process took approximately eight (8) weeks before the final version 

was agreed. The development of the questionnaire involved the action-learning 

process, whereby the researcher submitted draft version of the survey instruments to 

the development team in three phases35
. 

33 Conversations with both 1" and 2"d project supervisors with vast experience in similar projects 
suggested that 30% response could be considered as 'good' and it was hoped that it would help to 
statistically validate the results. 
34 See Acknowledgement at the beginning of this thesis for more details. 
35 'Action Learning' can be considered as the learning process that uses the results gained from taking 
specific actions. 
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The final version and description of the proposed research were then submitted to the 

Massey University Human Ethics Committee for approval. The process took some 

time as the committee only meets once a month and hence the feedback letter was not 

received until five weeks after the proposal was submitted. Some minor changes to 

the survey arose from the suggestions made in this letter. 

Once the required modifications were completed, the survey proposal was given 

written permission and actual survey process began (see Appendix E: Letter of 

Approval from the Massey University Human Ethics Committee to Undertake the 

Survey Research). 

Details of the survey process are outlined in Figure 5.1. The survey research task 

included mailing out survey packs to the targeted companies and progress tracking. 
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The following flowchart shows major steps taken to carry out the survey research. 

Definition of Research 
,------,-,H-yp_o_t,-he_s.,...is-----{>l Objective 

Tes ting 

onru lation and Developrrent 
of Survey Questionnaire & 

Introductory Letter 
("Survey Pack") 

Survey Questionnaire & 
In troduction Letter 

Exarrination by the Massey 
University Elhics Corrrnittee 

'--- -----------((Conclus ion) 

:Pilot Test= Testing of questionnaires 
·and data processing rrethod prior to 
:actual survey and data processing 

( Survey population/ company data) 

1 collection through utilising Kompas i 
CD-ROM -Authority in NZ 

l Business databa~e 1 
'-~---.-----~./ 

Survey questionnaire delivery to 
300 NZ manufacturing coll1'aanics 

Receive/ respondent response. 
calculate for additional actions 

FoUow up: send 2nd wave o f 
questionnaire to major coll1'anies 

which have not yet responded 

2nd wave respondent response 

Figure 5.1: The Shopfloor Performance Measures Survey of New Zealand 

Manufacturing Companies Flow-chart. 

5.7 Survey Research Instruments Design Considerations 

The main considerations in the design of the survey instruments were: 

I . To design a questionnaire that could be administered to a large number of 

respondents from different plant types and manufacturing categories. 

2. To design a research instrument to achieve research objectives and to 

diagnose the application of shopfloor performance measurement. 

3. To design a research instrument that could be used by the respondents to 

identify areas for improvement. 
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There are two main factors to consider for the survey questionnaire: plant type and 

manufacturing category. Stein (1997) describes that the inherent differences between 

each plant type made their management unique and this can be seen from the different 

policies and measures required to ensure smooth manufacturing processes. Therefore, 

the significance of specific manufacturing processes needs to be comprehended to 

determine the likely problems and their solutions. 

Each plant type and manufacturing category has its own characteristics and it is 

believed that these have significant influence on the performance measures used. To 

test these theories against the actual practices the following hypotheses have been 

formulated and they wi ll be tested using the survey results analysis. 

Hypothesis: Definitions: 
A. Null Hypothesis, Ho I. There is correlation between the measures used 

and the type of plant. 
2. There is correlation between the production-

related problems to the type of plant. 
B. Alternative Hypothesis, I. There is no correlation between the measures used 
HI and the type of plant. 

2. There is no correlation between the production-
related problems and the type of plant. 

Table 5.2: Hypotheses Definitions. 

5.7.1 Plant Type 

The first factor is Plant Type which refers to how raw materials flow through the 

manufacturing process. Umble et al ( 1990) define four types of plant logistics and 

process flow: A, V, T and Combination plant. Each of these plants has distinctive 

characteristics that influence its management which will be explained in following 

sections. The importance of plant types cannot be isolated from this survey research, 

as measures must be tailored to suit the need of each plant. 

The letters A, V and T describe the flow of the products through the manufacturing 

process. However, there is another plant type introduced in the questionnaire and it is 

called the 1-plant where there is a single flow of assembly processes. Umble et al 

( 1990) or Stein (1997) never explicitly discussed this plant type. The researcher 
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wished to identify the existence of such plant in the New Zealand manufacturing 

industry since experience suggest that majority of New Zealand manufacturers are 

small in size and many produce only specific products. Thus, its existence in the 

industry and the subsequent results may become something worth considering for 

future research. 

The following sections aimed to further describe individual plant types and their 

characteristics. The information contained was heavily borrowed from Stein (1997). 

Type A-plant 
The A-Plant is characterised by a large number of converging operations where 
there is significantly smaller number of final products than the originated from a 
wide variety of raw materials. Sub-assemblies are usually purpose built for final 
products and the technology involved assembly operations tends to be highly 
flexible. 

Final Product(s) 

Raw Material(s) 

A Plant 

Figure 5.2: Type A Plant Configuration. 

Under traditional (cost-based) management practices the tendency is to 
misallocate resource time in an attempt to maximise efficiency and utilisation 
figures. Large batches are assigned to keep the measurements high often 
resulting in a poor component mix and a constant shortage of the right parts in 
assembly operations. Transfer batches are usually large matching the size of the 
assigned batch size. These large batches move in "waves" throughout the plant 
causing temporary bottlenecks to wander from resource to resource. The result 
of this operation is machines may be under-utilised one minute and over utilised 
the next. 

Since the flow of material is constantly out of balance in a plant practicing the 
local maxima principle, overtime is used to "catch up" so the shipments can be 
made on time. The resulting impact of constant expediting on the quality 
system is disastrous. Large batches will result in an increase in Inventory (both 
raw material and work-in-process) and a reduction in visibility of process 
control. Both process and thus product quality will tend to decrease. Because 
of the poor material availability and constant expediting there is often a high 
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amount of pressure exerted to pass marginal material as acceptable to meet 
scheduled due dates. 

Tvpe V -plant 
V-Plants are characterised by constantly diverging operations with a small 
number of raw material items being converted into a large number of end items 
using specialised equipment. 

Final Product(s) 

Raw Material(s) 

V Plant 

Figure 5.3: Type V Plant Configuration. 

Each diverging point in the process is an opportunity to misallocate material and 
this is a problem feature for the V-Plant. Under the traditional (cost-based) 
approach expensive equipment must be utilised constantly to absorb overhead 
and to ensure that adequate value is received. Set-ups are usually extensive so 
to raise efficiency batch sizes will be kept large. 

Unfortunately, this results in material being taken from diverging operations in 
quantities larger than required. One leg of divergence will be unable to perform 
because another leg received material which should have gone to it. If material 
is misallocated prior to the constraint it results in a misutilisation of constraint 
time. Material processed on the constraint, which is not dedicated to creating 
Throughput results in a decline in ROI. Material misallocated after the 
constraint will result in an increase in finished goods of products for which there 
is no demand. 

As the result of the above customer service levels will be poor. To offset for 
constantly being out of stock, finished goods inventories will be raised even 
higher through an attempt to forecast. Like the A-Plant, large batches increase 
Inventory and reduce visibility while quality suffers. The solution is much the 
same as that for the A-Plant and that is to synchronise product flows with the 
systems constraints and customer demand. Lot sizes should be matched to 
requirements for creating Throughput, while minimising Inventory and 
Operating Expense. 

Type T-plant 
T -Plant is characterised by a relatively low number of common raw material and 
component parts optioned into a large number of end items. To support a 
requirement for meeting short lead time demand a two-level master schedule is 
normally used where common components are schedule and stored just prior to 

93 



final assembly via forecast and then assembled to order based on specific 
customer configuration. 

Final Product(s) 

Raw Material(s) 

T Plant 

Figure 5.4: Type T Plant Configuration. 

The T-Plant distinguishes itself from A-Plant in that A-Plant is dominated by 
the convergence interaction, whereas the T-Plant is dominated by the divergence 
which occurs just prior to final assembly. Prior to this stage there are no 
converging or diverging operations. Raw material is processed without being 
assembled or converted into more than one part, so the number of raw material 
and sub-assembly component quantities will be the same. 

Since diverging operations provide the potential for misallocation of material, 
inventories at final assembly will not match customer demand. Customer 
service levels will be low. Under traditional management strategies better 
equipment utilisation means larger lot sizes resulting in the same wave effect 
seen in A-Plants, exacerbating the out of balance conditions in inventories while 
extending lead times and reducing visibility. Quality suffers. Attempts at 
"modernising" the plant and bringing in "new", "more efficient" and "cost 
effective" equipment may result in less flexibility and an even bigger desire to 
maximise equipment utilisation, making the problem even worse. 

Type 1-plant 
The I plant is not commonly discussed in the literature as many researchers do 
not believe that an I plant type really exists. This is because the T or a slim 
version of the A plant types would justify the process flow quite well. Wright 
( 1999) reckons that a ' true' I plant is more likely to be like the base of the T 
plant (without the T) and would typify some service where the customer flows 
through successive steps. An I plant as drawn below is more likely to be aVon 
an A or T on an A. 
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Final Product(s) 

Raw Material(s) 

I Plant 

Figure 5.5: Type I Plant Configuration. 

An I plant is likely to be a small engineering workshop with small number of 
finished products, more like a specialised sub-contractor than a complete 
developer. It is likely to have a single assembly process where dependent events 
and statistical fluctuations are easily accounted for. 

Tvpe Combination-plant 
Companies do not always fall neatly into the A-, V-, or T-Plant categories. 
They may have characteristics of each in various combinations. As an example, 
a forged products facility may be used to feed an assembly plant. This would be 
an example of a V-Plant feeding an A-Plant. A customised industrial computer 
manufacturer may purchase raw components for assembly to stock and then 
final assembly to order. This would be an example of an A-Plant feeding aT
Piant. 

Examples of combination plant! 

c 

Von A Ton A 

Figure 5.6: Selected Combination Plant Configurations. 

Once the product flow diagram is complete it gives a detailed record of the 
relationship of all part/operations and their associated resources to identify 
characteristics which are inherent to A-, V- or T-Plants and to understand what 
instructions are necessary for people who work in specific areas of the 
production process. As an example, workers in operations just after divergent 
stations should be aware that a major problem is misallocation and only material 
required to fulfill the schedule should be taken. 
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5.7.2 Manufacturing Classification 

The second mam classification factor to consider in the design of the survey 

questionnaire is Manufacturing Category which refers to nine divisions of 

manufacturing activities as described in the New Zealand Scientific and Industrial 

Classification (NZSIC). Prior to sending out the questionnaire there was no intention 

to influence the number of respondents within any specific manufacturing category 

(i.e. to prevent bias). 

Div is ion 31: Food . beverage, tobacco 
Div ision 32: TeXlile, apparel and leather goods 
Division 33: Wood process ing and wood product 

manufacture 

Divis ion 34: Manufacturing of paper and paper products, 

printin g and publis hing 
Div is ion 35: Manu facture of chemicals and of chemical, 

pe tro leum coal, rubber and plas tics 
Div is io n 36: Concrete clay, g lass , plas ter, masonry. 

asbes tos and related mineral product 

Division 37: Bas ic metal industries 
Division 38: Manufacture of fabricated meta l products, 

mach inery and equipment 
Division 39: Other manufac turing industries 

Table 5.3: NZSIC Manufacturing Class ification. 

5.8 Problems Encountered 

A problem was encountered during the development of survey instrument when it 

took sometime for the Massey University Ethics Committee to provide feedback and 

agreed to the changes made to the survey instruments36
. 

Problems were also encountered in ensuring a high response rate. This type of 

problem was difficult to rectify due to the nature of the survey research where the 

targeted respondents have the right to decline to respond. Details of the research 

method and problems experienced during the survey research have been documented 

in Chapter 6: Survey Results Analysis. 

36 Survey research tool includes the survey questionnaire, introductory Jetter to accompany the 
questionnaire and description of research questionnaire. 
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5.9 Survey Questionnaire: Improvement Opportunities 

The researcher acknowledges that the survey questionnaire contained a number of 

improvement opportunities. The major consideration is in its design where questions 

and the scale used may each have caused an element of confusion for the respondents 

and created some difficulties in analysis of some aspects. Examples of flaws 

contained in the questions are as follows (see also Appendix A: Survey 

Questionnaire): 

Example One: 

Question 6 reads: 

"If you answered c) in Question 3 please indicate the approximate % of products 

make to stock and order:" 

The question should read: 

"If you answered c) in Question 5 please indicate the approximate % of products 

make to stock and order:" 

This is an error that has confused the respondents when answering the question. 

Example Two: 

The "Rate of Occurrence" scales in Question 12 reads: 

ID I Never I 0 I Sometimes I 0 I Often I 

The above is thought to limit the scaling scope thus denying a chance for the 

respondents to choose in a more reflective scale to answer the question. A better 

measure to use would be a one (lowest) to five (highest) scales, as this gives better 

numerical choice and might better reflect the occurrence rate of the production related 

problems. 

For this reason a different scale should be used to provide bottom to top scaling with 

improved proportions. The scale should have read: 
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ID I Never I D I Rarely I D I Sometimes I D I Often 

Another alternative scale that can be used is through both numerical scales and status 

scales. This is shown as follows: 

Never 1 Sometimes 1 Often 

2 3 4 5 

The latter scales would provide the respondents with a better chance to reflect the 

nature of the problems and the numerical data collected would be easier to analyse. 

5.10 Chapter Summary 

In conclusion, the survey wou ld be useful to help analyse the shopfloor measures 

application in New Zealand manufacturers. Some of the questions in the survey 

questionnaire have the objective to confirming theories against actual practices in 

re lation to manufacturing function. The survey has the objectives to identify the type 

of measures commonly used by different plant types, a series of production tools and 

policies commonly applied, just to name a few. The data gathered should help 

describe the nature of manufacturing fu nction of New Zealand manufacturers. The 

survey questionnaire includes the introduction of the little known type I plant. The 

ex istence of type I plant has the potential to open a new area for research as I plant has 

not been detailed in the list of references used. The survey questionnaire is not 

entirely flawless and some opportunities for improvements have been identified and 

discussed. 
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Chapter Six: Survey Results Analysis 

6.0 Introduction 

This chapter summarises the survey results analysis for each of the five sections 

contained in the questionnaire. 

6.1 Survey Response 

300 survey packs were sent out. 10% positive responses were gathered on the stated 

due date of Friday 1st May 1998. This prompted a follow up work that saw fifty (50) 

survey packs sent to selected companies. The follow up survey had a due date on 

Friday 29th May 1998 and it was followed by telephone calls made to a majority of 

these companies as a means of tracking survey progress. The follow up work proved 

beneficial as the response rate increased to 22% or equivalent to 56 positive 

responses. 

Although it is still far from the targeted 30% response rate, the 22% response rate 

obtained was considered to be the maximum result that can be obtained within the 

specified time. At that stage it was hoped that the results would be adequate to 

achieve the research objectives. 

Table 6.1 provides a detailed classification of the responses gathered. Note that there 

are two divisions: "True" and "Original". 'Original' column refers to overall figures 

for each classification (Respondents, Non-Participants, etc.) from the original target of 

300 companies. However, due to some complex issues the original target needed to 

be adjusted to reflect the problems faced during the survey and was reduced to 258 

(see Chapter 6.2: Survey Problems). The updated classifications are shown under the 

column "True". 
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Survey Results 
Participants (P) 
Non-Participants (NP) 
Not Manufacturing (NM) 
Not Suitable (NS) 
Returned/Wrong A dress (RJW A) 
No Replies (NR) 

Total (T) 

Original 
No. 

56 
16 
18 
12 
11 

186 
300 

Oj0 ,,.,,,W,;;~"'""d1CMf iiJ@Ui@OO/Rc!h .. &1 

18.67% 0~'~'i'21!t17~r~a' 

3.67% NotAccounted .. ,,, 
62.00% 186 72.09% 

100.00% .258 100.00% 

Table 6.1: Overall Classification of Survey Responses . 

6.2 Survey Problems 

There were two major problems encountered during the survey process: low response 

rate and incorrect company details. 

6.2.1 Low Response 
It was realised that survey research using a questionnaire form does not guarantee a 

I 00% response rate. Careful steps were taken to ensure maximum response as 

described in Chapter 5. However, there are the following possible additional causes 

to the problems associated with the low response rate: 

I. The use of a long survey questionnaire form (which consisted of 8 pages) 

consumed approximately 25 to 30 minutes of productive time. 

2. No immediate benefit to the respondent. 

3. Confidentiality of specific company data. 

4. Lack of company data on performance measures. 

In addition to the above points, neither monetary nor material reward was offered for 

completing the questionnaire as this was considered to have no apparent effect and too 

costly to be carried out. A brief discussion with a member of the Ethics Committee 

confirmed that this type of offering was not allowed. 

6.2.2 Incorrect Details 
The available information needed for sending the survey questionnaire is not free from 

errors. Due to a large amount of data, it was decided that only a random check would 

be performed to ensure that the listed companies matched exactly to the 
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criteria. However, this was proved to be insufficient as unforced errors often 

occurred . Some problems originated from an over-reliance on an off-the-shelf data 

source·' 7 and have been classified as the follov,;ing (also see Figure 6 1 for proportions 

ofthese problems) . 

1. ''Non Manufacturing" compames were grouped m the database as 

manufacturing companies :::: (Nivl ) 

2. The manufacturing component is relatively small in a number of businesses 

listed in the database as "Manufacturers" therefore they are "Not Suitable" :::: 

(NS) . 

3. Incorrect addresses categorised under "Returned" or "Wrong Address" :::: 

(R/WA). 

4. A few listed Managing Directors were no longer with the company 

categorised under "Returned" or "Wrong Address" :::: (R/W A). 

5. Incorrect names, gender labels and functional title. 

The above problems have reduced the actual targeted survey population to 256 from 

the original 3 00 manufacturing companies targeted (a reduction by approximately 

14. 7%). 

1\k> Replies (~ : 

56% 

Classifications of Survey Response 

f\bn-Participants (I'P) : 

6% 

1\k>t Manufacturing (f\fv1) : 
7% 

Returned/Wrong A dress 

(RIWA):4°A> 

Participants (~ : 

•1\k>n-Partic ipants 
(1\P) : 

• 1\k>t Manufacturing 
(I'M) 

• 1\k>t Suitable (NS): 

• Returned/Wrong 
Adress (RJWA): 

0 1\k> Replies (f\R): 

Figure 6.1: Pie-graph Showing "Original" Classification of Survey Response38
. 

r Kompass CD-ROM Database. 
38 Microsoft Office 97- Excel Version 7 does not permit both percentage and Yalue to be presented at 
once, hence separate table and pictorial presentations of SUITey results. 

101 



6.2 Section A: General Enquiries 

6.2.1 Objective 

The objective was to gather reference information on the respondent that could be 

useful \vhen further contact needed to be made. The questions aimed at identifying 

details such as Company !\arne . .:-.Jame of Respondent and Contact Details. 

6.2.2 Analysis 

Reference data was collected ir any responses need to be clarified-"9 

6.3 Section B: Company Profile 

6.3.1 Objectin 

ThiS -;ection \\as aimed at gathenng profiling information on the respondents· 

companies ::;uch as the number of management le\eh. number of staff and pre-liqed 

per-;onncl classifications. e.g. Technical. Engineering and Sales. 

6.3.2 Analysis 

\umber of Levels in the \Ianagement Hierarchv 

The que:-,tion aimed to identify the relati\·e size ol re.-;pondents" companies. This was 

measured in terms of the number of management hierarch\ from workers at the 

-;hopfloor len: I to directors in charge of the site. 

Range/Count Count .·\Yer. :\led. .\lax. :\I in. StDn 

2 3 .t 5 6 7 
(I 5 12 20 :;; 0 56 ) l) -+ 7 

.., ]() -
(I.()'( S.Y'} 2J . ._fC(- ='l.S'i I ' .., c '--1"._"'~ ( 0 ()c( 3.60( I (l()JV; 

Table 6.2: 0\ erall Response Classification of ?vlanagement Hierarchy. 

Table 6.2 shows the spread of the results obtained in this section. The results show 

that for the 56 responses the a\erage number of management levels is 3.9 ~ 4. The 

table also shows that there are five companies with the least number of management 

'" Softcopies of research data and other survev results are available and is in the custody of the 
researcher. 
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levels, at two levels, and two surveyed compames have the highest number of 

management hierarchy, at seven levels (see columns "1" to "7" in Table 6.2). 

There is not enough evidence in the survey data that would suggest a relationship 

between the number of levels in the management levels and the type of measures 

and/or the type of concerns that occur. This might be because the type of measures 

applied is a function of organisational tasks to be analysed (see Chapter 3 for details 

on the type of measures). 

However, it is logical that the total number of measures applied is a function of the 

number of levels in the management hierarchy. In other words, as the number of 

levels in the management hierarchy increases the number of measure applied 

mcreases . 

Company Personnel Classification 

ComJnny Personnel Count Max. Min. Median Aver. StDev. Est.Std. Err or Skevmess 
Classification of Mean 

Executive 51 20 I 2 4.3 7.8 1.1 1.7 
Sales 46 100 0 9 15.4 20.0 2.9 2.4 
Technica l 49 220 I 7 19.9 33.0 4.7 4.8 
Shopfloo r 50 1054 7 66 159. 1 2184 30.9 2.8 
Admin is tration 51 170 I 9 20.7 33.1 4.6 3.0 
To tal co mpany employee 50 1400 5 148 230.7 28 1.0 39.7 2.6 

Table 6.3: Respondents' Company Personnel Classification. 

Table 6.3 shows the relative proportion of each personnel classification in the 

surveyed companies. Both the Median (i.e. 148) and the Average (i.e. 231) figures for 

the "Total Company Employee" suggest that the target survey group had been 

reached. The big gap between the Median and the Average figures is due to a small 

number of companies that employ significantly smaller or larger workforce than the 

rest of those surveyed, i.e. skewed distribution. This is supported by the figures for 

total number of employee that ranges from 5 to 1400. One significant out-lier is 

present in a company that employs only five people (see column "Min." for "Total 

Company Employee"). However, upon looking at the company type, it can be 

concluded that this could be caused by the seasonality factor present in many sectors 

of the manufacturing industry. 
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Table 6.3 also shows that the Average figures for Sales, Technical and Administration 

do not differ greatly in size and these three categories made up significantly smaller 

proportion when compared to the proportion of shopfloor staff for the total number of 

employees. 

At this stage the above descriptions can be considered as adequate to describe the 

respondents relative size in terms of management hierarchy and workforce. 

Possibility for further analysis using the data obtained are in such area as to identify 

the probability of an employment in a particular sector of the company and to identify 

the approximate number of employees under the management of a average managing 

director. 

6.4 Section C: Production and Operation 

6.4.1 Objective 

Thi s section had the objective of providing information relating to the company ' s 

production operations function. Questions were aimed at identifying the 

manufacturing category, production type (to order and/or to stock) , production flow , 

scheduling method(s) used and production-related policies used. 

6.4.2 Analysis 

Manufacturing Category 

Table 6.4 shows the classification and the ranking of survey data into nine different 

divisions as outlined by the NZSIC (see Chapter 5: Survey Research for more details). 
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3. Manufacturing Category S uneY Results 
Count o;o Rank 

Di,·ision 31 • food , beYerage, tobacco 10 16% ' . ) 

Di,·is ion 32 tc\lile. apparel and leather good" 
4 7% 6 

Di,·ision 33 ,,·ood pmcessing and \\ OOd 

!product manufacture 5 8% 5 
Di,· is ion 34 manufacturing of paper and 

I paper products, printin g and publishin g 
.., 3g.1o 8 ~ 

DiYision 35• manufacture of chemicals and of 
chemical, petroleum, coal, rubber and plastics 9 15% 4 

Di,·ision 36• concrete clay, glass , plaster, 
masonry , asbestos and related mineral 1 2% 9 

DiYision 37• basic metal industries 4 7% 6 
Division 38 manufacture of fabricated metal 
products , machinery and equipment 12 2a>lo 2 
DiYision 39• other manufacturing industries 14 23% I 
Total Variant 61 1 

Table 6.4: Survey Results NZSIC Classification. 

It can be seen from Table 6.4 that Division 39 at 23% has the highest representation in 

the survey data, whereas Division 36 at 2% is the lowest. A pictorial presentation of 

the above proportions is shown in the following Figure 6.2. 

Survey Data Classification of Manufacturing Category 

Civision 39 
22% 

7% 
2% 

Civision 31 
16% 

7% 

I!:J Di'vision 31 

• Di'vision 32 

0 Di'vision 33 

0 Di'vision 34 

• Di'vision 35 

8% • Di'vision 36 

• Di'vision 37 

34 o Di'vision 38 

• Di 'vision 39 

15% 

Figure 6.2: Classifications of Manufacturing Divisions in the Survey Data. 
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3. Manufacturing Category NZ Statistics 
0-5 6-9 10-49 50-99 >100 Total % Rank 

Divisio n 3 1: food. bevera"e. tobacco 1372 327 510 105 158 2472 II % 3 

Division 32: textile. apparel and leather goods 

1559 224 431 63 36 2313 II % 4 

Div is io n 33: wood processing and wood product 

manufacture 2712 3% 490 46 30 3674 17% 2 

Divis io n 34: manufac turing of paper and paper 

!products. printin!! and publis hin o 972 189 373 50 56 1640 8% 5 

Div is ion 35: manufact ure of chemicals and of 

ch emical. petroleu m. coal.mbber and p las tics 606 163 350 72 31 1222 6% 6 

Divis ion 36: concrete clay. g lass . plaste· masonry . 

as bestos a nd related mineral product manufac ture 670 102 149 9 9 939 4% 8 

Divis io n 37: bas ic metal industries 129 34 56 9 9 237 1% 9 
Div is ion 38: manufacture of fabricated metal 

lpt·od ucts. machinery a nd equ ipment 5887 %6 1233 145 81 8312 38% I 

Divis ion 39: o ther manufacturing industries 853 84 90 3 l 1031 5% 7 

T otal Vatiant 14760 2485 3682 502 41 1 21840 100% 

Medium to Large 

Table 6.5: New Zealand Statistics Classification of Manufacturing Companies. 

Table 6.5 shows the classification of New Zealand manufacturing companies as at 

September 1998. Columns " 10 to 49", "50 to 99" and " 100 or more" were added to 

give an approximate figu re for medium to large sized companies (l abelled "New 

Zealand Medium to Large''). This was then used to provide an indication of how the 

su rveyed sample data matches the population as indicated by New Zealand Statistics 

in Figure 6.3. 

As Figure 6.3 shows, the make up of survey respondents do not have close 

resemblance to New Zealand Statistics' figures. Figure 6.3 shows that there is under

representation and over-representation of New Zealand Statistics figures in the survey 

data. However, some significant trends shown are: figures of survey data's Division 

31, 32, 33, 34, 36 and 38 exceeded that of New Zealand Statistics' figures. This 

suggests that if questions within the survey provoke answers reflective of industry 

sector factors then the survey results may not be full y representative of the population 

mean. 
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Survey Results (Inner Circle), NZ Total (Middle Circle) and NZ 
Medium to Large (Outer Circle) Manufacturing Division Proportion 

o Di\ision 31 

• Di \i sion 32 

o Di\ision 33 

o Di\ision 34 

• Di\ision 35 i 
1 

' • Di\ision 36 i 1 

Di\ision 37 

0 Di\ision 38 

o Di\ision 39 

Figure 6.3: Comparison of Manufacturing Division- Survey Response, Total New 

Zealand Statistics and New Zealand Medium to Large. 

Plant Type 

Classification of Plant Types in the Survey 

Combo . Plant __.....-: 
14% 18% 

• A Plant 

• V Plant 

I Plant o T Plant 
16% 0 I Plant 

•Combo. Plant 

34% 

Figure 6.4 : Classification of Plant Type in the Survey Data. 

Figure 6.4 shows the classification of plant types represented in the survey data. The 

figure shows that the largest representation is V plant type with 34% and the smallest 

is A plant with 14%. More detailed account of plant type classification is shown in 

Table 6.6. 
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Plant Type Count % Rank 
A Plant 8 14% 5 
VPiant 19 34% 1 
T Plant 10 18% 2 
I Plant 9 16% 4 
Combination Plant 10 18% 2 
Total 56 I 

Table 6.6: Classification of Plant Types in the Survey Data. 

In the survey questionnaire a check question was used to confirm the classification of 

plant types. Question number 4 (see Appendix A: Survey Questionnaire) asked the 

respondents to indicate the flow of products or the assembly processes, another 

question utilised a series flow chart for respondents to indicate their plant types (see 

Q7 in the Appendix A: Survey Questionnaire). However, the results from question 

number 4 was not conclusive as there was no sub-question that would describe the 

flow of I Plant, thus data gained from this question was considered to be inadequate 

for analysis. 

Comparison between Manufacturing Division and Plant Tvpe 

NZISC A Plant V Plant T Plant I Plant Combo. Total 
Division 31 1 4 1 2 21 .10 
Division 32 0 3 1 0 0 ., .. ; 4 
Division 33 0 3 1 0 11 '~ 
Division 34 0 2 0 0 0 ~[ic%>-2 
Division 35 1 2 2 3 1 ,,~ 
Division 36 0 0 0 1 0 ,., \),,,;! 
Division 37 0 3 1 0 0 •·• .F4 
Division 38 4 2 2 1 3 . 12 
Division 39 3 2 3 2 4 ' 1~ 

Total • "·9 lw." _1iW! .sr• 11'tl 11 
X [! 9 ~ £ 11 14 6'1 

Table 6.7: Comparison between Manufacturing Division and Plant Types in the 

Survey. 

Table 6.7 shows the classification of both plant types and manufacturing categories 

represented in the survey data. Note that the "Total" sum of the number of plant types 

in Table 6.7 (i.e. 61 ) is different to that shown in Table 6.6 (i.e. 56) due to some 

companies belonging to two or more plant type and/or manufacturing divisions. For 

example, there is one type A Plant that belongs to two Manufacturing Divisions. 
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Both Table 6.6 and 6.8 show that type V plant has the highest representation in the 

survey data with nineteen plants belonging to twenty-one manufacturing divisions. 

The majority of each of the plant type in the surveyed companies belongs to equal or 

similar number of manufacturing divisions. 

Table 6. 7 shows Manufacturing Division 39 (i.e. "other manufacturing" with 14 

varieties across all plant types) has the widest ranging plant types followed by 

Division 38 (i.e. "fabricated of metal products, machinery and equipment" with 12 

varieties across all plant types) and Division 31 (i.e. "food, beverage, tobacco" with 

I 0 varieties across all plant types). In contrast, Division 36 has the least variety of 

plant types ("concrete clay, glass, plaster, etc." with only I I plant) followed by 

Division 34 ("paper products, printing and publishing" with 2 V plants) and Division 

32 ("textile, apparel and leather goods" with 3 V plants and 1 T plant). 

No correlation study between manufacturing category and type of measures was taken 

as it was not included in the objective. However, the data collected shows that New 

Zealand manufacturers across different manufacturing category were presented in the 

survey. 

Production Types 

This section has the objective to classify companies into "Make to Stock", "Make to 

Order" and/or "Mix of Both Stock and Order". This could be a factor in the 

management practice as production to order requires different approach to production 

to stock. The above figures are potrayed in the following Figure 6.4 that shows 72% 

of the companies in the survey produce to both order and stock, 21% to order and 

merely 7% are to stock only. 
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Overall Respondents Production Type Classification 

To a mix of both 
stock and order 

72% 

Entirely to stock 
7% 

Entirely to order 

21 % 

Entirely to stock 

Entirely to order 

o To a mix of both 
stock and order 

Figure 6.5: Classification ofProduction Type from Survey data. 

This suggest some possibilities as follows: 

• A large proportion of the respondents (72%) are producing to both stable 

(i.e. make to stock) and fluctuating (i .e. make to order) markets. This 

suggests that management of production operations may be geared to be 

flexible to accommodate changes in the market This may suggests that most 

of the performance measures used will be suited both to "make to order" and 

"make to stock" production modes. 

• Only small proportion of respondents (7%) can rely on a stable market 

and/or their market fluctuations can be predicted well in advance. It may be 

possible that these companies are still operating in the 'producer's market' 

where they have control over the market This may possibly be due to such 

things as the 'production of well established consumers products'. 

Therefore, these companies may be using cost based performance measures 

as efficiency and low cost accumulating from each work centre performance 

as the key to ensure profitable operations (see Chapter 2 and 3). 

• 21% of respondents are relying on their ability to produce specific products 

and/or to specific requirements. Therefore, these companies may be putting 

emphasis on their engineering superiority. 'Conformance to product 

specifications' and 'Product Quality' related measures might be found in 

these companies. 
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The following graphs show the approximate proportion of those companies that make 

both to stock and order. Table 6.8 shows approximate figures of production , ·olume 

of make to stock and make to order Table 6 9 sho'vvs approximate figures of the 

monetary ,·alue of the production , ·olume of make to stock and make to order as 

sho .. vn in Table 6.8. Table 6 . I 0 shows the overall classification of make to stock and 

make to order based on production ,·olume and monetary ,-alue Not all data can be 

shown due to the graph size and limitations in the software used~0 

--
Approxima te %of Production Volume of Make to Stock and Make to Order 

':f - - - - -- - f- f- 1-

80 -- - - -- - - - - - -
70 ·- - - - -- - f- - - - -- I 

~ 60 ·-- 1- - -- - - - - - - I c: 
0 :e 50 -- - - -- - - - - - -
8.. 40 e - -- - -- - - - - - -
a.. 

30 -- - - - - - - - - - -
20 - - -- - - - - - - -

I 

10 I-I- - - - - - - - 1- 1- -
0 . 

6 a l~2 13r 5 117fs 20 

- - ' -: -
Cor!llany f\llrrber ! 1 3 5 122 24 26 2 7 29 31 33 34 36!38 40 41 43 45147 148 ~52 54155 

7£ ' • Order (PI'od. VoO 40 90 80 70 40 lso i sol 80 25 20 75 70 75!so 25 90 140 90 90 
I 

0 30 60 140 I SOl 20 • Stock (PI'od. VoQ 30 10 2 75 80 25 30 25jSO 75 10 t60 10 10 30 10 

Table 6 .8: Approximate% Production Volume of Make to Stock and Make to Order 

(not all data collected are shown). 

The figures in Table 6.8 and the subsequent descriptive analysis in Table 6 .10 (row 

'A') show the average figures of production to stock (i.e. 36.46%) is lower than the 

average figures of production to order (i.e. 62. 77%). The Median figures, stock at 

30% and order at 70%, show figures with close approximation to the Average figures. 

40 Microsoft Excel 7. 
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Approximate% of $ (Monetary) Value of Make to Stock and Make to Order 

100 ,. - - ·-- - -- ---- -
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Table 6.9: Approximate % of$ (Monetary) Value ofMake to Stock and Make to 

Order Production (not all data collected are shown). 

Approximate % of products make Count A\-eragc Rank !\'lax 1\>lin !\'~dian 

to stock and onler: Prop.(%) 

lA 
Stock (% Prod. Vol.) 39 36.46 2 99 5 30 
Order (% Prod. Vol.) 39 62.77 1 95 I 70 

Stock (% $ Value) 
Order (% $ Value) 

Table 6.10: Overall Classification ofMake to Stock and Make to Order based on 

Production Volume and Monetary Value. 

The figures in Table 6. 9 and the subsequent descriptive analysis in Table 6.10 (row 

'B' ) show the average figure of production to stock (i.e. 33.44%) is lower than the 

average figure of production to order (i.e. 65 .56%). The Median figure, stock at 30% 

and order at 70%, show figures with close approximation to the Average figures and 

also is similar to the figures for the production volume as described previously. 

These results show that make to order is more significant in terms of production 

volume and has more monetary value to the respondents' companies who engaged in 

both make to stock and make to order. 
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Scheduling Method 

Figure 6.5 and Table 6.11 show the classification of Scheduling Methods in popular 

use as found in the surveyed companies. The respondents were asked to choose from 

a prearranged list of well-known scheduling methods. In addition , the respondents 

were able to include any other scheduling mechanism employed. The type of 

scheduling employed has significant effect on how manufacturing operations are 

controlled and measured. 

An illustration to some of the differences between three scheduling tool s are as 

follows (Aggarwal, 1985): 

I . Materials Requirements Planning (MRP) allows for an extraordinary degree 

of advance planning for medium level inventory, mass production 

companies but at a cost in inflexibility and informality. 

2. Just-in-Time (JIT) or "Kanban" keeps inventory costs down and involves 

employees but requires well structured supply lines and cooperative 

workers. 

3. Optimised Production Technology (OPT)/Drum-Buffer-Rope (DBR) focuses 

on clearing up bottlenecks in the manufacturing process but can adversely 

affect non-bottleneck areas and is a proprietary system. 

Figure 6.5 shows that 'Spreadsheet' at 22% is the most popular scheduling tool among 

respondents followed by 'Others ' (custom built scheduling mechanisms) at 13%, 

MRP and JIT both at II % and MRP II at I 0%. The least popular scheduling 

technique is DBR/OPT at 2%. This shows that two surveyed companies have adapted 

the TOC plant control philosophy and it shows a potential for growth for TOC 

principles and its application. 
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Scheduling Method Count % Rank 
MRP 11 11% 3 

MRPII 10 10% 5 
DBR/OPT 2 2% 11 

Critical Path 9 9% 6 

JIT 11 11% 3 

Kanban Card 9 9% 6 

Firs t-Corre-Firs t-Serve 6 6% 8 
Gantt Chart 4 4% 9 

Spreadsheet 22 22% I 

None 3 3% 10 

Others (Specified) 13 13% 2 

Total 100 I 

Table 6.1 I: Overall Respondents Production Scheduling Method Classification . 

Table 6.11 show that there are I 00 scheduling methods used by 56 respondents, which 

mean that there are two or more combination of scheduling techniques employed in 

some companies. This is possible with some technique applicable only for a 

particular production phase and, therefore, another scheduling mechanism would be 

required to complete the scheduling function . 

It also shows that three companies were not shown to have some form of scheduling 

mechanism in place (see Table 6.11 row 'None ' ). There are a few possible reasons to 

this phenomenon: 

• The manufacturing activities do not vary greatly. Hence, a simple 

scheduling is all that needed to determine processes to good accuracy. 

• Confidentiality of company data might have prevented the respondent(s) 

from completing this particular question . 
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Ove rall Respondents Production Scheduling Method 

Others (Specified) 

13°A> 

Spreadsheet 

22% 

4% Kanban Card 
First-Come-First-Serve 9% 

s•A> 

CB~OPT 

2% 

Cr~ica l Path 

9% 

O MRP 

• MRP II 

O DBR/OPT 

0 Critical Path 

Kanban Card 

First-Com e-First
Serve 

0 Gantt Chart 

• Spreadsheet 

• None 

0 others (Specified) 

Figure 6.5: Classification of Scheduling Method in Popular Use by the Survey 

Respondents . 

The analysis for this section was considered to be adequate for the purpose of this 

study, as there is enough information that describes some of the production operations 

aspects of the respondents ' companies. No further analysis was carried out using the 

data gained in this section. However, there are the following possibilities for analysis 

subject to applicability: 

• To analyse the appropriateness of a particular scheduling method for capacity 

planning and control and for their role in defining shopfloor measures . 

• To analyse the type of measures employed for each plant using a particular 

scheduling method and other additional combinations. 

Production Batch Splitting and Minimising Setups Policies 

The respondent was asked whether there are "Production Batch Splitting" and 

"Minimising Setups" policies in place. This was intended to assist in the identifying the 

existence of some traditional measures such as localised efficiency measures . 

Figure 6.6 shows 58% of the surveyed compames have the Batch Splitting policy 

compared to 13% indicating no such policy existed in their companies and 29% of the 

surveyed companies indicated such policy is Not Applicable (N/ A) in their companies. 
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A possible interpretation from this is that 580;o of the surveyed compames saw the need 

to split production batches to accommodate the need to increase production variety 

and reduce lead-time as advocated by Just-in-Time policies and Theory o f Constraints 

production application (Goldratt and Fox. 1986). Those companies. which do not 

have such poli cy. may not see the need to split batches. as there is not eno ugh pressure 

fo r it to be exercised. 

100% 

90°,(, 

ao•A> 

70% 

60% 

50% 

40% 

3Q•,(, 

20% 

10% 

0% 

Overall Classifications of Production Batch Splitting Allowance 

Yes 
58% 

Figure 6.6 : Classification of Production Batch Splitting Policy. 

Allowance for Production Batch Splitti ng for Each Plant Type 

A Plant V Plant TRant IAant CArrb. Rant Total 

Figure 6.7: Distribution ofProduction Batch Splitting Allowance for Each Plant 

Types. 
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Figure 6.8 shows the proportion of companies employing a ' Minimising Setups ' policy. 

Using traditional cost based principles, this policy deals with ensuring high efficiency 

by minimising downtime due to setup . The classification sho\vs that 70% of those 

surveyed indicated the existence of such a policy and 12% indicated they had no such 

policy, while 18% indicated that this policy does not apply, to their circumstances . 

Gl 
Cl 
.'!! 
c 
Gl 

~ 
Gl a. 

Distribution of Minimising Setups Policy in the Survey 

N/A 

No 
12% 

Figure 6. 8: Distribution of Minimising Setups Policy in the Survey. 

Distribution of Minimising Setups Policy for Each Plant Type 

Plant Type 

Figure 6.9: Distribution ofMinirnising Setups Policy for Each Plant Type. 
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6.5 Section D: Shopfloor Performance Measures 

6.5.1 Objective 

The objective of this section is to identify the type of measures in popular use and 

common production related problems. It is important to identify not only the 

measures in current use but also the perceived level of Importance and usefulness of 

the measures. By the same token. problems experienced will be measured for their 

occurrence rate and impact to companies' financial status. 

Other additional questions In this section were aimed at identifymg the perceived 

success rate of current shopfloor performance measurement systems and the reasons 

for selecting the score. In addition. the respondents were asked for their opinions on 

possible 1mpn1\ement avenues using a free form response ( Le. respondents \\ere 

J!IO\\ ed to express their 0\\Tl opinion freelyJ. 
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6.5.2 Analysis 

Shopfloor Performance Measures 

This section aimed to gather a list of performance measures in popular use as well as 

their level of importance and usefulness rating. Respondents were asked to rank a list 

of prearranged measures for their level of importance and usefulness rating using a 

scale of I (lowest) to 5 (highest) . In addition, respondents were asked to list 

additional measures used at their companies and rank these measures using the same 

method as described previously. 

There are the following key analyses carried out: 

I . To quantify shopfloor performance measures' level of importance. 

2. To quantify shopfloor performance measures ' usefulness rating. 

3. To identify whether the perceived level of importance equals to the 

usefulness rating. 

Shopfloor Performance Measures: Level of Importance 

Rank Measures A~e Camt Thrcngbp].t/ 

CootW arli 

1 Others (company specific) 5.00 7 
2 Conformance to specifications 4.72 50 T 
3 On-time deli\€ry 4.63 48 T 
4 Budget/Operating variances 4.17 47 c 
5 Direct labour productivity 4.11 45 c 
6 Dollars shipped per period 3.97 30 T 
7 Cost reduction/ dollar savings 3.95 42 c 
8 Response time 3.91 34 T 
9 Conformance to production schedule 3.87 46 T 

10 Machine efficiency 3.81 37 c 

Table 6.12: Top 10 Measures Based on Level of Importance Average Score- Overall 

Respondents . 

Table 6.12 shows top 10 measures based on level of importance average score for 

overall respondents. It consisted of five columns: 'Rank' for the measures ranking, 

'Average' displays the average scores, 'Count' displays the number of response 

received for that particular measure and 'Throughput/ Cost World' displays whether 

the measures is of 'Throughput World' (classified as 'T') or 'Cost World' (classified 

as 'C') measure type. 
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Table 6.12 shows that the highest ranked measure is 'Others' 41 which relates to 

measures developed to meet specific company requirements . The following are the 

names of some those specific measures as detailed by the respondents: 

• Safety Performance. 

• IFOTIS . 

• Throughput (Kg/Hr = $/Hr). 

• Field MTBF, Executable Due Date Performance, Customers Complaints, 

Time to execute Customer Complaints. 

• Dollars Shipped I Tonne. 

• Recovery Rate. 

• $Total Factory Cost/Kg. Whsed, $Conversion/Kg. Whsed. 

No additional information about the application of these measures were given by any 

of the respondents. 

Note that measures ranked 4,5, 7 and I 0 can be considered as 'efficiency ' measures 

with focus on cost. Measures ranked 2,3,6,8 and 9 can be considered as Throughput 

World measures and thus, they are classified as 'T'. 'Others ' was not classified into 

either Tor C as they were created for specific purposes and were difficult to classify. 

Table 6.13 shows top 10 measures based on level of importance average scores for 

each plant type (i.e. A, V, T, I and Combination). There is a range of measures in 

each of the top I 0 but there remains a varying degree of combination of throughput 

and cost measures. The top I 0 measures for A Plant do not include 'Others' unlike 

the other plant types where it is ranked first. This comes from the fact that no type A 

Plant in the surveyed companies used company specific measure. Some notable 

classifications are 'Conformance to Specifications ' which ranked in the top 3 average 

scores for each plant type and 'On-time Delivery' which appears in the top 4 average 

scores for each plant type. 

The mixed results of cost and throughput world measures in the ranking of measures ' 

level of importance might suggest the existence of some kind of conflict between the 

41 There is inadequate information to display the names of these specific measures. 
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adoption of Cost World principles and Throughput World principles in the surveyed 

compames. 

See Appendix E: Survey Results for more details. 
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Plant A v T I Combination 
Rank Measures Aver TIC Measures Aver TIC Measures Aver TIC Measures Aver TIC Measures Aver TIC ! 

1 Conformance to 5.00 T Others (company 5.00 Others (company 5.00 Others (company 5.00 Others (company 5.00 ' 
' 

specifications specific) specific) specific) specific) 
2 On-time deli~.-ery 4.63 T Conformance to 4.67 T On-time deli~.-ery 4.60 T Conformance to 4.71 T Conformance to 4.75 T 

specific ations specifications specifications 
3 Cost per part 4.40 c On-time deli~.-ery 4.61 T Conformance to 4.56 T Machine 4.67 c On-time deli ~.-ery 4.71 T 

specifications activation 
4 Direct labour 4.14 c Response time 4.42 T Di rect labour 4.38 c On-time deli~.-ery 4.60 T Dollars shipped 4.33 T ! 

producti\1ty producti\1ty per period 
5 Conformance to 4.00 T Budget/Operating 4.41 c Conformance to 4.25 T Machine 4.50 c Labour efficiency 4.29 c 

production variances production efficiency 
schedule schedule 

6 Standard hours 4.00 c Direct labour 4.38 c Standard hours 4.00 c Budget/Operating 4.50 c Direct labour 4.25 c 
produced producti\1ty produced variances producti\1ty 

7 Cost of quality 4.00 CIT Machine 4.27 c Cost per part 4.00 c Process setup 4.00 c Budget/Operating 4.13 c 
efficiency costs variances 

8 0~.-erhead cost 4.00 c Cost reduction/ 4.13 c Dollars shipped 4.00 T Cost reduction/ 4.00 c Labour utilisation 3.86 c 
dollar sa\1ngs per period dollarsa!Angs 

9 Cost reduction/ 4.00 c Production lead 4.07 CIT Cost reduction/ 3.86 c Downtime 4.00 CIT ln~.-entory turno~.-er 3.83 CIT 
dollarsa!Angs times dollar sa!Angs 

10 Labour utilisation 4.00 c Scrap cost 4.07 CIT Budget/Operating 3.75 c Response time 3.67 CIT Response time 3.83 CIT 
variances 

Table 6. 13: Top 10 Measures' Level of Importance for Each Plant Type. 
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Usefulness Rating 

Rank Measures Average Ca.mt Thra.lgh.J;ut/ 

CostW orld 

1 Others (company specific) 4.86 7 
2 Conformance to specifications 4.57 49 err 
3 On-time deli\€ry 4.53 47 T 
4 Budget/Operating variances 4.13 46 c 
5 Direct labour productivity 3.93 44 c 
6 Cost reduction/ dollar savings 3.93 41 c 
7 Machine efficiency 3.89 37 c 
8 Conformance to production schedule 3.88 40 T 
9 Production lead times 3.87 38 T 

10 Downtime 3.83 41 err 

Table 6.14: Usefulness Rating using Average Score- Overall Respondents. 

The measures shown in Table 6.14 have been ranked using usefulness score assigned 

by the respondents. The ranking shows the same top five measures as found in Table 

6. 12, and both tables also show the measures have similar scores. It is interesting to 

note the distribution of Cost World measures in this ranking, as they appear to be 

more dominant than Throughput World measures. This could mean that the 

respondents did not view Throughput measures as more useful than Cost World 

measures. Hence, this tells a little bit about the respondents' view on Cost World 

principles and the focus on localised improvement. However, the first three measures 

in this ranking are Throughput World measures and suggest that even though they 

might not be as popular as other types of measure, their usefulness have significant 

place in respondents' view. This also suggests that there is a tug of war between Cost 

World and Throughput World principles. On one hand, Throughput measures were 

seen as the more appropriate measures to use, but on the other hand Cost World 

measures took precedence as they helped improve short-term performance. 

Table 6.15 shows the classifications of measures' usefulness rating for each plant type 

surveyed. The table shows, once again, the combination of Throughput World and 

Cost World that measures that suggests a tug of war as explained above. 
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----- --
Plant A v T I Combination 

Rank Measures Aver TIC Measures Aver TIC Measures Aver TIC Measures Aver TIC Measures Aver TIC 
1 Conformance to 4.88 T Others (company 5.00 Cor1formance to 4.78 Others (cornpcmy 5.00 Others (company 5.00 

specifications specific) specificJtions specific) specific) 

2 On-time deli~.Rry 4.38 T On-trme deli~.Rry 4.56 T On-time cJeli~.Rry 4.40 T On-time deli~.Rry 4.75 T On-time deli~.Rry 4.71 T 
3 O~.Rrhead cost 4.25 c Conformance to 4.44 T Standard hours 4.29 c Budget/Opemting 4.29 c Conformance to 4.63 T 

specifications producecJ variances specifications 

4 Conformance to 4.20 T Budget/Operating 4.41 c Direct labour 4.25 c Cost reduction/ 4.25 c Dollars shipped 4.00 T 
production variances productiV1ty dollar savings per period 

schedule 
5 Standard hours 4.17 c Production leJd 4.27 T E3 udget/Operati ng 4.25 c Conformance to 417 T Cost reduction/ 3.88 c 

produced times variances specifications dollar savings 

6 Cost reduction/ 4.17 c Response time 4.25 T Cost of quality 4.14 CIT Production lead 4.00 T Direct labour 3.88 c 
dollar savings times productivity 

7 Production lead 4.00 T Direct labour tl06 c Conformance to 4.00 T Scrap cost 4.00 CIT Budget/Operating 3.88 c 
times productivity production variances 

schedule 

8 Dollars shipped 4.00 T Machine 4 06 c Others (compw1y 4.00 Cost of quality 4.00 CIT Conformance to 3.83 T 
per period efficrer1cy specific) production 

schedule 

9 Downtime 4.00 CIT Scrap cost 4.00 CIT Olfi?rhead cost 3.88 c Machine 4.00 c O~.Rrhead cost 3.75 c 
efficiency 

10 Direct labour 3.86 c Downtime 3.95 CIT ln~.Rntory turno~.Rr 3.75 CIT DowntimG 4.00 CIT Machine 3.67 c 
productivity ______ [- --- - --

efficiency 

Table 6.1 ): Top I 0 f\1ca.-;mcs' l iscfulncss Ratir1g for Each Plant Type. 
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Shopfloor Performance Measures: Pearson Correlation 

The analysis carried out used Pearson Correlation Values to measure the correlation 

between the measures' level of importance and usefulness rating. The Pearson Values 

described in Table 6.16 were used in the hypothesis tests for this section of the survey. 

Pearson Value Count Description 
0 to +1- 0.25 0 Little or No Relationship 
+1- 0.26 to +1- 0.50 0 Fair Degree of Relationship 
+1- 0.51 to +1- 0.75 0 Moderate to Good Relationship 
Over +1- 0.75 0 Very Good to Excellent Relationship 

Table 6.16: Pearson Correlation Values . 

The hypotheses are as follows: 

Hypothesis Definitions 
A. Null Hypothesis, H0 If the measure ' s Pearson Value was found to be in the 

range of +1-0.5 1 to +1- Over 0. 75 (i.e. 1) then there is 
moderate to excellent relationship between measures ' 
level of importance and usefulness rating. 

B. Alternative Hypothesis, If the measure ' s Pearson Value was found to be in the 
H I range of 0 to +1-0.50 then there is little to fair degree 

of relationship between measures ' level of importance 
and usefulness rating. 

Table 6.17: Pearson Correlation Hypotheses Definitions. 

Table 6.18 shows the spread of Pearson values in the survey data. The values range 

from 0.55 (i.e. the lowest) to 0.89 (i.e. the highest). This suggests that measures ' level 

of importance have moderate to excellent relationship to measures ' usefulness rating. 

Item Pearson 
Highest 0.89 
Median 0.75 
Average 0.74 
Lowest 0.55 

Table 6.18: The Spread of Results Data for the Pearson Correlation. between 

Measures' Level of Importance and Usefulness Rating. 

Table 6.19 shows top 10 Pearson values for measures, the complete list is shown in 

the Appendix E - Table E7. The Pearson values shown indicate that the respondents 

have good confidence that the assigned level of importance to the measures used is in 

accordance to respondents' view on measures ' usefulness in achieving the company's 

goal. 
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Rank Performance Measure Pearson 
1 Machine activation 0.89 
2 Process setup costs 0.89 ( 

3 Conformance to production schedule 0.85 
4 Standard hours produced 0.85 
5 Rework cost 0.85 c 
6 Downtime 0.84 
7 Quality costs per unit of labour 0.84 
8 Process setup times 0.80 
9 Production lead times 0.80 

10 Cost of quality 0.79 

Table 6.19: Pearson Correlation between Measures' Level of Importance and 

Usefulness Rating. 

Companv Concerns 

This section has the objective to gather a list of popular company concerns as well as 

their rate of occurrence and their financial impact. Respondents were asked to 

indicate the type of concerns, their rate of occurrence and their financial impact. Two 

scales consisting of three levels each were used in the process. One uses "Never" -

"Sometimes" - "Often", another uses "Small" - "Medium" - "Large" scales42
. For 

analysis purposes, "Never" and "Small" were given a numerical value "1 ", 

"Sometimes" and "Medium" were given a numerical value "2", and "Often" and 

"Large" were given numerical value "3". The numerical values made a series of 

statistical analysis possible. 

Descriptive analyses were carried out using the data obtained in this section. The 

following key analyses were carried out: 

1. To calculate the rate of occurrence of specific company concern. 

2. To calculate the financial impact of specific company concern. 

3. To identify the correlation between the concerns ' occurrence rate to the 

financial impact using Pearson Correlation. 

42 See Chapter 5 under "Survey Instruments' Opportunity for Improvement" regarding the use of these 
scales. 
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Company Concerns: Rate of Occurrence 

Table 6.20 shows the overall ranking of company concern based on the average score 

assigned to their rate of occurrence. The 10 scores range from the lowest of 1.93 to 

the highest of 3. This means the top 10 concerns occurrence rate range from 

sometimes to often. 

Note that the score given by the respondents to 'Others' or company specific concerns 

are usually large (i.e. they occur often at that company). The only details of the 

specific or 'Others' problems as submitted by the respondents are as follows: 

• Contracts mismanaged by sales. 

• Rework due to design issues. 

• Setup Scrap (too high), Products Variants (too high). 

The respondents whose specific or 'Other' measures were highly rated made no 

additional information available. 

Rank Concerns Average Count 
1 Others (company specific) 3.00 1 
2 Forecasts are often not correct 2.42 55 
3 The plant experiences wave-like ftow of work 2.04 53 
4 Products do not get sold immediately 2.02 54 
5 We have high documentation of activities 1.98 54 
6 Too much raw materials inventory 1.94 54 
7 We have too many setups 1.94 51 
8 We have trouble meeting production due dates 1.93 56 
9 Unplanned overtime 1.93 55 

10 Inventory carrying costs are too high 1.93 54 

Table 6.20: Top 10 Company Concerns Ranked Using Rate of Occurrence Scores

Overall Plants. 

Table 6.21 shows top I 0 concerns' rate of occurrence for each plant type in the 

survey. Complete list of company concerns and their occurrence rating are shown 

Appendix E. 
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----
Plant A v T I Combination 
Rank Concerns Aver Concerns Aver Concerns Aver Concerns Aver Concerns Aver 

1 Forecasts are often not 2.25 Others (company 3.00 Forecasts are often not 2.40 Forecasts are often not 2.44 Forecasts are often not 2.56 

correct specific) correct correct correct -- 2 lnV~Jntory carrying costs 2.00 Forecasts are often not 2.42 Unplcmrwd owrirme 2.33 There is lack of stall 2.22 We haiR long 2.20 
are too high correct able to perform cross production lead times 

functional tasks 

3 Products do not get 1.88 Products do not get 2.37 We halftJ high 2.25 We haw high 2.11 The sales depariment 2.20 

sold immediately sold immedrately documentation of documentation of expect unrealistic 
activities activities deli~Rry times 

4 We haiR shoriages of 1.88 The plant experiences 2.22 We halftJ trouble 2.20 lnter-deparimental 2.11 There is a lot expediting 2.13 
some sub-component at wa~R-Iike flow of work meeting production due conflict is common 

assembly points in the elates 

plant --
5 We haiR trouble 1.88 We haiR high 2.11 We haiR shortages of 2.11 The plant experiences 2.00 We haiR too many 2.13 

meeting customer documentation of some sub-component at wa~R-Iike flow of work setups 
orders on time activities assembly points in the 

plant 

6 We haiR long 1.88 Too much finished 2 05 Labour effrcrencies/ 2.11 Process change O~Rr 2.00 Too much raw materials 2.11 
production lead times goods in~Rntory utilisation are too low (setups) takes too long in~Rntory 

---
7 TI1e plant experiences 1.88 ln~Rntory carrying costs 2.05 The plant experiences 2.11 Too much raw materials 1.89 Products do not get 2.10 

waw-like flow of work are too high wa~R-Iike flow of work inwntory sold immediately 
-·-· 

8 Process change owr 1.88 We haw trouble 2.00 Too much raw materials 2.10 There are walls of 1.89 Too much finished 2.00 

(setups) takes too long meeting production due rnwntory distrust between stall at goods inwntory 
dates various management 

leV~Jis 

9 The sales department 1.86 We haiR trouble 2.00 We haiR considerable 2.00 Sales accuse 1.89 Unplanned o~Rrtime 2.00 
expect unrealistic meeting customer amount of scrnp/ high re production of berng too 

deli~Rry times orders on time work slow to respond 

10 Too much raw materials 1.75 There is a lot expedrting 2.00 There is lack of staff 2.00 There is a "protect your 1.89 Resource utilisations 2.00 

in~Rntory able to pclionn cross rear parts" mentality arc pcrcei~Rd to be 
functional tasks among stall members unsatisfactory 

'--· --~---

Table 6.21: Top I 0 Company Concerns Ranked l Jsing Rate of Occurrence Scores- All Plants. 

129 



Companv Concerns: Financial Impact 

Table 6.22 shows the top 10 ranking of company concerns using the scores given by 

the respondents on the financial impact of the problems to the respondents' company. 

The top 10 scores range from the lowest of 1.77 to the highest of 3.00. This means the 

financial impact of top 10 concerns range from small-medium to large. 

Note that 'Others ' was again ranked first meaning these company specific concerns 

resulted in large financial impact. 

Rank Concerns Average Count 
1 Others (company specific) 3.00 1 
2 Too much raw materials inventory 2.00 51 
2 Too much finished goods inventory 2.00 51 
4 Forecasts are often not correct 1.98 50 
5 Inventory carrying costs are too high 1.90 50 
6 We have trouble meeting customer orders on 1.87 53 

time 
7 Labour efficiencies/ utilisation are too low 1.86 49 
8 Products do not get sold immediately 1.78 49 
9 We have trouble meeting production due dates 1.77 53 

10 We have too many setups 1.77 43 

Table 6.22: Top 10 Company Concerns Ranked by Financial Impact Scores- Overall 

Response. 

Table 6.23 shows top I 0 concerns ' financial impact for each plant type in the survey. 

Complete list of company concerns and their financial impact scores are shown 

Appendix E. 
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Plant A v T I Combination 

Rank Concerns Aver Concerns Aver Concerns Aver Concerns Aver Concerns Aver 
1 Forecasts are often not 2.14 Others (company 3.00 Resource utilisations 2.29 Labour efficiencies/ 2.33 Forecasts are often not 2.38 

correct spec ific) are percei~d to be utilisation are too low correct 
unsatisfactory 

2 We hal;€ trouble 1.88 Too much finished 2.21 W e hal;€ trouble 2.22 We hal;€ considerable 2.17 Too much finished 2.10 
meeting production due goods in~ntory meeting customer amount of sc rap/ high re goods in~ntory 

dates orders on time work 

3 We hal;€ trouble 1.88 Too much raw materials 2. 17 There are walls of 2. 17 Forecasts are often not 2.14 We ha~ trouble 2.00 
meeting customer in~ntory distrust between staff at correct meeting prod1 wtion due 
orders on time various management dates 

le~ l s 

4 Produce much more 1.86 ln~ntory carrying costs 2.16 Too much raw materials 2. 11 Too much raw materials 2.00 We ha~ trouble 1.90 
than market demands are too high in';€ntory in~ntory meeting customer 

orders on time 
5 Too much finished 1.75 Labour efficiencies/ 2.00 ln~nt ory carrying cos ts 2.00 ln~ntory carrying costs 1.83 Too much raw materials 1.89 

goods in~ntory utilisation are too low are too high are too high in~ntory 

6 ln~ntory carrying costs 1.75 Products do not get 1.95 We ha~ high 2.00 Resource utilisations 1.83 Products do not get 1.78 
are too high sold immediately documentation of are percei~d to be sold immediately 

activities unsatisfactory 

7 The plant experiences 1.75 We ha~ too many 1.88 Labour effic iencies/ 2.00 We ha~ too many 1.83 The sales department 1.75 
wa~-like flow of work setups utilisation are too low setups expect unrealistic 

deli~ry times 
8 Our estimated sales 1.67 Forecasts are often not 1.84 The plant experiences 2.00 Process change o~r 1.83 We ha~ shortages of 1.70 

inflate demands on correct wa~-like flow of work (setups) takes too long some sub-component at 

production assembly points in the 
plant 

9 Too much raw materials 1.63 We ha~ considerable 1.83 Process change o~r 2.00 The plant experiences 1.75 We ha~ long 1.70 
in~ntory amount of scrap/ high re (setups) takes too long wa~-like flow of work production lead times 

work 

10 We ha~ shortages of 1.63 We ha~ trouble 1.79 We ha~ trouble 1.89 There are walls of 1.75 Parts common to 1.67 

some sub-component at meeting customer meeting production due distrust between staff at se\13ral products end up 
assembly points in the orders on time dates various management in the products not 

plant le~ls currently in demand 

Table 6.23: Top I 0 Company Concerns Ranked by Financial Impact- All Plants. 
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Company Concerns: Pearson Correlation 

Rank Company Concerns Pearson 
1 There is a lot expediting 0.69 
2 We have too many setups 0.64 
3 Process change o\€r (setups) takes 0.61 

too long 
4 Products do not get sold 0.60 

immediately 
5 The plant experiences wa\€-like flow 0.60 

of work 
6 Resource utilisations are percei\€d 0.54 

to be unsatisfactory 
7 Production batch sizes are too large 0.51 
8 We ha\€ considerable amount of 0.51 

scrap/ high re-work 
9 We have to split batches to rush 0.51 

product through for a customer order 
10 There is lack of staff able to perform 0.50 

cross functional tasks 

Table 6.24: Top I 0 Pearson Correlation Values between Concerns' Rate of 

Occurrence and Financial Impact. 

Item Pearson 
Highest 0.69 

Median 0.40 

A\€rage 0.40 
Lowest 0.04 

Table 6.25: The Spread of Pearson Correlation Values between Concerns ' Rate of 

Occurrence and Financial Impact. 

Table 6.25 shows a wide range of Pearson Values between concerns' occurrence rate 

and financial impact. The lowest is 0.04 (Little or No Relationship) whereas the 

highest is 0.69 (Moderate to Good Relationship), while the Average figure shows 0.40 

or a Fair Degree of Relationship. This suggests that it is possible for the company 

concerns or production related problems to occur on regular basis and yet no 

significant financial impact is incurred. 

See Appendix E: Survey Results for more details. 
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Success Rate of Current Shopfloor Performance Measurement System 

This section is aimed at identifying respondents ' perceived success rate of their 

current shopfloor performance measurement system. The scale used range from 1 (i.e. 

lowest) to 5 (i .e. highest). In addition, the respondents were asked for their opinions 

of possible improvement to the current system. A major outcome from this question 

was the gathering of free form responses based on respondents ' knowledge and 

valuable experiences of using a particular system. 

Table 6.I7 indicates the classification of the respondents' perceived success rate of the 

performance measurement system currently being implemented in their companies. 

The table shows that I 0% of the respondents scored I to 2 which indicates possibility 

for significant improvements and 90% of the respondents scored 3 to 5 which 

indicates possibility for medium to small-scale improvements opportunities. Detailed 

breakdown of the classifications can be seen in Table 6.I7 and Figure 6.8. 

The above results show that majority of respondents saw minor to medium scale 

improvement opportunities from current performance level. However, possibility of 

some bias were felt as the question asked for respondents' perceived rate of success 

and being human they are likely to rate themselves on average or better. 

Scale Count 0/o Rank 

1 =Lowest 0 0.00% 5 

2 5 10.00% 3 

3 17 34.00% 2 

4 24 48.00% 1 

5 =Highest 4 8.00% 4 
Total 50 100% 

Table 6.26: Perceived Success Rate of Current Performance Measurement System. 
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Perceived Success Rate of Respondents' Current Shop Floor 
Performance Measurement System 

1 = Lowest 2 
5 =Highest 0% 10% 

3 
34% 

G] 1 = Lowest .2 

Figure 6.8: Perceived Success Rate ofRespondents' Current Shopfloor Performance 

Measurement System. 

There are various opinions and these responses showed different level of shopfloor 

performance measures understandings. Key notable responses have been underlined in 

the Appendix B Respondents ' Opinions for Improving Current Shopfloor 

Performance Measures. The responses suggest, among other things, a need for more 

company wide improvements, improved communication between vanous 

organisational functions and measurements that link shopfloor performance to business 

objectives. 

6. 6 Section E: Finance 

6.6.1 Objectives 

This section is aimed at presenting financial information that would give an indication 

how the surveyed companies are performing overall. The respondents were asked to 

indicate (by ticking) on a percentage scale 'Return-on-Investment' and the relative 

proportion of 'Raw Material', 'Labour' and 'Overhead ' costs to ' Sales Revenue'. 

Two further questions asked the respondents to indicate the past five years ' and the 

next five years' trends for the latter three measures. 

See Appendix A: Survey Questionnaire Forms for detailed layout of the questions. 
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6.6.2 Analysis 

Return-on-Investment 

The following Table 6.18 shows the spread of ROI classifications. 43 responses were 

gathered from 56 companies surveyed. One company indicated an ROI of "Greater 

that 120.1 %" which is an extraordinary high result considering survey's average of 

only " 15.1 to 20%" and a median of "10.1 to 15%". This result suggests that the 

company might have the following possible condition: a niche market, a fast growing 

market, minimum threat from competition, monopoly, or superior products than 

competition. The lowest ROI recorded is "Less than -20%". Upon close inspection, 

it was found that the company was badly effected by the Government's decision to 

removing the tariffs. These results indicate that most surveyed companies have 

relatively low return from the investment made. 

ROI Results 
Highest Greater than 120.1% 

Median 10.1 to 15% 

Average 15.1 to 20% 

Lowest Less than -20% 

No. of Res pondents 43 

Table 6.27: ROI Classifications in the Survey Results. 

Further ROI classifications for each plant type is shown in the Appendix E, Table 

E I 2: ROI Classifications for Each Plant Type. 

Measures I Concerns- ROI Correlation Tests 

Four correlation tests were carried out to identify the possibility of a particular set of 

measure and concerns having any influence in the company's Return-on-Investment 

(ROI). The tests were carried using Minitab statistics package and by way of Pearson 

Correlation method. Complete survey data were tabulated and 95% confidence level 

was used to measure any significant correlation. The results produced mostly 

insignificant results except for a few measures that have P values Jess than 5% (i.e. P 

value less than 5% means there is 95% confidence that the measure has significant 

impact to company' s Return-on-Investment). 

Due to measures' and concerns' two sub-divisions, e.g. measures' level of importance 

and usefulness rating, there were two correlation tests carried out. The first set of tests 
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were to identify any correlation between the assigned level of importance of the 

measures to the ROI figures. The second set of tests were carried out to identify any 

correlation between measures' usefulness rating and the ROI figures. 

Correlation Test: Measures' Level of Importance and ROI Correlation 

The test yielded mostly insignificant results, except for two measures: 

I. PI (i.e. "Conformance to production schedule") with P value 0.020. 

2. P20 (i.e. "Labour utilisation") P value 0.043. 

The above results suggest that Throughput World measures take precedence in the 

importance level over Costs World measures. 

Correlation Test: Measures' Usefulness Rating and ROI Correlation 

The test yielded mostly insignificant results, except for four measures: 

1. P8 (i.e. "Downgrade costs") with P value 0.039. 

2. P19 (i.e. "Direct labour productivity") with P value 0.028. 

3. P21 (i.e. "Labour efficiency") with P value 0.041. 

4. P30 (i.e. "Others- company specific") with P value 0.015. 

The above results suggest that Costs World measures take precedence m the 

importance level over Throughput World measures. 

Correlation Test: Concerns' Occurrence Rate and ROI Correlation 

No significant result was gained. 

Concerns' Financial Impact and ROI Correlation 

The test yielded mostly insignificant results, except for three measures: 

1. C2 (i.e. Too much work in process inventory) with P value 0.045. 

2. C9 (i.e. Parts common to several products end up in the products not 

currently in demand) with P value 0.046. 

3. C28 (i.e. Forecasts are often not correct) with P value 0.019. 

Additional Information Gathered: 

The following tables show additional information gathered from the survey research. 

The tables show the spread of Materials Costs, Direct Labour Costs and Overhead 

Costs as a percentage of Sales Revenues. The information gathered do not have direct 
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link to the application of shopfloor measures and these were made available to 

improve general research knowledge. 

~ Materials Costs as a percentage of Sales Revenues 

Materials/Sales Results 
Highest 80.1 to 85% 
Median 35.1 to 40% 
Average 40.1 to 45% 

Lowest 5.1 to 10% 
No of Respondents 47 

Table 6.28: The Spread of Relative Proportion of Materials Cost from Sales Revenue. 

~ Direct Labour Costs as a percentage of Sales Revenues 

Direct Labour/Sales Results 
Highest 65.1 to 70% 
Median 10.1 to 15% 
Average 15.1 to 20% 

Lowest 0.1 to 5% 
No of Respondents 48 

Table 6.29: The Spread of Direct Labour relative proportion from Sales Revenue. 

~ Overhead Costs as a percentage of Sales Revenues 

O'head Costs/Sales Results 
Highest 50.1 to 55% 
Median 15.1 to 20% 
Average 20.1 to 25% 

Lowest 0.1 to 5% 
No of Respondents 46 

Table 6.30: The Spread Overhead Costs Relative Proportion from Sales Revenue. 
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6.10 Summary 

From the survey research the following summary can be drawn: 

1. Company data have been collected for future references if needed. 

2. The average management hierarchy of the surveyed companies (i.e. medium 

to large companies) is 4. 

3. Shopfloor staff constitute a much larger proportion of company employees. 

Sales, Technical and Administration average figures do not differ greatly 

and their proportions are much smaller than the proportion of shopfloor 

staff. 

4. The surveyed companies were classified into their respective manufacturing 

categories. 

5. The type of scheduling mechanism used in the surveyed companies were 

classified and ranked. 

6. Policies regarding production batch splitting and minimising setups were 

gathered and classified. 

7. Companies were classified into its respective plant types and measures ' 

average score were calculated for ranking purposes. 

8. Apart from the traditional classifications of plant types (i.e. A, V, T and 

Combination of these plant types), there were type I plants identified. 

9. The measures were classified into either Throughput World or Cost World 

measures . These classifications produced mixed results that suggest a "tug 

of war" between Throughput World and Cost Worlds principles. 

10. Level of Importance and Usefulness Rating were calculated for each 

measure. 

11. Measures' Level of Importance have moderate to excellent relationship to 

measures' Usefulness Rating. 

12. Occurrence Rate and Financial Impact were calculated for each production

related concern. 

13. Concerns' Occurrence Rate have varying degree of relationships to their 

Financial Impact. 
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14. There are a few 'Other' or company specific measures and/or concerns 

identified in the survey. Most of these have high ratings due to their 

specificity. 

15. There is insignificant correlation between majority of measures and the 

production related concerns to the companies' ROI. 

16. The majority of the respondents rated the shopfloor performance 

measurement system currently in place to have average to high success rate. 

17. Materials and Overhead Costs average figures relative to Sales Revenue are 

significantly larger than Direct Labour. 

18. The respondents were also able to provide input on the likely trend for 

Materials, Direct Labour and Overhead Costs for the last and next five years. 

No analysis was carried, however they can be useful to provide general 

information on the challenges facing the manufacturing industry. 
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Chapter Seven: Conclusion 

7.0 Introduction 

This research study has examined a number of issues associated with performance 

measurement particularly at the lower management level. There are three main parts 

to this study: 

I . An outline of the problems associated with traditional performance 

measurement. 

2. Description of key attributes in a performance measurement system design 

with particular emphasis in the Theory of Constraints philosophies. 

3. The criteria for developing appropriate measures. 

4. The survey of shopfloor performance measures application in New Zealand 

manufacturing companies. 

This chapter outlines some of the conclusions that have been drawn from this study. 

7.1 An Outline of the Problems Associated with Traditional Performance Measures 

Traditional performance measures and the principles behind them are no longer 

applicable to meet the needs of today' s manufacturing organisations. The focus on 

short-term performance resulted in policies for localised improvements that do not 

necessarily lead to overall performance. However, this was not entirely due to 

organisation ' s internal misconception of the situation. Much of the problems were 

ignited by external pressures such as from the capital market where a company must 

perform well financially at all times to maintain and to increase its listed value in the 

stock market. Without this, the company would be in difficult situation to maintain 

and search for the much-needed capital. Slight downturn in a few aspects of company 

operations will no doubt send warning signals to the wary investors. It is for these 

reasons, company management had to put in place policies for 100% efficiency from 

every resource available in the company. 
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The above and coupled with the focus on cost savings required during the times when 

there were more demands than there were goods are invalid for today's manufacturers 

where available goods outweighed demand. Today's manufacturing management and 

other associated attributes for running effective and efficient production operations 

should be geared towards achieving three competitive dimensions: product, price and 

responsiveness (see Chapters I and 2). Therefore, cost savings principle and its 

associated measures no longer constitute a manufacturing competitive advantage. 

In addition to the above, a Current Reality Tree was drawn to provide useful insight of 

the negative impact in the use of traditional performance measures on organisation's 

performance. This illustration utilised cause and effect method. 

More detailed outline of the problems associated with traditional measures and the 

performance measurement techniques are shown in Chapter 2. 

7.2 Description of Key Attributes in a Performance Measurement System Design 

with Particular Emphasis in the Theory of Constraints Philosophies 

The performance measurement system covers the entire organisation from the 

shopfloor level to the top management level. This section has examined the 

objectives and the attributes that form a performance measurement system. The way 

measures are applied in management function suggests that measures should be placed 

in a strategic context as it influences and governs activities and behaviour. A 

manufacturing performance measurement system should be able to assess the overall 

level of support that each department provides to the achievement of manufacturing 

competitive dimensions. 

Performance measurement framework as suggested by Kaplan et al ( 1992) and 

Lockamy and Cox ( 1994) would enable the identification of general factors affecting 

an organisation's performance. The application of principles outlined by Goldratt's 

Theory of Constraints and Maskell's seven principles of performance measurement 

design can further enhance the measurement system application especially the 

management of shopfloor activities. 
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The Theory of Constraints performance measurement suggests some robust measures 

that can be defined and function well at top to middle management levels. 

Throughput, Inventory and Operating Expense can be used to determine where 

improvement activities should be focused. These three measures combined with a 

scheduling philosophy with an appreciation to the system 's constraint could be used to 

derive appropriate shopfloor measures. 

7.3 The Criteria for Developing Appropriate Shopfloor Performance Measures 

TOC synchronisation principles have a primary role in the development of appropriate 

shopfloor measures, and any other measures. The synchronisation principles were the 

main foundation for the Drum Buffer Rope scheduling produced to eliminate the 

system's constraints and their effect to organisation's overall performance. The DBR 

as it is widely known will help organisation maintain the flow of production activities 

with the constraint that limits the achievement of the goal and has been investigated to 

be a robust system. It consisted of a management concept that manages both 

constraint and non-constraint resources so that each individual resources achieve the 

company wide objectives effectively and efficiently. The shopfloor measures should 

be aimed to assist the achievement of carefully developed schedule. The shopfloor 

measures should not be developed in isolation, as this will induce localised 

improvements and there will be no standard in which measures' achievements can be 

compared. 

However, at this stage the criteria still requires further development. It is not 

impossible for additional key elements to be included in the criteria. The cause-effect

cause mechanism that is part of the Future Reality Tree can be used to examine 

whether a set of solutions would bring about the desired outcomes. These means, the 

criteria coupled with the Future Reality Tree analysis will complement each other and 

would help derive appropriate shopfloor measures. 
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7.4 The Survey of Shopfloor Performance Measures Application in New Zealand 

Manufacturing Companies 

The research survey has produced a senes of outcomes that would give some 

indication on the application of measures in New Zealand. Some of the major 

conclusions that can be drawn from the analysis are: 

• Both Throughput and Cost World measures are applied in the surveyed 

companies. This suggests that there is a conflict of interest between the need 

for short-term vision of performance and long term vision of performance. 

• The measures and production-related problems have been classified and 

analysed with varying scores. 

• There is not enough evidence that would suggest strong correlation between 

the type of measures used as well as the production related problems and the 

resultant ROI. 

• A number of other key related production tools and policies have been 

identified and classified. 

Detailed findings from the survey are presented in Chapter 6. More data is required to 

improve the statistical validation of the survey. There are a number of improvements 

that can be made from this survey and this warrant further research agenda to be 

developed. 

7.5 Publication from this research 

During this research study a paper has been published, its details are as follows: 

Wongsonegoro, VT, and Wright, AC, Shopfloor Performance Measures Survey 

of New Zealand Manufacturing Companies: Survey Method and Initial 

Analyses, Proceedings of the 51
h Annual New Zealand Engineering and 

Technology Postgraduate Student Conference, Palmerston North, New Zealand, 

November 1998. 
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Further publications from this research are currently being planned. These include a 

closer and more detailed examination of the survey results using various applicable 

methods. 

7.6 Summary 

In summary this study has presented: 

1. An outline of the problems with traditional performance measures. 

2. A brief summary of performance measurement system's design. This 

included a review of some fundamental aspect of a performance 

measurement system and selected authors' suggestions. The Theory of 

Constraints performance measurement was covered in detail and majority of 

the suggestions made are based from this framework . 

3. Descriptions of criteria that could be used to derive appropriate shopfloor 

measures . 

4. A proposal of step-by-step method to develop shopfloor measures. This is 

mostly borrowed from TOC's five focusing steps ongoing improvement 

scheme. 

5. A research agenda to analyse the application of shopfloor measures in the 

New Zealand manufacturers. 

6. Survey results analysis that included assessing the significance of measures 

and problems, the financial performance and trends, the application of cost 

world principles. 
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Chapter Eight: Recommendations 

8.0 Introduction 

Performance measurement is a rich study area for production and operation 

management research. It is concerned with all phases of performance measurement 

from the lowest to highest management hierarchy. The importance of having suitable, 

practical and appropriate measures to support decision-making processes cannot be 

denied. 

A number of extensions to the work are possible and their brief descriptions are 

presented in this chapter. For convenience they are categorised into the following 

areas: 

I. The application of TOC-based performance measurement system. 

2. Method to develop shopfloor measures. 

3. Improvement to the survey result analysis. 

8.1 The Application ofTOC-based Performance Measurement System 

The Theory of Constraint performance measurement principles are some robust 

techniques in which appropriate shopfloor measures can be conceptualised. The 

synchronisation principles drove the creation of the Drum Buffer Rope scheduling 

which can become critical in the development of shopfloor activities and thus the 

measures that accompany each activity. Chapter 2 and 3 suggest that TOC has the 

elements that improve performance measurement system significantly and further 

enhance organisation's synergy. 

Agile manufacturing is no longer comes from a predetermined methods in which the 

manufacturers or the market has control of. It has becoming narrow to the point 

where everything is controlled by the system's constraint. That is at the point where 

flexibility and responsiveness are required to combat the effect of a system's 

constraint. TOC is thus a technology that would give adequate protection for any 
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manufacturing organisation as it focuses improvement effort based on the elimination 

of the system's constraint and the need to synchronise all activities based on this 

governing rule. 

Although TOC is theoretically sound, its application in New Zealand manufacturing 

scene has not escalated with the same rate as other technologies such as JIT and TQM. 

In order to improve the competitiveness of New Zealand manufacturers it would be 

necessary to apply the TOC philosophies in a wider scale. This can be initiated from 

the development of case studies in conjunction with small to medium enterprises 

which there are plenty of them in New Zealand. 

8.2 Additional Examination of the Proposed Method to Derive Shopfloor Measures 

The proposed step-by-step process to derive appropriate shopfloor measures needs 

further examination. The method was heavi ly derived from TOC's Five Focusing 

Steps and was aimed to provide simi lar approach in deriving suitable measures. 

However, the usefulness of this approach has not been tested and thus there is a 

chance they could mislead the process. TOC's Thinking Process should enable the 

examination process and has been shown to be useful by Boyd et al ( 1997) in Chapter 

4. 

8.3 Explore Other Improvement Ideas from the Survey Research 

The survey research gathered some insights into the typical application of shopfloor 

measures, production related problems and a number of production-related practices. 

The survey was also useful in gaining some insight on respondents' experience of 

using particular performance measurement system. However, not enough data was 

generated and thus the analysis did not produce significant findings on the effect of 

chosen measures to companies' performance thus, warrant further research to be 

made. 
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Shopfloor Performance Measures Survey of NZ Manufacturing Companies 

Answering and returning the questionnaire implies your consent to the information being used for the 

research purposes stated in the information sheet. My discretion and that of my supervisor is guaranteed. 

This questionnaire has the objective to identify common problems associated with current shopfloor 

performance measures. It will enable to establish trends and identify key problem areas which of importance 

to the development of appropriate performance measures. 

If you feel uncomfortable to answer a particular question, please feel free not to answer it. I would 

appreciate it very mnch if you could return the incomplete questionnaire in the stamped addressed envelope 

provided. 

The survey questionnaire contains five parts, namely: 

Section A - General Enquiries 

Section B - Company Profile 

Section C - Production and Operation 

Section D - Shopfloor Performance Measures 

Section E - Finance 



Shopfloor Performance Measures Survey of NZ Manufacturing Companies 

Company Name: I SiteName: 
Address: 

Name of the Respondent: I Position of the respondent: 

Contact I Phone: I Mobile: 
Information I Fax: I E-mail: 

jB. COMPANYP~OFILE 

1. How many levels of management currently exist in your company with workers at the shopfloor level being the 

ftrst level (lower level), workers ftrst line supervisor second and so on, to directors in charge of the site (top level)? 

An example of a four layer management hierarchy can be pictured 
as ollow: 

Top Management Please state number of management 
levels in your company's hierarchy: 

0 0 0 0 Middle Management 

.Q Q H q K q Lower Management 

ODD oooob orno boo Shopfloor 

2. What does your company 's personnel consist of? 

Please fill in the appropriate box below, _]IOU need only to fill out one of the columns (which ever is easiest) 
Personnel Type Number of People Approx. Percentage (%) 

Executive, e.g. managing director, site manager 
Sales, e.g. marketing, sales engineer, sales su~ort 
Technical, e.g. engineering support, product designer 
Shopfloor, e.g. 1st lin-:: ooerators, machinists 
Administration, e.g. company administrator, secretary 
Total company emplo_yee 

2 
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lc. PRODUCfiON ANDOPERATION 
The questions in this chapter deals with your company's production and operation. 

3. Please indicate the manufacturing category of your company by ticking(./) it in the column labelled£. The 

following categories are as described in New Zealand Scientific and Industrial Classification (NZSIC). 

Group3: Manufacturing L 
Division 31: Food, beverage, tobacco 
Division 32: Textile, apparel and leather goods 
Division 33: Wood processing and wood product manufacture 
Division 34: Manufacturing of Q(iper and pa~er _I>_roducts· printing and publishing 
Division 35: Manufacture of chemicals and of chemical, petroleum, coal, rubber and plastics 

products 
Division 36: Concrete clay, glass, plaster, masonry, asbestos and related mineral product 

manufacture 
Division 37: Basic metal industries 
Division 38: Manufacture of fabricated metal products, machinery and equipment 
Division 39: Other manufacturing industries 

4. Does your company produce mainly: (Please tick ( ./) one) 

a) small number of products from relatively large number of raw materials? (i.e. Does it have D 
convergent flow of materials through the manufacturing line?) 

b) large variety of products from relatively small number of raw materials? (i.e. Does it have D 
divergent flow of materials through the manufacturing line?) 

c) number of products from relatively similar number of raw materials? (i.e. Does it have fairly D 
uniform flow of materials through the manufacturing line?) 

d) large number of products mainly through assembly combinations of small number of standard D 
components/parts? 

5. Does your company make: (Please tick ( ./) one) 

a) entirely to stock? D 
b) entirely to order? D 
c) to a mix of both stock and order? D 

6. If you answered c) in Question 3 please indicate the approximate % of products make to stock and order: 

Please fill the appropriate box below. you need only to fill out one of the columns (which ever is easiest 

%Prod. Vol. %$Value 

Stock 

Order 

3 



Shopfloor Performance Measures Survey of NZ Manufacturing Companies 

7. Given the description which follow, please attempt to identify the classification which best describes your 

manufacturing operation. 

(Please tick ( .1') appropriate box) 

0A0V0T0I D Combination, Please Specify .................................................... . 

Plant Description 

A Plant: Production starts with a huge variety of materials and 

purchased parts which are machined and assembled into components, 

sub-assemblies and eventually a finished product. 

V Plant: Production starts with a single or few raw materials. The 

product through a series of similar stages, with the product becoming 

more differentiated at each stage, until a large variety of finished 

products is available at the end. 

T Plaut: Makes a range of similar products, probably in families or 

groups, which use a lot of common or similar components. The 

manufacturing area is organised in units, cells or lines dedicated to a 

component type. The components come together at assembly where 

they are combined into much wider range of finished products using 

different mixes of components and purchased items. Hence the T 

shape. 

I Plant: A small number of base materials are used to form a 'raw' 

product or recipe which then goes through a series of processes without 

diverging from its original and single destination. It then attracts 

further materials normally in the form of packaging, which cause a 

relatively small number of saleable packaged products. The I 

represents the flow, with materials only being added at start and finish. 

Combination: There may be combination of any of the above plant 

types which could exist in an organisation. These can be described 

using terminology such as "Von A", "A on V", "Ton A", etc. 
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Shopfloor Performance Measures Survey of NZ Manufacturing Companies 

8. What type of scheduling method, if any, is being used at your company? 

(Please Tick(./) Appropriate Box(es)) 

D MRP 0 JIT 

D MRP II D Kanban Card 

D DBR/OPT 0 First-Come-First-Serve 

D Critical Path 0 Gantt Chart 

0 Spreadsheet 

D None 

D Others, Please Specify: ......................... ... . 

Please indicate below any modification/alteration made to the scheduling method currently used, e.g. 2-card Kanban. 

(Please tick ( ./) on:z) 
9. Does your company allow production batch splitting? 0 Yes D No 0 N/A 

(Please tick ( ./) one) 
10. Does your company have a policy of minimising setups? D Yes D No D N/A 
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= 

11. From the following list please indicate the measures cWTently used in your company for determining shopfloor 

performance by ticking(../) it in the column labelled£ and proceed to the next two columns. Please write additional 

measures used that are specific to your company, if not listed, in the space provided. 

List of measures used L LevelofiEDgortance Usefulness Rate 
Please circle the number that best Please circle the number that best 
describes the level of importance describes your view of the 
assigned to the measure in your usefulness of the measure m 
company. achieving the company's goal. 

Lowest ~ Highest Lowest ~ Highest 
1. Conformance to production 1 2 3 4 5 1 2 3 4 5 

schedule 
2. Process setup times 1 2 3 4 5 1 2 3 4 5 
3. Process setup costs 1 2 3 4 5 1 2 3 4 5 
4. Production lead times I 2 3 4 5 1 2 3 4 5 
5. Standard hours produced 1 2 3 4 5 1 2 3 4 5 
6. Inventory turnover 1 2 3 4 5 1 2 3 4 5 
7. Response time 1 2 3 4 5 I 2 3 4 5 
8. Downgrade cost 1 2 3 4 5 1 2 3 4 5 
9. Scrap cost 1 2 3 4 5 1 2 3 4 5 
1 O.Rework cost 1 2 3 4 5 1 2 3 4 5 
1l.Cost of quality 1 2 3 4 5 1 2 3 4 5 
12.Cost per part 1 2 3 4 5 1 2 3 4 5 
13.0vertime 1 2 3 4 5 1 2 3 4 5 
14.Conformance to specifications 1 2 3 4 5 1 2 3 4 5 
15.0verhead cost 1 2 3 4 5 1 2 3 4 5 
16.0n-time delivery 1 2 3 4 5 1 2 3 4 5 
17.Dollars shipped per period 1 2 3 4 5 1 2 3 4 5 
18.Cost reduction/ dollar savings 1 2 3 4 5 1 2 3 4 5 
19.Direct labour J>roductivity 1 2 3 4 5 1 2 3 4 5 
20.Labour utilisation 1 2 3 4 5 1 2 3 4 5 
21.Labour efficiency 1 2 3 4 5 1 2 3 4 5 
22.Indirect labour productivity 1 2 3 4 5 1 2 3 4 5 
23.Indirect labour efficiency 1 2 3 4 5 1 2 3 4 5 
24.Machine efficiency 1 2 3 4 5 1 2 3 4 5 
25.Machine activation 1 2 3 4 5 1 2 3 4 c _, 
26.Downtime 1 2 3 4 5 1 2 3 4 5 
27.Sales dollars per employee 1 2 3 4 5 1 2 3 4 5 
28.Budget/Operating variances 1 2 3 4 5 1 2 3 4 5 
29.Quality costs per unit of labour 1 2 3 4 5 1 2 3 4 5 
30.(0thers, Please Specify) 1 2 3 4 5 1 2 3 4 5 
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12. Does your company have any concerns of the following type? 

Area of concern Rate of Occurrence Financial lmJ!act 
Please tick ( ./ ) the appropriate box Please tick ( ./ ) the appropriate 
that best describe the rate of box that best describe the impact 
occurrence of this particular concern of this particular concern in your 

company's financial state 

1. Too much raw materials inventory [;:;;J Never bJSometimes 00ften D Small D Medium 0 Large 
2. Too much work in process inventory D Never Osometimes 00ften D Small D Medium D Large 
3. Too much finished goods inventory D Never Dsometimes Doften D Small D Medium D Large 
4. Products do not get sold immediately D Never Osometimes Ooften 0 Small D Medium 0 Large 
5. Produce much more than market demands 0 Never Osometimes Ooften 0 Small D Medium D Large 
6. Inventory carrying costs are too high D Never Osometimes Ooften 0 Small D Medium 0 Large 
7. We have to sell excess finished goods at D Never Osometimes Doften D Small D Medium D Large 

reduced price 
Ooften 8. We have shortages of some sub- D Ne-ver Osometimes D Small 0 Medium D Large 

component at assembly_points in the plant 
9. Parts common to several products end up D Never Osometimes Doften D Small D Medium D Large 

in the products not currentlY_ in demand 
lO.We have trouble meeting production due 0 Never Osometimes Ooften 0 Small 0 Medium D Large 

dates 
1l.We have trouble meeting customer orders D Never Osometimes Doften 0 Small D Medium 0 Large 

on time 
12. Unplanned overtime D Never Osometimes Doften 0 Small D Medium D Large 
13.We have long production lead times D Never Osometimes Doften D Small D Medium D Large 
14.There is a lot expediting D Never Osometimes Doften D Small D Medium D Large 
15.We have to split batches to rush product D Never Osometimes Doften D Small D Medium D Large 

through for a customer order 
16.We have considerable amount of scrap/ D Never Osometimes Ooften D Small D Medium D Large 

high re-work 
17. We have high documentation of activities D Never Osometimes Doften 0 Small D Medium D Large 
18.Labour efficiencies/ utilisation are too low 0 Never Osometimes Ooften D Small D Medium 0 Large 
19. There is lack of staff able to perform cross 0 Never O sometimes Ooften D Small D Medium D Large 

functional tasks 
20.Bottlenecks in our plant shift frequently D Never Osometimes Ooften 0 Small D Medium 0 Large 
21.The plant experiences wave-like flow of D Never Osometimes Ooften 0 Small 0 Medium 0 Large 

work 
22.Resource utilisations are perceived to be 0 Never Osometimes Ooften 0 Small 0 Medium 0 Large 

unsatisfactory 
23 .Production batch sizes are too large 0 Never 0Sometimes Ooften D Small 0 Medium D Large 
24.We have too many setups 0 Never Osometimes Ooften 0 Small D Medium D Large 
25.Process change over (setups) takes too 0 Never Osometimes Doften D Small D Medium D Large 

long 
26.There are walls of distrust between staff at 0 Never Osometimes Ooften 0 Small D Medium 0 Large 

various management levels 
27.0ur estimated sales inflate demands on D Never Osometimes Doften 0 Small 0 Medium 0 Large 

production 
28.Forecasts are often not correct 0 Never Osometimes Ooften 0 Small D Medium 0 Large 
29.Sales accuse production ofbeing too slow 0 Never Osometimes Ooften 0 Small 0 Medium 0 Large 

to respond 
30.The sales department expect unrealistic 0 Never Osometimes Doften 0 Small D Medium D Large 

delivery times 
31. There is a "protect your rear parts" 0 Never Osometimes Ooften 0 Small 0 Medium 0 Large 

mentality among staff members 
32.Inter-departmental conflict is common 0 Never Osometimes Ooften 0 Small 0 Medium D Large 
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33. (others please specify) D Never D Sometimes D Often Osman []Medium Q.arge 

13. How would you rate the success of the current shopfloor performance measurement system in assisting the 

company to achieve its objectives? and why? 

Please circle the appropriate number) 

Lowest ~ Highest 

1 2 3 4 5 

Please state our reasons in the box below: 
~~~~~-----------------

14. List the main points that in your opinion need to be improved in order for current shopfloor performance 

measures to better help the workforce achieve the company's objectives? 

Please state your opinion in the box below: 
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[E. FIN~CE . ~ . . . I 
Note: The following questions relate to your company's financial state, I would like to remind you that confidentiality 
of your specific information is guaranteed. 

15. What ROI is typical of your company's result in the last five years? 

(Please tick (./) on the nearest grade) 
I I : 

Less than -200fe -20% -1 0 0 I 0 20 30 40 so 60 70 120"/o Greater than 120% 

16. Based on Sales Revenue please indicate approximate proportion for the following major cost categories. 

(Please tick (,/) on the nearest grade) 
Materials as a % of Sales Revenue 

0 10 20 30 40 50 60 70 80 90 1000/o 

Direct Lauour as a % of ~)ales Rev'!n· .. e 

- - --- · -- -- -·--· 
0 10 20 30 40 50 60 70 80 90 100% 

Overhead Costs as a % of Sales Revenue 

0 10 20 30 40 50 60 70 80 90 100% 

17. Has the relative proportions in Question 16 changed in any way in the last five years (e.g. Materials dropped, 

Labour constant, Overhead up)? 

(Please tick ( ,/) appropriate box) 
Materials 0 Dropped D Constant D Increased 

Direct Labour D Dropped D Constant D Increased 

Overhead Costs D Dropped D Constant D Increased 

18. In the next five years, do you expect the above trends to: (Please tick(/) appropriate box) 

0 Reverse 0 Continue D Remain stable 

Thank you for your time. I appreciate your help with my research project. 

A copy of the summary of the findings is available upon request from my chief supervisor, Mr. A. C. Wright. 

Please place the completed questionnaire in the stamped addressed envelope provided, and mail it to me today. 
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Appendix 8: Respondents' Opinions for Methods to 

Improving Current Shop Floor Performance Measures 

The survey respondents were required to give their comments on the following 

question: 

QJ4: List the main points that in your opinion need to be improved in order for 

current shopfloor performance measures to better help the workforce achieve the 

company's objectives? 

Their comments were presented as follows: 

I. Better computer system to be able to measure yield per operation, report more on 
production variance, i.e. quantity dollars to schedule, delivery on time. 

2. Sales/Marketing need to understand Production/Manufacturing as too often they 
crive ridiculous delivery times to customers. 

3. A cultural change is required to bring about an attitude change from people 
considering jobs as "right" to a co-operative environment where staff work 
together to achieve a unified objective . 

4. More KPI by Team, flexible working. 
5. Have difficulty in communicating reauirements. 
6. Forecast of cl ient requirements, the report responses clearly reflect the operation, a 

very service oriented manufacturer faced daily with unknown deli very & pattern 
requirement. This is caused by a need to carry to 3000 SKUs to satisfy client (& 
competitors) demands. 

7. A lot of it is done on spreadsheets. There is a need to incorporate it into our 
manufacturing system & integrate it with the financial system. 

8. Sales 
9. More technology, marketing, sales training. 
1 O.ShoQfloor QeOQle to be awarded for KRA achievement2 reduce barriers between 

different_posts of the process: ~reater seamless process. 
ll .Team work, ownership of responsibility. 
12.Better education level about the economics of a company. 
13.Mix adjusted benchmarking (being rolled out now). 
14.Ciear1y standard & consistent workload would assist in better measuring workflow 

performance. Also our products carry which also means it is difficult to measure. 
15.Better two way communications between Qlant & sales/marketing: An 

understanding of the economic value added model & their ability to imQact its 
performance. 

16.Better understanding and training in Deming principles. 
17 .Forecasting of sales to be translated into the placing of production orders on the 

manufacturing plant. 
18.Give all staff members more information about the job. 
19.Staff training. 
20.Work groups need to be able to contribute more, middle management has to accept 
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the shopfloor can contribute, despite the work being tedious. Work groups will 
then be prepared to contribute more to continuous improvement/ personal 
benchmarking. 

2l.Production planning. 
22.More understanding from customers, more forward notice of jobs from customers. 
23.Greater ownershio and decision makincr at shoofloor level. 
24.To know the direction of comQany. to keeQ exchanging OJ2inions. to inform 

customers reauirements timelv. 
25.Need to define standard times for tasks to better calculate caoacities. 
26.Measurements that link shoofloor oerformance to business obiectives. 
27.Be able to have work teams deciding on their own KPI (Key Performance 

Indicators) rather than beincr driven from too down. 
28.Amount of rework, efficiency of manufacturing. throughQut of Qroducts m 

production. on time deliveries. 
29.Allowances need to be factored in the relevance of the age of the equipment people 

are using, i.e. new vs. old; management use of statistical information. 
30.Greater recognition of the need for stability in operations, developing the ability to 

the flexible and low in cost unit set ups and in production process cost to get the 
product to the customer before anyone else can. 

3 l.Increased communication; Increased staff training; Increased accountability. 
32.Maintain a high level of checks and measurements and/or ensuring guality 

standards are met. 
33.New machines to reduce labour intensive tasks. Better scheduling 12rocedures that 

are more flexible and responsive. 
34.Firmly establish skill-based Qay; Eliminate Over Time; DeveloQ gam sharing -

with aoorooriate and achievable tarcrets. 
35.Integrated enterprise software 
36.Better olanning increases oroductivitv. 
37.Quality. It would be fantastic to reduce set ups and set up times. Large runs are 

great, market determine this through orders. We need more capacity, Now! 
38.Higher education level, more new ideas. 
39.Clear communication between semor and middle management, and parent 

company and administration staff, clear communication of company wide goals. 
40.Through high performance team development, the shopfloor teams will further 

develop their performance measures, include them in their own Operating Plans 
and be accountable for them at quarterly governance reviews. We also have a 
continuous improvement incentives variable pay scheme. 

4 l.Better communication of objectives and exQectations so the workforce can take 
resQonsibility for achieving the objectives; better folloW-UQ and handling of these 
workers who refuse to acceot resoonsibilitv. 

42.Accurate measurement of raw and packaging material usage; A simple measure for 
the total cost of poor quality; More emphasis placed on increasing fixed asset 
utilisation. 

43.Accuracy of data; Automatic data collection; Attention to positives not just 
negatives; Results clearly displayed and communicated; Clear explanation of 
measurable and business effects. 

44.Longer Runs: very jobbing tyJ2eS of work due to shorter lead times available in the 
industry; Inter deJ2artmental Barriers: with the current structure the silo mentality is 
causincr maior issues. 

45.System is working well - evidenced by low fau lt level bettered only by TMC Japan 
in its fully automated plants. However fine-tuning of all of our system is always 
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being carried out. 
46.We believe with the CAPRI system in place, we will have all information required 

empowering our people. 
47.0ur production & management KPis continue to go through adjustment & 

improvement. However, after 10-20 years work in this area it is more of gradual 
move. System is slowly being expanded into more tangible aspects such as staff 
skills & ROI for training. 
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Appendix C: Survey Research's Introductory Letter 

Palmerston North 
(Day & Dates) 

(Respondent's Details
to be inserted here) 

Dear Respondent, 

(Massey Letterhead to 
be inserted here) 

Project: Shop Floor Performance Measures Survey of New Zealand Manufacturing 

Companies 

My name is Lery Wongsonegoro and I am currently studying for a Master of Technology in 

Manufacturing and Industrial Technology through Massey University. I am interested in the 

fact that many performance measures used in industry do not suit the needs of modem 

manufacturing organisations and thus they have the potential to mislead managers when 

making decisions . 

I am undertaking research aimed at benefiting New Zealand manufacturing organisations 

through the development of criteria for shopfloor measures that meet today's business 

challenges. As part of the research component of my thesis, I am undertaking a survey with 

the following objectives: 

I. To identify common problems associated with usmg current shopfloor performance 

measures in New Zealand manufacturing organisations. 

2. To assist New Zealand manufacturing companies, where possible, to benchmark their 

activities and become more aware of possible avenues for improvement with regard to the 

measures of shopfloor performance. 

The following points will assist you to complete this questionnaire: 

1. It is envisaged that the Chief Executive Officer, Production Manager or a member of the 

Senior Management team familiar with all the site's operations is the most appropriate 

person to complete this questionnaire. 

2. The questions are very straight forward and the whole questionnaire should only take 

about 30 minutes to complete. 
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3. My discretion and that of my chief supervisor, is guaranteed. Answering and returning the 

questionnaire implies your consent to the information being used for the research purposes 

stated above. 

4. Participants of this survey are selected from the top 300 manufacturing companies as listed 

in the Kompass - The Authority In New Zealand Business CD-ROM. 

5. I will be the only person involved in collating and analysing the information received. 

Once completed the returned survey forms will be destroyed. Data will be stored in my 

computer's database only with safety Personal Identification Number (PIN) installed. 

Only summary information will be published and there will be no mention of specific 

source of details. 

6. In order to complete my project in time to meet University deadlines, I need to receive 

your reply no later than Friday, 29 May 1998. Please use the stamped addressed envelope 

provided to return the questionnaire. 

7. The summary information of the survey will be available to the participating companies 

upon request from my chief supervisor. 

Should you have any questions regarding the questionnaire, you can contact either my chief 

supervisor, Mr. AC Wright or myself via any of the following methods: 

V.T. (Lerv) Wongsonegoro 
Postgraduate Lab: (06) 350 4422 
Mobile: (025) 408 428 (after hours) 
e-mail: Valery.Wongsonegoro.l @uni.massey.ac.New 
Zealand 

Mr. AC(Alan) Wright 
Work: (06) 350 4090 
Fax: (06) 350 5604 
e-mail: ACWright@massey.ac.New 
Zealand 

I look forward to your assistance in this project and thank you for taking the time to complete 

this survey. 

Yours Sincerely, 

V.T. (Lery) Wongsonegoro 
Institute of Technology and Engineering 
College of Science 
Massey University 
Private Bag 
Palmerston North 
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Appendix 0: Traditional Manufacturing Measures 

Date: Tuesday, 2 September 1997 
To: Alan C. Wright 
Topic: This document contained a list of traditional manufacturing measures and 

their descriptions as found in a study by Edwards ( 1986). 
Source: The information contained in this appendix were extracted from James B. 

Edwards' s The use of Performance Measures (National Association of 
Accountants, Montvale, New Jersey, 1986). 

Note: Information contained in this document was used to develop the survey 
questionnaire and was useful In describing some of the traditional 
manufacturing measures. 

A. Tvpe of Measures and Their Descriptions 

1. Units-of-Output Variance 
Message: Measures deviation from physical plans (goals). 

2. Value-of-Output Variance 
Message: Measures deviation from financial plans (goals). 
Comments: Budgeted sales value of output can be based on a static or flexible plan. 
If a firm chooses a fl ex ible-budget approach, the budgeted sales value of output must 
be based on actual physical output. 

3. Production-Quantity (Output) Impact Variance 
Message: Measures approximate overall financial effects of fluctuations in volume as 
compared to plan. 
Caution: The measure does not focus on individual product results because all 
physical units are affected at a single overall weighted average budgeted contribution 
margin per unit. Accuracy is achieved only if the original product mix is maintained 
as planned. As an alternati ve, calculate variance by individual products using the 
budgeted contribution for each product. 
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4. Production-Mix (Output) Impact Variance 
Message: Measures the financial impact of the deviation from the planned average 
contribution margin per unit associated with a change in the units produced of a 
particular product. 
Caution: This method produces a weighted-average effect. 

5. Responsibility by Cost Centre 
Message: Identifies costs according to responsibility. 
Alternatives: A profit centre matches revenues with related expenses. In an 
investment centre managers have responsibility for both profits and the resources 
vested with the center. 

6. Imputed-Cost Yield 
Message: Measures the economic impact of a particular event based on the best 
viable alternative use of the resources employed. 
Comment: Non routine outlay costs may be included in the denominator. 

7. Material-Price (Input) Variance 
Message: Measures the financial impact of the difference between actual unit prices 
and budgeted or "bench mark" (standard) unit prices affected by the related quantity 
of units. 
Comments: Some firms calculate this variance at the point the goods are received 
from the supplier and placed into raw materials and parts inventory. These firms 
associate the variance with the purchasing function . Others calculate the variance as 
the units are entered into the production process. These firms identify the variance 
with the ultimate use of the goods. Still other firms which desire to detect the 
variance prior to the purchase calculate the variance based on the potential supplier's 
current price quote. Based on this information, the firm can either seek other 
suppliers, locate a substitute material or part, or accept the price difference. If the 
firm accepts the price difference, it is in a position to change the standard and/or 
increase its selling price to reflect the change and then pass the impact through to 
customers. 
Caution: Favourable and unfavourable do not necessarily mean good and bad, 
respectively. Favourable denotes less than standard and unfavourable denotes greater 
than standard. 

8. Materials-Quantity (Input) Variance 
Message: Measures the financial impact of the difference between actual usage and 
budgeted or "bench mark" (standard) usage calculated at standard price per nit of 
measure. 
Comments: This measure is alternatively referred to as materials-usage variance. 
Caution: Favourable and unfavourable do not necessarily mean good and bad, 
respectively. Favourable denotes less than standard and unfavourable denotes greater 
than standard. 

9. Materials-Mix (Input) Variance 
Message: Measures the financial impact of the deviation from the planned average 
price of i.nputs per unit associated with a change in the units used to produce a 
particular product. 
Comments: Materials mix is the relative proportion or combination of the various 
ingredients of direct materials or components used to produce a particular product. 
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When a firm alters the balance of this mix in actual production, a materials-mix 
variance results. 
Caution: This method produces a weighted-average effect. Favourable and 
unfavourable do not necessarily mean good and bad, respectively. Favourable 
denotes less than standard mix and favourable denotes greater than standard mix. 

10. Materials-Yield (Input) Variance 
Message: Measures approximate overall financial effects of fluctuations in materials 
yield as compared to plan. 
Comments: Materials yield is the quantity of a particular product produced from a 
predetermined (standard) combination and amount of the various direct materials or 
components used to produce the product. When a firm alters the amount of any 
material used in actual production, a materials-yield variance results. 
Caution: The measure does not focus on individual input results because all physical 
units are affected at a single overall weighted average budgeted price per unit. 
Favourable and unfavourable do not necessarily mean good and bad, respectively. 
Favourable denotes less than standard and unfavourable denotes greater than standard. 

11. Materials-Substitution (Input) Variance 
Message: Measures the financial impact of using substitute materials in lieu of the 
original materials, calculated at budgeted (standard) prices for each material. 
Comment: Give a choice, managers should choose the combination of materials that 
results in the same product quality and the lowest overall cost. 
Caution: The measure does not focus on individual input results because all physical 
units are affected at a single overall weighted average budgeted price per unit. 
Favourable and unfavourable do not necessarily mean good and bad, respectively. 
Favourable denotes less than standard and unfavourable denotes greater than standard. 

12. Labour-Rate (Input) Variance 
Message: Measures the financial impact of the difference between actual labour pay 
rates and budgeted or "bench mark" (standard) pay rate affected by the related 
quantity of units (hours). 
Comments: Assuming a firm with a fixed pay scale (labour contract), this variance 
could signal a change in labour-mix, labour substitution, or a deviation in outing. 
Under these circumstances, the labour rate variance should alert management that a 
deviation from the labour plan has occurred. 
Caution: Favourable and unfavourable do not necessarily mean good and bad, 
respectively. Favourable denotes less than standard and unfavourable denotes greater 
than standard. 

13. Labour-Efficiency (Input) Variance 
Message: Measures the financial impact of the difference between actual hours and 
budgeted or "bench mark" (standard) hours, calculated at standard rate per unit of 
measure. 
Caution: Favourable and unfavourable do not necessarily mean good and bad, 
respectively. Favourable denotes less than standard and favourable denotes greater 
than standard. 
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14. Labour-Mix (Input) Variance 
Message: Measures the financial impact of the deviation from the planned average 
pay rates per hour associated with a change in the hours need to produce a particular 
product. 
Comments: Labour Mix is the relative proportion or combination of the various 
classes of direct labour used to produce a particular product. When a firm alters the 
balance of this mix in actual production, a labour-mix variance results. 
Caution: This method produces weighted-average effect. Favourable and 
unfavourable do not necessarily mean good and bad, respectively. Favourable 
denotes less than standard mix and unfavourable denotes greater than standard mix. 

15. Labour-Yield (Input) Variance 
Message: Measures approximate overall financial effects of fluctuations m labour 
yield as compared to plan. 
Comments: Labour Yield is the quantity of a particular product produced from a 
predetermined (standard) combination of hours of the various classes of labour used 
to produce the product. When a firm alters the hours of any class of labour used in 
actual production, a labour-yield variance results. 
Caution: The measure does not focus on individual input result because all labour 
hours re affected at a single overall weighted average budgeted rate per hour. 
Favourable and unfavourable do not necessarily mean good and bad, respectively. 
Favourable denotes less than standard and unfavourable denotes greater than standard. 

16. Labour-Substitution (Input) Variance 
Message: Measures the financial impact of using substitute labour in lieu of the 
original labour, calculated at budgeted (standard) rates for each class of labour. 
Comment: Given a choice, managers should choose the combination of labour that 
results in the same product quality and the lowest overall cost. 
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17. Overhead Analysis: Two-Way 
Message: Measures the financial impact of the difference between actual overhead 
costs and standards. 
Comments: When a firm estimates the activity level for the production volume 
variance, it can see a number of approaches. For example: 

• Theoretical capacity - Output is produced efficiently 100% of the time. There is 
very little support for this approach. 

• Practical capacity - Output is produced efficiently after adjusting for 
noncontrollable factors such as normal downtime, holiday shutdowns and the like. 
This approach focuses on the effect of idle capacity. It provides some guidance 
for competitive pricing situations. 

• Normal Volume - Output is produced efficiently at average levels necessary to 
meet sales and inventory needs for several years (three to five years). This 
approach, based on expected results, tends to stabilise product costs from year to 
year. 

• Expected annual capacity - Output is produced efficiently at average levels 
necessary to meet sales and inventory needs for the current year. This approach, 
based on expected results in the near future, tends to cost products at close to 
actual costs. 

Caution: Favourable and unfavourable do not necessarily mean good and bad, 
respectively. Favourable denotes less than standard and unfavourable denotes greater 
than standard. 

18. Overhead Analysis: Three-Way 
Message: Measures the financial impact of the difference between actual overhead 
costs and standards. 
Comments: The three-way method goes one step further than the two-way method by 
introducing the flexible budget for actual inputs. This separates the variable overhead 
budget variance into a spending variance and an efficiency variance. 
Caution: Favourable and unfavourable do not necessarily mean good and bad, 
respectively. Favourable denotes less than standard and unfavourable denotes greater 
than standard. 

19. Total-Productivity Ratio 
Message: Measures the relationship of dollar inputs to dollar outputs. 
Comments: Outputs and inputs must be stated in common units, generally constant 
dollars, to derive meaningful relationships. By adjusting all dollar amounts to a base
period value, productivity ratios become comparable from period to period. Sales 
value of output is used rather than actual sales because productivity is a ratio of ability 
to convert inputs to outputs during a given time period. All inputs included should be 
related to producing the recognised outputs. For example, extraordinary gains and 
losses should not be included in the output unless some input was consumed in 
producing them. Typically, interest income and dividends received should be 
included in the output for the period, because capital inputs are used to produce them. 

20. Partial-Productivity Gain (Loss) 
Message: Measures the productivity changes between two time periods for a single 
input in terms of quantity measurements. 
Caution: A change in quality of some other input could affect the productivity 
measurement of the subject input. For example, the substitution of a higher quality 
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raw material could decrease the person hours required to produce the output. 
However, if the improved labour productivity was more than offset by the increased 
cost of the better quality raw material , then the labour productivity gain could be 
misleading. Partial Productivity that does not consider the overall effects of all 
factors should be avoided. 

172 



Appendix E: Survey Results 

Table El: Measures' Level of Importance by Average Score- Individual Plants. 

Plant A v T I Combina tion 
Rank Measures Aver T/C Measures Aver T/C Measures Aver T/C Measures Aver T/C Measures Aver TIC 

1 Conformance to 5.00 T Others (company 5.00 Others (company 5.00 Others (company 5.00 Others (company 5.00 
specificattons specific) specific) spec,fic) specific) 

2 On-time deli-ery 4.63 T Conformance to 4.67 T On-lime deli..ery 4.60 T Conformance to 4.71 T Conformance to 4.75 T 
specifications specifications specifications 

3 Cost per part 4 40 c On-lime dellwry 4.61 T Conlormance to 4.56 T Macr.ne 4.67 c On-time detiwry 4.71 T 
specifications activat•on 

4 Direct labour 4,14 c Response t1me 442 T O.rect labour 4.38 c On-lime det1Wry 4.60 T Doii81S Shipped 4.33 T 
product•~ty producll~ty perpenOd 

5 Conformance to 4.00 T BudgeVOper.~Mg 4 41 c Conformance to 4.25 T Mact.ne 4.50 c Labour efficiency 4.29 c 
production variances prOduction efficiency 
schedule schedule 

6 Standard hours 4.00 c Direct labour 4.38 c Standard hours 4.00 c BudgeVOper.~ting 4,50 c O.rect labour 4.25 c 
prOduced Produc1hity o· JCed vanances prOduct My 

7 Cost ot quality 4.00 CIT Machine 4.27 c C' · per part 4.00 c Process setup 4.00 c BudgeVOperating 4.13 c 
efficiency costs vanances 

8 0-erhead cost 4.00 c Cost radUC!Ion/ 4.13 c Dollars shipped 4.00 T Cost reduction/ 4.00 c Labour utilisation 3.86 c 
dollar SaWlQS perpenOd dollar saw>gs 

9 Cost reduction/ 4.00 c Product•on lead 4.07 CIT Cost reduction/ 3.86 c Downtime 4.00 CIT ln-entory turnowr 3.83 CIT 
dollar sa"r>gS ttmes dollar salinQS 

10 Labour ut11isat101l 4.00C Scr.~p cost 4 07 CIT BudgeVOperallng 3.75 c Response t•me 3.67 CIT Response 11me 3.83 CIT 
variances 

11 Labour elfic•ency 4.00 c Downl•me 3.95 CIT Labour efficiency 3.71 c Dollars sh1pped 3.67 T Cost per part 3.75 c 
per periOd 

12 Production lead 3.83 T LaboUr ut•lisat•on 3.93 c Ol.emead cost 3.63 c Conformance to 3.57 T Ol.erhead cost 3.75 c 
t•mes production 

schedule 
13 Mach•ne 3.83 c Dollars sh1pped 3.91 T Ol.ertime 3.57 c Scrap cost 3.33 CIT Cost reduct10nl 3.63 c 

effic•ency per periOd dollar sa,.,>gs 
14 Dollars sh•pped 3.80 T Conformance to 389 T ln..entory tumo..er 3.50 CIT lnd11ect labour 3.33 c Conformance to 3.57 T 

perpenod prOduction e!fi¢1ency production 
schedule schedule 

15 Downume 3.80 CIT Q\4!rhead cost 383 c Cost of quality 3.50 CIT Ol.emead cost 3.20 c Standard hours 3.50 c 
prOduced 

16 Resoonse t1me 3.67 T Rework cost 380 c Response t1me 3.43 CIT Indirect labour 320 c 0Wrt1me 3.50 c 
prOducti"ty 

17 BudgeUOperat•ng 3.67 c Labour elfic•ency 3.71 c Rework cost 3.38 c Process setup 3.00 CIT Machine 3.33 c 
vana.nces times efficiency 

18 Rework cost 3.60 CIT Cost of quality 3.67 c Downtime 3.33 CIT ln-entory tumo-.er 3.00 CIT Downt1me 3.33 CIT 
19 ln..entory tumo\4!r 3.50 CIT Jn-.entory tumo\4!r 3 61 CIT Scrap cost 3.29 CIT Rework cost 3.00 c PrOduCtion lead 3.29 T 

ttmes 
20 Indirect tabour 340 c 0\!ert•me 3.60 c Process setup 3.00 CIT Labour u!lhsat•on 3.00 c Rework cost 3.25 c 

effic•ency ttmes 
21 Machne 3.40 c Downgrade cost 356 c Production tead 3.00 T Labour effic•ency 300 c Indirect labour 3.17 c 

acrivat•on times productll.ity 
22 Process setup 3.33 CIT Cost per part 350 c Labour ut1hsat1on 3.00 c Direct labour 2.83 c Process setup 3.00 CIT 

t1mes ProdUCtil.ity hmes 
23 Scrap cost 3.20 CIT Standard hours 342 c Ouai•ty costs per 3.00 c PrOduCtion lead 2.80 T Scr.~p cost 2.88 CIT 

prOduced ullll of labour times 
24 Downgrade cost 3.00 c Mach•ne 3.40 c Machine 2.67 c 0\!ert•me 2.67 c Sales dollars per 2.83C 

actiwt1on efficiency employee 
25 Sales dollars per 3.00 c Process setup 3.33 c Sales dollars per 2.50 c Sales dollars per 2.50 c lnd•rect labour 2.71 c 

employee costs employee employee elfic•ency 
26 0\!ertime 2.80 c Indirect labour 3.30 c Indirect labour 2.33 c Standard hours 2.40 c Cost of quality 2.50 c 

producti~1y P<Oductil.ity produced 
27 Indirect labour 2.80 c Quality costs per 3.22 c Process setup 2.29 c Downgrade cost 2.33 c Oual•ty costs per 2.40 c 

Product1~ty unit ollabour costs lrit ol labour 
28 Process setup 2.71 c Process setup 3.20 CIT Machine 2.20 c Cost of qual•ty 2.33 CIT Mact.ne 2.33 c 

costs times acliletiOil aclr.etion 
29 Quality costs per 2.40 c Indirect labour 3.20C Indirect labour 2.17 c Cost per part 2.25 c Downgrade cost 2.25 c 

unit of labour efficiency efficiency 
30 Others (company 0.00 Sales dollars per 2.56 c Downgrade cost 2.00 c OuaJ•ty costs per 1.67 c Process setup 2.00 c 

specific) employee unit of labour costs 
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Table E2: Measures' Usefulness Rating by Average Score- Individual Plants. 

Plant A v T I Combination 
Ra nk Measures Ave r Measures Aver Measures Aver Measures Aver Measures Aver 

1 Conformance to 4.88 Others (company 5.00 Conformance to 4.78 Others (company 5.00 Others (company 5.00 
specifications specific) specificat ions specific) specific) 

2 On-time delivery 4.38 On-time delivery 4.56 On-time delivery 4.40 On-time delivery 4.75 On-time delivery 4.71 
3 Overhead cost 4.25 Conformance to 4.44 Standard hours 4.29 Budget/Operating 4.29 Conformance to 4 .63 

specifications produced variances specifications 
4 Conformance to 4.20 Budget/Operating 4.41 Direct labour 4.25 Cost reduction! 4.25 Dollars shipped 4.00 

production variances productivity dollar savings per period 
schedule 

5 Standard hours 4. 17 Production lead 4.27 Budget/Operating 4.25 Conformance to 4.17 Cost reduction! 3.88 
produced times variances specifications dollar savings 

6 Cost reduct1onl 4. 17 Response time 4.25 Cost of quality 4.14 Production lead 4.00 Direct labour 3.88 
dollar savings times productivity 

7 Production lead 4.00 Direct labour 4.06 Conformance to 4.00 Scrap cost 4.00 Budget/Operating 3.88 
times productivity production variances 

schedule 
8 Dollars shipped 4.00 Machine 4.06 Others (company 4.00 Cost of quality 4.00 Conformance to 3.83 

per period efficiency specific) production 
schedule 

9 Downtime 4.00 Scrap cost 4.00 Overhead cost 3.88 Machine 4.00 Overhead cost 3.75 
efficiency 

tO Direct labour 3.86 Downtime 3.95 Inventory turnover 3.75 Downtime 4.00 Machine 3.67 
productivity efficiency 

11 Labour efficiency 3.86 Cost reduction! 3.94 Production lead 3.71 Conformance to 3.80 Indirect labour 3.57 
dollar savings times production efficiency 

schedule 
t2 Machine 3.83 Labour effic1ency 3.93 Scrap cost 3.71 Response time 3.50 Cost per part 3.50 

efficiency 
t3 Labour utilisation 3.71 Dollars shipped 3.91 Reworll cost 3.71 Machine 3.50 Indirect labour 3.50 

per period activation productivity 
14 Downgrade cost 3.67 Conformance to 3.76 Cost per part 3.71 Labour efficiency 3.40 Downtime 3.50 

production 
schedule 

15 Reworll cost 3.60 Overhead cost 3.67 Labour utilisation 3.71 Inventory turnover 3.25 Labour efficiency 3.43 
16 Cost per part 3.60 Reworll cost 3.63 Response time 3.67 Indirect labour 3.25 Standard hours 3.33 

productivity produced 
17 Mach~ne 3.60 Labour utilisation 3.57 Machine 3.67 Direct labour 3.20 Cost of quality 3.33 

actill8tion effic1ency productivity 
18 Inventory turnover 3.57 Downgrade cost 3.55 Dollars shipped 3.60 Process setup 3.00 Sales dollars per 3.33 

per period times employee 
19 Cost of quality 3.57 Cost of quality 3.53 Cost reduction! 3.57 Process setup 3.00 Inventory turnover 3.17 

dollar savings costs 
20 Indirect labour 3.40 Inventory turnover 3.53 Labour efficiency 3.57 Standard hours 3.00 Response time 3.17 

productivity produced 
21 Indirect labour 3.40 Machine 3.50 Downtime 3.50 Rework cost 3.00 Overtime 3. 17 

efficiency activation 
22 Response time 3.33 Cost per part 3.42 Overtime 3.33 Dollars shipped 3.00 Labour utilisation 3.14 

per period 
23 Budget/Operating 3.33 Indirect labour 3.40 Quality costs per 3.00 Labour utilisation 3.00 Scrap cost 3.13 

variances productivity unit of labour 
24 Scrap cost 2.80 Indirect labour 3.30 Indirect labour 2.83 Overt1me 2.60 Reworll cost 3.13 

efficiency producti\1ty 
25 Overtime 2.80 Overtime 3.27 Sales dollars per 2.83 Overhead cost 2.50 Production •ead 3.00 

employee times 
26 Process setup 2.67 Process setup 3.25 Downgrade cost 2.75 Indirect labour 2.50 Quality costs per 3.00 

times costs efficiency unit of labour 
27 Sales dollars per 2.60 Standard hours 3.17 Process setup 2.67 Cost per part 2.33 Downgrade cost 2.50 

employee produced times 
28 Process setup 2.43 Process setup 3.14 Indirect labour 2.67 Downgrade cost 2.00 Process setup 2.33 

costs times efficiency times 
29 Quality costs per 2.40 Quality costs per 3.11 Machine 2.40 Sales dollars per 1.67 Machine 2.33 

unit of labour unit of labour activation employee activation 
30 Others (company 0.00 Sales dollars per 2.89 Process setup 2.00 Quality costs per 1.00 Process setup 1.40 

specific) employee costs unit of labour costs 
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Table E3: Concerns' Rate of Occurrence by Average Score- Individual Plants. 

Plant A v T I Combination 
Rank Concerns Aver Concerns Aver Concerns Aver Concerns Aver Concerns Aver 

1 Forecasts are 2.25 Others (company 3.00 Forecasts are 2.40 Forecasts are 2.44 Forecasts are 2.56 
often not correct specific) often not correct often not correct often not correct 

2 ln~.entory carrying 2.00 Forecasts are 2.42 Unplanned 2.33 There is lack of 2.22 We have long 2.20 
costs are too high often not correct o~.ertime staff able to production lead 

perform cross times 
functional tasks 

3 Products do not 1.88 Products do not 2.37 We ha~.e high 2.25 We have high 2.11 The sales 2.20 
get sold get sold documentation of documentation of department 
immediately immediately actilhties actilhties expect unrealistic 

deli~.ery times 
4 We ha~.e 1.88 The plant 2.22 We ha~.e trouble 2.20 lnter-<Jepartmental 2.11 There is a lot 2.13 

shortages of experiences wa~.e- meeting conflict is expediting 
some sub- like flow of work production due common 
component at dates 
assembly points 
in the plant 

5 We ha~.e trouble 1.88 We ha~.e high 2.11 We ha~.e 2.1 1 The plant 2.00 We have too 2.13 
meeting customer documentation of shortages of experiences wa~.e- many setups 
orders on time actilhties some sub- like flow of work 

component at 
assembly points 
in the plant 

6 We ha~.e long 1.88 Too much finished 2.05 Labour 2.11 Process change 2.00 Too much raw 2.11 
production lead goods i n~.entory efficiencies/ over (setups) materials 
times utilisation are too takes too long i n~.entory 

low 
7 The plant 1.88 ln~.entory carrying 2.05 The plant 2.11 Too much raw 1.89 Products do not 2.10 

experiences wa~.e- costs are too high experiences wave- materials get sold 
like flow of work like flow of work inventory immediately 

8 Process change 1.88 We ha~.e trouble 2.00 Too much raw 2.10 There are walls of 1.89 Too much finished 2.00 
over (setups) meeting materials distrust between goods in~.entory 
takes too long production due in~.entory staff at various 

dates management 
le~.els 

9 The sales 1.86 We ha~.e trouble 2.00 We ha~.e 2.00 Sales accuse 1.89 Unplanned 2.00 
department meeting customer considerable production of overtime 
expect unrealistic orders on time amount of scrap/ being too slow to 
delivery times high re-work respond 

10 Too much raw 1.75 There is a lot 2.00 There is lack of 2.00 There is a "protect 1.89 Resource 2.00 
materials expediting staff able to your rear parts" utilisations are 
in~.entory perform cross mentality among perceived to be 

functional tasks staff members unsatisfactory 

11 We have trouble 1.75 We have too 2.00 We have too 2.00 We ha~.e trouble 1.78 ln~.entory carrying 1.90 
meeting many setups many setups meeting customer costs are too high 
production due orders on time 
dates 

12 We ha~.e high 1.75 Sales accuse 2.00 There are walls of 2.00 We have long 1.78 We ha~.e trouble 1.90 
documentation of production of distrust between production lead meeting 
actilhties being too slow to staff at various times production due 

respond management dates 
le~.els 

13 We ha~.e too 1.75 Unplanned 1.95 We have trouble 1.90 We have 1.78 Produce much 1.89 
many setups overtime meeting customer considerable more than market 

orders on time amount of scrap/ demands 
high re-work 

14 Sales accuse 1.67 There is lack of 1.95 Inventory carrying 1.89 We have too 1.78 Our estimated 1.89 
production of staff able to costs are too high many setups sales inflate 
being too slow to perform cross demands on 
respond functional tasks production 

15 Too much finished 1.63 Process change 1.95 Resource 1.89 Inventory carrying 1.67 We have 1.80 
goods in~.entory over (setups) utilisations are costs are too high shortages of 

takes too long perceived to be some sub-
unsatisfactory component at 

assembly points 
in the plant 

Note: The table continues next page. 
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16 Unplanned 1.63 There is a "protect 1.95 Process change 1.89 We have trouble 1.67 We have trouble 1.80 
overtime your rear parts" over (setups) meeting meeting customer 

mentality among takes too long production due orders on time 
staff members dates 

17 We have to split 1.63 We have to split 1.94 We have to split 1.88 Unplanned 1.67 Labour 1.80 
batches to rush batches to rush batches to rush overtime efficiencies/ 
product through product through product through utilisation are too 
for a customer for a customer for a customer low 
order order order 

18 Our estimated 1.63 Our estimated 1.94 The sales 1.88 Labour 1.67 The plant 1.78 
sales inflate sales inflate department efficiencies/ experiences wave-
demands on demands on expect unrealistic utilisation are too like flow of work 
production production delivery times low 

19 We have to sell 1.57 There are walls of 1.89 There is a lot 1.83 Our estimated 1.67 Process change 1.78 
excess finished distrust between expediting sales inflate over (setups) 
goods at reduced staff at various demands on takes too long 
price management production 

levels 
20 There is a lot 1.57 The sales 1.89 Bottlenecks in our 1.78 Too much work in 1.56 There are walls of 1.78 

expediting department plant shift process inventory distrust between 
expect unrealistic frequently staff at various 
delivery times management 

levels 
21 There is a "protect 1.57 Too much raw 1.89 Inter-departmental 1.78 Too much finished 1.56 Sales accuse 1.78 

your rear parts" materials confl ict is goods inventory production of 
mentality among inventory common being too slow to 
staff members respond 

22 Produce much 1.50 Too much work in 1.89 Products do not 1.75 Products do not 1.56 There is lack of 1.70 
more than market process inventory get sold get sold staff able to 
demands immediately immediately perform cross 

functional tasks 
23 There is lack of 1.50 Produce much 1.84 We have long 1.75 Produce much 1.56 Production batch 1.63 

staff able to more than market production lead more than market sizes are too 
perform cross demands times demands large 
functional tasks 

24 Bottlenecks in our 1.50 Labour 1.84 Sales accuse 1.71 There is a lot 1.56 We have high 1.60 
plant shift efficiencies/ production of expediting documentation of 
frequently utilisation are too being too slow to actil<ities 

low respond 
25 Resource 1.50 Inter-departmental 1.84 Too much finished 1.67 Resource 1.56 There is a "protect 1.60 

utilisations are conflict is goods inventory utilisations are your rear parts" 
perceived to be common perceived to be mentality among 
unsatisfactory unsatisfactory staff members 

26 We have 1.38 Bottlenecks in our 1.79 Our estimated 1.67 The sales 1.56 Inter-departmental 1.60 
considerable plant shift sales inflate department conflict is 
amount of scrap/ frequently demands on expect unrealistic common 
high re-work production delivery times 

27 Labour 1.38 Resource 1.79 Too much work in 1.63 We have to sell 1.50 Parts common to 1.56 
efficiencies/ utilisations are process inventory excess finished several products 
utilisation are too perceived to be goods at reduced end up in the 
low unsatisfactory price products not 

currently in 
demand 

28 There are walls of 1.38 We have to sell 1.74 There is a "protect 1.63 Production batch 1.44 Bottlenecks in our 1.56 
distrust between excess finished your rear parts" sizes are too plant shift 
staff at various goods at reduced mentality among large frequently 
management price staff members 
levels 

29 Inter-departmental 1.29 We have long 1.72 Produce much 1.56 We have 1.38 We have to sell 1.50 

conflict is production lead more than market shortages of excess finished 
common times demands some sub- goods at reduced 

component at price 
assembly points 
in the plant 

30 Too much work in 1.25 We have 1.63 Production batch 1.25 Bottlenecks in our 1.38 We have to split 1.50 

process inventory considerable sizes ane too plant shift batches to rush 
amount of scrap/ large frequently product through 
high re-work for a customer 

order 

Note: The table continues next page_ 
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31 Parts common to 1.1 3 We hal.€ 1.61 We hal.€ to sell 1.22 We hal.€ to split 1.29 We hal.€ 1.50 
sel.€ral products shortages of excess finished batches to rush considerable 
end up in the some sub- goods at reduced product through amount of scrap/ 
products not component at price for a customer high re-work 
currently in assembly points order 
demand in the plant 

32 Production batch 1.13 Parts common to 1.39 Parts common to 1.22 Parts common to 1.13 Too much work in 1.40 
sizes are too se\€ral products sel.€ral products se\€ral products process inventory 
large end up in the end up in the end up in the 

products not products not products not 
currently in currently in currently in 
demand demand demand 

33 Others (company 0.00 Production batch 1.33 Others (company 0.00 Others (company 0.00 Others (company 0.00 
specific ) sizes are too specific) specific) specific) 

large 

Note: End of table. 
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Table E4: Concerns' Financial Impact by Average Score- Individual Plants. 

Plant A v T I Combination 
Rank Concerns Aver Concerns Aver Concerns Aver Concerns Aver Concerns Aver 

1 Forecasts are often not 2.14 Others (company 3.00 Resource utilisations 2.29 labour efficiencies/ 2.33 Forecasts are often not 2.38 
correct specific) are perceii.OO to be utilisation are too low correct 

unsatislactory 
2 We hal<! trouble 1.88 Too much finishec 2.21 We ha~<> trouble 2.22 We hal<! considerable 2.17 Too much finishec 2.10 

meeting production due goods in~<>ntory meeting customer amount ol scrap/ high re goods in~<>ntory 
dates orders on time woi1< 

3 We ha~<> trouble 1.88 Too much raw materials 2.17 There are walls ol 2.17 Forecasts are often not 2.14 We hal<! trouble 2.00 
meeting customer in\entory distrust between stall at correct meeting production due 
orders on time various management dates 

le~<>ls 

4 Produce much more 1.86 ln~<>ntory canrying costs 2.16 Too much raw materials 2.11 Too much raw materials 2.00 We ha~<> trouble 1.90 
than ma11<et demands are too high in~<>ntory in~<>ntory meeting customer 

orders on time 
5 Too much finished 1.75 Labour efficiencies/ 2.00 ln~<>ntory canrying costs 2.00 In-tory canrying costs 1.83 Too much raw materials 1.89 

[goods in~<>nt"ry utilisation are too low are too hig_h are too hiQh i n~<>ntory 

6 ln~<>nt ory canrying costs 1.75 Products do not get 1.95 We ha~<> high 2.00 Resource utitisations 1.83 Products do not get 1.78 
are too high sold immediately documentation of are perceii.OO to be sold immediately 

acti~Aties unsatisfactory_ 
7 The plant experiences 1.75 We hal<! too many 1.88 Labour efficiencies/ 2.00 We hal<! too many 1.83 The sales depa~ment 1.75 

wa~.e-like flow of work setups utilisation are too low setups expect unrealistic 
deii~<>ry times 

8 Our estimated sales 1.67 Foree as ts are often not 1.84 The plant expenences 2.00 Process change 0\Er 1.83 We ha~<> sho~ages of 1.70 
inflate demands on correct wa\&like flow of wo11< (setups) takes too long some sub-component at 
production assembly points in the 

plant 
9 Too much raw materials 1.63 We have considerable 1.83 Process change over 2.00 The plant experiences 1.75 We ha~<> long 1.70 

in~.entory amount ol scrap/ high re (setups) takes too long wa;e-like flow ol woi1< production lead times 
woi1< 

10 We ha~<> shortages ol 1.63 We have trouble 1.79 We ha~<> trouble 1.89 There are walls ol 1.75 Parts common to 1.67 
some sub-component at meeting customer meeting production due distrust between staff at se~<>ral products end up 
assembly points in the order.; on time dates various management in the products not 

I ant l"'""s currently in demand 
11 We hal<! long 1.63 Produce much more 1.74 Unplannec CM!rtime 1.89 Too much finished 1.71 Labour efficiencies/ 1.67 

production lead times than mai1<et demands [goods in~<>ntory utilisation are too low 
12 We ha~<> too many 1.63 We ha~<> to sell excess 1.71 We ha~<> considerable 1.88 Produce much more 1.71 We ha~<> too many 1.67 

setups finishec goods at amount ol scrap/ high re than mai1<et demands setups 
reduced price woi1< 

13 Products do not get 1.50 There is a lot expediting 1.71 Too much finished 1.88 There is lack of staff 1.71 Sales accuse 1.63 
sold immediately goods in~<>ntory able to perform cross production of being too 

lunctional tasks slow to respond 
14 We ha~<> to spl it 1.50 The plant experiences 1.71 Products do not get 1.83 Production batch sizes 1.67 We hal<! to sell excess 1.60 

batches to rush product wa~.e-like flow of work sold immeciately are too large finishec goods at 
through for a customer reduced price 
order 

15 There is a "protect your 1.43 Unplanned 0\Ertime 1.88 We ha~<> to split 1.83 There is a "protect your 1.63 Unplannec a~<>~ ime 1.60 
rear parts" mentality batches to rush product rear parts• mentality 
among staff members through for a customer among staff members 

order 
16 We ha~<> to sell excess 1.38 There is lack ol staff 1.68 There is a lot expeciting 1.80 Produc ts do not get 1.57 Our estimatec sales 1.57 

finishec goods at able to perform cross sold immeciately inflate demands on 
recuced pnce lunctional tasks production 

17 Resource utilisations 1.38 Bott lenecks in our plant 1.88 There is lack ol staff 1.78 We hal<! trouble 1.57 Prcx:tuce much more 1.56 
are perceii.OO to be shift treouently able to pertorm cross meeting production due than mai1<et demands 
unsatislactory lunctional tasks dates 

18 Inter-departmental 1.33 Process change 0\Eir 1.88 Bottlenecks in our plant 1.75 We ha~<> trouble 1.57 There is lack ol stall 1.56 
conflict is common (setups) takes too long shift lreq.Jently meeting customer able to perform cross 

orders on time lunctional tasks 
19 There are walls o1 1.29 Too much worK in 1.67 Produce much more 1.71 Inter-departmental 1.50 Too much 'WOrk in 1.50 

distrust between staff at process in1<>0tory than mai1<et demands conflict is common process inventory 
various management 

l"'""s 
20 The sales depa~ment t .29 Our estimated sales 1.67 We hal<! too many 1.71 Our estimated saJes 1.43 Inventory canrying costs 1.50 

expect unrealistic inflate demands on setups inflate demands on are too high 
del i~<>ry times proc1Jction pro<ilction 

21 Too much woi1< in 1.25 We hal<> trouble 1.83 Forecasts are often not 1.67 Sales accuse 1.43 There is a lot expeciting 1.50 
process in1<>0tory meeting production due conect production ol being too 

dates slow to respond 

Note: The table continues next page. 
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22 Unplanned 01oertime 1.25 Resource utilisations 1.63 WehlM>Iong 1.63 We hlM to split 1.40 Resource uti lisations 1.50 
are perceived to be prodlction lead times batches to rush prodlct are perceived to be 
unsatislactory through for a customer unsatislactory 

order 
23 We ha"' high 1.25 There are walls of 1.63 The sales department 1.63 We he"' high 1.38 Production batch sizes 1.50 

documentation of dislrust belween staff at expect unreal istic documentat ion of are too large 
acti'v1ties va.rious management deli"'ry l imes act i~t ies 

IEM!IS 
24 There is lack of slaff 1.25 W e he"' shortages ol 1.59 Too much work in 1.57 We ha"' long 1.33 Process change o"'r 1.50 

at>e to pertorm cross some sutrcomponent al process i n~entory production lead times (setups) takes too long 
functional tasks assemt>y poinls in lhe 

plant 
25 Process change o"'r 1.25 We he"' long 1.59 We he"' shortages of 1.56 Bottlenecks in our planl 1.33 We he"' considerable 1.44 

(setups) takes too long production lead times some sut:H:omponent at shift frequent ly amount of scrap/ high re 
assembly poinls in the work 
[plant 

26 Parts common to 1.17 we he"' to split 1.59 Our eslimated sales 1.50 Too much work in 1.29 We he"' to split 1.33 
se~eral products end up batches to rush product inflate demands on process imEntory batches to rush product 
in the products not through for a customer produclion through for a customer 
currently in demand order order 

27 Production batch sizes 1.17 Sales accuse 1.53 There is a "protecl your 1.50 Unplanned Oloertime 1.29 Bottlenecks in our plant 1.29 
are leo large producl ion of being too rear parts" menlality shift frequently 

slow to respond among staff members 
28 There is a lot expediting 1.14 The sales department 1.47 lnter-<lepartmental 1.43 There is a lei expediling 1.29 The plant experiences 1.29 

expect unrealistic confl ict is common wa\&like flow of work 
deli"'ry times 

29 Lalbour efficiencies/ 1.14 Inter-departmental 1.37 We ha"' to sell excess 1.33 we ha"' to sell excess 1.20 There is a "protect your 1.29 
utilisation are too low conflict is common finished goods at finished goods at rear parts" mentality 

reduced price reduced price among staff members 
30 We he"' considerable 1.13 Parts common to 1.35 Production batch sizes 1.20 We he"' shortages ol 1.20 We he"' high 1.22 

amount ol scrap/ high re se~eral products end up are too large some sutrcomponent at documentation of 
work in the products not assemt>y points in the acti\o1ties 

currently in demand plant 
31 Bottlenecks in our plant 1.13 Production batch sizes 1.31 Sales accuse 1.14 The sales department 1.14 Inter-departmental 1.14 

shift frequent ly are too large production of being too expect unrealistic conflict is common 
slow to respond deli"'ry times 

32 Sales accuse 1.00 we ha"' high 1.26 Parts common to 1.00 Parts common to 1.00 There are walls of 1.11 
production of being too documentation of se~eral products end up se~eral products end up distrust between staff at 
slow to respond acti\lit ies in the products not in the products not various management 

currently in demand currently in demand IEM!Is 
33 Others (company 0.00 There is a "protect your 1.16 Others (company 0.00 Others (company 0.00 Others (company 0.00 

specific) rear parts" mentality specific) specific) specific) 
among staff members 

Note: End of table. 
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Table ES: Measures' Level of Importance- Overall Response. 

Rank Measures Average Cc:unt Thrcughplt/ 
c ost:W arl::l 

1 Others (company specific) 5.00 7 
2 Conformance to specifications 4.72 50 T 
3 On-time deli\ery 4.63 48 T 
4 Budget/Operating variances 4. 17 47 c 
5 Direct labour producti\1ty 4.11 45 c 
6 Dollars shipped per period 3.97 30 T 
7 Cost reduction/ dollar sa\1ngs 3.95 42 c 
8 Response time 3.91 34 T 
9 Conformance to production schedule 3.87 46 T 

10 Machine efficiency 3.81 37 c 
11 Downtime 3.76 42 err 
12 Labour efficiency 3.76 41 c 
13 O\€rhead cost 3.72 43 c 
14 Labour utilisation 3.65 40 c 
15 Cost per part 3.65 37 c 
16 Production lead times 3.54 41 err 
17 ln\€ntory tumo\€r 3.53 43 err 
18 Rework cost 3.51 39 err 
19 Standard hours produced 3.50 36 c 
20 Scrap cost 3.49 41 err 
21 Cost of quality 3.41 39 err 
22 O\€rtime 3.33 39 err 
23 Process setup times 3. 13 38 err 
24 Machine activation 3. 10 29 c 
25 Indirect labour producti\1ty 3.00 32 c 
26 Indirect labour efficiency 2.94 31 c 
27 Downgrade cost 2.89 27 c 
28 Process setup costs 2.82 33 c 
29 Quality costs per unit of labour 2.70 27 c 
30 Sales dollars per employee 2.67 30 c 
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Table E6: Overall Measures' Usefulness Rating - Overall Response. 

Rank Measures A"~erage Camt Thl:algbp.lt"/ 

CostW arli 

1 Others (companyspecific) 4.86 7 
2 Conformance to production schedule 4.57 49 T 
3 Process setup times 4.53 47 err 
4 Process setup costs 4.13 46 c 
5 Production lead times 3.93 44 err 
6 Response time 3.93 41 err 
7 O~.erhead cost 3.89 37 c 
8 Scrap cost 3.88 40 err 
9 O~.ertime 3.87 38 err 

10 Downgrade cost 3.83 41 c 
11 Machine activation 3.83 29 c 
12 Labour efficiency 3.72 32 c 
13 Rework cost 3.70 40 err 
14 Standard hours produced 3.67 42 c 
15 On-time del i~.ery 3.65 37 T 
16 Cost of quality 3.63 40 err 
17 Direct labour producti\1ty 3.59 34 c 
18 ln~.entory turno~.er 3.50 42 err 
18 Conformance to specifications 3.50 38 T 
20 Cost per part 3.49 39 c 
21 Cost reduction/ dollar sa\1ngs 3.43 35 c 
22 Indirect labour producti\1ty 3.29 31 c 
23 Indirect labour efficiency 3.20 30 c 
24 Quality costs per unit of labour 3.13 24 c 
25 Dollars shipped per period 3. 11 37 T 
26 Sales dollars per employee 3.07 28 c 
27 Labour utilisation 2.82 34 c 
28 Downtime 2.79 29 err 
29 BudgeUOperating variances 2.77 26 c 
30 Machine efficiency 2.53 30 c 
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Table E7: Pearson Correlation between Measures' Level of Importance and 
Usefulness Rating. 

Rank Performance Measure Pearson 
1 Machine activation 0.89 
2 Process setup costs 0.89 
3 Conformance to production schedule 0.85 
4 Standard hours produced 0.85 
5 Rework cost 0.85 
6 Downtime 0.84 
7 Quality costs per unit of labour 0.84 
8 Process setup times 0.80 
9 Production lead times 0.80 

10 Cost of quality 0.79 
11 Overtime 0.78 
12 Budget/Operating variances 0.78 
13 Dollars shipped per period 0.78 
14 Machine efficiency 0.75 
15 Response time 0.75 
16 Scrap cost 0.75 
17 Direct labour productivity 0.75 
18 Cost per part 0.74 
19 Overhead cost 0.71 
20 Sales dollars per employee 0.70 
21 Downgrade cost 0.67 
22 Labour utilisation 0.66 
23 Cost reduction/ dollar savings 0.65 
24 Inventory turnover 0.63 
25 Indirect labour efficiency 0.62 
26 Labour efficiency 0.59 
27 Indirect labour productivity 0.59 
28 Conformance to specifications 0.58 
29 On-time delivery 0.55 
30 Others, Please Specify: -
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Table ES: Concerns' Rate of Occurrence- Overall Response. 

Rank Concerns Average Count 
1 Others (company specific) 3.00 1 
2 Forecasts are often not correct 2.42 55 
3 The plant experiences wa'.€-like flow of work 2.04 53 
4 Products do not get sold immediately 2.02 54 
5 We ha\€ high documentation of acti~ties 1.98 54 
6 Too much raw materials in\€ntory 1.94 54 
7 We ha\€ too many setups 1.94 51 
8 We ha\€ trouble meeting production due dates 1.93 56 
9 Unplanned o\€rtime 1.93 55 

10 ln\€ntory carrying costs are too high 1.93 54 
11 Process change o\€r (setups) takes too long 1.91 54 
12 We ha\€ trouble meeting customer orders on 1.89 56 

time 
12 There is lack of staff able to perform cross 1.89 56 

functional tasks 
14 The sales department expect unrealistic deli\€ry 1.89 53 

times 
15 Sales accuse production of being too slow to 1.86 50 

respond 
16 There is a lot expediting 1.85 47 
17 We ha\€ long production lead times 1.85 53 
18 Too much finished goods in\€ntory 1.84 55 
19 There are walls of distrust between staff at 1.81 54 

various management le\€1s 
20 Our estimated sales inflate demands on 1.79 53 

production 
21 Labour efficiencies/ utilisation are too low 1.78 55 
22 There is a "protect your rear parts" mentality 1.77 53 

among staff members 
23 Resource utilisations are percei\€d to be 1.76 54 

unsatisfactory 
23 Inter-departmental conflict is common 1.76 54 
25 We ha\€ shortages of some sub-component at 1.74 53 

assembly points in the plant 
26 We ha\€ to split batches to rush product 1.71 51 

through for a customer order 
27 Produce much more than market demands 1.70 54 
28 We ha\€ considerable amount of scrap/ high re- 1.65 55 

work 
29 Bottlenecks in our plant shift frequently 1.64 53 
30 Too much work in process in\€ntory 1.60 53 
31 We ha\€ to sell excess finished goods at 1.55 53 

reduced price 
32 Production batch sizes are too large 1.35 51 
33 Parts common to se\€ral products end up in the 1.31 52 

products not currently in demand 
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Table E9: Concerns' Financial Impact- Overall Response. 

Rank Concerns Average Count 
1 Others (company specific) 3.00 1 
2 Too much raw materials in\€ntory 2.00 51 
2 Too much finished goods in\€ntory 2.00 51 
4 Forecasts are often not correct 1.98 50 
5 ln\€ntory carrying costs are too high 1.90 50 
6 We ha\€ trouble meeting customer orders on 1.87 53 

time 
7 Labour efficiencies/ utilisation are too low 1.86 49 
8 Products do not get sold immediately 1.78 49 
9 We ha\€ trouble meeting production due dates 1.77 53 

10 We hal..€ too many setups 1.77 43 
11 Produce much more than market demands 1.71 49 
11 The plant experiences wa\€-like flow of work 1.71 49 
13 We hal..€ considerable amount of scrap/ high re- 1.69 49 

work 
14 Resource utilisations are percei\€d to be 1.69 48 

unsatisfactory 
15 Process change o\€r (setups) takes too long 1.64 45 
16 There is lack of staff able to perform cross 1.62 52 

functional tasks 
17 We hal..€ long production lead times 1.59 49 
18 Our estimated sales inflate demands on 1.59 44 

production 
19 Unplanned ol..€rtime 1.58 53 
20 We hal..€ shortages of some sub-component at 1.57 49 

assembly points in the plant 
20 There are walls of distrust between staff at 1.57 49 

various management lel..€1s 
22 We hal..€ to split batches to rush product 1.53 45 

through for a customer order 
23 There is a lot expediting 1.52 44 
24 We hal..€ to sell excess finished goods at 1.52 46 

reduced price 
25 Too much work in process in\€ntory 1.50 50 
25 Bottlenecks in our plant shift frequently 1.50 48 
27 The sales department expect unrealistic deli\€ry 1.47 49 

times 
28 Sales accuse production of being too slow to 1.40 47 

respond 
29 Inter-departmental conflict is common 1.36 47 
30 We ha\€ high documentation of activities 1.36 50 
31 Production batch sizes are too large 1.36 39 
32 There is a "protect your rear parts" mentality 1.34 47 

among staff members 
33 Parts common to se\€ral products end up in the 1.32 41 

products not currently in demand 

184 



Table ElO: Pearson Correlation between Concerns' Rate of Occurrence and 
Financial Impacts - Overall Response. 

Rank Company Concerns Pearson 
1 There is a lot expediting 0.69 
2 We have too many setups 0.64 
3 Process change over (setups) takes 0.61 

too long 
4 Products do not get sold 0.60 

immediately 
5 The plant experiences wave-like flow 0.60 

of work 
6 Resource utilisations are perceived 0.54 
7 Production batch sizes are too large 0.51 
8 We have considerable amount of 0.51 

9 We have to split batches to rush 0.51 
10 There is lack of staff able to perform 0.50 
11 Labour efficiencies/ utilisation are 0.48 

too low 
12 Sales accuse production of being 0.44 

too slow to respond 
13 Unplanned overtime 0.42 
14 Inventory carrying costs are too high 0.42 
15 Our estimated sales inflate demands 0.41 

on production 
16 We have long production lead times 0.40 
17 Too much raw materials inventory 0.40 
18 The sales department expect 0.39 

unrealistic delivery times 
19 Parts common to several products 0.38 

end up in the products not currently 
in demand 

20 Forecasts are often not correct 0.38 
21 Bottlenecks in our plant shift 0.36 

frequently 
22 Too much finished goods inventory 0.35 
23 We have trouble meeting production 0.32 

due dates 
24 We have high documentation of 0.32 

activities 
25 Inter-departmental conflict is 0.31 

common 
26 There are walls of distrust between 0.27 

staff at various management levels 
27 We have to sell excess finished 0.26 

goods at reduced price 
28 Produce much more than market 0.24 

demands 
29 There is a "protect your rear parts" 0.24 

mentality among staff members 
30 Too much work in process inventory 0.11 
31 We have trouble meeting customer 0.10 

orders on time 
32 We have shortages of some sub- 0.04 

component at assembly points in 
the plant 

33 Others (Company Specific) -
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Table Ell: Survey Results' Return-on-Investment Classifications. 

ROIRange Count % Rank 
Less than -20 % 1 2.33% 7 
-20 to -15% 0 0.()()% 14 
-15 to -10% I 2.33% 7 
- 10 to 5% 0 O.OOo/o 14 
-5 to 0% I 2.33% 7 
0.1 to 5% 4 9.30% 5 
5.1 to 10% 6 13.95% 3 
10.1 to 15% 9 20.93% 2 
15.1 to 20% 10 23.26% 1 
20.1 to 25% 5 11.63% 4 
25.1 to 30% 1 2.33% 7 
30.1 to 35% 2 4.65% 6 
35.1 to 40% 0 0.00% 14 
40.1 to 45% 0 O.OOo/o I4 
45. I to 50% 0 O.OOo/o I4 
50. I to 55% 0 0.00% I4 
55. I to 60% 0 O.OOo/o 14 

60.1 to 65% 0 0.00% I4 
65.I to 70% 0 O.OOo/o 14 
70. 1 to 75% 0 0.00% I4 
75.1 to 80% 1 2.33% 7 
80.1 to 85% 0 O.OOo/o 14 

85.1 to 90% 0 0.00% I4 
95.1 to 100% 0 0.00% 14 
100.1 to 105% 0 0.00% I4 
105.1 to 110% 0 0.00% 14 
110.1 to 115% 1 2.33% 7 
115. 1 to 120% 0 0.00% I4 

Greater than I20. I% I 2.33% 7 

Total 43 100% 
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Table E12: ROI Classifications for Each Plant Type. 

No. ROI Range 
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Appendix F: Survey Responses to Q13 

Plant Type Questions: 
A. How do you rate the current shopfloor performance 

measurement system in place? - Choose from 1 (lowest) to 5 
(highesti. 

B. What is your reason(s) for choosing this scale? 
Note: Key ideas have been underlined. 

1. A • Workflow varies month to month, difficult to measure performance 
against this background. We employ to cope with a mid-range 
workflow. Staff reluctant to work overtime can then require 
additional staff which can in slow periods impact efficiency. 

• Improves as new PBCS system upgrade gets underway. Excellent 
operation between departments and good understanding company 
wide of MRP II. 

• Low turn over of staff, good quality of machines and plenty of 
work. 

• We currently are investigating ways to measure the Qerformance of 
the shoQfloor. Currently the system is very basic. but we are 
increasing the areas that are reQorted to be more comQrehensive so 
we are able to define areas that need imQroving. 

• The system of guality control checks allows both graQhical 
Qerformance monitoring & fast feedback to OQerators & line 
SUQervision. Problem items reguires written statement of Qroblems 
& counter measure to be introduced to prevent repeat of problems. 

2. v • Achieves our key objectives of IFOT and customer VIa 
expectations. 

• Performance based remuneration . 

• ISO 9001 Procedures, MRP IT, Planned & regular meetings for 
vanous purposes & projects, e.g. production planning, 
environmental, health & safety, mgmt. review, etc. 

• The performance system was developed 20 years ago. It has 
evolved and further developed to meet company changing needs. 

• Ability to benchmark 4 regions between each other & 
internationally, KPis in most areas. 

• We have a good tracking system and are really extending on KPis . 

• They have achieved very good improvement last year, all working 
very hard. 

• Yet to be able to communicate Quality Policies & Strategic Plans to 
the manufacturing units effectively although some components are 
done well, i.e. BUQ Procedural Systems. 

• We have statistical measurement of actual vs. guide for time . 
material and yield, as well as downtime. The objective 
measurements have sumassed subjective evaluations and 
individuals. 

• Delivery Qerformance is not good enough and yet QeOQle do not 
fully understand its component in a value proposition. 

1 Results to this part of question no. I 3 are displayed in another section of the report. 
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• Inadequate base data, communication sessions and staff training . 

• It is not yet skill based. It is not yet incentive based . 

• Low Work In Process (WIP), Quick ThroughQut Time, Multi-
skilling. 

• Team work within shoQfloor teams/crews (in & outside their own 
areas), Good communication between shoQfloor and Qroduction 
management. 

• We have achieved world class OQerating Qerformances in 2/4 Qlants 
by focusing sguarely on high level OQerating measures for key 
activities (Recovery, UQtime, Rate) . 

• Highlight areas of cost variance from standard to target 
imQrovement Qrojects. 

• We are currently installing scheduling software to enable us to have 
real time information. This along with greater emphasis on KPis 
and staff/plant utilisation is moving our focus towards "Customer 
Focus" with better control of the costs. 

3. T • ISO 9001 accredited, our systems are very good . 

• Measurement system has not been effective in changing attitudes at 
shoQfloor level and therefore no imQrovement in Qerformance has 
been achieved. 

• Hands on management - understand the process, relatively good 
production/sales interface: shared view that the customer is the 
common stakeholder, simple, shared KRAs at shopfloor level that 
focus on the things that matter generally, the process is measurable. 
Have just changed computer software. We are only now beginning 
to get good data standard vs. actual hours, and have only recently 
changed the product range, so some time will be needed for 
standards & benchmarks to settle down to a norm. 

• Good understand of business and its requirements. Teamwork is 
part of our way of doing things. 

• The Qerformance measurement system does not show the QeOQle at 
the shoQfloor level how their Qerformance imQacts on com12any 
performance. 

4. I • Good communication of meaningful KPis kee12s everybody 
involved. 

• Site runs a modified "Krone Technician Model" with a very flat 
SUQQOrt structure. The nature of the "shoQfloor" work is such that 
intellectual ca12acity reguired is high, "Action Learning" , etc. 

• Results of Qerformance measurement not able to be used to enhance 
achievement of objective. 

• Poor level of shoQfloor Qerformance measurement currently m 
Qlace. 

• Oliver Wight-Class A, Frequently achieving above target results . 

• Good, we would improve in systems for maintaining quality. 
Though, overall we are very consistent (customers tell us this) . 

• Manufacturing conversion costs are small com12ared to the cost of 
raw & Qackaging materials. The shoQfloor Qerformance measures 
system focuses too much of labour Qroducti vity & machine 
efficiency & not enough on correct usage of raw & Qackaging 
material & the total cost of QOOr guality. 

• Our current systems are inadequate. We are about to put CAPRI 
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manufacturing system into all our sites. The CAPRI programme has 
been tailored for our use. In the year 2000 a full SAP system will be 
installed throughout our company. 

5. Combo • Can be improved at a larger scale, measures in place now . 

• The comQany does not actively record & analyse some Qrojected 
and actual measurements 2 e.g. m/c utilisation & set-UQ costs . 
Because of the size of the comQany there are only a few QeOQle who 
can Qerform these tasks. ComQany Schedule is on develoQment for 
imQlementation. 

• Reasonable, a few basic measurement well understood at all levels . 

• Current measures are resulting In continuous imQrovement. 
although real gams In Qroductivity are being driven by caQital 
investment. 

• The comQany uses a variety of line Qrocesses & Qroduction 
measures (including management Qractices) In a standardised 
Qrogramme that allows us to comQare!benchmark Qerformance 
against similar organisation. This is assisted by QarticiQation in 
worldwide benchmarking studies e.g. Heineken & other 
comQetitors. 

• Targets our desired needs, delivery & quality, has proven itself to 
deliver on these over last 2 years. 

• Not enough about scraQ Qer OQeration. No measure in Qlace on CIP 
to measure change. Lack of communication to staff. 

• Process caQability reviewed occurred last week. New targets set 
WorkmanshiQ < 200 QQm. Process < 5 QQm. We hoQe to achieve 
within 12 months. These are currently 2x higher. 
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