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ABSTRACT

Manufacturing planning and control (MPC) systems, among a number of sub-systems
in an organisation, are the pivotal infrastructures that support the' organisation’s
strategy in order to create competitive advantage in the market place. It-provides
information to efficiently manage tfxe flow of materials, effectively utilize people and
equipment, coordinate internal ac£ivities with those of sui)pliers and ‘communicate'
with customers about market requirements.

'3. Severél studies emphasized the need for alignment. bétween th€; manufacturing
plaﬁning and control methods and the manufacturing envirdnment, in order to
_improve companies’ performance. Matching the MPC systems dimension-s ‘with tﬁe

manufacturing environment is problematic.

Throughout the literature there is a lack of empirical studi(_as that match specific
manufacturing eﬁvironment and planning methods. This thesis provides a practical
knowledge investigating the MPC system used within the Irish enginéering sector and
examines the effect on pérformance, of linking those systems to" the busineés
environment. The underlying hypothesis 1s that good perfonﬁance is the resuilt of
matching the MPC system with the manufacturing environment and good use of the
" MPC system employéd. A conceptual framework, based on the literature review has
been developed. Further it examines how the use of those systems influences the
companies’ performance. The thesis concludes that the performance of Irish
companies mir‘nproves when they can match the MPC system with the manufacturing

environment and they use it efficiently.
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Chapter 1: Introduction

1.1 O_\_ferview of the Research Area

Dan Flinter, éhief Executive of Enterprise Ireland, in Made in Ireland (2001) study states
that: “tﬁhe rate of development in global manufactur‘ing competitiveness is high. As a first
step in achieving this level of global competitiveness our cofnpanies need to move to
édapt ‘world-class standards of human reslources development, production, innovation,
sales and marketing, i)roduct development and lg;gistics”. Accordiﬁg to the above-
mentioned study very few Irish companies scored sufficiently well on manufacturing
practices and performance. Ireland. has “a large tail of ,compahiés” that is scoring
-particularly low in areas such as ;aroduction planning horizon, equipment layout,

engineering application tools performance measurement, kanban, maintenance, process

capability, 'employeeinvolvement and housekeeping.

The globalisation of markets, growiﬁg inter-penetration of economies, rafaid
technological change, Volatility of demand, wider ‘variety of products availablé, faster
delivery, qﬁicker product develdpment and low cost manufacturing indicate a new.type of
econoﬁmical environment (Newman and Sridharan, 1995; Davies and Kochhar, 2000;
Ramasesh et al, 2001; Hump&eys et al, 2001; Sanchez and Perez, 2005). Récent market
trends indicate that manufacturing ﬁrms are being required to excel in a variety of
dimensions. Low cost m‘anufacturing, quicker product development, faster delivery,
- Wider variety of products, wider fange of efficient production volumes, and steadily
increasing quality standards have all become important. Demand for capabilities that

would have been impossible to meet under the more dichotomous strategies of the not too
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distant past have become the norm for competition in today's manufacturing environment

(Chase et al, 2001).

To cdmpgte in the economy, manufacturing enterprisés are now facing challenges to
become more responsive and agile (Ko'hvand Simpson, 2005). Several studies describe
many ways to be responsive and agile: using flexible manufacturing. syétems (Ang,
'1995), expioring the corﬁpetitive basigthrough inteérétion of reéonﬁgurable resources
(Yusuf et al, 1999), fractal organisation in workstations and celtular layout (Mortreuil et

al, 1999) or discrete parts manufacturing systems (Van Assen et al, 2000).

‘Beach et al (2000) is r_efgm'ng to the ability of m;ir_xufacturing companies to adapt at
strategic level to their éha;lging énvironrnent as the strategic flexibility of a -corﬁpany.
They -analyse the ﬂexibility of a manufacturing system in terms of product change,
product mix, volume and delivery. Similar, Newman and Sridharan (1995) describe the
-envirphmentai conditions faced by the manufacturing function through product ;/olume
and variety, competitivAe ;;riorities and process technologies and infrastructure available

within the firm.

Vollmann et al (2005) argues that traditional manufacturing planning and control (MPC)
frameworks face the challenge to react quickly and dexterously to changing markets and
customer needs, to produce high quality products, to reduce lead-times and to provide a

superior service.
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Jonsson énd Mattsson (2003), relating to the changing environment, analyse the
implications of ﬁt‘between planning environments aﬁd manufac'turir'lg planning -and
control methods. The description of different planning environments is based on ‘a
framéwork using variables related .to the product, the derﬁand and the manufacturing
process. The reéearch was limited in some areas; master production schedule and
production activity control were .poorly differentiated. The lack of explorati-ve case

studies, show that the researchers did not identify the major reasons beéhind their findings.

Koh et al (2005), Othager and Rudberg (2002); Davies and Kochhar (2000) and Newman
and Sndharan (1995) emphasized the importance of understanding the characteristics of
the planning e_nvi;'onment and using the appropriate manufacturing system. These studies
describe different-p]anﬁing environments using fravmeworks.with different variables, but
they do not id-e;ltify specific measures to allow differentiation of unique planning
'environments. Also they do not match unique planning environments and specific MPC

systems.

~Masuchun et al (2004), Beach et al (2000), Plenert et al (1999) and Safizadeh and
Ritzman (1997) explore the MPC methods and their performance, but they do not identify

different manufacturing environments where these systems have been used.

Howard et al (2002) describes a rule-base approach that provides detailed
recommendations on the suitability of system activities to individual companies based on

company characteristics and management concerns. The rule is applicable only to batch
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manufacturing and the research does not explain in detail the suitability of specific:

planning and control methods in various manufacturing environments.

1.2 Aims and Objectives of Research

Throughoﬁt the literature there is a lack of empirical studies that- match specific
manufacturing 7environr‘r'1'ents-and planning methods. This research seeks to fill some of
© . the gaps in the ljterature by providing practical kﬂowledgé on how to differentiate various
manufacturing environments and various MPC systems; also by providing conceptual and

empirical matches between MPC systems and manufachiring environments.

The researcher proposes that good performance is the result of matching the appropriate -
planning and control methods for the actual environment and good use of the methods

applied.

. Howard et al (2002), Berry and Hill (1992) described few case studies of companies With
clear misalignments between manufacturing planning and control (MPC) system and
* market requirements that resulted in substantial difficulties such as lengthy

manufacturing cycles, shortages or excesses inventory and poor customer service.

The main objective of this research is to explore the degree of match between the:
manufacturing environment and planning and control system, as well as the degree of use
and performance of MPC systems in these environments. Therefore, the researcher will

begin the research by exploring various manufacturing planning environments, in terms
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of dimensions and classifications. Then various MPC systems will be explored, in terms-
of their dimensions and classifications. The structure of the literature review is shown in

Figure 1.1.

Figure 1,1 The structure of literature review

Identify dimensions of CONCEPTUAL  |' Id'entify'MPC
manufacturing environments MATCH Dimensions

\ 4

_ — _‘Degree of Match’ | MANUFACTURING
“ MANUFACTURING ‘ PLANNING AND CONTROL
ENVIRONMENT ‘Degree of Use’ (MPC) SYSTEM
‘Degree of Performance’
Identify manufacturing .
environment classifications . EMPIRICAL chlentx.ffj_/ l\/fPC
- assiiicatnon

MATCH

Newman and Sridharan (1995) characterised the manufacturing environment in terms of
product volume/variety, competitive priorities and process technology, and infrastructure

available within a firm.

Similar, Jonsson and Mattsson (2003) describe the planning environment using a number

of variables related to the demand, the product and the manufacturing process.
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See Table 1 for details of environmental .variables. Similar, Holweg (2005) defines the

dimensions -of a manufacturing environment, in terms of responsiveness, as follows:

product dimension, process dimension and volume (demand) dimension. -

Table 1 Dimensions and associated variables of manufacturing environment

ENVIRONMENTAL VARIABLES

Demand related Product related Manufacturing process
| related
P/D ratio BOM complexity (depth) Manufacturing mix
Volume/frequency BOM complexity (width)

. Shop floor layout

Set-up times

Product variety

Batch size

Type of procurement ordering

Degree of value added at

customer order entry

Through-put time

Demand characteristics

Proportion of  customer

specific items

Number of operations

Demand type

Sequencing dependency

Time distributed demand

Source of demand

Product data accuracy

Inventory accuracy

Level of process planning

Source: Adapted from Jonnsson and Mattsson (2003)
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ABSTRACT

Manufacturing planning and controf (MPC) systems, among a number of sub-systems
in an organisat-ion, are the inotal infrastructures that support the; organisation’é
- strategy in order to create competitive advantage in the market place. It provides
information to efﬁcieﬁtly manage the flow of materials, effectively utilize people and
equipment, coordinate,in"temal activities with those of suppliers and communicate

with customers about market requirements.

Several studies emphasized the need for alignment bétween the manufacturing
planning and control methods and the manufacturing environment, in order to
improve companies’ performance. Matching the MPC systems dimensions with the

manufacturing environment is problematic.

Throughout the ‘literature there is a lack of empirical studies that match specific
manufacturing eﬁvironment and planning methods. This thesis provides a practical
knowledge investigating the MPC system used within the Irish engineering sector and
éxamines the effect on performance, of lihking those systems to the business
environment. The underlying hypothesis is that good performance is the result of
matching the MPC system with the manufacturing environment and good use of the
MPC system employed. A concéptual framework, based on the literature review has
been developed. Further it examines how the use of those systems influences the
companies’ performahqe. The thesis concludes that | the performance of Irish
- companies improves when they can match the MPC system with the manufacturing

- environment and they use it efficiently.

iti



ACKNOWLEDGEMENTS

I would like to 't'ake this opportunity to sincerely thank my supervisors: Paul Tracey,
" Business Studies,; Letterkenny Institute - of Technology and Professor Rodney
'McAdam, School of Business, Retail and Financial Services, University of Ulster for

their advice and guidance throughout this research. I also want to thank Enterprise

Ireland and especially Fergus Ledwith for his help and expertise. Gratitude is also due

to all the companies for taking the time to complete the questionnaire and contribute

to this research.

Thanks also to the staff of Letterkenny Institute of Technology, in particular the
library staff for their support. 1 would also liké to thank Mike Kennerley, Cranfield
University for his advice and support. Last, but not least, 1 thank to my family,

particularly Mum and Dad, for continuous support and encouragement to pursue my

studies.

v



TABLE OF CONTENTS

Chépter 1: Introduction
1.1 ~ Overview of the research area 2
1.2 Aims and objectives of research 5
Chapter 2: Literature Review 11
2.1 Introduction 12
22 7 Manufacturing environment. . 12
221 ‘Dimensions of manufacturing en_Vironmént 13
222 Manufacturing environment classifications 18
23 The role of Mﬁnufacturing planning and control (MPC) systems 29
' 2.3.1 Definition of an MPC system 29
.2.3.2  Manufacturing planning and control dimensions 30
2321 Aggregate Planning 32
2322 Demand forecasting 33
2323 Resource Requirements Planning 34
2.3.3  Master Production Schedule (MPS) 38
2.33.1 . Bill of materials (BOM) 41
Py b MPS techniques 43
2.3.4 Production Activity Control (PAC) 50
2.3.4.1 Basic PAC concepts and techniques ST
2:3.5 Identify MPC Classifications 56
24 Linkages and relationships between manufacturing environment
and the MPC systems 65
2.4.1 Characteristics of Push systéms — MRP type 66
2.4.2 Characteristics of Pull Systems — JIT type 69
2.5 Summary 74

Vv



Chapter 3: -~ Research methodology

3.1

32
3.2.1
2322

33
3.3.1
332

34
34.1
34.2
343
3.44

35
3.5.1

3.5.2

3.6
3.6.1
3.6.2

-39

3.8
3.8.1
3.8.2

1383
3.8.4
3.8.5

3.8.6

39

78
Introduction 79
Research Philosophies 81
Positivism : 82
Phenomenology: Realism, Critical theory and Constructivism 83
Research Approaches - 84
Deductive Approach 85
‘Inductive Approach - 86
Research Strategies 86
Observation 88
Survey 88
Experiment 89-
Case study 89
Time Horizons 90
Cross-sectional studies 90
Longitudinal studies 90
" Data Collection Methods 91
Questionnaires 91 -
Interviews 92
Research Objectives 93 -
Research Process Chosen 95
Research Philosophy 95
Research Approach 96
Research Strategy 97
Time Horizon ___ a 98
Data Collection Method 99
3.8.5.1 Design of the questionnaire 101
. 3.8.5.2 Development of categories: 104
3.8.5.3 The Environment type score 107
3854 The MPC type score 108
3855 The Use score 108
3.8.5.6 The Performance score 109
Credibility of the Research methodology implemented 110
3.8.6.1 Threats to validity 111
3.8.6.2 Threats to reliability 112
3.8.6.3 Threats to generalisability 113
Summary 114

vi



Chapter 4: Findings and Analysis - 115

4.1 Introduction SR 116
4.2 Data Preparation Process 117
43 _ Empirical Findings : : 118
4.3.1 Environment Types ' 121
4.3.2 Manufacturing Planning and Control System types _. 123
4.3.3 The degree of match between manufacturing environment and MPC
-system : - 126
4.3.4 The degree of use of the MPC system 128
4.3.5 The performance of the MPC system 129
44 MPC system types and Performance . 139
4.5 " Company size and Performance 143
4.6 Constructing validity ‘ 145
47  Summary ' ' 148 -
Chapter 5:' Conclusions and Recommendations B 149
5.1 Introduction 7 _ : 150
5.2 Consequ'ences of not linking the MPC system to the
manufacturing environment : 151
53 Implications for theory and practice 155
5.4 Research Limitations 156

5.5 Suggestions for further research 158

vii



Bibliography 160

Appendices - ‘ L 177
Appendix A i ‘ : ' : 177
Appendix B | | : | 183
Appendix C : 189
Appendix D ~ 199
Appendix E | 200

viil



LIST OF ABBREVIATIONS

ATO Assemble to Order
BOM Bill of Material
CBS Constraint Based Scheduling
CPM Critical Path Method
CPOF‘ - Cépacity Planning usiﬂg Ovérall Factors
CRP Capacity Requirements Planning
DTO * Design to Order
EI Enterprise Ireland
‘ETO ' Engineer to Order
FCS Finite Capacity S_éheduling

| HV High Variety |
JIT Just in Time
LV Low Variety
‘MPC ‘Manu'facturing Planning and Control
MPS Master Production Schedule
MRP - Material Resource Planning
MTO Make to Order |
MTS Manufacturing »to Stock
OPT Optimised Technology
PAC | Production Activity Control
PERT Project Evaluation and Review
PFS Process Flow Schedule

ROP Reorder Point

ix



S&OP Sales and Operations Planning
TOC  Theory of Constraints
WCM World Class Manufacturing

WIP - -Work In Progress



- Figure-1.1: The structure of literature review.

LIST OF FIGURES

~ Figure 1.2: Manufacturing planning and control (MPC) dimensions and associated

methods

Figure 2.1: Porter’s job-to-continubus classification

Figure 2.2: Porter’s stock and manufacturing volume classification

Figure 2.3: Porter’s complexity and uncertainty classification

Figure 2.4: Hierarchical planning process

-Figure 2.5: MPS in the MPC systems

Figure 2.6: MPS role within an MPC system

| Figure 2.7: MPS: Planning, scheduling and sequencing in MPC system

Figure 2.9: TOC scheduling__

Figure 2.10: MPS and PAC_

Figure 2.11: Gantt chart

Figure 2.12: Flow of two Kaﬂbans

‘Figure 2.13: Schematic diagram showing all possible outcomes of mixing match,

use and performance

Figure 3.1: The research process “onion”
Figure 3.2: A representative range of methodologies and their related paradigms_-

Figure 3.3: Matrix of data collection strategies

Figure 3.4 Typeé of questionnaires .

Figure 3.5: Research methodology chosen

Figure 4.1: Respondent’s profile based on Company size_.

9

18

21

22

31

39

44
45
46

50

52

54

77

80

87

92

114

119

X1



Figure 4.2: Respondent’s profile based 611 Turnover value

Figure 4.3: Histogram showing the pattern variation of number of products

delivered last year,

114

120

Figure 4.4: Histogram showing the pattJem variation of the environmental scéres_ 121

Figure 4.5: Histogram showing the pattern variation of the MPC system scores__ 123

Figure 4.6: Histogram showing the pattern variation of the match scores

127

Figure 4.7: Histogram showing the pattern variation of -the absolute match scores_ 127

Figure 4.8: Histogram showing the pattern variation of the use scores
Figure 4.9: Schematic diagram showing all possible outcomes of mixing

match, use, performance and the empirical results

~ Figure 4.10: MPC systems identified

Figure 5.1: Performance in relation to the degree of match and the degree

of use of the MPC systems

.....

129

137

139

153

X1



‘ Table

- LIST OF TABLES

1: Dimensions and associated variables vof manufacturingenvironment_ 7
Table 2:' Sumrﬁary of ‘literatﬁre studies rélated to environmental variables_ 17
Table - 3: Porter’s job-to-continuous classification summary 19
Table 4: Porter’s stock and manufacturing classification summary. 21
Table 5: Porter’s complexity and uncertainty classification summary 23
Table 6: Jonsson and Mattson’s classification summary. 24 |
Table 7: Berry and Hill’s classification surnméry 25
| Table 8: Summary of manufacturing eﬂvirqnment classifications 26
4 Table 9: Maﬁufactqring environment ciassiﬁcatibn and thei'r associated variables_27
| Table 10 Advantages of forward and backward scheduling 48
Table 11: Surﬁmary of MPC dimensions and associated techniques 55
'Table 12: Berry and Hill’s system classification summary. 56
Table 13: Summary of the overall performance raﬁking 57
Table 14: MPC system and demand 58
Table 15: Bonnéy et al’s system classiﬁcatién summary. 59
Table 16: Porter et al’s system classification summary 60
Table 17: Jdnsson and Mattsson’s conceptual matching of planning environments
and methods 61
Table 18: Masuchun ét al’s system classification summary 61
Table 19: Summary of MPC system classifications 62
Table 20: MPC classification and their associated dimensions 63

X1l



Table 21: Summary on literature studies on benefits of MRP type systems
“Table 22: Summary on literature studies on benefits of JIT type systems
.Table 23: Framework of the conceptual match between MPC systems and

manufacturing environment

Table 24: Four categories of paradigms and their elements

Table 25: Cross-tabulation of the environment type and variety

Table 26: Cross-tabulation of the manufacturing environment and the MPC

System type

Table 27: Cross-tabulation of the degree of match and the degrée of use
Table 28: Cross-tabulation of the degree of match and thé performance,
Table 29: Cross-tabulation of the degree of use and the performance

Table 30: Possible relationships between the variables studied

Table 31: Cross-tabulation of the degree of match, the degree of use

and the performance

Table 32: Use and performance of the MRP system within the manufacturing

environments

Table 33: Use and performance of the JIT system within the

manufacturing environments

Table 34: Cross-tabulation of the company size and performance

Table 35: Summary of the interviews

66

70

76
81

122

124
131
132
133

134

136

140

142

144

146

X1V



Chapter 1: Introduction

- CHAPTER1
INTRODUCTION

1.1 Overview of the Research Area

1.2 Aims and Objectives of research



Chapter 1: Introduction

1.1 Overview of the Research Area

Dan Flinter, Chief E);ecutivc of"Enterprise Ireland, in Made in Ireland (2001) study states -
that: “the rate of develoiament in global manufacturing competitiveness is high. As a first
step in achieving this level of global competitiveness our companies need to move to
adapt world;clasé standards of human resourcés develépment; prociuction, innovation,
sales and marketing, product development and logistics™. According' to the above-
mentioned study very few Irish companies scored sufficiently well on manufacturing
practices and:performance. Ireland has “a larée tail of companies” thét is s~cor.ing
particularly low in areas such as production planning horizon, equipment layout,
engineering applicatidn tools performance measurement, kanban, maintenance, process

capability, employee involvement and housekeeping.

The globalisation of markets, growing inter-penetration of economies, rapid
technological change, volatility of'_demand, wider vz;ﬁety of products available, faster
delivery, quicker pr_oduqt development and low cost manufacturing indicate a new type of
economi(;al environment (Newman and Sridharan, 1995; Davies and Kochhar, 2000;
Ramasesh et al, 2001; Humphreys et al, 2001; Sanchez and Peréz, 2005). Recent market
trends indicate that manufacturing firms are being required to excel in a variety of
dimensions. Low cost manufacturing, quicker product development, faster delivery,
wider variety of products, wider range of efficient production volumes, and steadily
increasing quality standards have all become important. Demand for capabilities that

would have been impossible to meet under the more dichotomous strategies of the not too
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distant past have become the norm for competition in today's manufacturing environment

(Chase et al, 2001).

To compete in the -economy,-manufacturing enterprises afe now facing challenges to |
become more responsive and agile (Koh and Simpson, V2005). Several studies describe
many ways to be responsiyé and agile: using flexible manufacturing systems (Arig,
1995), exploring. the’compctitivé basis through inteération of reconﬁguréble resources
(Yusuf et al, 1999), fractal organisation in workstations and cellular layout (Mortreuil et

al, 1999) or discrete parts manufacturing systems (Van Assen et al, 2000).

Beach et al (2000) is referring to the ability of manufa;turing cémpanies to adapt~at
strategic level to their changing environment as the stra’;egic ﬂexi.hility of a comparny.
They analyse the flexibility of a manufacturing system in terms of product change,
product mix, volume and delivery. Similar; Newman and Sridharan (1995) describe the
© environmental conditiéns faced by .the manufacrturingb functi(;n throﬁgh prdduct volume
and variety, competitive priorities and process technologies and infrastnicturé available

within the firm.

Vollmann et al (2005) argues that traditional manufacturing planning and control (MPC)
frameworks face the challenge to react quickly and dexterously to changing markets and
customer needs, to produce high quality products, to reduce lead-times and to provide a

superior service.
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Jonsson and Mattsson (2003), relating to the changing environment, analyse the
implications of fit between planning environments and manufacturing planning and
control methods. The description of different planning environments is based on a
framework using variables related to the product, the demand and the manufacturing
process. The research was limited in some areas; master production schedule and
production activity control were poorly differentiated. The lack of explorative case

studies, show that the researchers did not identify the major reasons behind their findings.

Koh et al (2005), Olhager and Rudberg (2002), Davies and Kochhar (2000) and Newman
and Sridharan (1995) emphasized the importance of understanding the characteristics of
the planning environment and using the appropriate manufacturing system. These studies
describe different planning environments using frameworks with different variables, but
they do not identify specific measures to allow differentiation of unique planning
environments. Also they do not match unique planning environments and specific MPC

systems.

Masuchun et al (2004), Beach et al (2000), Plenert et al (1999) and Safizadeh and
Ritzman (1997) explore the MPC methods and their performance, but they do not identify

different manufacturing environments where these systems have been used.

Howard et al (2002) describes a rule-base approach that provides detailed
recommendations on the suitability of system activities to individual companies based on

company characteristics and management concerns. The rule is applicable only to batch
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manufacturing and the research does not explain in detail the suitability of specific

planning and control methods in various manufacturing environments.

1.2 Aims and Objectives of Research

Throughout the Vliterature there is a lack of empirical studies that match specific
manufacturing environments and planning methods. This researc_'h seeks to fill some of
the gaps in the literature by providing practical knowledge on how to differeﬁtiate various
manufacturing environments and various MPC systems; also by providing conceptual and

empirical matches between MPC systems and manufacturing environments.

" The researcher proposes that good performance is the result of matchihg the appropriate
planning and control methods for the actial environment and good use of the methods

applied.

Howard et al (2002), Berry and Hill (1992) described few case studies of companies with
clear misalignments between manufacturing planning and control (MPC) system and
market requirements that resulted in substantial difficulties such as lengthy

manufacturing cycles, shortages or excesses inventory and poor customer service.

The main objective of this research is to explore the degree of match between the
manufacturing environment and planning and control system, as well as the degree of use
and performance of MPC systems in these environments, Therefore, the researcher will

begin the research by exploring various manufacturing planning environments, in terms
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of dimensions and classifications. Then various MPC systems will be explored, in terms
of their dimensions and classifications. The structure of the literature review is shown in

Figure 1.1..

Figure 1.1 The structure of literature review

Identify dimensions of CONCEPTUAL Identify MPC
manufacturing environments MATCH Dimensions

v
‘Degree of Maic,g MANUFACTURING

MANUFACTURING PLANNING AND CONTROL
ENVIRONMENT ‘Degree of Use’ (MPC) SYSTEM

‘Degree of Performance’

Identify manufacturing

environment classifications - ' Identify MPC
) EMPIRICAL Classification

MATCH

Newman and Sridharan (1995) characterised the manufacturing environment in terms of
product volume/variety, competitive priorities and process technology, and infrastructure

available within a firm.

Similar, Jonsson and Mattsson (2003) describe the planning environment using a number

of variables related to the demand, the product and the manufacturing procéss.
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See Table 1 for details of environmental variables. Similar, Holweg (2005) defines the

dimensions of a manufacturing environment, in terms of responsiveness, as follows:

product dimension, process dimension and volume (demand) dimension.

Table 1 Dimensions and associated variables of manufacturing environment

ENVIRONMENTAL VARIABLES

DemandAr_elated Product related - Manufacturing process
related
P/D ratio BOM complexity (depth) Manufacturing mix )
Volume/frequency' BOM complexity (width) Shop floor layqut _
Set-up times Product vaﬁety Batch size
Type of procurement ordering | Degree of value added at - Through-put time

customer order entry

Demand characteristics

Proportion  of  customer

specific items

Number of operations

Demand type

Sequencing dependency -

Time distributed demand

Source of demand

Product data accuracy

Inventory accuracy

Level of process planning

Source: Adapted from Jonnsson and Mattsson (2003)
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Several studies identified maﬁufactun'ng environments and the literature shows that there
are many different classi_ﬁéétions systems. Porter ef al (1999) classified maﬁufacturing
env’ifonments into mass, batch, jobbing anq complex. Jonsson and Mattsson (2003) used
a differéntvclassiﬁcation purely frofn a manufacturing planniﬁg and control perspective,
while Porter’s et al (1999) types are more general Qperations management types. They

classify into complex, configure to order, batch and repetitive mass.

Newman and Sridharan (1995) state that the four most comr‘r‘xonﬂm.an‘ufactuﬁng planning
and control approaches used in practi'ce and discussed in the iiterature are the following;
materials resource planning-based push systems (MRP), just in time (JIT) - based pull
systems, constraint theory-based systems ‘which identify énd schedule” according to

bottleneck resources (OPT) and traditional reorder point-based systems (ROP).

Jonsson and Mattsson (2003) in their study define the planning methods using various
planning .}nlorizons and levéls of detail. They focﬁs on detailéd material planning, shop
floor control and capacity planning levels. At each level there are a number of planning |
methods with several variants. See figure 1.2 'for details of manufacturing planning and

-control dimensions and associated methods.
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Figure 1.2 Manufacturing planning and control (MPC) dimensions and associated

methods
MPC Dimensions
AGGREGATE MASTER PRODUCTION PRODUCTION ACTIVITY
PLANNING SCHEDULE CONTROL
- ‘Forecasting . - Overall factors - Gantt‘charts' |
4 - A'ggregétc plans - Capacity bills - Priority sequencing rules
- Resource requirements - Resource profiles - Kanban.
_ planning | .- - Cgpacity Vrequirements
| \plz;nning
- Theory of constraints

- Forward and backward

scheduling

Porter et el (1999) describe the common approaches to production pla_nning and control
as follows: |

- Just-in-time (JIT) — as a philosophy and a production planning and control approach;

" - Project evaluation and review (PERT) ar;d critical path (CPM);

- Constraint based scheduling (CBS); |

- Process flow scheduling (PFS); |

- Manufacturing resource planning (MRP) and derivations;

- Finite capacity scheduling.
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Masuchun et al (2004) describe the push systems as systems that embody the MRP
concept; and the pull systems as systems that embody the kanban concept. Similar
approach is undertaken by anney et al (1999), where they describe MRP as a push

system and a kanban operated JIT sy_stem'as a typical pull system.

For the purpose of this research the researcher will investigate the following twq_'ma_in
approaches: Push Type Syétem -(MRP)Aand Pull Type System (JIT). Theﬂ he will conduct
conceptual matches between MPC systems and manufacturing environments identified.
To gain a deeper _understanding of the appropriateneé.s of various planning methods in a
manufacturing environment, the researcher will conduct explorative research through a
series of intérvie\ys with personnel responsible for planning and control within the Irish
engineering sector and specialistsl consultants from Enterprise Irelandi responsible for
World Class Manufacturing and Competitiveness Benchmarking Programmes. This
objective will enhance the design and the structure of questionnaires.

The next objective will be to identify plagming and control systems for the Irish
engineeﬁng sector and to determine the degree of ‘match with the manufacturing
environment. Finally the degree of match, the degree of use and the level of performance

with the various MPC systems will be empirically analysed through survey data.

“

10
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2.1 Introduction

The research described in this thesis, addresses some of the problems associated with
manufacturing planning and control (MPC) systems; in pérticulaf the degree of match
between the MPC system and the manufacﬁturing environment. For the purpose of this
research the available literature is considered on issues such as:
- Manufacturing industry: manufactun'nvg environment, manufacturing planning and
control dimensions and types of systems;
- Manufacturing research: concgptual and empiricgl studies related to match, use
and pcrformancé of MPC systems;
- Performance measurement in manufacturing companies;
- Irish publications on manufacturing issues, competitiveness and research in

engineering sector.

2.2 Manufacturing Environment

This sub-chapter will explore the manufacturing environment, in terms of its dimensions
and it will identify different manufacturing environments characterised by a series of
environmental variables. This will enable the research to further explore various

" manufacturing planning and control systems.

12
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2.2.1 Dimensions of manufacturing environment

The rapidly changing competitive environments, in which moét companies operate are
forci_ng -them to change their strategies in order to remain competiiiv‘e. Global
competition, rapid technological chgnge; and escalating product variéty put new demands
on companies. These demands, often call for changes in-manufacturing strategy,
manufacturing processes, and manufacturing planning and control (MPC) systems

(Vollmann et al., 2005).

Olhager and Rudberg (2002), Howard et al (2002), Berry and Hill ( 1992) concluded that
the link between market requirements and process choice heavily influence the role of
.MP‘C" system, as well as the perfonnancg of. the -manufacturihg system. Poor
manufacturing planning and control are characterised by: poor customer servi?e;
excessive iﬁventories; inappropriate equipment or worker utilisation; high rates of part
obsolescence; a large level of expediting and fire-fighting (Vollmann et al., 1992); the
.inabil‘ity to quickly translate product conc;egts into .manu_factun’ﬁg reality; and the .

inability to meet customer demand for customised products (Caridi and Cigolini, 2002).

Newman and Sridharan (1995) describe the environmental conditions faced by the
manufacturing function - as: product volﬁme and variety, competitive priorities and
process technologies and infrastructure available within the organization. The volatility
of demand, thé level of product design changes, and the rate of new product introduction
~ define the product volume and variety mix. In terms of competitive priorities, firms are

faced with the need for holding the line on-costs while meeting demand for more frequent

13
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and smaller lot deliveries of an increasing variety of products. The process technology
available within the firm determines its flexibility and ability to support the competitive

priorities.

Jonsson and Mattsson (2003) characterized the planning environment by a number of

variables related to the product, the demand and the manufacturing process respectively.

The product related variables that they considered critical from a planning and control

vperﬁ)ective are the following:

- Bill of Material complexity — thé number of levels and the typical number of items on
each level;

- Product variety — optional product variants;

- Degree of value added at order entry — the extent to which the manufacturing of the
products is finished prior to receipt of customer order;

- Proportion of customer specific items — the extent to which customer specific items are
added to the delivered product;

- Product data accuracy — the data accuracy in the bill-of material and routing file;

- Level of process planning — the extent to which detailed process planning is carried out

before manufacture products.

14
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The demand related variables characterize demand and material flow from a planning
perspective. The following variables are considered- critical:
- P)D Ratio —the ratio between the accumulated product lead-time and the delivery lead-
time to fhe customer;
- Volume/Frequency — the annual manufactured volume and the number of times per year
that products are manufactured;
- Type of procurement ordé}ihg — order by order procurement or blanket order releases
from a delivery agreement;

- Demand characteristics - indépendent or dependent demand;
- Demand type — demaﬁd frofn forecast, calculated requirements or from customer order
allocations;
- Time distributed demand — demand being time distributed or just an annual figure;
- Source of demand - stock replenishment order or customer order;

- Inventory accuracy — accuracy of stock on hand data.

The; third group of variables that characterises the' manufacturing process are:

- Manilfacturing mix — homogeneous or mixed products from a manufacturing
perspective;

- Shop floor layout — functional, cellular or line layout;

- Batch size — the typical manufacturing order quantity;

- Through-put time — typical manufacturing through-put times;

- Number of operations — number of operations in typical routings;

15
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- Sequencing dependency - the extent to which set-up times are dependent on

mamifacturing sequence in work centres.

I;IQWard et al | (2002‘) describes a rule-based approach that provides detailed

recommendations on the suitability of system activities to individual companies based on -

company»cha.racteﬁstics (110) and management concerns (40). These characteristics are
» groupéd in several categories as follows:

o Company characteristics: market, customers, suppliers, product range, product

: s_tr‘ucture',fproduc_;t management, production approgchés, production information,

production information and plant. - ‘

e Management concerns: information; quality, suppliers, lead times, planning,

stock, resources and production.

Many other studies in the literature found that the control strategy interacts with
environmental variables to impact system performance. Table 2 is a summary of
literature studies related to environmental variables that influence planning and control

systems, grouped into market, product and manufacturing process related.

16
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Table 2 Summary of literature studies related to environmental variables

Environmental
variables

Authors

Demand variability

Masuchun et al (2004) , Jonsson and Mattsson (2003), Howard et
al (2002), Olhager and Rudberg (2002), Beach et al {2000),

= Bonney et al (1999), Newman and Sridharan (1995)
% Demand predictability Newman and Sridharan (1995) ’
E Demand stability Porter et al (1999)
% Volume/frequency Jonsson and Mattsson (2003), Howard et al (2002), Porter et al
G v (1999), Berry and Hill (1992)
= Delivery performance Howard et al (2002), Berry and Hill {1992)

Suppliers performance Howard et al (2002), Berry and Hill (1992)

Bill of material complexity Persona et al (2004), Jonsson and Mattsson (2003), Howard et al

: (2002}, Ang et al (1997), Newman and Sridharan (1995), Berry
and Hill (1992) ‘

=~ | Product variety Jonsson and Mattsson (2003), Howard et al (2002), Olhager and
s | Rudberg (2002), Newman and Sridharan (1995)
7'2 Product mix flexibility Sanchez and Perez (2005), Howard et al (2002), Chan and Burns
- (2002), Olhager and Rudberg (2002), Ramasesh et al (2001),
2 Persentili and Alptekin (2000), Beach et al (2000), Plenert (1999)
£ | Product standardisation/design | Sanchez and Perez (2005), Persona et al (2004), Van Assen and
=%

Van de Velde (2003), Howard et al (2002), Chan and Burns
(2002), Plenert (1999), Porter et al (1999), Ang et al (1997)

Product data accuracy

Jonsson and Mattsson (2003), Howard et al (2002)

Manufacturing process related

Level of process planning

Jonsson and Mattsson (2003), Olhager and Rudberg (2002)

Setup time

Jonsson and Mattsson (2003), Olhager and Rudberg (2002), Chan
and Burns (2002), Bonney et al (1999), Plenert (1999)

Production lead time

Masuchun et al (2004), Persona et al (2004), Chan and Burns
(2002), Howard et al (2002), Porter et al (1999), Plenert (1999)

Production batch size

Jonsson and Mattsson (2003),Chan and Burns (2002), Berry and
Hill (1992), Bonney et al {1999), Plenert (1999)

Inventory levels

Jonsson and Mattsson (2003), Howard et al (2002), Chan and
Burns (2002), Bonney et al (1999), Plenert (1999)

Shop layout Jonsson and Mattsson (2003), Chan and Burns (2002), Howard et
al (2002), Plenert (1999), Porter et al (1999), Berry and Hill
(1992) :
- Scheduling flexibility Chan and Burns (2002), Plenert (1999), Ramasesh et al (2001)
Routing flexibility Ramasesh et al (2001), Porter et al (1999)

Through-put time

Jonsson and Mattsson (2003), Howard et al (2002), Berry.and Hill
(1992), Persentili and Alptekin (2000)

Production process type

Jonsson and Mattsson (2003), Howard et al (2002), Berry and Hill
(1992) '

Level of automation

Howard et al (2002)

17




Chapter 2: Literature Review

2.2.2 Manufacturing environment classifications

Examination o\f the literature shows that there are many different classiﬁcatibns systems -
for a manufacturing environment. Some (for éxample, Job/Batch/C_ontihuous) are well

known and widely apblied, others are more nox'rel (Com’plex‘ity:and Uncertainty) (Porter

et al, 1999). The most common are described below:

1. Job-to-continuous classification
Porter et al, (1999) depicted along a continuum, the jobbing 'producti'on to mass
production, taking in consideration the scale-of production and the degree of product

variety (see Figure 2.1).

Figure 2.1 Porter’s |'ob-to-continuo‘us classification

INCREASING
VQw,iﬂE

N ‘JOBBING
~PRODUCTION

e COMPLEX
N PRODUCTION

i 4

INCREASING.
PRODUCT

Source: Adapted from Porter et al, 1999
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The variables used to differentiate these environments are summarised in the table below:

Table 3 Porter’s job-to-continuous classification: summary

Batch Production

Porter et al | Mass Jobbing Complex
{1999) | Production Production Production
Variables ] _
Volume Large Medium . Low/One off Low/One off
Variety Low Medium-size | Wider range . High |
Demand Stable on short | Difficult to forecast | Difficult to
term forecast
Design changes Minimal High number of
‘ changes
Plant capacity Calculable, Depend on product | Depend on product | Variable, depend
determined by | mix : mix on product '
the output of - completion time
bottle neck
processes
Routeings Fixed Dictated by
manufacturing -
needs
Plant layout Based on the Flexible Based on
needs of manufacturing
: products needs
Levels of skill Low, low High, high
intensity of intensity of labour
labour
Batch size Small lots
Production Fixed Flexible — job- Using also
facilities shop - external facilities
{outsource)

19
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2. Stock and manufacturing volume classification

Prodlici'ng'stock to buffer between manufacturing and its customers is a dominant feature
-of many industrieé, while success in other sectors relies on responsiveness to customer
bdeman.d. An ability to rapidly customise products to meet individual .custom'er
requirements is becoming an emergent trend as manufacturing capacity evolves to meet

demand.l

For many companies, future success or survival may'dcpend on ‘;heir ability to bglance
stockholding against speed of response to the marketplace. An alternative mechanism for i
classification is to identify and differentiate -between stock driven and order driven
manufécturing systems (Porter et al, 1999).

They suggest that there are five classes within which manufacturing systems can be

described, as follows:

1. Make to Stock (MTS).

2. Assemble to Order (ATO).
3. Make to Order (MTO).

4. Engineer to Order (ETO).

5. Design to Order (DTO).

20
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Figure 2.2 Porter’s stock and manufacturing volume classiﬁcati_on

INCREASING

PRODUCTION

VOLUME
A

MAKE

_TO STOCK-
> DESIGN.

T0 ORDER

MAKE

TO ORDER

ASSEMBLE - -
..JO ORDER

 ENGINEER
TO ORDER

. AMOUNT OF
. STOCK HELD - .

Source: Adapted from Porter et al, 1999

The variables that they are using to differentiate these environments are summarised in

the table below:

Table 4 Porter’s stock and manufacturing volume classification summary

Porter et al | Make to Stock | Design to Make to Assemble | Engineer
1999) (MTYS) Order ~ Order to Order to order
Variables (DTO) (MTO) (ATO) (ETO)
Demand Clearly defined After order
‘ : receipt
Volume Large Medium Lower
Customer Delivery
satisfaction performance
Stock Buffer stock Low stock | Low stock
Inventory cost High Low ‘| Low
Product design Customer input | Specifically | Standard Standard
is limited built for products
customer

21
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3. Complexity and uncertainty classification

A set of 2x2 matrices (the base level matrix is shown in Figure 2:3) classify
manufacturing organisations in terms of product and market characteristics and their
-relationship to the complexities and uncertainties that act within and on the organisation.
~In -this context, Porter et al -(1999) describes .complexity_ to concern the volume and
variety of different products, cofnponents, processes and sources of supply. Unclertainty

concerns the volume and stébility of demand, also the degree of product design rigidity.

' Figure 2.3 Porter’s complexity and uncertainty classification

COMPLEXITY .
HIGH = LOW
HIGH Capital | Fashion Products
Equipment | & Jobbing
S | Manufacture
| .
< A B
E .
Cc ‘ z -
ch Consumer 1 Commodities &
% Durables Volume Products
LOW C : D

Source: Porter et al, 1999
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'The variables used to differentiate these environments are summarised in the table below:

Table 5 Porter’s complexity and uncertainty classification summary .

Durables ;

VFashion/J obbing

Commodity | -

Porter et al Capital
(1999) equipment

Variables

Complexity High Medium Medium Low

Product variety High Medium | Medium Low

Volume Low Medium Medium High

Demand stability | High uncertainty Low High uncertainty Low
uncertainty uncertainty

Product design . Highly customised | Few design _Few design changes Minim31
changes | desién

changes

23
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4. Jonsson and Mattsson (2003) classification defines the manufacturing environment as

being specific to the company and normally differs from company to company. To be

able to compare companies with different planning environments they identified four

main groups:

1 Complex customer products (type 1);

2. Configure to order products (type 2);

3. Batch production of standardized products (type 3);

4. Repetitive mass production (type 4).

These four types are similar to Hill’s (2000) process choice types, although his types art-

more general operations management types, while these are defined purely from a

manufacturing planning and control perspective. The variables that they are using to

differentiate these environments are summarised in the table below:

Table 6 Jonsson and Mattson’s classification summary

Jonsson and
AsM attsson
\Q003)
Variables \
Volume
Variety
Design

Batch

Bill of material
Lead-time

Production process
Lavout
Product type

Complex
customer
Type 1

Low

High

Engineer to
order

Small, equal to
customer order
Complex, wide
Long

One-off
Functional
Customised

Configure to
order
Type 2
Medium-large

Assemble to
order

Much lower than
type 1

Line/cellular

Batch
production
Type 3

Medium-large

Manufacturing to
stock

Mass
production
Type 4

High
Low

Mass continuous
production

Flat, simple

Line lavout
Standard
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5. Berry and Hill (1992) framework is very similar and énalyses the impact of the
environment at three levels of the MPC system: master scheduling level, materials
plannirig level and shop floor level. At each level a set of market requirement attributes is
used to make generic choices among a set of level-de‘p‘endent MPC desigﬁ vériables. The

table below is based on the summary of the three separate tables in Berry and Hill (1992).

Table 7 Berrv and Hill’s classification

Strategic variables MTO - 4 - MTS

Market requirements: .

Product: Type Special = » Standard
Range - ‘| Wide * Narrow

Ability to cope with product mix High poten~tial‘ 2 > Limited

Product volume per period Low > High

Accommodating demand versatility:

Total volume Easy_/incremerital —_— Difﬁcult/s{epped
Product mix High S — Low
Delivery: Schedule changes More difficult ' Less difficult
‘ Speed . \ Difficult —> Easy
Reliability Difficult- » Easy

Olhager and Rudberg (2002) undertake the same approach and they differentiate the

environments analysing the MPC system levels.
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6. Chan and Bums (2004) and Mason-Jones et al (2000) analysed the manufacturing
environments in terms of supply chain environments; they discussed three types of supply
chain. Their classification is very generic and they don't use any variables or measures to
classify these environments:

1. The lean supply chain - characterized by waste elimination in order to develop a
value stream; is focused on efficiency, quality and cost.

2. The agile supply chain - uses its market knowledge and virtual organisational
structure to exploit profitable new niches in a volatile marketplace; is focused on
responsiveness, flexibility and quality.

3. The leagile supply chain - combines the lean and agile paradigms for effective

and efficient manufacturing.

The literature shows that many authors have classified manufacturing environments using
different variables. The table below is a summary of these studies.

Table 8 Summary of manufacturing environments classifications

Authors Manufacturing environments identified

Berry and Hill (1992) MTO (push type), MTS (pull based)

Newman and Sridharan (1995) MRP. ROP. Kanban and OPT

Porter et al (1999) Mass. Batch, Jobbing and Complex

Porter ct al (1999) MTS, DTO, MTO, ATO. ETO

Porter et al (1999) Capital equipment, Durables, Jobbing, Commaodity

Olhager and Rudberg (2002) MTO (push type), ATO and MTS (pull based)

Jonsson and Mattsson (2003) Complex (Typel), Configure to order (Type2),
Batch (Type3), Mass (Type4)

Chad and Bums (2004) Lean. Agile and Leagile
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manufacturing

environments, the researcher will group all these classifications to determine strong intra-

groups similarities. Similar to Berry and Hill’s classification, in order to classify the

manufacturing environments the researcher will use the following notations: Type 1 (for

high variety environment) and Type 2 (for low variety environment). The common

variables used are: volume per product, product variety, demand stability, product design

and layout.

Table 9 Manufacturing environment classification

Variables
Volume per product
Product variety
Demand stability
Product design
Layout

Authors

Berry and Hill (1992)

Newman and
Sridharan (1995)
Porter et al (1999)

Porter ct al (1999)

Porter et al (1999)

Olhager and Rudberg

(2002)
Jonsson and
Mattsson (2003)

Type 1
Low Medium
High Medium
Low Medium
Highly customised = Few changes
Functional Cellular/line
MTO ATO
MRP OPT
Capital equipment  Jobbing
MTO/ETO ATO/MTO
Complex Jobbing
MTO ATO
Complex Configure to

order

---------------- > Type?2
High Higher
Medium to Low Lower
Medium to High Higher

Few changes

Cellular/functional

MTS
Kanban
Durables
MTS
Batch
MTS

Batch

Minimal changes

Line

MTS

ROP
Commaodity
MTS/ATO

Mass

Mass
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In conclusion, analysing the literature, the researcher identified a pattern of two different
groups of manufacturing venvironment. There are séveral studies on ‘manufacturing
environment and autho'rs have used different classifications for differentiating them.
Studies sﬁch as: Masuchun et al (2004), Beach et al (2000), Plenert et al (1999) and
- Safizadeh and Ritzman (1997) explore the MPC methods and their performance, but they'
do not identify different rhanufac'turing‘en\;ivronments where these systems have:been
‘used. They reyealed some general patterns, but do not differentiate betwéen
manufacturing environments, which is very important in understanding the MPC
dimensions and their performance (Berry gnd Hill, 1992; Porter-ét al, 1999; Olhager and
Rﬁdberg, 2002; Jonsson and Mattsson, 2003). Although several variables are used for
differt;ntiaﬁoﬂ, individual companiés/organiéations might not neéessarily fit into one of
- these groups, as their operational environment might be a mix of the manufactui‘ing

envirocnments described above.

INSTITIID TEICNEOLAIOCHTA

LEABHARLA
LEITIR CEANAINﬁN
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2.3 The role of manufacturing planning and control systems

The second sub-chapter will. address the second objective of this research, by exploring
the dimensions of an MPC sys.tem and it will identify MPC classifications. Then,
condilcting conceptuai. matches between ﬁlanning and control methods and the
environment, the researcher will investigate the main two approaches to planning and

.

control: MRP - push systems and JIT - pull éystems.

2.3.1 Definition of an MPC System

Amongst a number of sub-systems in an organization, the manufacturing ﬁlanning and
~ control (MPC) system is recognized as one of -the pivotal infrastructures that firmly
supports the organization’s manufacturing strategy in order to create competitive.

advantage in the marketplace ( Chan and Burns, 2002) .

- Chan and Burns (2002), describe the MPC system as diverse and extensive, relating to
demand management, production scheduling, capacity planning and management,
inventory managgm'ent and cbntrol, materials management, logistics and transportation,
shop floor control, performance measurement, management of information ﬂows, and the
production decision support system. Its primary goal is to ensure that the organization

behaves in a desirable way under a business setting.

An effective MPC system, as pﬁart of the supply chain, is not only optimised in terms of
the usage of resources but also supports manufacturing strategy for competitiveness. As a

result, the research in the MPC discipline continues to be of strategic importance since it
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will improve organizational effectiveness and enhances the manufacturing excellence of

an organization (Kennerley et al., 1996).

The rﬁanufacturing planning and control (MPC) 'system is a major component of the
infrastructure that supports the manufacfuring process selected for a specific environment
(Vollmann et al, 1997).‘-It provides information to efficiently manage the flow of
“materials, efvfectively' utilize people and equipment, coordinate internal activities with

those of suppliers and communicate with customers about market requirements.

An important aspect is the managers’ need to use the information to make the right
decisions. The MPC system does not manage operations, managers perform those

activities. The system provides the support for them to do so wisely (Masuchun et al,

2004).

2.3.2 Manufacturing.planning and control dimensions

MPC systems are a kéy elemen;c of manufacturing infrastructure and comprise functions
at three different levels within a business (Berry and Hill, 1992). Olhagervand Rudberg
/(2002) undertook the same framework in their study and added a fourth upper level sales
and operations planning (S&OP). They distinguished S&OP level frorﬂ the master
4pr0d1:10tion schedule (MPS): S&OP fundamentally is concerned with volume planning,

while MPS is concerned with product mix planning within this volume.
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Taylor and Russell (2000) describe the MPC structure as a hierarchical planning process
within an organisation. They analyse different levels of production and capacity planning
-(see figure 2.4).

Figure 2.4 Hierarchical planning process

Production Planning Capacity Planning
Aggregate P Resource
Production Plan "| Requirements

Plan :
. \
Master Rough Cut
Production -~ | Capacity
Schedule Planning .
. 4 v
Material | Capacity
Requirements < »| Requirements
Planning Plan
A
Shop Floor B Input/ Output
Schedule ‘ Control

Source: Adapted from Russell and Taylof, 2000

N

Howard et al (1998) identify the individual modules of a MPC system: demand -
management, production scheduling, capacity planning and management, invenfory
management and control, materials management, logistics and transportation and shop
floor control. Examining the literature in terms of similar frameworks for MPC
architecture, the researcher has chosen for this research study the following dimensions
-that an MPC system embraces: aggregate planning, master production schedule and

production activity control (PAC).
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Each dimension will be defined in the following sub-chapters as follows:

- Aggregate planning — in terms of demand management and resource
' requirements planning

-~ MPS —in terms of bill of material, capacity ﬁlanning and scheduling.

- PAC - techniques.

2321 Aggregate planning

Through this function all potential demands on manufacturing capacity are collected and
coc_)rdinated. A well-developed aggregate planning module within the manufacturing
plaming and control (MPC) system brings significant benefits. Proper planning of all
“externally ‘and"i‘ritémjal]'y génerated demands, means capacity can be better planned and
controlled. Ph.ysical d.istribution activities can be improved, so the productive system can
be used efficiently and the product delivered on time. Demand management, as part of
the aggregate planning encompasses foreqastir_lg, ordér entry, order-delivery-date
promiéing, customef'ord.er_‘ service, physical distribution and other (;ustomer contact
related activities. Throﬁgh demand management, a company maintains the channel of
cbmmunicatiqn between MPC éystems and its customers. Specific demands initiate
actions throughout MPC, which ultimately results in product delivery and consumption of

material and capacities.
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2.3.2.2  Demand forecasting
Chase et al (2001) defines the purpbse of demand management, as to coordinate and
control all sources of demand so, the productive éystem can be used efficiently and the

product /service delivered on time.

. Silva et al (2000) define the aggregate plan as decisions on the quantity to produce, the
size of’ fhe workforce and tﬁe inventory level. Browne (1996) describes the role of |
inventory at the aggregate level as a buffer between .different operations that allows
vr.nismatches between supply - and demand rafes. Thgrefore it 1s :important to take in

consideration the stock levels in the preparation of the aggregate plan.

Ho and Ireland (1998) suggésts fhat, demand forecasting has a major input into the
capacity planning and control decision, which is usually an important operations
_responsibility. Without an estimate of future demand it is not possible to f)lan effectively
for vfuture events, only to react to them; therefore it is important for op‘erations managers

to understand the basis and rationale for these demand forecasts.

Duxey (2005) states that demand for many products conforms to a repetitive annual
cycle, due perhaps to the climate, Christinas shopping or the start of the new school year.
Seasonal variations cause special difficulties in scheduling production and ensuring that

the right resource will always be avzﬁlable.
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Demand variability is the most common condition that drives plants to require high levels
of volume flexibility and it is important to predict as acchrately as possible these

fluctuations (Adegoke, 2003).

Regardless of the techniques employed in forecasting demand, there are eight basic
principles, suggest'ed' by Smith et al (1996): accuracy of forecasts; the time horizons of
forecasting; technological change; barriers to entry; dissemination of information;

elasticify of demand; consumer/industrial products and aggregate versus disaggregate.

Caridi and Cicolini (2002) state that any model, which describes some aspect of the

behaviour of any system or phenomenon, can be used to predict its future behaviour.

Ho and Ireland (1998) identify the need for research in evaluating the performance of
various forecasting techniques. They state that there does not seem to be a forecasting
method that performs satisfactorily in all production environments; therefore it is very

important to take in consideration the environment where these techniques are applied.
2.3.2.3 Resource requirements planning

Buxey (2005) discuss three fundamental alternatives to aggregate planning:

- Level plan — the processing capacity is set at a uniform level throughout the planning

period, regardless of the fluctuations in forecast demand. This means that the same

number of staff operate the same processes and shoﬁld therefore be capable of
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producing the same aggregate oﬁtput in each period. This type of plan can achieve the
objectives of stable employment patterns, high process utilisation and usually high
productivity with low unit costs; but as well it can create high inventory, which has to
be financed and stored. In a rapidly chanéing and unpredictable environment; level
capacity plans can be very expensive and it has a negative irri;éact on the overall

business;

Chase plan — this method attempts to match closely the varying levels of forecast

demand. It is much more difficult to achieve than level capacity plan, as different

number of staff, different working hours and even differenf amount of equipment may

_ be necessary in each period. The operations managers will face the difficult task of

ensuring constant quality standards and that the customer service levels are
maintained. This type of plan is usunally adopted by operations, which cannot store

their output, such as customer-processing operations or manufacturers of perishable

_products.

Mix plan — this method attempts to mix the approaches above.

Similar classification was suggested by Berry and Hill (1992) and Olhager and Rudberg

(2002). Fung et al (2003) taking ‘into account demand fluctuations and -capacity

variations, suggests a “multiproduct” planning approach that can effectively enhance the

capability of an aggregate plan to give feasible family disaggregating plans. Even this
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approach could not guarantee 'a global optimal solution, due to the impact of

environment, especially through demand related variables.

Resource requirements’ planning is defined as the task of setting the effective capacity of
the operation so that it can respond to the demands placed upon it. These issues are
directly related to- the changes -in demand .and the alternative capacity strategies for

dealing with them (Silva et al, 2000).

Resource requirements planning include long and medium term horizons. The decisions
taken by operations managers in devising their capacity plans will affect several different
aspects of performance: cost, revenues, working capital, quality of goods, speed-of

response to customer demand, dependability of supply, flexibility.

Porter et al (1996) defines capacity planning as “the amount of resource inputs available
rel;ztive to output requirements over é particular period. of time”. They look at the means
of capacity planning to individuals at different levels within the operations management
" hierarchy. The plant manager is concerned with cap-acity of the plant in order to meet the
anticipated demand for products. The supervisor is concerned with capacity of the

equipment and staffs mix in his/her department.
Knod and Schonberger (2001) refer to capacity as the provider’s capability of performing

the transformations necessary to ensure that goods and services satisfy customers’

demands. Capacity planning refers to a broad range of activities — all- focused on creating
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and maintaining customer-serving resources and adjusting the levels of those resources as

required.

Van Assen et al (2000) suggested a sequence of éapacity planning decisions that need to
be taken by operations mangers. Before taking any decisions they need quantitative data
on both capacity and demand. So the first step is to measure the aggregate demand and
© capacity lc;/els for planning period. Tile secondrstep is to identify the alternative capacity
plans which would be adopted in response to demand fluctuations and finally to choose

~ the most appropriate capacity plan,

There are several forecasting techniques, as the literature suggests, but the accuracy of
the forecast is very important characteristic (Buxey, 2005; Silva et al, 2000; Smith et-al,

1996).

Smith vet al _(19‘9(.5) suggests that application of forecasting techniques can be improved by
using more than one technique. Also, as the forecaster gains experience, the projections
tend to be more accurate, but there is always a risk of bias and error: DuBois and Olliff
(1991) conducted a postal survey and found that companies had difficulties in obtaining

accurate sales forecasts or sufficiently reliable cost information in order to prepare an

aggregate plan; also managers lack the necessary mathematical expertise.

Berry and Hill (1992) suggested two -approaches to material planning: time phased.and

rate-based. The use of these methods is dictated by the market and the manufacturing
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characteristics of a company (Porter et al, 1999). Buxey (2005) states that there is no
_general rules for choosing the right strategy, but the critical factor is the magnitude of

sales in relation to the plant’s maximum volume flexibility.

Masuchun et al (2004), Smith et al (1996) and Browne (1996) agreed that inventory
levels and errors in demand forecast have significant impact on plant performance

effecting the relationship.between control strategy and plant performance.

In concluéiori, regarding aggregate plannjpg, operations managers have to take decisions
that will affect several performance objectives: costs, revenueé, quality, speed,‘
depéndability and ﬂexibﬂity. Despite the approach used, the objective of aggregate \
planning is to minimise the annual relevant costs while meeting the forecast demand for

the planning horizon (Silva et al, 2000).

233  Master Production Schedule (MPS)

In this sub-chapter is described the master production schedule (MPS)}, a central module
in the manufacturing planning and con-trol system. The ‘aggregate planning is an
important input to the master production schedule. An effective MPS provides the basis
for making good use of ﬁlanufacturing resources, making customer delivery promises,
resolving trade-offs between sales and manufacturing and attaining the firm’s strategic
objectives as reflected in the sales and operations plan. Vollmann et al (2005) describes

the role of MPS in MPC system as disaggregating the sales and operations plan, creating
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a statement of the output from the factory and providing the information for coordinating

sales and manufacturing. (See figure 2.5)

Figure 2.5 MPS in the MPC System
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Berry and Hill (1992), Porter et al (1999) and Olhager and Rudberg (2002) described the
manufacturing environment, relating to master production schedule, as the production
approach used. They identified three types of MPS approaches: make-to-stock, make-to-

order and assemble-to-order. |

The make-to-stock company producés in batches, carrying finished goods inventories for
most of its end items. The MPS is the prodﬁction statement of how much of and when
each end item is to be produced. All identical items are grouped into consolidated item
numbers and run together in batches to achieve economical runs for component parts and

exploit the léaming curve in the final assembly areas.
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The make-to-order company carries no finished-goods inventory and builds each |
customer order as needed. This form of production is often used when there’s a large
number of possible production configurations and a small probability éf anticipating a
customer’s exact needs. fhe customer expects to wait. for a large portibn of the entire
design and manufacturing lead-time. The MPS unit is typically defined as the particular
end item or set of items compromising a customer order. Due to-the fact that design takes
place as the part is built; to define the end product is difficult. Production often starts‘

before a complete product definition and bill of materials have been determined.

The assemble-to-order firm is typified b& an almost limitless number of possible end
item configurations, all made from combinations of basic components and subassemblies.
Customer delivery time requirements are often shorter than total manufacturing lead
times, so production must be started in anticipation of customer orders. Flexibility is a
. key pgint in assemble-to-order firms and fries to maintain it by starting basic
components/subassemblies into production, but not startiné final assefnbly until a
customer order is received. The MPS unit stated in planning bills of material and it.has as
its components a set of common parts and optionis. The option usages are based on |
percentage estimates, and their planning in the MPS includes buffering or hedging

techniques to maximise response flexibility to actual customer orders.
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2.3.3.1 Bill of materials (BOM)

~"Du et al (2005) define the bill of materials as an integral part of an MPS module, an
engineering document that specifies the ingredients or subordinate components required
physically to make each part number or assembly. An important factor in determining the -
BOM of a product is the number of levels of subcomponents. A BOM is used for an end
product to state raw materials and/or intermediate products required for making the
product. To describe hbw a product is made, a routeing is used to specify the sequence of

operations to be performed at corresponding work centres. (Bragg et al, 2005)

An effective control of a production job at the shop-floor level cannot be fulfilled without
the integration of planning and control functions. This necessitates that the material
contents of BOM’s are linked to the relevant assembly operations to reflect the material

flow through the production process. (Chung-Hsing, 1995)

Du et él (2005) highlights the challenge of high variety .in managing many indi.vidual
BOM’s and they suggest that the generic BOM (GBOM) allows for the specification of
product variants by means of describing an item and a set of descriptions at any level in a
multilevel BOM, rather than being limited only to toi)-level item. Yeh (1997) pointed out
that manufacturing resource planning (MRP II) hés achieved only limited success in its
implementation, mainly due to the fundamental weakness of its planning logic and the
lack of integration between material requirements planning and capacity planning

module. Therefore it is imperative to streamline the impact of product variety on existing
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manufacturing capabilities and in turn, the implications of production information in

managing product variety.

’Studies _such as Little et al (2000) emphasize the propér haﬁdiing of customer and
prolduction data based on BOM information to achieve an alignment of products and
précesses. Théy outline important elements for iptegrat'ed planning-and scheduling in an
engineering-to-order system, including iproduct configuration, master production
scheduling, design planning, project requirements planning, shop floor s;:heduling and
assembly scheduling. Huang et al (2003) suggests that product structures and cost data,
along with proper production information models, impose a significant impact on

production planning thrdughout'rhanufadturing supply chain. ‘

BOM inaccuracies and inaccurate reporting of lost, scrapped or substituted parts all
_contribute to inaccuracies in on-hand inVeritofy information. Stock outages still occur
~ despite the manual effort and cost to prevent them from happening. It results in
production stbppages and lost production, which in tumn results in lost sales, customer

dissatisfaction and complaints.(Petroni and Rizzi, 2001).

Chung-Hsing (1995) describes a production data model as a logical representation of two
key production data structures — bill of material (BOM) and routeing. Its function is to
provide a logical way to support the information needs of a production planning and

control system for performing functions such as material requirements planning, capacity
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requirements planning, operations scheduling and shop floor control. It is very important

to take in consideration the role of BOM in the inventory control.

2.3.3.2 MPS techniques

A Master Production Schedule or MPS is the plan that a company has developed for
production, inventory, staffing, etc. It sets the quantity of each end item to be completed
in each week of a short-range planning horizon. A Master Production Schedule is the .

master of all schedules. Itisa pian for future production of end items. |

Vollmann et al (1997) defines the scope of MPS “Startin‘gr froﬁ an overall p{an of
resources, proceeding to a rough-cut evaluation of a particular master production
schedule's capacity implications, moving to a detailed evaluation of capacity
requiremenis based on detailed material plans, then continuing to finite load'ing

procedures, and ending with input/output techniques to help monitor the plans”. (see

figure 2.6)
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Figure 2.6 MPS role within an MPC
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s

Stoop and Wiers (1996) present a similar view by debicting the theoretical relation
between planning, scheduling and sequencing (see figure 2.7). According to theory,
planning controls the inventory points in the goods flow and gives matérial requirements
to scheduling. The scheduling function then releases jobs to the shop floor. Dependent on

the level of scheduling, sequencing decisions are made on the shop floor.
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Figure 2.7 MPS: Planning, scheduling and sequencing in MPC s stém
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Guide et al (1997) describes the major techniques used for rough cut capacity planning:
1., Capacity planning using overall factors ( CPOF)

2. Capacity bills

3. Resource proﬁles‘

4. Capacity requirements planning (CRP)

5. Theory of constraints (TOC)

Vél]mann et al (2005) defines the scheduling approaclh used in TOC systems drum-
buffer-rope. Thé bottleneck centres (constraints) are tﬂe drﬁms and are used to control the
workflow in a plant. Any resource whose capacity is more than the demand is called a
non-drum. The rope refers to pull scheduling at the bottleneck work centres. The purpose
of the rope is to fie the production at each. resource to the drum. A buffer exists at all of

the bottleneck work centres.
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These buffers are used to protect the throughput of the bottleneck work centres from the’

inevitable minor fluctuations through the use of time buffers (work in progress - WIP

inventory) at a relatively few critical points.in the plant. The basic concept is to move

1

material as .quickly as possible through non-bottleneck centres until it reaches the

bottleneck. The work at the bottleneck resources is scheduled for maximum efficiency.-

' Thereaft"er, work moves at maximum speed to the finished goods. (See figure 2.9 TOC

scheduling)

Figure 2.9 TOC schedulin
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Ching et al-(2004) suggests ‘that -when faced with uncertainties. a ‘Variety of bijf;fefing-or
: démpening teqhniqﬁes can be used to tackle the unwanted effects, sﬁph as safety stock,
safetyllead-time,. overtime or outsdurcing. Buffeﬁﬁg it refe'rs_ to .any e;’gfra .qua'ntit}'/ of -
materials Waiting for pfocessing — an exarﬁple of bﬁfferihg techniqﬁe is safety stoci(. '
Dampening refers to planning methods, such as rescheduling and safety lead-times. Lezad-
time is the elapsed time required to perform a task or job (Knod énd S'chonberger; 2(;01)._
They define the elements of production lead-time for a given part és follows, in
descending ordér of significance: queue time; run-time or service-time: value—adding time
during which the item is being produced or the service is being delivered; set-up time; ‘
~wait times (for instructio.r'ls, transportation,-tools, etc.); inspection time; move-time and

other.

Stoop and Wiers (1996) define scheduling as an important part of the MPS and it lies at
the very heart of the performance of manufacturing organisations. The need for efficient
scheduling has greatly increased in recent decades owing to market demands for product

quality, flexibility and order flow times.

Knod and Schonberger (2001) and Vollmann et al (2005), state that queue-time
frequently account§ for 80% or more of the total lead-time and it’s the most capable
element of being managed. Reducing the queuing-time means shorter lead-time and
reduced WIP inventory. This reduction requires better scheduling. Dumond (2005) states
- that ﬁniteh scheduling should be considered more then a séheduling tool, due the fact it

allows firms to generate schedules to meet customer needs and for management of
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resources to meet these due dates in a dynamic environment. The benefits provided by
finite scheduling are significant and those firms using finite scheduling have gained
advantages through shorter lead-times, greater efficiency and utilisation, higher quality,
improved on-time delivery, better customer relations, lower costs and higher profitability
(LaForge and Craighead, 2000). Another approach is suggested by Slack et al (2001)
infinite scheduling, w'here the system does not limit accepting work, but instead tries to
cope with it.

Slack et al (2001) describes the scheduling function as “a detailed timetable showing at
what time or date jobs should start and when they should end; a familiar statement of
volume and timing'. Dumond (2005) presents two basic finite scheduling approaches:

- Forward scheduling - involves starting work as soon as it arrives; it is normally
used for jobs with relative short due date; in addition a forward schedule can be
used to quote a realistic delivery date for a particular order;

- Backward scheduling - involves starting jobs at the last possible moment to
prevent from being late; it'is normally applied to those jobs with long due date.

The choice of backward or forward scheduling depends on circumstances. There are

several advantages for using these approaches. (See table 10)

Table 10 Advantages of forward and backward scheduling

Advantages of forward scheduling Advantages of backward scheduling

High labour utilisation - workers always start Lower material costs - materials are not used
work to keep busy until they have to be, therefore delaying added
value until the last moment
Less exposed to risk in case of schedule change
Flexible the lime slack in the systems allows by the customer
unexpected work to be loaded Tends to focus the operation on customer due
dates
Adapted from Slack ct al, 2001
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- Stoop and Wiers (1996) state that the plannéd or expected };erfonnar;ce‘ of productioﬁ
units often deviates from the actual performance, due to seyeral distﬁrbances, such as:
capacity disturbances (examples ﬁachine breakdc;\'ms,' illness of operatofs, unavailability
of tools); order disturbances (examples unavailability of _rnachines; extra orders cause by
scrap, rework, rush orders) and ﬁeasurement data (differences between vpre—calculat‘ed

and actual processing time, capacity efficiencies).

‘Sanderson (1989) suggest that the human factor has an important role in the perfonn;ancc"
of scheduling techniques; due to the fact that humans may overrule the scheduling
technique because they think that they can outperform the techniques by increased mental

efforf.

Stoop and Wiers (1996) state, that assessing schedule performance is a very complex
problem and the feedback from shop floor is not evaluated in .an aggregate way. The
‘scheduler is only interested in detailed feedback about exceptioné and does not evaluate

aggregate measures such as service level.

Wermu‘s (2001) describes several factors that change scheduling priorities: pressure from
customers, change in delivery duf: date, engineering design change, change in demand,
machine breakdown, manufacturing problem, material shortage, labour shortage, |
insufficient machine capacity. As well, analysing the production process he presents
some factors that influence the scheduling process: size of the order, processing time,

setup cost, setup time, lead time and material handling capacity.
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2.3.4  Production Activity Control

This sub-chapter concerns the execution of detailed material plans. It describes the
planning and release of individual orders to both factory and outside vendors. Préductidn

- activity control (PAC) also concerns detailed sch'edulling and'C(‘)ntrol" of individual jobs at -
- work cent'res on the shop floor, as well as vendor scheduling. An effective f;AC module
can ensure megtipg company’s customer service goals. It caﬁ reduce work-in.—progress
inventories and lead times. A key element of an effective PAC is.feedback on shop and

. suppliers’ performance against plans. The primary PAC objective is managing the
operation flow to meet MPS plans. (See ﬁgure 2.10)

Figure 2.10 MPS and PAC

0—CanITO( 30-~0C00~T ~0~+0p<

Production Activity Control

Source: Adapted from Knod and Schonberger, 2001
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2.34.1 Basic PAC concepts and techniques

Production activity control or shop-floor control is defined by Vollmann et al (2005) as:
“a system for utilfsing data from the shop-floor as well as data procéssing files to |

 maintain and communicate status information on shop orders and work centres”.

»Chase et al (2001) describes t-he basic. tools of shop-control techniques:
1. The.daily dispatch list — which tells the-supervisor v;f,hich jobs are to bé run, their
priotity and how long each will take ‘ | )
2. VgﬁOus status and exception reports including:

a. The anticipated delay report, made out by fhe shop-plannerdc:ncA:e or twice a
week and reviewed by the chief shop planner to see if there are any serious
delays that could effect the master schedule

b. Scrap reports

c. Rework reports |
d. Performance summary reports giving the number and percentage of orders -
' comﬁleted on schedule, lateness of unﬁlied orders, volume of input;
e. Shortagé liét
3. An input/output control report - that is used by the supervisor to monitor the

workload capacity relationship for each workstation.
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Relating to the PAC techniques, literature suggests: Gantt charts and priority sequencing

rules.

" 1. Gantt charts —provides a graphica‘l‘;ﬁ'ndersvtanding of the shop-floor control systems.
Chase et al (2001) describe Gantt charts as a type of bar chart that plots tasks against
time. They are used for project planning as well as to coordinate a number of scheduled

activities. (See figure 2.11)

Figure 2.11 Gantt chart

The advantage of Gantt charts is that they provide a simple visual representation both of

what should be happening and of what actually is happening in the operation (Slack et él,
2001).. As well, they can be used to test out alternative schedules and it facilitates the

development of alternative schedules by communicating them effectively.

2. Priority sequencing rules — determine which job to run next at a work centre. These
can be very simple, requiring only that jobs be sequencéd according to one piece of data,

such as processing fime, due date or order of arrival..

52



Chapter 2: Literature Review

Accordingly to Chase et al (2001) the following standard measures of schedule
performance are used to evaluate priority rules: meeting due dates of customers or
- downstream operations; minimising the flow-time (the time'a job spénd in the procéss);

minimising WIP inventory and minimising idle time of machines or workers.

Knod and Schonberger (2001) suggest several factors that should be considered in settirig
priorities' for jobs: customer importance, order urgency, order profitability, impact on

capacity utilisation and shop performance.

3. Kanban technique - a kanban control system uses a signalling device to control the JIT
flows. Kanban means “sign” or “instruction card” in Japanese. The cards or containers
make up the kanban pull system. The authority to produce or supply additional parts

comes from downstream operations. (See figure 2.12)

.Marckham' et al (2000) descriBes two kinclis of kanbéns: a pi‘odﬁcﬁon orderiné kanban —
that - specifies the kind and quantity of product which the proceediﬁg process must
prc;duce and a wifhdrawal kanban - that specifies the kind and quantity of product which
the subsequent process should withdraw from the precedi.ﬁg,process. In this way the

amount of inventory needed throughout the factory is minimised.

Haslett and Osborne (2000) state thai.kanban system was designed to introduce stability

.and predictability into the inventory held between the manufacturing and assembly
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operations. In practice, managers intervene constantly in an endeavour to prevent stock

outs and the consequential expensive line stops in the assembly process.

Figure 2.12 Flow of two Kanbans

. _. Withdrawal
' kanbin -~

N o Production: _ 4 —— Materiul flow
kanban, - =~ Card (signal) flow

Source: Chase et al, 2001

Many -authors such as Bhuiyan.and Baghel (2005), Brunet -and New (2003), Styhre
(2001), Savolainen (1998) describe these préduction activity control techniqués as part of
kaizen the Japanese aﬁproa’ch-of continuous improvement. ‘These'techniques evolve
uniquely within each organisation, following changes to the orgaﬁisation’s business
environment. Detailed implementations vary considerably between organisations, but all
rely on continuous improvement to achieve targets as an integral element in the

operations management system.

In conclusion we can observe that the literature describes several dimensions of an MPC

system and each dimension has different techniques available. Identification of these
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techniques will allow for further research. It is important to associate them with the

planning and control systems in order to assess their match, use and performance within a

manufacturing environment. See table 11 for summary of literature of MPC dimensions

and its associated techniques.

Table 11 Summary of MPC dimensions and its _associated techniques

MPC Dimensions Associated techniques Authers
Aggregate planning - Aggregate plans Berry and Hill (1992),
' o Olhager ~ and  Rudberg
(2002), Buxey (2005).
- “Multiproduct” planning Fung et al (2003)
» approach -
‘Master production schedule |- Capacity planning using overall | Vollmann et al (2005),

factors, capacity bills, resource
profiles, capacity requirements
planning

Jonssons and Maitsson
(2003),Russell and Taylor
(2000) Guide et al (1997)

- Material planning approach: time

Berry and Hill (1992)
phased/ rate based
- Theory of constraints .

Vollmann et al (2005)

- Infinite/finite scheduling

Dumond (2005), Slack et
al (2001), Jonsson and
Mattsson (2003)

Production activity control

- Input/output control : Priority
rules, dispatch lists

Bhuiyan and Bahel (20035),
Vollmann et al (20095),
Jonsson and Mattsson

(2003), Chase et al (2001)

- Kanban

Bhuiyan and Bahel (2005),
Vollmann et al (2005),
Brunet and New (2003),
Jonsson and Mattsson
(2003), Styhre (2001),
Marckham et al (2000),
Savolainen (1998)
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2.3.5 Identify MPC classifications

Many studies have sought to classify manufacturing planning and control approaches.
Some classifications are not very well defined; therefore it is difficult to clearly
differentiate the rules of operation and other dimensions that describe the systems

modelled.

1. Berry and Hill classification

Berry and Hill (1992) analyse manufacturing strategies using specific company
examples. They identify two MPC systems: push and pull system that supports the
overall business objectives, linking them to the market-process infrastructure.

Table 12 Bern and Hill system's classification summary

Bern-and Hill

Push system Pull System
Dimensions

Master Production Schedule - Make-to-order/assemble-to- Make-to-stock/manufacture to
order forecast
Customer orders/anticipated - Level production
orders.'forecast orders - used for  Manufacture to replenish
rough cut capacity planning due  inventories
to long lead time impact on
delivery

m Customer order promising

Material Planning m Time-phased material planning ¢ Rate-based material planning
m Material is particular to Low raw material, component
castomcr orders; and WIP inventory
» High obsolescence risk
m Extra-material needed for
scrapped itenms
Shop-floor control m Priority scheduling of shop » Kanban containers
orders mJIT flow of material
* System supported by
despatching and production
controller personnel
m Capacity requirements planning
by work centre
m Order tracking and status
information

Source: Adapted from Bern' and Hill (1992)
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2. Newman and Shridharan’s classification

When demand is both stable and predictable, there is very little need for a sophisticated
system for production plamiihg and control, but when faced with a highly unstable or -
unprédictable demand, choosing the right kind .of MPC system becomes crucial for
achieving both effectiveness and efficiency (Newman and Shridhara, 11995). They present
four types of MPC systems commonly_ found in use: MRP, ROP, Kanban and OPT.
However they do not describe these systems in term of their dimensions or rules of
operation. They superimpose an ipfrastructure support system (MPC system) that might
represent the ‘best’ for the conditions that déﬁne the firm’s environment. Therefore it is
~difficult to clasgify thésé systems analysing their dimensions. The criteria that thc; authors -
usé to differentiate these systems are the system’s performance. See table 13 for a

summary of the overall performance ratings for each MPC system.

Table 13 Summary of the overall performance ranking

Newman and Shridharan (1995) | MRP |- ROP | Kanban | OPT
Quintile — Tl % | % %
1 . 12.00 6.67 2.00 1.33
2 ’ ‘ 13.33 4.00 “1.33 0
3 | . 1067 | 5.94 T
4 - 12.67 424 1.33 1.33
5 . 13.33 333 297 | 133

Source: Newman and Shridharan, 1995
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They conclude that demand predictability and variability has a great input in choosing the

right system and their suggestions are summarised in table 15.

Table 14 MPC Systems and demand

Demand Demand 'variability
| Pfedictability LOW HIGH
LOW Kanban ' OPT
All MRP

HIGH

‘3. Miltenburg’s classification

Source: Newman and Shridharan, 1995

Similar approach is undertaken by Miltenburg (1997); he compares JIT and embedded

TOC ‘into MRP, without clearly defining the MPC dimensions. He analyse system’s

performance in terms of output, inventory, cycle time and shortéges. MRP with

embedded TOC technique gives highest output, lowest shortage, high inventory and long

" cycle time. JIT gives high output, low inventory, short cycle time and possible high level

of shortages. He specifies that balanced schedules and multi skilled operators are

typically used in JIT systems and drum-buffer-rope scheduling and transfer batches in

MRP.
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4, Bonneyv et al’s classification

Bonney et al (1999) classifies MPC systems into push and pull systems, where MRP is
described as a push systerh‘ and a kanban operated JIT is described as a typical pull

system. Their definitions of push and pull systems are based on information flow used for

control. See table below for details.

Table 15 Bonney et al’s system classification summary

Bonney et al
(1999) Push system Pull System
Dimensions
Aggregate. planning + Level plan : - Focus on preplanning
o | +~ Focus on planning
MPS - Based on forecasting Based on customer orders
+ Finite scheduling
PAC - Priority rules — - kanban

Source: Adapted from Bonney et al (1999)

5. Porter et al’s classification

Porter et al (1599) describes the common approaches.to production planning as follows:
Just-in-Time (JIT); Project evaluation and review (PERT) and critical path (CPM);
Constraint based scheduling (CBS); Process flow scheduling (PFS); Manufacturing
resource planning (MRP) and d;rivations and Finite capacity scheduling (FCS). See table

16 for details on their classification.
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Table 16 Porter et al’s system classification summary

Porter et al ] ’ MRP/
(1999) .JIT PERT/ CBS _ 4 FCS/
Dimensions CPM ) PFS
Aggregate planning Rate based , | Time phased
MPS + Simple for ~Fin'ite scheduling | Bac.VkA
of schedule scheduling;
- Routeings;
+ Finite
scheduling
PAC + Kanban A . ‘ —. workflow
monitoring

Source: Porter et al (1999)

6. Jonsson and Mattsson’s classiﬁcétion

~Jonsson-and Mattséon (2003) because of the scarcity of literature and reference support
for classifying MPC systems, used in their study a conceptuai matching of planning
environments and planning methods, based on a coﬁceptual analysis of thé MPC system’s
characteristics. Their conclusions are mainly based on logical assumption and represent
different types of planning environment using the following notations: type 1, type2,

- type3 and type 4. Table 17 is a summary of their assessment.
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" Table 17 Jonsson and Mattsson’s conceptuél matching of Elanni‘ng envirdliments

and methods

Planning method

Planning environment

Type 1 Type 2

Type 3 Type 4

Detailed material
planning '
Reorder point

Run-out time planning
Material .requirements
plan

Kanban

Order-based planning

+
++ I+ +

¥
e

Capacity planning
Overall factors

| Capacity bills
Resource profiles
Capacity requirements
planning

+
++ + 7

Scheduling
Infinite scheduling

Finite scheduling
Input/output control

Sequencing
Sequencing by foremen

Priority rules
Dispatch lists

+
+
++ ++

Note:

++ Strong match; + Poor match; - Mismatch

Source: Adapted from Jonsson and Mattsson {2003)

7. Masuchun et al’s classification

Masuchun et al (2004) describe push and pull strategies as embodying the concepts of

MRP and JIT/kanban. See table 18 for details.

Table 18 Masuchun et al’s system classification summary

Masuchun et al

(2004) * Push system Pull System
Dimensions A MRP concept JIT/kanban concept
Aggregate planning - Demand forecasts Fbased on orders |
MPS’ . | Backward scheduling + low inventory levels
PAC +tKanban

Source: Adapted from Masuchun et al (2004)
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The literature shows that many authors have classified -rrianufactun'ng planning and

control (MPC) systems, using different approaches. The table below is a summary of

these studies.

Table 19 Summary of MPC system classifications

Authors

MPC systems identified

Berry and Hill (1992)

Push system, Pull System

Newman and Sridharan (1995)

MRP, ROP, Kanban and OPT

Miltenburg (1997) Just-in-time (JIT), MRP with embedded Theory of
constrains (TOC)
Bonney et al (1999) Push System, Pull System

Porter el al (1999)

Just-in-time (JIT), Project evaluation and review
(fERT) and critical path (CPM), Constraint based
scheduling (CBS), Process flow schqduling (PFS),
Manufacturing resource planning (MRP) and .

derivations, Finite capacity scheduling (FCS).

Jonsson and Mattsson (2003)

“Type 1, Type 2, Type 3, Type 4

Masuchun et al (2004)

Push System, Pull System

We can observe that several authors have classified MPC systems, using different tags to

name these systems. Based on the analysis of the.literature there is a pattern emerging

and the researcher has identified push — MRP type system and pull — JIT type system.

For the purpose of this research and to make this study manageable, the researcher will

investigate these two main approaches to planning and control and their dimensions with

associated methods. Using the common dimensions and methods, he will group all these
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classifications to dgtermine similarities in the systems modelled. Tﬁe researcher will use
the notations Type A fof push system — MRP type and Type B for pull system — JIT typé,
to classify the manufacturing planning and control systems. The common dimensions
used are: aggre'gate plénning, master production schedule and production activity control,
along with their associated dimensions.

Table 20 MPC classification and their associated dimensions

Dimensions Type A Type B

Push system — MRP type Pull system — JIT type

Aggregate planning
-.aggregate plans : Level plan Chase plan

- material planning apprbach, ' Time-phased " Rate based

Master production schedule

- MPS approach MTO/ATO - MTS
- Scheduling approach Finite _ _ Infinite
- Inventory levels Highér ‘ Lower

Production activity control

- Contro'l approach Priority, dispatch rules - Kanban
Authors

Berry and Hill (1992) Push system Pull system
Newman and Sridharan (1995) MRP ' ol Kanban
Miltenburg (1997) . MRP (TOC) JIT

Bonney et al (1999) Push system Pull System
Porter el al {1999) MRP/CBS/FCS/PFS JIT

Jonsson and Mattsson (2003) Type 1 Type 4
Masuchun et al (2004) Push system-MRP Pull system-JIT/Kanban
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In conclusion, the researcher has idéntiﬁed two main approaches to planning and control:
push ‘system — MRP type and pull system — JIT type. Although several authors used
different titles to describe these MPC systems, they have similar dimensions and it is
difficult to clearly define them in detail. Some studies suggest that most manufacturing
control systems are hybrid: a mixture of both push and pull. However, this observation is
"not very meaningful if the terms push and pull have been left deliberately vague
(Safizadeh and Ritzman, (1997)). Although several authors identified push and pull
systems, they didn’t define them in detail regarding their' rules of operation and other
dimensions that describe the system modelled (Bonney et al (1999), Miltenburg (1997),
Spericer (1995), Newman and Sridharan (1995)). O';hers identified push system as a MRP
type and pull éyst'em as a JIT type, without c.leaﬂy defining the differences between them'
(Masuchun et al (2004), Porter -et al (1999)). Further in this study the researcher will
conduct conceptual ma’iching between the MPC systems identified and manufacturing
environménts. This will be followed by an empirical match that will differentiate‘_

system’s performance in manufacturing environments.
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2.4 Linkages between manufacturing environment and

manufacturing planning and control systems

Today most products are global composites of materials and serviceé from manufacturers
throughout the world. Business has to consider cust'(‘)mers,' suppliers, and competitors in
global terms in order to succeed. A company that is considered to be world class
recognizes that 4its ability to compete in the marketplace depends on developing a
business strategy that is properly aligned with its mission of serving the customers.
Compény competitiveness refers to its relative position in comparison to other firms in -

the local or global marketplace (Chase et al, 2001).

It is argued that what separates winning organizations from their counterparts is the
process to address the internal organization and external demands established by the
competitive business world. .O_rganization theorists.haveloften emphasized the importance
of aligning orgahization systefrll and strategy with the ‘ext‘ernal environment (Berry and

Hill, 1992).

This chapier investigates the two main approaches to manufacturing planning and control
push and pull system and their linkages with the environment. It is important to analyse
 their characteristics in order to explain their fit and use. This will provide the fit through a
conceptual matching, followed by the empirical analysis of their use, in terms of

performance within the next chapters.
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2.4.1 Characteristics of Push systems — MRP type

Several studies in the literature suggested that a well-implemented MRP system has

broad benefits for the entire organisatioh. (See table 21)

Table 21 Summary of literature studies onr benefits of MRP type systems

Authors

Benefits

Wong and Kleiner (2001)

increased productivity;

improved customer service;

. reduced purchased costs

reduced traffic costs;
reduced obsolescence;
reduced overtime;

improved quality of life.

Knod and Schonberger (2001)

improves on-time completion;

cuts invent‘ories;

improves pro’dﬁctivity;

facilitates closing the loop with total

business planning.

Brown (1996)

reduced stock levels and highturnover
increased customer service;

more reliable and faster quoted delivery
times;

better relationship with suppliers.

Van Assen et al (2000) describes one of the main problems of the MRP system is the

lead-time syndrome — MRP use leads to longer and longer lead-times, as a result of

ignoring the interactions between WIP, capacity, variability and lead-time.
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‘There are perceived problems with MRP (Brown, .1996). “On the main factors is that it

should present a learning opportunity for firms over a period of time when the system is

bo.ug'htvin as a means of solving inventory problems quickly”.

Kumar and Meade (2002) describe two factors that create problems' within the MRP
systems: the requirement for immediate delivery of a product following a customer order

and the increased complexity of the products being requested.

- Immediate delivery — in today’s “instant gratification world” it is no longer
acceptable that a customer waits for the delivery of a product as it happens in the past.
For large orders it may be acceptable to wait several weeks if some level of customisation
is requested. This development has added the requirement to carry finished goods at the

point-of-sale of the right model in the right quantities.

Increased complexity in products — produc_:t customisation driven by customer desires,
has led to an ever‘-increasing need for additional component of material inventories to
‘produce the various models. BOM became more and more compiicated and rnpré MRP
calculations are needed. The various files are required by MRP to calculate material
needs and must contain current information and be accurate. Increased computing power
to perform the calculationé and deal with the expanding volumes of data has kept the

pace but the manual entry and maintenance of the records has become a growing issue.
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These two factors have led to the inability to accurately forecast future sales at a finished
goodé level and the inability to ensure adequate inventory levels of material .and |

components to support the changing production demands.

Caridi and Cigolini (2002) state MRP methods rarely are kept accurate, that due to the
process employed, back-flushing material out of the inventory based on quantities of final
assemblies produced, using BOM data for component quantities and adding scrap/reject

information to account for components lost due to failures.

- Brown (1996) identifies potential long-term problems With.MRP:
- Planniné and implementing MRP can take years - although software packages are
' available, in reality companies must have an individual, tailored approach if the
system is to be successful; |
- Data entry and maintenance take up much time — even if the reports are exception
_réports; detailing changes from the‘-last MRP fun, this ;till will tal;e up much time;
- Data integrity is essential — this often is the cause of failure due to inability to provide

accurate forecasts of supplies and sales and engineering data, which is incorrect.

Koh et al (2000) presents some limitations of MRP presumptions in terms of fixed lead
time, infinite resource, .fixed routing, constant scrap rate and 100 percent adherence of
schedule receipt and schedule release. They suggest that the performance of MRP system
is often poor due to implementation of wrong functionality or systems are considered

failures 1f expectations are not met.
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The difficulty with producing a reasonably accurate forecast has increased exponentially
(Ip et al, 2000). Globalisation of the market place, technology and the rate in which it
'advances, continued shortening of the design process for new products and the increased
desire of the customer for new and different as well ‘as more material goods, have all been

part of the MRP problems.

The more stable, slower moving economic environments, with a predictable forecast are
very rare; therefore MRP systems face the problem of not adapting with the environment -

. where they operate (Aghazadeh, 2004).

2.4.2 Characteristics of Pull systems — JIT type

Aghazadeh (2004) presents the JIT as a managément philosophy of problem solving,
which relies on two main principles: the elimination of waste and the complete utilisation
of capabilities of people. Several studies in the literature suggested that successful
-impleméntation of a JIT system can bring benefits for t—he entire organisaﬂon. (See table

22)

69



Chapter 2: Literature Review

Table 22 Summary of literature studies on benefits of JIT type systems

Authors

Benefits of a JIT system

Vollmann et al (2005)

throughout time reductions;

—

less material movements;

- reduced changeover time;

S greaief respon_siveness;

- inventory reductions;

- better team workers;

- quality  cost reductions and  quality

improvement.

Aghazadeh (2004)

- eliminates waste;

- minimises holding space and feduces costs;
- offer quicker response time to customers;

- smaller lot sizes can be utilised;

- decreased lead, set-up and production time.

Stockton and Lindley (1995)

I reduce.lead-times;

5 reduce the variety of components that need to
be processed;

- allows greater standardisation of processing
procedures;

- enable integration or linking of machines;

L allows responsibility (ownership) for a family
of components fo rest with one group of

operators;
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Knod and Schonberg'er' (2001) describe some problems that a JIT system can encounter:

- Inflexibility — a surge in customers or orders arrival will cause a large queue in
production, unless the compahy has spare resources. As the JIT concept does not
imply safety stock, this can raise disturbances. Insufficient physical capacity, lack

of cross-trained labour or back-up labour supply can as well disrupt the smooth

- flow of work.

- Geographical distances — if mémufacturing providers and users are separated, the
supplier can keep producing and push the product forward. Poor contact with

customers can become an important issue.

- Period quotas — when managers feel pressure to attain period production or sales

quotas, the result can be an end-of-period push to get the goods out the door.
- Capacity/budget justification — the desire to show high levels of resource utilisation as

a way of justifying existing budget levels or capacity allocations can determine

managers to push unneeded work onto the process.
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Aghazadeh (2004) highlights several limitations of the JIT approach:

- Cultural differences — play an important role when interacting with different firms in
order to receive goods on time. Many organisations find that it is difficult to adopt
new methods because of present cultures. People are set in their own way and they

do not like changes;

- Inventories on hand ~ the traditional way of having plenty of inventories on hand to
cover ordering or product mistakes, is not possible with JIT which creates a source

_of negative pressure on the participating individuals;

- Loss of autonomy — puts more stress on workers due to the fact they have a set

amount of time to do certain things;

- Limit of trust — must be broken between workers and their managers because you
cannot have any lack of commitment; trust must be achieved to have complete

satisfaction of work;

- The employee’s‘ skills — must be maximised and must be flexible to work with |

different types of equipment.

- Production limit — you can only reach high production if every individual works

equally as hard.
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Roongrat and Bohez (2004) states that, the disadvantages of JIT include that the items
produced cannot have any defects because there are not enough inventories to use as
replacement. As well, in order to function effectively a JIT system requires knowledge

workers, multi skilled that are not easy to recruit and the company will have to pay more.

‘Ketokivi and Schroeder (2004) found that JIT is not related to competitive conformance
quality performance; it means that a company should not expect to enhance. competiti\?e
conformance quality by installing a JIT system, since its competitors are likely to also

implement JIT to improve their conformance quality.
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25 S.umméry

Jonsson and Mattsson (2003) stated that the suitability of various rnanﬁfacturing planning
and control approaches depends on.the environment dimensions and it is very important
to link performance drivers in MPC to'sysvtem choice. Howard et-al (2002), Berry and
Hill. (1992) highlighted that misalignment between MPC system and market requirements -
- can result in poor performance (i.e. léngthy manufacturipg cycles, shortéges or excesses

inventory, problems with on-time delivery and poor customer service).

Analysis of published literature relevant to fit between manufacturing planning and
‘control systems and manufactuﬁng environment has revealed some gaps and needs for

- further research:

e There are some studies that compare the effects of ﬁsing various manufacturing
-planning and control systems or develop frameworks in order to differentiate
manufacturing environments. However, there is a lack of conceptual and

empirical studies that match MPC systems and the manufacturing environment.

e Although the researcher attempted to differentiate several manufacturing
environments using different variables, it became more difficult to cléssify and’
identify a pattern of MPC systems, due to fuzziness of authors system’s
definitions and also their vague description of the associated MPC dimensions.
Another problem was the titles that several authors used for describing these MPC

systems. It was possible to identify a general agreement between their titles and
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descriptions, but it was very hard to distinguish the MPC systems, due to lack of

detailed description of their rules of operation and associated methods.

e Dan Flinter’s comments from “Made in Ireland” report, authored by ‘Fynes et al
.(2001) regarding poor manufacturing practices and performance of Irish
companies reinforces the need for research into this area. The literature studied
has shown that there aren’t many published studies on performance of
manufacturing practices in Irish companies and the underlying causes of poor
performance. Therefore, this research through its empirical match between the
MPC systems and manufacturing environment within Irish engineering sector will -

fill some of the literature gaps and reflect some causes of poor performance.

Based on analysis of the characteristics of various manufacturing environments and the
investigation of the two main MPC systems and their dimensions, a conceptual match has
t;een developed. Because of the scarcity of literature and reference support for this
conceptual match, it is mainly based on logical assumption. The conclusion of this

St

assessment is summarised in the table 23.
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Table 23 Framework of the conceptual match beMeen MPC systems and

manufacturing environment

Environment Variables Type 1 - High variety | Type 2 — Low variety

Volume per produét Low ' Higher
Product variety . | High Lower
Demand stability | . Low Highc;r
Product design ' High]y customised . | Minimal changes
Layout | Functional Line/Functional

MPC Dimensions Type A Type B

Push system — MRPAtype Pull system — JIT type

Aggrepate planning

- aggregate plans Level plan Chase plan

- material planning approach Time-phased . * Rate based

Master production schedule

- MPS approach MTO/ATO MTS

. Scheduling approach Finite Infinite

Production activity control

- Control approach : Priority, dispatch rules Kanban

From the conceptual analysis, three variables were identified: the degree of match, the

degree of use and performance.
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Figure 2.13 Schematic diagram showing all possible outcomes of mixing match, use

'and performance

.‘ Good Performance
Good use <:

Poor Performance

" 9Good Performance

Poor Use
Poor Performance
Degfee of
Match v(Good Performance
Good use
Poor Performance
Good Performance
Poor Use

Poor Performance

In order to address these possible outcomes there is need for further research. The

researcher proposed that:

Good performance is the result of matching the MPC system with the

manufacturing environment and good use of the MPC system employed.

The following chapters will test this hypothesis and the results will be analysed and

discussed.
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3.1 Introduc_ti(m

Chapter 1 int;oduced manufacturing planning and control (MPC) systems as a broad field
.of study for this research, in tenﬁs of its ‘éonceptual an'd-empirical fnatch with thg
manufacturing environment. A need was outlined for researéh on tﬁe underlying causes
of poor -performance of the Irish manufacfun'ng companies and the mgnufacturing

practices employed.

Chapter 2 investigated the published literature relating to tﬂe research problem: the fit -
and use of maanactﬁring | ﬁlahning and control syétems within a manufacturit:lg
environmeht. It explored various manufacturing environments tthugh their
environmental variables .;and fhe role 5f manufacturing planning and control system, in
terms of its dimensions. Conclusions from the literature review are used to develop the

hypothesis and design the research framework.

This chapter presents the reéearch framework that forms the basis of this research which
aims to identify, evalua’ge and determine the effectiveness and usage patterﬁs of the MPC
systems within .the actual manufacturing environment for the Irish eﬂgipeering sector.

Research methodology c;m be defined as: “A process of steps used to collect and analyse

information in order to increase our understanding of a topic or issue” (Creswell, J.,

2005).
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Kurﬁar'(1996) identifies the folldwing characteristics of research methodology:
- It is undertaken within a framework of a set of philosophies;
- It uses procedures, methods and techniques that have been tested for their validity
and reliabflity; |

It is designed to be unbiased.

The researcher has chosen the research process “onion™ (Sauders et al (2003)) as

framework for describing the research methodology.

Figure 3.1 The research process “onion”

.| "Research
Philosophies

| ‘Research.
/ Approaches

o SUivey R
“Cross'Sectional ™,

/" Sarfipling
‘Secandary Data
Observation”
N\ Interviews
O\ Questioonnaires, o

i(\;_rounded
f.Theory -

‘Realism

'R'és'éaréh
Strategies

Time
Horizons

“bata Collection

T Ierpretivism (Methods

Source: Adapted from Saunders et al (2003)
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3.2 Research Philosophies

The first step in any research is to identify the most appropriate research paradigm to

follow in terms of desfgning and gathering the research. The research philosophy reflects

the way that the researcher thinks about the development of knowledge (Vignali and

Zundel, 2003). ‘Paradigms are “a-set of linked assumptions about the world which is

shared by a community of scientists investigating the world” (Deshpande, 1983).

The various paradigmatic positions are now discussed in terms of an antithesis between

two schools of philosophy, which are generally referred to and defined as positivism and

phenomenology. Healy and Perry’s (2000) categorisation is summarised in Table 24.

Table 24 Four categories of paradigms and their elements

Paradigm

Element Positivism Phenomenology
Critical Theory Constructivism | Realism
Ontology Reality is real and “Virtual” reality Multiple local and Reality is “real”
apprehensible shaped by social, specific but only
economic, ethnic, “constructed” imperfectly and
political, cultural and realities probabilistically
gender values apprehensible
crystallised over time
Epistemology Objectivism: findings | Subjectivism: value -*-| Subjectivism: Modified
mediated findings created findings objectivism:
findings probably
true
Common Experiments/ Dialogic/dialectical Hermeneutical/ Case studies/
. surveys: verification | researcher is a dialectical. convergent
Methodologies | f hypothesis, chiefly | “transformative researcher is a interviewing:
quantitative methods | intellectual” who “passionate triangulation,
changes the social participant” within | interpretation of

world within which
participants live

the world being
investigated

research issues by
qualitative and by .
some quantitative
methods such as
structural equation.

Source: Adapted from Healy and Perry (2000)
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Creswell (2005), Goulding (2005), Riege (2003), Healy and Perry (2000) and Saunders et
al (2003) describe different paradigms to research methodology: pc;sitivism and
phenomendlﬁgy where they include: realism, critical theory and constructivismt
' vGummesson _(2000) notes that these péradigms “have many facets and names™; there is

oversimplification and confusion between these paradigms.

3.2.1 Positivism

Positivism predominates in science and assumes that science quantitatively measure
independent .Vfacts‘ about a single apprehensible reality (Tsoukas, 1989). Deshpande
'(1983) describes this paradigm as being chmacteﬁsed by a deductive method of ihquiry
seeking for theofy confirmation in Yalué-free, statistical géneralisations. Easterby-Smith
et al (2003) state that the core element of positivism is that the world exists externally

rather than being inferred subjectively through sensation, reflection or intuition.

Positivism research has a number of distinguishing characteristics (Gill and Johnson,’
2002):

It is deductive;

It seeks to explain relationships between variables;

- It generally uses quantitative data;

- It uses controls to test a hypothesis;

- Itishighly étructured methodology to allow repetition; _

- Itiseconomical in terms of time and sampling large number, usually surveys.
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322 Phenomenology: Realism, Critical theory and Constructivism

Mangan et al (2004) classifies the paradigms into positivism and phenomenological;
Phenomenological approach described incorporates realism, critical theory and '

constructivism. From several studies, these paradigms have the following characteristics:

It use qualitative data and smaller samples;

- Data 1s rich and subjective;

- It is inductive, is concerned with generating theories;

- Data collection tends to be time consuming and difficult to analyse;

- It often generalises from one setting to another.

In contrast with positivism’s relevance to quantitative research, these paradigms are
relevant to much qualitative research. Realism believes that there is a real world to
discover, does not rely as much on deductive research inquires, but sees more appropriate
research methods in thosé that have an inductive nature for discovering and building
theory rather than testing theory through analytical generalisations (Saunders et al, 2003).
Qualitative methods such as case studies commonly follow realistic modes of inquiry.
The main objectives are to discover new relationships of realities and build up an

understanding of the meaning of experiences rather than verify predetermined hypotheses

(Goulding, 2005).
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Critical theory, according to Healy and Perry (2000), concentrates on social realities
incorporating historically situated structures. Assumptions are essentially subjective and
hence-knowledge is grounded in social and historical routines and is not value-free.

Researchers and their investigated subjects are linked interacti\)ely, with the belief system
of the researcher influencing the enquiry, which requires dialogue between the resecarcher

and subject (Riege, 2003).

Constructivism holds that truth is a particular belief system held in a particular context
(Tsoukas, 1989)._ Similar to critical theory, inquires about the ideologies and values that
lie behind a finding so ﬁlat reality actually consists of multiple realities that people have
in their minds. Healy and Perry (2000) state that the phenomenological approach may be
suitable f;)r some social science and consumer behaviour research, because excludes

concerns about the economic and technological dimensions of business.

3.3 Research Apprbaches

Saunders et al (2003) states that the two main research approaches are: the deductive
approach, in which you develop theory and hypotheses and design a research strategy to
test it, or the inductive approach, in which you would collect data and develop theory as a

result of your data analysis.
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3.3.1 The Deductive Approach

Healy and Perry (2000) state that deductive approach to research is linked to positivism

and it involves the development of a theory or hypothesis that is subject to a test.

Gill and Johnson (2002) define the deductive approach as “a method that entails the

development of a conceptual and theoretical structure prior to its testing through

empirical investigation”. N

Robson (2002) describes five sequential stages of deduction:

1.

Deducing a hypothesis from the theory;

Expressing the hypothesis in operational terms, which propose a relationship

between two specific variables;

. Testing this operational hypothesis (this involve an experiment or some other

form of empirical enquiry)
Examining the specific outcome of the inquiry (it will either tend to confirm the
theory or indicate that it needs modification);

If necessary, modifying the theory in the light of the findings.

85



Chapter 3: Research Methodology

3.3.2 The Inductive Approach

The inductive approach, according to Mangan et al (2004), is linked more to the
phenomenological philosophy and it is concerned with developing a- hypothesis from

collected data.

Hussey and Hussey (1997) define the inductive approach as “a study in which theory is
developed from the observation of empirical reality; general inferences are induced from

particular instances, which is the reverse of the deductive method”.

Robson (2002) describes the main steps of induction:
1. To collect and compress extensive raw data into a brief, sﬁmmary format;
2. .To establish clear links between the research objectives and the summary
findings;

3. To develop a model or theory.
3.4 Research Strategies

In their studies, Saunders et al (2003), Gill and Johnson (2002), Hussey and Hussey
(1997) and Malhotra (1996) outline the main research strategies as follows: observation,
survey, experiment, case study. Healy and Perry (2000) present in their study a

representative range of methodologies and their related paradigms (see figure 3.4).
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Figure 3.2 A representative range of methodologies and their related paradigms

Methodology Paradigm
A :
Grounded theory : CONSTRUCTIVISM
Indepth interviewing and focus groups . REALISM

(with an interviewer protecol)

Instrumental case research REALISM
Theory-building research: :
emphasis on meaning

: Survey and structural
equation modelling REALISM

Survey and other
multivaraite techniques
POSITIVISM

Theory-testing research: emphasis on measurement
Source: Healy and Perry (2000)
Easterby-Smith et al (2003) discussed the key philosophical underlying research

strategies and looked at the implications these have for the design of management

research (see figure 3.3 Matrix of Research Strategies).

Figure 3.3 Matrix of Data Collection Strategies

: 4 Independent :
Survey Research Case study (Yin) .

I- imental desi
Quasi-experimental design E—
Positivism  Phenomenology
Experimental Grounded theory
Design

Co-operative Inquiry

Action Research

Involved

v

Source: Adapted from Easterby-Smith et al (2003)
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3.4.1 Observation

This research strategy is associated often with phenomenological paradigms (Healy and
Perry, 2000) and-tends to be used in descriptive research (Malhotra, 1996). Observation
can be participant or structured. According to Saunders et al (2003), participant
observation is “qualitative and derives from the work of social anthropology. Its
emphasis is on discovering the meaning that pedple attach to theirlbeﬁaviour”. Structured
observation 1s described as quantitative method and more concerned with the frequency

of actions.
34.2 Survey

Surveys allow for a large amount of data to be collected from a wide population in a
timely and economical way. Robson (2002) states that surveys are usually associated to
the deductive approach. Accofdingly to Filippini -(1997) “the term survey is usuélly ﬁsed
to mean a collection of data, information and opinions of a large group of units, referred
to as a population. Surveys use structured and pre-defined questions and data collection
on the sample or entire population and can be carried out in a variety of ways: mail
questioﬁnaire, face-tq-face structured interview and questionnaire and/or telephone
interview. Studies are usually cross-sectional, in part because these require fewer

resources than the longitudinal type”.
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Creswell (2005) defines surveys as “procedures in a research in which investigators
administer a survey to a sample or entire population of people in ordér to describe
attitudes, opinions, behaviours or characteristics- of the population”. Malhotra (1996)
classifies su.l;vey methods by mode of adrninistfation intc‘>: telephone surveys, personal

surveys and mail surveys.
3.4.3 Experiment

This research strategy is commonly used to infer causal relationships (Malhotra, 1996). It
is linked to the positivism Lphilosophy and involves definition of a theoretical hypothesis,
selection (;.>f samples from know populations, allocation of samples to different
experimental conditions, introduction of planned change on one or more of the variables,

measurement and control of other variables (Saunders et al, 2003).
3.4.4 Case study

Robson (2002) defines case study as “a strategy for doing research which involves an
empirical investigation of a particular contemporary phenomenon within its real life
context using sources of evidenc;a”. Creswell (2005) states tiqat case studies allow
researchers to gain deep understanding of the phenomenon being researched. A case
study can use different collection instruments, such as questionﬁaires, interviews and

secondary data.
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3.5 Time Horizons

The research from a.time perspective can be snapshot taken at a particular time or a
representation of events over a period of time. Saunders et al (2003) describes these

approaches as: cross-sectional and longitudinal. -
3.5.1 Cross-sectional studies

Cross-sectional studies study a particular phenomenon at a particular time and are
seeking to describe factors that influence it or to compare them in different organisations
by employing mainlyA quantitative techniques. However, they may also use qualitative
methods (Saunders \et al, 2003). Accordingly to Eas£erby-Smith e§ al (2003) and Robson

(2002) cross-sectional studies often employ the survey strategy.
3.5.2 .Longitudi_nal studies

Longitudinal studies study a particular phenomenon over a period of time and the main

strength is the capacity to analyse the change and development of that phenomenon.
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3.6 Data Collection Methods

There are differéﬁt' iﬁstfuments of data collection and each'-7qf them" has disfcinct
characteristics that need to be consideréd when making deciéions rega;ding their use.
-Several studies, such as Creswell (2005), Gill and Johnson. (2002), Robson (2002),
Saunders et al (2003), Hussey and Hussey (1997) and Malhotra (1996) suggested that
researchers typically collect data using two basic instruments: questionnaires and -

interviews.

3.6.1 Questionnaires
Saunders et al (2003) refers to a questionnaire as a general term to include all techniques
of data collection in which each person is asked to respond to the same set of questions in
a predetermined order.
A questionnaire is a form used in a survey design that participants in a study complete

and return to the researcher; data collected tends to be quantitative (Gill and Johnson,

2002). There are various types of questionnaires (see figure below).

9]



Chapter 3: Research Methodology

Figure 3.1 Types of questionnaires

Types of Questionnaires

Self-administered Interviewer administered
Postal Telephone
Online
Structured Interview
Delivery and
collection

Source: Adapted from Saunders et al (2003)

3.6.2 Interviews

Interviews are used generally for obtaining Qualitative data (Healy and Perry, 2000) and

can take different forms. Malhotra (1996) describe several types of interviews:

- Focus group interviews — conducted by a trained moderator in a non-structured and
natural manner with a small group of respondents. They are used to generate research
hypotheses that can be submitted to further research and tested using more quantitative

approaches. Usually tend to be recorded for further analysis.

- In-depth interviews — an unstructured, direct, personal interview in which a single

respondent is probed by a highly skilled interviewer to uncover underlying motivations,
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beliefs, attitudes and feelings on a topic or area. This technique also can be used to

explore conceptual issues at an early stage in the development of a questionnaire.

- Structured interviews — is questionnaire based interview based on a bredetermined and
standardised set of questions. It enables the researcher to examine the‘ level of
understanding a respondent has about a particular topic - usually in slightly more depth
tﬁan with a postal questionnaire. Provide a reliable source of quantitative daté and the

researcher is able to contact large numbers of people quickly, easily and efficiently

- S.emi-s.tructured interviews - are conducted With a fairly open framework which allow
for focused, conversational, two-way communication. They can be used both to give and
receivé information. Unlike the questionnaire framewdrk, where détailed questions are
formulating ahead of time, semi structured interviewing starts with more general
questions or topics. Generally are used to obtain specific quantitative and qualitative

information from a sample of the population.

3.7 Research Objectives

This primary research sought to determine what types of MPC systems are used within
Irish engineering sector and to analyse the fit between these systems and the
manufacturing environment. Also the researcher wanted to determine the use and
perceived performance of these MPC systems, so he can establish if there is a

relationship between fit, use and perceived performance.
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‘Overall Objective
To examine the types of MPC systems used by the Irish engineering sector, their match
‘within the manufacturing environment and the relationship between match, use and

perceived performance.

Sub Objectives
Environment type
1. To establish the dimensions of the environment that each company operates

within

X

2. To determine in what type. of environment each company operates based on

identified dimensions

MPC type
3. To establish the main dimensions of the MPC system used by each company

4. To determine what type of MPC system each company uses based on identified

dimensions

The degree of match

5. To determine the degree of match between the MPC system used and the

manufacturing environment within which the respondents operate.

The degree of use of the MPC system

6. To examine what is the degree of use of the MPC system employed '
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The performance of MPC system
7. To determine what is the performance of the MPC system used
. 8. To establishv a relationship between the degree of use and performance of the
‘MPC system. | |
9. To examine if appears to be a relationship between the degree of match and the

perfonﬁance of the MPC system.

3.8 Research Process Chosen

This sub-chapter describes the research process chosen by the researcher and the main

factors that influenced these decisions.
3.8.1 Research Philosophy

In order to decide which research philosophy is appropriate, the researcher analysed the
necessary three elements of the research: ontology, épistemology and methodology.
Essentially, ontology is the “reality” investigated; epistemology is the relationship

‘between that reality and the researcher, and methodology is the technique used by the

researcher to investigate that reality.

From researcher’s point of view the “reality” is objective, not socially constructed or
understood by examining perceptions of the human actors; the model representing the

conceptual match between MPC systems and manufacturing environment, created at the
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end of second chapter is defined through several variables that can be quantified. In this
study the researcher’s remains distanced from the material researched. The researcher
was independent from the study and not socially or emotionally involved with the subject
beiﬁg studied, which according to EasterbY—Smith et al (2003) represents fhe basic belief
of positivism paradigm. All these factors mentioned above, determined the researcher to

choose as research philosophy - positivism.
3.8.2 Research Approach

In order to move from the theory to data that could be tested to ascertain the validity of
“the hypothesis, the researcher chose the deductive approach. From the literature review,
the researcher has constructed a conceptual model that led to the development of the

hypothesis in chapter two.
The major proposition, which underpins this research, is as follows:

Good performance is the result of matching the MPC system with the

manufacturing environment and good use of the MPC system employed.

The proposition leads to the following research questions that are answered in this thesis:
e What planning and control methods are the Irish engineering companies’ using?
e What is the degree of match between the systems used the manufacturing

environment?
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e What are the performance and the degree of use of these systems?
e What is the relationship between degree of match, the degree of use and
performance of these systems?
These questions are dealt with using the research methodology outlined in this chapter.
The details of the research carried out are described in the following sections and the

experiences and findings of the research are described in the rest of the thesis.
3.8.3 Research Strategy

To test the hypothesis within the population targeted, the strategy chosen for this research
was survey. Previous studies on manufacturing planning and control practices used
survey as their research strategy. Jonsson and Mattsson (2003) in their study on
implications of fit between planning environments and manufacturing planning and
contro] methods, have mailed a survey to 380 manufacturing companies in Sweden.

Almost all respondents were in the mechanical engineering industry.

Safizadeh and Ritzman (1997) investigated the link between the performance drivers in
" production planning and inventory control to process choice. They undertook a mailed
survey of 800 companies in the United States across several industries such as: food,

chemicals, industrial and computer equipment, transportation equipment.
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Another study that analysed the link between manufacturing planning and control and the
manufacturing environment, carried out by Newman and Shridharan (1995), surveyed

1500 manufacturing firms from the Midwest region of the USA.

As we can observe from previous ;mdies, authors used larg.e'samples and data was
mainly quantitative, collected with the use of hailed questionnaires. Mang@ et al (2004),
Healy and Perry (2000), Saunders et al (2003), Hussey and Hussey (1997) suggested that
surveys and experiments are the appropriate strategies, when the researcher uses a
deductive approach to test a hypothesis and wants fo generalize the findings across the

industry sector studied.

According to Easterby-Smith et al (2003) survey research is the most appropriate strategy

to be taken for a positivism paradigm.
3.8.4 Time Horizon
Due to the fact this research is for academic purposes and is time constrained, the

researcher considered a cross-sectional study over a short period of time. Robson (2002)

suggests that cross-sectional studies are often employed when the survey stfategy is used.
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3.8.5 Data Collection Method

“The worldview held by an individual researcher or institute is clearly an important factor
which affects the choice of research methods” (EsterBy-Smith et al,.2003). Also, they
suggested that when the population studied is less than 500, “it is customary to send.
questionnaires to all members. This 100% percent sample is known as a census™. Thé
targeted population was 414 companies, which represent the tétal population of Irish
Engineéring firms, so a census was undertaken, in order to achieve maximum
participation and representativeness. The data collection method used was mailed

questionnaires.

Several studies such as Creswell (2005), Saunders et al (2003), Perry (1998), Filippini
(1997) suggested that census study 1s aiming to reduce coverage error, to generalise the
findings and sampling techniques are not required. The researcher targeted the
questionnaire to the persdn Qith overall responsibility for manufacturing: production
managers. The list of Irish engineering companies was developed with the help of
Enterprise Ireland (EI). All the main regional offices of EI were contacfed by e-fnail
regarding the engineering company listings. The regional offices replied with their
listings of engineering companies and all have beeﬁ compirled into §ne database that

formed the research population.

The researcher considered this list as being the most appropriate and accurate, due to the

fact that majority of the engineering companies in Ireland are registered with Enterprise
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Ireland and their reports are used by national organisations such as Forfas or National
Competitiveness Council. Also EI clients must employ over ten people except for
exceptional circumstances. Companies employing less then ten people are clients of the

County Enterprise Boards.

Mailed questionnéire was considered, because it has many advantages: absence of
interviewer bias, economical, convenient to reach a geographically dispérsed population
and involves only duplication and mailing expenses; these survey types typically have
low response rates -(Malhotra, 1996; .Domegan- and Fleming, 2003). Newman and
Shridharan (1995) stated “any empirical survey questionnaire based may be plague by the
- confounding of the multiple variables as well as a lack- of sufficient responses to cover
the diverse range of environments”. However, the researcher structured the questionnaire
in four main parts: environment, MPC system, the use and tﬁe performance of the MPC
systems employed by the recipients studied. This framework helped make clear
difference between vaﬁables used at each level of the manufaéturing planning and control

system studied.

To improve the response rates the researcher’s postal package included a personalised
covering letter on letterhead paper (see Appe;ldix D), a questionnaire (see Appendix A)
and a stamped self addressed return envelope. Also the postal package was stamped with
“Strictly Confidential” stamp. Personalisation of the letter and stamping of the postal
package was intended to assist in accessing the production/operations manager in each

company as suggested by Domegan and Fleming (2003).
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3.8.5.1 Design of the questionnaire

The design of the questionnaire was mainly determined by the qualitative research and
the researcher experience within the field studied. The qualitative compor;éht included a
review of écademic and professional literature, as well as interviews with specialist
consultants frorﬁ Enterprise Ireland, responsiblé for World Class Manufacturing -and
Competitiveness Eenchmarking Programrhes. The types of questions used in the
questionnaire, were mainly closed-ended, due to the fact there was enough information

on the variables of interest and therefore it was possible to pre-specify the categories of

response.

To eliminate potential problems in interpreting the questions, the researcher has pilot
tested the questionnaire, as recommended in marketing research (Blankson and Stokes,
2002). It was sent to 10 companies and they were asked to mark any problems on the
survey, such as poorly worded E{uestions, r;es‘ponses that do ﬁot make sense or if it takes
an excessive amount of time to complete the instrument. These companies were selected
thrdugh judgemental sampling technique. Their locations were within the researcher‘s
geographical location. After receiving their feedback, the researcher refined a few
questions. Also the questionnaire format was redesigned to cover three double sided A4
pages as opposed to six single sided pages This,helped determine that the recipients 6f
the population were capable of completing the survey and that they could understand the

questions.
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Regarding the match between the systems used and the manufacturing environment, there
are little or no studies on measurement techniques. Jonsson and Mattsson (2003) analysed
this issue by using indicator for the degree of match such as: two pluses “++” for good

match, one plus “+” for a poor match and a minus “-” for a mismatch.

Other authors such as Olhager and Rudberg (2002), Howard et al {2002), Berry and Hill
(1992) didn’t attempt to empirically analyse the “fip? between MPC methods and
environment, but by using several variables, they proposed frameworks that

conceptualise this issue.

Therefore, in order to test the hypothesis and answer the research questions; the
researcher developed a classification system based on the four parts structure of the
questionnaire. Within each section a classification system was devised. Due to the fact
that most of the variables used, were nominal, ordinal or scale variables,, a score from 1 to
5 was"attachevd to eéch answer in order to create different categories. The'researc.her
éonstructed four scores: the environment type score, the MPC type score, the

performance score and the use score. The conceptual framework, defined at the end of

chapter two, was used for developing categories (see table 23).
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3.8.5.2

Developmeht of categories

‘Within each section several categories were created in order to place each answer from

each question using the scoring system. For the environment type and MPC type sections

the following categories were created:

Section Categories

Environment | Type 1 (High variety)

Type 2 (Low variety)

MPC Type | Type A (MRP type)

Type B (JIT type)

The scores will allow the researcher to differentiate between types of environment and

also types of MPC and place each company within one of the categories created:

Environment

Type 1

Environment

Type 2

Environment Typel Environment Type 1

MPC Type A MPC Type B

Environment Type 2 Environment Type 2

MPC Type A MPC Type B

* MPC Type A MPC Type B

In order to assess the match between the MPC system and the manufacturing

environment, the researcher used the above framework as a basis for developing the
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scoring system. Considering that this framework defines good practices, identified
throughout the literature by several authors, the match between environment “type 1” and
the MPC system “type A” or the match between environment “type 2” and the MPC
system “type B” along with all associated ‘v'ariables and dimeﬁsions were representing
good matches. Any other combinations would result in poorer matches or mismatches.By
using the same scoring approach for both sections, the difference between the
environment and MPC system score will show the degree of match; therefore two
categories were created: good match and poor patch or mismatch. A low score represent a

good match and a high score represent a poorer match or mismatch:

Maximum Score: 23 . Minimum Score:; 6
Environment “Type 1 HV” - Type2 LV”
MPC System “MRP Type” » “JIT type”

For example if a company scores 6 at the environment score that indicates the Type 2 low
'variety; and at th¢ MPC system score it has 6 that indicates the JIT type. The difference
«between them will be zero, which indicates that there is a strong match betweep them
environment and the MPC system. The range of values will be between (-17) and’(+17),
with middle value zero that will denote a high degree of match. So, a company will have
a higher degree of match if the match score will be as close as possible to value zero. A
negative value would indicate that the company is ope}ating in a low VarietyA environment
and it has a MPC system that tends io have the characteristics of a MRP; or a positive

value would indicate that the company is operating in a high variety environment and it
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has a MPC system that tends to have the characteristics of a JIT system. For the

performance and use section, the researcher developed two categories for each:

Section

Categories
Use Poor Use Good Use
Performance Poor Performance Good Performance

The scores then will allow the researcher to place each company within a certain

category. Also the researcher will analyse possible linkages between the degree of match

and the performance, and betWeen the use and the performance by usihg Chi-square

statistics.

Good Match

Podr Match

Good Use

Poor Use

Good Match "Good Match
Good Performance | Poor Performance
Poor Match Poor Match

Good Pérformance

Poor Performance

Good Use

Good Performance .

Good Use

Poor Performance

Poor Use

Good Performance

Poor Use

Poor Performance

Good Performance

- Poor Performance

[
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3.8.5.3  The environment type score

The environment type score was devised in order to place each company into a certain
type of environment. The researcher attached a number from 1 to 5 to each answer of fhe
following questions: 3, 5, 6, 7 and 8. By adding these scores, the results would show
different envifonment scores for individual companies. A low score would ifnply that the
company environment tends to be “type 2” and high score would imply that the company

environment tends to be “type 1”.

For example, question 3 “How could you describe the business environment where your

company operates in terms of:

Score - 1 2 3 4 5
Very Low Low  Medium High Very High

Product variety ERY - K3 o . - O ~ O

Demand stability a d O O - O

Very High  High Medium Low Very Low

Score 1 2 3 4 | 5
For question 7, the answer “Other (Please specify)” was marked with “0” score. The

companies indicating this answer were eliminated from the study, in order to comply with

the conceptual match. This approach was applied also in the calculation of the MPC type
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score. See Appendix B for details on the allocation of the scores to the entire

questionnaire.
3.8.54  The MPC type score

For the MPC system section, the researcher used the same approach. For example
question 11: “With reference to your planning horizon and demand pattern, which of the
following categories come closest to characterising your dominant approach to capacity

planning?

Score
Level capacity plan a 4
Chase capacity plan J O 1
Other (Please specify) 0

The questions that defined the MPC system were: question 9, 11, 13, 14, 19, and 23. By
* adding these scores, the résults will show different MPC S};stems scores for individual
companies. A low score would imply that the MPC system tends to be “type B” — pull
system — JIT and a high score would imply that the MPC system tends to be “type A” -

push system — MRP.
3.8.55 The Use score

The use score will be derived by looking at the methods used and also at the frequency of

use. The researcher presumes that more methods employed and at a higher frequency of
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use it enables a company to achieve good performance. Similar approach was undertaken
by several studies such as Jonsson and Mattsson (2003), Newman and Shridharan (1995)
and Berry and Hill- (1992). In calculation of this score the following questions were
considered: 16, 17, 21, 22, 25, 26, 27, 29, 30 and 31. These questions covered also the
methods and frequency of use for the MPC system employed. A company in order to
achievev good performance should have a high use score. See Appendix C - a gomblete

construction of the scores for two companies.

3.8.5.6  The Performance score
The performance score will be calculated by adding the scores from 1 to 5 for questions
28, 32 and 33. This score will differentiate two categories: good performance and poor
performance or no performance. For example question 33: “How would'your customer

rate the satisfaction level with delivery performance:

Very Poor 0O

Poor O 2
Average O 3
-Good O 4
Verygood 0O 5

When calculating the performance scores, if the respondents answered “No” to question
25 and 29, the researcher used only the score from question 32. It was considered that if a

company does not compare MPC practices with other companies (question 25), it can’t
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rate their performance in relation to their significant competitors (question 28) and also if '
they do not measure level of customer satisfaction (question 29), then Yrespondent
couldn’t rate the satisfaction level with delivery performance (question 33). All the
answers for the above-motioned questions were cumulated and a performance score was
designed. Therefore a low score will elicit 5 bad or poor performer and a high score a
good performer. These scores will be correlated with the degree of match score in order
to test the first part of hypothesis proposed; looking at the relationship between the use

score and companies’ performance score will test the effect of use of these MPC’s.
3.8.6 Credibility of the research methodology implemented

Accordingly to Easterby-Smith et al (2003) there is an underlying major issue amongst
researchers that the research will not stand up to outside scrutiny. In order to prevent this
potential problem Creswell (2005). suggests that the following issues should be
addressed: validity, reliability and generalisability. Validity is the extent to which the
research findings accurately represent what is really happening io the'situation; reliability
is concerned with thel findings of the research and if it can be repeated and
generalisability is concerned with the application of research results to cases or situations

beyond those examined in the study.
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3.8.6.1 Threats to validity

To construct validity the researcher usedva predetermined quesﬁonnair’e fhat was sent to

the entire populatiqn studied. The questions were merely closed-ended, used to determine

and measure several variables related to manufacturing environment and MPC s&stems

predefined in chapter two. Also the questionnaire aﬁalysed the perceived performance of

fhe companies using several variables such as percentage of customer delivery

commitments, customer satisfaction levels and overall perceived performance of the
"MPC system used by the subjects studied. The researcher was aware that beside the

variables studied, there are a number of phenomena that are not analysed, such as people

motivation, satisfaction, management involvement, organisational culture and training.

'Appropn'ate for these variables would have been depth interviews with the subjects

studied and also analysis of employee’s profiles. Due to the time constraint énd in order |
to make this study manageable, the researcher limited his study to the variables presented

in the end of chapter two. However,- the variables used in this stﬁdy, were also found in ‘
Enterprise Ireland’s réport Made in Ireland (2001) and Competitiveness Benchmarking

programme developed by ESF, London Business School and Enterprise Ireland. The

researcher pilot tested the questionnaire by sending it to 10 typical respondents to ensure

that the subjects studied understand and can answer the questions.
In order to construct validity the researcher undertook also interviews, after the

_ questionnaires were analysed. Wass and Wells (1994) suggested that interviews, semi-

structured or in-depth may be used as a means to validate findings from the use of
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questionnaire. Due to time constraints, the researcher decided to interview a company
‘with the good match and one with poor match. The companies were chosen based on
their geographfcal location, as close as possible to the researcher. .Creswell (2005)
recommends that When using semi-structured interviews the researcher should have a list
of themes and questions to be covered. Accordingly to Saunders et al (2003), to coﬁtrol
bias and to produce reliable data for analysis, the interviews should be tape-recorded,
with the permission of the interviewee. The select'ed companies for the interviews were
asked for permission to record and both agree&. Researcher used a theme sheet (see
Appendix E) and the questions were focusing on the following issues: match between the
MPC system and the environment, the use and its vperformance. In designing the
terview thefne sheet the researcher used the questionnaire as guideline and also table
23. Due to the fact thét only two co.mpanies were interviewed, the researcher didn’t use
the findings to draw conclusions; their role was to verify if the data received from the

population selected was accurate and reflected the reality.

3.8.6.2 Threats to reliability

The researcher was independent from the recipients studied and when designing the data
collection instrument he ensured the anonymity of respondents to questionnaire in order
to avoid subjeét or participant bias. Through the fact that the variables used in the data
collection instrument, havé been found in other studies and by sending the same

questionnaire to all recipients of the population studied, the researcher assured that the
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study is reliable, it can be replicated at any period in time and it will have similar results
given that the manufacturing environments are defined by the same variables used in this

study.’
3.8.6.3  Threats to generalisability

In order to increase participation and representativeness, the researcher has undertaken .a
census of all Irish engineering companies, which were clients of Enterprise Ireland.
Gummesson (2000) argues that by using statistics to analyse the data received, the
researchver will be able to generalise his resuits across the sector studied. However there
.are some concerns with whether the patterns, concepts and theories, which have been

generated in a particular environment, can be applied in other environments.
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3.9 Summary

This sub-chapter represents a summary of the research methodology. The Figure 3.2 it
depicts the research methodology (see figure 3.1) used by the researcher. The next

chapter will present the analysis and findings of this research.

Figure 3.2 Research Methodology chosen

Research: Philosophy" » Positivism
Approach +» Deductive
Strategy ¥ Survey
Time Horizon » Cross-sectional
Data Collection Method ————» Questionnaires
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4.1 Introduction

This chapter analyses the overall findings of the research and it examines the implications

of the research with respect to the following research questions:

1. What type of systems the Irish engineering companies are using for manufacturing

planning and control and in what type of manufacturing environment they operate?

2. What is the degree of match between these systems and the manufacturing

environment?

3. What are the degree of use and the level of performance of these systems within the

Irish engineering sector?

4. What is the relationship between the degree of match, the degree of use -and

~

performance of the MPC systems?

The researcher used survey - mailed questionnaire as data collection method. The survey
was sent out to all 414 Irish engineering companies, clients of Enterprise Ireland between
the 24" - 31 of May 2006. A response rate of 74 companies or 17.87% was achieved. To
increase th\e response rate, follow up e-mails and calls were conducted between 1% -15" of
June 2006 with every operations/production manager who did not return their

questionnaire. When contacted by telephone, 12 companies replied that they could not

complete the questionnaire due to company policy of not taking part in any survey or study
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of that nature. Four returned questionnaires were incomplete and other three were returned
to sender due to either change of address or gone out of business. Before the cut off date of
30,h of June 2006 and after eliminating out all the non-respondents, the final response rate
was 111 or 26.81%. Comparing the response rate with other studies Newman and Sridharan
(1995) - 12.3%, Safizadeh and Ritzman (1997) - 36% or Jonsson and Mattsson (2003) -

22%. the current research had a good response rate.

4.2 Data Preparation Process

Saunders et al (2003) identifies the data preparation process as having several steps:
preparation of preliminary plan of data analysis, checking the questionnaires for
completeness, coding and transcribing the responses, checking for errors in the data
entered, exploring and summarising of data. Firstly, the researcher checked the
questionnaires for completeness. Then, the responses were checked for ambiguity,
consistency and completeness, as suggested by Domegan and Fleming (2003). All
questions and answers were coded in order to facilitate speedy data input and to create the
scoring system (see Appendix B for details on coded data). The data was then entered in
the Statistical Package for Social Sciences (SPSS) package. Malhotra (1996) highlights the
need for care when inputting the data into SPSS. All respondents were coded in order to

facilitate any changes and ensure accuracy of data entered.

Berenson et al (2004) suggests that SPPS or MINITAB is suitable for analysis of large
amounts of data. This package is frequently used to analyse data in marketing research and

is widely rccognised as a valid computer data analysis tool. Descriptive statistics were then
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calculated in order to present and suﬁ1maries the data. It allowed identification of
distribution frequencies and graphical representations. Statistipal tests were then carried out
to determine the gigniﬁcance of associations within the data. Due to the fact most of data
collected was nor;lihai and ordinal in nature, a series of non-parametrié tests were
employed such as Spearman rank correlation coefficient, chi-square tests or cross

tabulations.

4.3 Empirical findings

This section discusses and explains some of the empirical findings. It identifies different
types of manufacturing environments and MI;C systems employed by the Irish engineering
companies. It also indicates that the choice of MPC system should depend on the
manufacturing environment and that the performance of a system should be higher if the
sys.tem fits the environment. In addition, this section analyses the empirical ﬁt between the

MPC system and the manufacturing environment.

Respondents Profile
Of the 414 companies surveyed, 111 responded. Almost half of the respondents had a
turnover higher than 3 million euros and more than half employed over 20 people. In order

to obtain an overview of the respondents the researcher grouped them as per figures 4.1 and

4.2.
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Figure 4.1 Respondent’s profile based on Company size

0.9%)

Number of
‘Employees.

<5 o
[ Between 5 - 20
£ Between 21-+50.
@ Between'51 - 250
=20

Figure 4.2 Respondent’s profile based on Turnover value

‘Tumover’
A <1m

etween im - Jm
- Bétweetn‘a"rh H0m.
‘Between 10m -50m -
»8.m-

Number of Cumul
Employees Frequency| % %
<5 _ 3 270 2.70
Between 5 - 20 50 45.05 | 47.75
Between 21- 50 35 31.53 | 79.28
Between 51 - 250 22 19.82 | 99.10
>250 1 0.90 | 100.00
Total 111 [100.00

Cumul
Turnover Frequency| % %
<1m 19 1712 | 17.12
Between 1m - 3m 43 38.74 | 55.86
Between 3m - 10m 32 28.83 | 84.68
Between 10m-50m 16 14.41 | 99.10
>50m 1 0.90 (100.00
Total 111 100.00
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Business Environment

Respondents were asked to describe the variety of the business environment within which

the company operates through the number of products they delivered last year.

Figure 4.3 Number of products delivered in 2005

H
o

w
o

20"

Number of companies

Number of Products

. Statistics

Looking at the pattern of the data, the researcher observed that
Range 797
50% of the companies have delivered less than 70 products in | Minimum 3
Maximum 800
the last year. Therefore the answers were grouped into two | Percentiles |25 15.00
: 50 70.00
categories: Low variety (up to 70 products delivered) and High 75 | 250.00

variety (over 70 products delivered). These categories were then cross-tabulated with the
environment type categories obtained from the environment score, in order to test the

validity of the devised scoring system.
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4.3.1 Environment Types

The researcher in order to place each company within a certain type of manufacturing
environment devised a scoringsystem. The environment score was devised from the -

answers of qﬁestions 3,5,6,7 and 8 (for details on scoring system see Appendix B).

Figure 4.4 Histogram showing pattern of variation of the énvironmental scores

15—

-
Ny
|

Number of companies

Environmental Score

The researcher observed that 50% of the respondent;s had an | Statistics

. Range 17
environmental score lower than 16. Therefore the answers . ,g
Minimum 6
. . “ . . Maximum 23
were grouped into two categonies: “Type 17 - environment -
Percentiles 25 14.00
. : “ » 50 | 16.00
(characterized by a score higher than 16) and “Type 2” - =
18.00

environment (characterized by a score lower than 16).
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In order to detect if there were statistically significant associations between the
environment type constructed by the scoring system and the variety type, the researcher
used cross-tabulations and the chi square test.

Table 25: Cross-tabulation of the environment type and variety

Environment type
Variety Type 1 Type 2 Total

Low variety 12 44 56
{number of products <70) 24.5% 71% 50.5%

High variety 37 " 18 55
(number of products >70) 75.5% 29% 49.5%

49 62 111
Total 100% 100% 100%

HO: There is no association between variety and the environment type
H1: There is an association between variety and the environment type
. Critical X%,=6.636 with 1 degree of freedom

Sample X20,01=23.65 with 1 degree of freedom

A significance value (p value) of 0.010 was generated along with a chi square value of
23.65 at one degree of freedom, which considerable more than the 1% level of significance
minimum value (6.635). The researcher observed the continuity correction factor, which is
a modification of the chi-square for 2 x 2 tables. However most statisticians agree that the
modification is unnecessary and can be ignored (Norusis, 2005). This indicated that the
environment type and variety were not independent and that there was a strong association

between the environment type and variety. The researcher used the environment type
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categories to classify the manufacturing environment where the respondents operate: 44.1%
of respondents (49) described their environment as Typé 1 — High variety environment and
55.9% of respondents (62) described their environment as Type 2 — Low variety

environment.

4.3.2 Ménufacturing Planning and Control System Types

In>order to identify what type of MPC system the Irish engineering companies use, the
researcher asked the respondents to describe their systems through several dimensions:
cépacity planning, material planning, master production schedule, schedﬁling approach and
control techniques. To differentiate betweer; systems categories the researcher devised a
scoring system. The MPC system score was constructed from the answers of the questions

9,11,13,14,19 and 23 (for details on scoring system see Appendix B).

Figure 4.5 Histogram showing pattern of variation of the MPC system scores
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The researcher observed that 50% of respondents scored lower | Statistics

Range 17
than 14; he split the data in two categories: Type A-MRP (with [Minimum B
' Maximum 23

a score higher than 14) and Type B-JIT (with a score up to 14);

Percentiles 25 9.00

‘ . . ) 50 14.
then cross-tabulation of MPC type with the manufacturing X

75 19.00

environment type was performed, in order to test if there is an association between them.

Table 26: Cross-tabulation of the manufacturing environment and the MPC svstem

type
MPC Type
Manufacturing - Type A Type B
environment type MRP JIT Total
Environment Type 1 134 15 : 49
High variety 62.97% 26.32% 44.15%
Environment Type 2 20 42 62
Low variety . 37.03% 73.68% 55.85% -
54 57 111
Total 100% 100% 100%

HO: There is no association between the MPC system and the manufacturing envirc;nment
type

H2: There is an association between the MPC system and the manufacturing environment
type

éritical X20,01=6.636 with 1 degree of freedom

Sample X°001=15.104 with 1 degree of freedom

A significance value (p value) of 0.010 was generated along with a chi square value of

15.104 at one degree of freedom, which is more than the 1% level of significance minimum
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value (6.635). This indicated that the two variables were not independent and that was an

association between the MPC system and the manufacturing environment.

Safizadeh and Ritzman (1997) noted that there was a strong association betweén process
choice and the environment - described through customization and volume. They
“calculated Spearman correlation coefficient between proceés choice and customization 0.45
(p<0.01) and between process choice and volume 0.50 (p<0.01). The researpher calculated
" the Spearman correlation coefficient between the MPC system choice and the
manufacturing'environment; the. result was 0.468 (p<0.01). This indicated that there is a
strong association between the MPC system and the manufacturing environment. These
findings lend credibility to researcher’s data and provided a good foundétion for testing the
main hypothesis of the research. The concepfual framework developed at the end of the
literature review was confirmed by the empirical research, in that there is a match between

certain types of systems and manufacturing environments.

Although 48.64% of respondents described their system as being a MRP system - Type A,
only 34 out of 54, matched the MPC system with the manufacturing environment Type 1 -
High variety; and from 51.36% that described their system as a JIT system - Type B, only
42 out of 57 matched the system with the manufacturing environment Type 2 - Low

variety.

The next step of the research was to measure the degree of match, the degree of use and

performance, in order to verify if there are any relationships between them.
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4.3.3 The degree of match between manufacturing environment and MPC system

Throughout the literature review, the researcher identified Jonssor-l and Mattsson (2003)
approach of measuring the degree match. They used an indicator folr the degree of match:
two pluses “++” for good match, one plus “+” for a poor match and a minus “-” for a
mismatch. Other studies that studied the linkages between the MPC system and the
manufacturing en;/ironment, Olhager and Rudberg (2002), Howard et al (2002), Berry and
Hill (1992) didn’t éttempt to measure the degree of match- Eetween them, but by using
several variables, they proposed frameworks that conceptualised this issue. Due to lack of ‘
measurement techniques for measurement the degree of match, the researcher developed
his own system in order to able to place each company within a category. By using the
same approach for both scores: the environment and MPC, where a low score would
represent a low variety environment Type 2 and an JIT system or a high sc‘;ore would
represent a high variety environment Type 1 and an MRP system, the difference between

the environment and MPC system score would show the degree of match.

Maximum Score: 23 : Minimum Score: 6
Environment “Type 1 HV” » “Type 2LV”
MPC System “MRP Type A » “JIT type B”
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gure 4.6 Histogram showing pattern of variation of the match scores
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The range of match score was 21, with a minimum of -8 and maximum of 13.
Irrespectively to whether it would be a negative match (for example MRP system operating
in a low variety environment); or a positive match (for example a JIT system - operating in

a high variety), the absolute value would show the degree of match.

Figu red.7 Histogram showing pattern of variation of the absolute match scores
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The researcher observed that 50% of the respondents had a score | Statistics

Range 13

over 3; therefore he split the data in two categories: good match. | Minimum 0
_ . ' Maximum 13

(with a score lower than: 3) and poor match or mismatch (with a [Percentiles | 25 1.00
’ . a . 50 | 3.00
score higher than 3). It.resulted that from all the respondents 62 75 | 6.00

(55.9%) companies had a good match and 49 (44.1%) companies had a poor match. These

categories would be then cross tabulated with the performance categories in order to

indicate if there is any association between them.

4.3.4 The degree of use of the MPC:system

The researcher then analysed the degree of use of these systems within the manufacturing

environment. The degree of use was constructed through the use score. The score was

derived by looking at the methods employed and the frequency of use. In calculation of this

score the following questions were considered: 16, 17, 21, 22, 25, 26, 27, 29, 30 and 31;

therefore a high use score would mean that the company uses a high number of techniques

very often.
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Figure 4.8 Histogram showing pattern of variation of use scores
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The researcher noticed that 50% of the respondents achieved | Statistics
Range 25
a use score lower than 16; he decided to split the data in two [ Minimum 5
' . Maximum 30
categories: good use (with a use score higher than 16) and [Fercenties [25 | 11.00
C . 50 | 16.00
poor use (with a use score lower than 16). It resulted that 56 75 | 2200

companies (50.5%) had poor use and 55 had good use (49.5%). The researcher then
correlated these results with the performance to verify if there is an association between

them.

4.3.5 The Performance of the MPC system

Once the degree of use categories and degree of match categories were identified, the

researcher investigated the relationship with the performance. In order to elicit the
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performance of the MPC system, a performance score was devised and answers were

placed within categories.

Figure 4.9 Histogram showing pattern of variation of performance scores
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Analysing the pattern of variation of the performance scores, | Statistics
Range 24
the researcher observed that 50% of the respondents scored Winimam ]
\ . . . . Maximum 25
lower than 10; he decided to split the data in two categories: [Borcentios 125 6.00
. : 50 | 10.00
good performance (with a score higher than 10) and poor 75 T 18.00

performance (with a score lower than 10). It resulted that 45 companies (40.5%) had good

' performance and 66 (59.5%) had poor performance.

In order to verify if there is a relationship between the degree of match, between the

manufacturing environment and the MPC system employed, the degree of use and the
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performance of that MPC system, the researcher calculated the chi square values (Xz) to
establish if there is an association between them and the Spearman correlation coefficients

(R) to measure the strength of the association.
1). Relationship between: Degree of Match — Degree of Use

In order to verify the relationship between the degree of match and the degree of use, the

researcher cross tabuqucd the two variables.

".Table 27: Cross-tabulation of the d'egree of match and the degree of use

Degree of Use
Degree of Match Poor Use Good Use Total
12 50 62
Good Match 10.8% 45% 55.85%
44. 5 49
Poor match 39.6% 4.5% 44.15%
56 55 111
Total 50.5% 49.5% 100%

HO: There is no association between the degree of match and the degree of use

H3: There 1s association between the degree of match and the degree of use

Critical X%,,,=6.636 with 1 degree of freedom o

Sample X20_000=5 1.545 with 1 degree of freedom

A -significance value (p value) of 0.000 was generated along with a chi square value of
51.545 at one degree of freedom, which is more than the 1% level of significance minimum
value (6.636). This indicated that the variables were not independent and that there was an

association between the degree of match and the degree of use. To test the strength of the
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association the researcher analyzed the Spearman corrélation coefficient between the two
~ variables. The result obtained was 0.709 (p<0.01) and indicated that there was a strong
association between the degree of match and the degree of use, which led to the conclusion
that coympanies‘ that maich their MPC system with the manufacturing environment, tend to
use it properly. This can be due to the fact that by matching the MPC system with the
environment they need to analyze each dimension of the system and therefore the

implementation and the use of it is more appropriate.
2) Relationship between: Degree of Match — Performance
To verify if there is a relati(')nship between the degree of match and the performance the

researcher cross tabulated the two variables.

Table 28: Cross-tabulation of the degree of match and performance

Performance
Poor Good

Degree of Match Performance | Performance |- Total
27 35 T 62

Good Match 24.3% 31.5% - 55.9%
39 10 49

Poor match 35.1% 9% 44.1%
66 25 BERE

Total 59.5% . 40.5% 100%

-HO: There is no association between the degree of match and the performance
H4: There is association between the degree of match and the performance
Critical X?,,,=6.636 with l.degfee of freedom

Sample X7 00=13.293 with 1 degree of freedom
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A significance value (p V_alue) of 0.000 was generated along with a chi square value of
13.293 at one degree of freedom, which is more than the 1% level of significance minimum
value (6.636). This indicated that the variables were not independent and that there was an
association between the degree of match and the performance. To test the strength of the
association the researcher analyzed the Spearman correlation coefficient between the two
_variables. The ‘result obtained was 0.308 (p<0.01) and indicated ‘there was a weak
association between the degree of match and the p?:rformance. These findings led to the
conclusion that by matching the MPC system with the environment it will not necessarily
result in good performance and one of the possible causes might be that the system is not

being used it properly.

3) Relationship between: Degree of Use — Performance

N

To verify if there is a relationship between the degree of use and the performance the

researcher cross tabulated the two variables.

Table 29: Cross-tabulation of the degree of use and performance

Performance
Poor Good
Degree of Use . Performance | Performance Total
17 38 55
Gooa Use 15.3% 34.2% 49.5%
" 49 7 56
Poor Use 441% 6.3% 50.5%
66 45 111
Total 59.5% 40.5% 100%
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HO: There is no association between the dégree of use and the performance
HS: There is association between the degree of use and the performance
Critical X%,,,=6.636 with 1 degree of freedom

Sample X20_000=34.554- with 1 degree of freedom

A significance value (p value) of 0.000 was generated along with a chi square value of
34.554 at one degree of freedém, which is more than the 1% level of significance minimum
value (6.636). This indicated that the variables were not independent and that there Was an
association between the degree of use and the perfoﬁnance. To. test the strength of the
association the researcher analyzed the Sp.earman- correlation coefficient between the two
variables. The result obtained was-0.711 (p<0.01) and indicated there was a strong
association between the degree of use and the performance. These findings led to the
conclusion that companies that use their MPC system properly tend to achieve a good level

of performance.

Table .30: Possible relationships between the variables studied

Relationship Degree of Match | Degree of Use | Performance
Degree of Match | X%0000= 51.545 | X% 000= 13.293

¢ = |R=0.709 R=0.308
Degree of Use L X0.000=34.554
Performance
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By analyzing table 27, the researcher’s hypothesis;

Good performance is the result of matching the MPC system with the

manufacturing environment and good-use of the MPC system employed.

'

is accepted due to the fact between any two of the variables used there is an association and

an important observation is the strength of the association.

In order to further aﬁal&ze and reinforce these findings, the researcher split the data in two:
- companies with good match and companies with poor match. Within éach of the two
categories, the ass'ociation between the degree of use and the performance was analyzed. In
order to obtain the categories the degree of match, the degree of use and the performance

~ variables were cross tabulated (see table 31).
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Table 31: Cross-tabulation of the degree of match, the degree of use_and the

performance -

Performance
Poor Good Total
Count 10 2 12
Poor [, within Performance 37.03% 571%  19.35%
Use (o, of Total 16.12% 3.22% 19.35%
. Count 17 33 50
Good : )
Good |% within Performance 62.96% 94.28% 80.65%
Match
Use [ of Total 27.41% 53.22% 80.65%
Count 27 35 62
ﬁ o % within Performance 100% 100%, 100%
g S
Total |% of Total 43.54% 56.45% 100%
Count 39 5 44
Poor (o, within Performance 100% 50% 89.80%
Use o, of Total 79.60% 10.20%|  89.80%
Count 0 5 5
Poor
Good [% within Performance 0% . 50%|  10.20%
Match
' Use [% of Total - 0% 10.20%) 10.20%
Count 39 10 49
% within Performance 100% 100% 100%
Total |o of Total 79.60% 20.40%| - 100%
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This table can be translated also within the conceptual framework (see figure 2.13) defined

at the end of chapter 2.

Figure 4.9 Schematic diagram showir_lg all possible outcomes of mixing match, use and

performance and the empirical results

Degree of Match + Degree ! Performance + Noof
| i of Use i. ;Companies
Good Performancs 33(29.7%)
i Good use <: ‘ i
L 50(45%) | Poor Performance; 17(15.3%) |
Good match :: ‘ i i |
/" 62(55.9%) Good Performancd  2(1.8%)
i ‘Poor Use < | i
L 12(10.8%) Poor Performance;  10(9%)
Degree of IE' """"""" .E-' """""""""""" ’; """"""
Match é f Good Performance:: 5(4.5%)
i Good use <: » 5
E 5(4.5%) i Poor Performance:: 0 (0%)
Poor Match ? :; i
49(44.1%) \ Good Perfomlancei 5(4.5%) |
i Poor Use <: i
IE 44(39.6%) :; Poor Performancei 39(35.1%)
Total 111 (100%) :: 111 (100%) :: élll (100%)

Good match Category

55.9% of total respondents had a good match. Within this category the researcher analysed

the association between degree of use and the performance.
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HO: There is no association between the degree of use and the performance
H6: There is an association between the degree of use and the performance
Critical X%05= 5.024 with 1 degree of freedom

Sample X20,020=9.581 With 1 degree of freedom

Poor match Category
44.1% of total respondents had a poor match between the MPC system employed and the
manufacturing environment. Within this category the researcher analysed the association

between degree of use and the performance.

HO: There is no association between the degree of use and the performance
H7: There is an association between the degree of use and the performance
Critical X%,0,=6.636 with 1 degree of freedom

Sample X%00=16.602 with 1 degree of freedom

In both cases, good match aﬁd poor match, significance levels of 0.02 and 0.00 with chi
square values of 9.581 and 21.716 at one degree of freedom was generated which were
more than 2.5% Jlevel of significance minimum value (5.024), respectively 1% level of
significance minimum value (6.636). These findings indicated that the variables were not
independent and there was an association between the degree of use and performance,
when it was a good match and also poor match, therefore the researcher’s hypothesis was

accepted.

138



Chapter 4: Findings and Analysis

4.4 MPC system types and Performance

In order to analyse the manufacturing planning and control system types employed by the
-respondents, the researcher cross tabulated the MPC system types and their use and

performance in relation to the manufacturing environment where they operate.

Out of 111 respondents, 54 (48.64%) described their MPC system as Type A — MRP and

57 (5 1.36%) described their MPC system as Type B — JIT (see figure 4.10).

Figure 4.10 Manufacturing Planning and Control Systems identified

Type A - MRP (48 64%)
B Type B - JT (51.36%)
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1) Type A — MRP Systems

The use and the performance of the MRP systems are distributed among manufacturing

environments, as illustrated in table 32.

‘Table 32 Use and performance of the MRP systems within the manufacturing

environments

Environment Type 1 — High Variety

Degree of use  [Poor Performance [Good performance (Total
8 0 8
Poor Use 23.5% 0% 23.5%
. 7 - 19 26
Good use 206% . 55.9% 76.5%
15 . 19 34
Total 44.1% 55.9% 100.00%

Environment Type 2 — Low variety

Degree of use  |Poor Performance |Good performance [Total
13 4 17
. Poor Use 65% - 20% - 85%
1 2 3
Good use 5% 10% 15%
14 6 20
Total ' 70% 30%) 100.00%

The empirical analysis revealed that 54 companies that described their system as Type A —
MRP, in only 34 cases it was matched with the manufacturing environment where they
operated. Within this category the researcher tested the association between the use of the

MRP system and the perfonhance.
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HO: There is no association between the degree of use of MRP systems and the
performance

H8: There is an association between the degree of use of MRP systems and the
performance

Critical Xzom: 6.635 with 1 degree of freedom

Sarnple‘ X20,009=13.251 with 1 degree of freedom

Fisher’s Exact test value=0.000

A significance value (p value) of 0.000 was g'enerated along with a ehi square value of
13.251 at one degree of freedom, which is more that 1% level of significance minimum
value (6.635). When analysing the use and the performance of MRP systems in low variety
manufacturing environments, the resear_cher observed that the systems didn’t perform as
good as in the high vari‘ety environments. 14 respondents 0th of 20 had poor performénce,
although in 2 situations, even if the system didn’t match the environment, when used
n'ropeny the companies achieved good performance. This can be the result of adapting their
systems to the manufacturing environment and using mixed approachee. Therefore the
researcher concluded thaf MRP systems, used properly, tend to perform better when are

employed within high variety environments.
2) Type B - JIT Systems
The use and the performance of the JIT systems are distributed among manufacturing

environments, as illustrated in table 33.
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Table 33 Use and performance of the JIT svstems _within _the manufacturing
-environments '

Environment Type 1 — High Variety

Degree of use  |Poor Performance |Good performance [Total
10 _ 1 11
Poor Use 73.3% 6.7% 80%
1 3 4
Géod use 6.7% 13.3% 20%
11 ‘ 4 15
Total ~ 80% T 20%) 100.00%

Degree of use  |Poor Performance [Good performance [Total
' 7 2 19
Poor Use 40.5% 4.8% 45.2%
‘ 8 15 23
 Good use 19% 35.7% 54.8%
‘ 25 17 T a2
Total 59.5% 40.5% 100.00%

The empirical analysis revealed that 57 companies that described their system as Type B —
JIT, in only 42 cases it was matched with the manufacturing environment where they
operated. Within this category the researcher tested the association between the use of the

JIT system and the performance.

HO: There is no association between the degree of use of JIT systems and the.performance
HO: There is an associétion between the degree of usé of JIT systems and the performance
Critical X%, = 6.635 with 1 degree of freedom

Sample X%0.000=12.917 with 1 degree of freedom

Fisher’s Exact test value=0.000
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A significance value (p value) of 0.000 was generated along with a chi square value of
12.917 at one degree of freedom, which is more that 1% level of significance minimum
value (6.635). When analysing the use and the performance of JIT systems in high variety
manufacturing environments, the researcher observed that the systems didn’t perferm as
good. as in the low variety environments. 11 respondents out of 15 had poor performance,
although in 3 situations, even lif the system didn’t match the environment, when used
properly the companies achieved good performance. Therefore the researcher cnncluded
that JIT systems, used properly, fend to perform better when are employed within low

variety environments.

4.5 Companies size and Performance

Accordingly to Denton and Hodgson (1997) the most basic. categorisation of manufacturing
companies is by size. The researcher presented the pr_oﬁle of the respondents at the‘
beginning of sub-chapter 4.3. Glancey (1998) analysed the relationship between company
size and tne performance, indicating that the size can represent the growth, profitability and
age of‘ a company. In other terms, company size can be used a proxy for its experience,
knowledge, performance. Accordingly to Berenson et al (2004), five recipients within a
| category is a reasonable number for performing a chi square test, therefore the researcher
re-grouped the respondents in three categories:

- less than 20 employees — 53 companies;

- between 21 — 50 employees — 35 companies

- higher than 50 employees — 23 companies.
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These categories were then cross tabulated with the performance, in order to verify if there

is an association between company size and the performance.

Table 34: Cross-tabulation of the company size and performance

Performance
Poor Good
Company size Performance | Performance Total
35 18 53
Less then 20 31.5% 16.2% 47.7%
24 11 35
Between 21 - 50 21.6% 9.9% 31.5%
7 16 23
Higher than 50 6.3% - 14.4% 20.7%
| 66 45 111
Total 59.5% 40.5% 100%

HO: There is no association between the company size and the performance
H10: There 1s association between the company size and the performzince
Critical X20_005=1 0.597 with 2 degree of freedom

Sample X%900s=11.095 with 2 degree of freedom

A significance value (p value) of 0.006 was generated along with a chi square value of
11.095 at two degree of freedom, which is more than the 0.5% level of significance
minimum value (10.597). This indicated that the variables were not independent and that
there was an association between the company size and the performance. Therefore
companies that have a higher number of employees tend to have a better performance,

which can be achieved through accumulation of years of knowledge and experience.
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4.6 Constructing validity

In érder to construct validity, the researcher undertook interviews with two companies: one
from the goéd match category and one from po.or match. The company with good match
was a large size company (betwéen 51 and 250 employees) and the poor match company

~was a small size firm (between 20 and 50 employees). Both companies were asked the

same set of questions that were prepared onto the theme sheet (see Appendix.E).

The objective of these interviews was to verify that ;[he questionnaires completed by those
respondents were accurate and they were reflecting their company situation. Both
companics were chosen on a judgmental basis and geographical position, as close as
poésiblf; to the researcher. For the purposé of this analysis ccl)r‘npanies. were denoted as
company A and company B. The interviews last an hour each and they were tape-recorded
(see table 34 for a summary of the two interviews). The researcher asked them to describe
the environment and the MPC system used and then cross-checked their answers with the
questionnaires. Both companies answered similarly to the questionnaire.completed. They
presented evidence qf the system employed: Company A employed an MRP system and
fhey showed reports regarding their finite scheduiling approach and also dispatch lists for
their goods. They had weekly meeting regarding production planning and the run-time was
an important factor for measuring their operational performance. Reports were generated at
.the end of the week in order to verify the Overall Equipment Effectiveness (OEE) and also

forecasting reports were issued for planning the production for the following week. There

was a monthly and a weekly plan. The weekly plan was closely monitored and corrective

143



Chapter 4: Findings and Analysis

action was taken if needed. Also they had a quality control department that was mainly

focusing on customer complaints and quality of their products.

Table 35 Summary of the interviews

Did the person interviewed complété the questionnaire?
Did they understand the questions from the questionnaire that they
completed?

MATCH
Did their description of the environment correspond to the one given
in the questionnaire
Did their description of the MPC system used correspond to the one
given in the questionnaire?
Did their MPC match the business environment within which they
operate, accordingly to the scores obtained? What was the degree of
match?

USE

Did they present evidence of the system used? Examples

Did they present evidence of how often they use the system?

What was their degree of use accordingly to the use score system?
PERFORMANCE
How did they measure the performance?

Did they have an operating procedure for improvement?
Did they benchmark their performance?
Did they measure the level of customer satisfaction? How often?

How did they classify their performance?

What was the performance accordingly to the performance score
system?

Did they performance measures correspond to their answers from the
questionnaires?

Did the answers from the questionnaire reflected the situation
presented in the interview?*0

Company A
Yes
Yes

Yes
High variety
Yes
MRP type
Yes
Good Match

Yes - very detailed
Production
meetings agendas.
OEE reports.
Planning/forecastin
g figures, MRP
scheduling reports,
dispatch lists
Daily monitoring
of the production,
daily reports for
quality, weekly
schedules, monthly
reports on quality,
OEE. deliveries,
customer
complaints
Good use

Run-time, OEE,
quality reports,
absenteeism,
breakdown time,
deliverv on-time
Yes
Yes
Yes
Every week
Good
Good performance

Yes

Yes

Company B
Yes
Yes

Yes
High variety
Yes
JT type
No
Poor Match

Yes - very little
Dispatch lists and
production planning
agendas

Weekly production
meetings and
monthly sales

reports

Poor use

Turnover value

Yes
yes
Yes
Every six months
Average
Poor Performance

Yes

Yes
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Company B empléyed a JIT system and they didn’t he;ve a formal production planning.
Their system was-operating week by week, and there was no evidence of medium or long
term planning. Their orders were accepted as they arrived and then pulled through the
production stages. The company had weekly meetings regarding production plamiﬁg, but
the proce;ss was described as “being an informal meeting”, “on the factory floor”. The main
performancé indicator for the compaﬂy was the turnover _value. The operations manager
interviewed didn’t 'show any evidence regarding their productivity levels or their

effectiveness. He mentioned that the company has a monitoring system in place and each-

product before it is sent to the customer, is checked by quality control person.

The researcher asked as well what their perforrr_lance measures were: Company A
emphasis.ed on OEE, run-time, quality (they measure how many defect parts per million
they had), customer complaints and delivery on-time. Company B used the turnover value

as a measure for their performance.

Analysing the interviews and the questionnaires completed by those two companies, the
researcher was satisfied with-the results. The questionnaires reflected the situation of each

company and also their system and environment within which they operated. The
researcher felt that scores, constructed to place each company within a certain category (for

example degree of use, performance) reflected the characteristics of each company.
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4.7 Summary

The research questioﬁs proi)os.ed ‘at the begging of this chapter were'answered._ The
researcher identified the main 'types of manufacturing environments where the Trish
engineering companies operate, as well as the type of MPC system they employ. Then the
researcher measured the degree of match between the MPC systems identified and the
manufacturing environment within which they operated. The main hypothesis of the

research:

“Good performance is the result of matching the MPC system with the manufacturing

environment and good use of the MPC system employed”.

was tested and it was accepted; the conceptual match framework developed at the end of
literature review chapter was reinforcedby thé empirical study. Relationships between
degree of match, degree of use and performance were analysea. The researcher conclude-d
that a company, in order to achieve good performance, needs to match the MPC system

with the manufacturing environment within which operates and use that system properly.
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5.1 Introduction

Over the last decades, the literéture regarding manufacturing planning and control
~ systems has emphasized the need for alignmentzbetween the MPC system employed and
the manufacturing environment within which companies operate. Several studiés
‘compared the effects of using various MPC systems and developed frameworks in order
to differentiate manufacturing environments. However, there is a lack of conceptual and

empirical research that matches MPC systems and the manufacturing environment.

This study investigated the degreé of match between fnanufacturing environments and the
MPC systems. More important, it explorea the effect of matching and using these
systems on company’s performance. The value of this study lies in the substantial
information and invaluable insights into manufacturing planning and control systems,

their match, use and performance in Irish engineering companies.

This chapter consolidates the remarks made in previous chapters and draws overall
conclusions of the research described in this thesis. The research findings, in terms of
both academic contribution and implications for prabticc in the manufacturing industry,
are discussed in addition to éhe limitations of the work and suggestions for future

research.
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5.2 Consequences of not linking the MPC system to the

manufacturing environment

The research reported in this thesis set out to test the proposition that:

“Good performance is the result of matching the MPC system with the

manufacturing environment and good use of the MPC system employed”.

A review of the relevant literature suggested a conceptual framework that linked the
'MPC system with the manufacturing environment. Then the researcher has described
different types of MPC systems used by the Irish engineering companies and also the
manufacturing environment within which they operate. He analysed the degree of match
between them and then veﬁﬁed if there ére any relationships between the degree of
match, the degree of use and the perfonnance. The empirical findings agree with the
conceptual/ theoretical expectations, regardin;g the relationship between the MPC type
choi;e and the manufactuﬁng environment. More, importantly the results showed that the
performa.nce of a company improves when they can match the MPC system with the

manufacturing environment and they-use it efficiently.

Therefore, if there is a match or alignment between MPC system choice and the
manufacturing environment, then the task of the MPC is simpler than should there be a
mismatch. In the latter case, the MPC systems would need to work around this mismatch

and still deliver good plans and schedules in order to support the corporate objectives of
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customer satisfaction, delivery on time and manufacturing efficiency. Ward et al (1988)
report that the MPC system is perceived by the managers as having the capability to help
them address problems in a variety of areas and also to overcome a mismatch between

marketing/sales and manufacturing strategies.

Berry and Hill (1992) describe a situation where there are substantial mismatches
between the MPC and the maﬁpfacturing “environment. A company changed their
marketing strategy and decided to enlarge their range of options produced in low volume
to specific customer orders. To support this shift in marketing strategy, the company
would havé had to invest in a new MPC systém in order to adapt it to the new
environment. The firm decided to retain its previous MPC system, which was designed to
support standardised products. Major difficulties were encountered, which resulted in
lengthy manufacturing cycles, simultaneous shortages, excesses inventory and poor

customer service.

Jonsson and Mattsson (2003) describe a few cases with clear misalignments between
MPC systems and the manufacturing environments, affecting the performance of the
company. More importantly, they address the issue that choosing a planning method that
fits the environment and that is-applicable to the planning situation does not necessarily
result in a satisfactory u%ilisation of the metﬁod, it only improves the chances of the user

satisfaction with the method.
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This research suggested that there are differences between environment types and MPC
types. Companies need to link thpi; systems to the environment, in ofder to be able to
respond to the costumer’s 'requests._ Although choosing the right system, does not
guarantee good cﬁs_tomer satisfaction. The empiricél study indicated an association

between the degree of match and performance of a MPC system; when the methods were

used in a proper manner, the company achieved good performahce (see figure 5.1).

Figure 5.1 Performance in relation to the degree of match and degree of use of the

MPC systems
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When the researcher examined each type of MPC system used within Irish engineering
sector, found that both MRP type and JIT type perform well, when matched with‘ the
environment and used properly. So, no system was found to be superior or perform
better, but it suggested sorﬁe patterns: MRP typé systems pefform béttér than a Jfl" tybe
system, when used properly in a high-variety maﬁufacturing e;lvironment and JIT

systems were ‘more effective when used properly in a low-variety manufacturing

environment.

The empirical study revealed that the number of products that a company fabricates
influenced thé-type of MPC system chosen. It showed that companieévwith high number
of products and low volumes tend to employ MRP type systems and corhpanies with low
number of products and high volumes tend to use JIT type systems. Again the use'factor
was found to be paramount to the success of the system. If the system was used

effectively the company’s performance was improved.

The researcher also investigated the relationship between company size and the
performance. Company size can be seen as a substitute for good long-term performance,
accumulation of knowledge aﬁd experience. The study revealed that there was an
association between them. The researcher’s opinion was that large companies with over
fifty employees tend to have a better performance, when compared with small or medium
size ones. This might be due to the fact that over years of practice, the companies aligned
the MPC system employed to the manufacturing environment and also had the experience

and knowledge to use it properly.
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5.3 - Implications for theory and practice

The main contribution of thig research to kno_wiedge is the development and validation of
a conceptual framework that link dimensions of a MPC system with manufacturing
environments. The inputs to this framework are effectively a checklist that can be used to
assess manufacturing companies, their environments and MPC systems. The dimensions
are objective measures of a company that can be used to cdmpare companies and could
be used in further projects to make decisions on suitable systems. Also insights from this
study éould serve as guidelines to the operations managers for selecting an appropriate
MPC syé_tem. Being aware that Japanese companies were using JIT type systems in high
variety environments and subject to the assumptions and limitations of this study, the
researcher suggests that generally MRP type systems should be used if the company
operates within high variety manufactun'ng environments, and JIT type systems should be

adopted when operating in low variety environment.

This research reviewed previous studies on MPC systems and suggested a conceptual
framework that differentiated between main two approaches to manufacturing planning
and control: MRP and JIT type. Also, along with these systems, were des;:ribed the
manufacturing environments in which they achieve a good performance. This framework

can be used by other researchers as a basis for empirical studies.
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For the Irish literature related to manufacturing practices, this research revealed that
matching the manufacturing practices to the business environment would enhance the
chances of the companies to achieve better performance. Also, companies that did not use
* the systems properly, for elxample:' did not closely monitor their activities, did not
measure the customer satisfaction level, did not benchmark their practices against their
competitors encountered. difficulties in meeting customer néeds and they had a poor
performance. Also, the companies with over fifty employees tend to perform better than

small or medium companies.

Therefore Irish engineering companies need to focus their resources towards matching
the MPC system with the environment within which they operate. Paramount is the‘usagc‘:
of that system, in terms of productivity measurement, reporting and adjusting their
techniques if necessary. Due to the fact that business environment is rapidly changing,
companies need to continuously review the system employed and its use. It is easier to
prevent a mismatch, than to dissatisfy the customérs ’due to the impact that has on

* business.

5.4 Research limitations

It is important to consider the claims of this research in the context of its limitations. The
use of postal survey as main data collection method, has limited the number of questions

and also the information accuracy, due to the .fact that other persons than
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operation/production managers within companies could have completed the
questionnaires. The length of the survey may have had a negative impact on the overall
response rate. It is possible that it-could have been improved upon had the survey been

more condensed.

The high number of nominal and ordinal variables did not facilitate advanced statistical
manipulations. Devising the scbr_ing system the résearcher facilitated the use of non-
parametric test to énalyse the data. Without using a weighting system when scores were
attached to questions, the -researcher- was not able to identify the differences between
MPC dimensions when comparing companies. The match score was an artificially
dcvised system that could identify the degree of match for an MPC system, but c;)uld not

describe it in terms of matched or unmatched dimensions within an environment.

The present study did not identify the major reasons behind its finding. Therefore,
éxplorativé case studies are important in oraer to gain éi de’eper understanding of the
appropriateness of various planning and control methods in any given environment and
perhaps to develop new planning and control approaches for mixed environments. Also
some in-depth interviews after the administration of the questionnaire would have
resulted in finer refinements of the conceptual framework and identification of other
causes of poor performance. The measure of performance used in the present study could
also be developed and linked directly to companies’ operational performances. Therefore
studies that focus on the application of the MPC systems and link their dimensions to the

operational level of performance would be interesting. Such studies would further fill
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some gaps in the literature and pfovide empirical knowledge of manufacturing planning
and control dimensions.

Overall, this research was an important stage in the author’s personal develbpment. The
literature review, the desigh of a data collection instrument, the activity of ensuring the |
achievement of a significance response rate and the process of analysing and interpreting
the large amount of information collated were difficult and challenging tasks. Completion
has resulted in the.gaining of a vast amount of information and knowledgebof not only |

manufacturing practices matters, but also of the research process itself.

5.5 Suggestions for further research

The research reported in this thesis provides opportunities for further work in a number of
areas. The conceptual framework can be further developed using more variables in order
to facilitate a finer distinction between MPC systems used. Focusing on the use of these
systems and linking their dimensions to the performance, would allow determining the
impact that each dimension has on company’s performance. As well, it would be
interesting to see what are the financial implications of aligning the MPC system with the

manufacturing environment.

Explorative case studies would be interesting to use in order to gain deeper understanding
of MPC system dimensions and also what other internal and external factors determine

.the use of those dimensions.
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Because it is possible to apply MRP and JIT dimensions to different parts of a supply
network, it would be valuable to investigate mixed or hybrid systems.

The research described in this thesis can be used as a starting point for work‘exploring
different manufacturing information systems, their speciﬁcatioﬁé and appli_ca-bility within
different manufac-:turing environments. Also the studies on the effect of information
te;hnology on the MPC system design would fill some gaps in the literature and provide

wider perspective on future developments of manufacturing planning and control

systems.
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Appendix A
QUESTIONNAIRE

1. How many full-time people (or equivalent) are employed in your business?
Lessthan 5 O

Between 5- 20 O
Between 21- 50 O
Between 51 -250 O
Over 250 O

2. During the last business year, what was the approximate firm's turnover?
Less than € 1Im O
Between €lm- €3m O
Between €3m-€10m O
Between €10m €50m O
Over €50m O

3. How could you describe the business environment where your company
operates in terms of:

Very Low  Low Medium High Very High
Product variety O O O O O
Demand stability O O O O O

Product variety represent the number of different products in your product
range (not including material or minor model differences) from last year.
Demand stability - represent how often your customer volume orders fluctuate
over your planning horizon.

4. Please specify the approx. number of different types of end products delivered
last year

5. How would you describe your order’s pattern over planning horizon:
Mainly one-offorders
Few orders

Several orders

High number of orders

ooood

6. How would you describe your customers’ order:

Small O
Medium O
Large O

7. How would you describe your shop floor layout:

Functional layout (Process layout) O
Cellular layout (Flow layout) O
Continuous line layout O
Other (Please specify)
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8. From a design point of view, the products that you offer are:

Low customised — products tend to be standard, usually delivered a
to more than one customer; the supplier takes responsibility for design

Medium customised - some in-service monitoring and customer a
--feedback; - - S R S -
Highly customised - customer seen as a part of the development O

team. Designers in direct contact with customers;.

9. Which type of manufacturing planning and control (MPC) system does your
company apply? Please tick more if you use a mix of systems.

MRP type (Material requirements planning) DO

JIT(kanban) type (Just-in-time) a

Others (Please specify)

10. How would you describe from a planning horizon perspective your capacity
plan: ' ' '

Short term planning (Up to a month) |
Medium term planning (1 to 6 months) a
Long term planning (6 months — years) O
Other (please specify)

11. With reference to your planning horizon and demand pattern, which of the
following categories come closest to characterising your dominant approach to
capacity planning?

Leve! capacity plan : Q

Chase capacity plan O
Other (Please specify)

Level capacity plan: A constant level of activity is maintained and capacity doesn’t
change much.

Chase capacity plan: Capacity is adjusted to reflect the fluctuations in
demand.

12. What percentage of the planned capacity is based on actual customer orders
for future delivery? Please write an estimate % within the range selected.

1-20% 21-40% 41-60%___

61 -80% ‘ 81-100%
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13. Which is the closest description to your material planning approach: ,
Rate based - Calculated in terms of output-of a product per unit of time

Time phased - The absolute number of pfoducts to be made by a given
schedule delivery date

Other (Please specify)

14. How would you describe your main approach to Master Production

Scheduling:
Make to order (complex préduction) O
Assemble to order (jobbing'production) O
Make to stock (batch/mass production) - O

Or Other (Please describe) _

Make to order - Production often starts before a complete product definition and bill of material
have been determined. Design takes part as the product is built. The customer expects to wait for a
large portion of the entire design and manufacturing lead-time.

Assemble to order — the company has to start production in anticipation of customer orders.
Forecasting accuracy is very important to avoid over-stocking. Customer delivery time
requirements are often shorter than manufacturing lead time. '

Make to stock — the company produces in batches, carrying low finished goods inventories. All
identical assemblies or sub-assemblies are grouped and produced together in batches.

15. Regarding the batch sizes, they best can be 'describe'd as:
Equivalent to customer order quantities/call-offs 0
Small, equivalent to one week of demand

Medium, equivalent to a few weeks of demand

ooag

Large, equivalent to a month’s demand or more

16. What factors do you take into account when scheduling work? Tick more than
one, if applicable.

Machine/people effectiveness
Downtime '

Plant maintenance

Rework

Others (Please specify)

a
a
a
O
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17. Do you know the constraint of your plant and the bottienecks in your (

operations?
Yes O
No d

18. Which of the following would best describe ybur dominant bill of rynvqtgﬁaly?ﬁ )
rlevels e eI oo
3-5 levels a

More that 5 levels O

19. When scheduling your work, what type of approach do you undertake:

Finite scheduling approach a
Infinite scheduling approach O
Other (Please describe)

Finite scheduling — is an approach which only allocates work to a work centre up
to a set limit. This limit is the estimate of capacity for the work centre (based on
the times available for loading)

Infinite scheduling - is an approach to loading work which does not limit
accepting work, but instead tries to cope with it,

20. Which of the following would best describe your through-put times in
manufacturing:

Short through-put times, a week or less d
Medium through-put times, a few weeks O
Long through-put times, several weeks O

21. Is schedule adherence monitored throughout the business?

Very little consideration
Little consideration
Some consideration
Significant consideration
High consideration

- Ogoooo

22. How often do you monitor your schedule adherence?

Once every hour a
At the end of the shift O
Once a week a
Other (Please specify)
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23. Which of the following techniques do you use to control your production flow:

Kanban O
Dispatch rules O3
Others (Please specify)

24. Using the answer above (Question 23), please briefly describe your production
flow controlling technique. '

25. Do you compare your manufacturing planning and control practices with other

companies?
Yes 0O
No O

26. If “Yes” to Question 25, how often do you undertake this comparison study?
Once a month a

Every three months a
Every six months O
Other (Please specify)

27, If “Yes” to Question 25, what basis do you use for comparison (tick more if
applicable):

Cost

Quality

Reliability

Speed

Others (Please specify)

oooao

28. If “Yes” to Question 25, how would you rate the performance of the
following functions in relation to your significant competitors?

Very poor Poor Equal Good Very good
Capacity planning O a O O a
Master production schedule 0O O O a O
Production activity control O a O a O
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29. Do you measure your level of customer satisfaction?
Yes 'O
No O

30. If“Yes’ to Question 29, how often do you measure your level of customer
satisfaction?

Once a month O
Every three months O
Every six months O

Other (Please specify)

31. If“Yes” to Question 29. what basis do you use for measurement of customer
satisfaction? (Tick more than one, ifapplicable).

Number of complaints O
Number of deliveries on-time O
Number of defective end products O

Other (Please specify)

32. In terms of meeting customer delivery commitments, how you rate your
company; please write an estimate % within the range selected.
1-20% 21-40% 41-60%__

61 -80% 81-100%

33. If*Yes” to Question 29, how would your customer rate the satisfaction level
with delivery performance:

Very Poor O
Poor O
Average O
Good O
Very good O

34. Would you be interested in receiving a summary study report on lrish
Manufacturing Planning and Control Practices?
Yes O
No O

If yes, then please provide your contact details:

N am e

Phone number.

tmail address:



Appendix B - Scoring System

Part 1. The environment type score

- Q3. How-could you describe the business environment where your company operates
in terms of’ ' '

Score 1 2 3 4 5

Very Low Low Medium High Very High
Product variety O 0 0 O O
Demand stability O O O O O

Very High  High Medium Low Very Low
Score 1 2 3 4 5

Q5. How would you describe your order’s pattern over‘planning horizon:

Mainly one-off orders O |
Few orders . O 2
Several orders 0 3
High number of orders O 4

Q6. How would you describe your customers’ order:

Small | 3
Medium O 2
Large O 1

Q7. How would you describe your shop floor layout:

Functional layout (Process layout) O 3
. Cellular layout (Flow layout) | 2
Continuous line layout O 1
Other (Please specify) ' 0

Q8. From a design point of view, the products that you offer are:
Low customised O 1

Medium customised O 2
Highly customised O 3
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Part 2. The MPC type score

Q9. Which type of manufacturing planning and control (MPC) system does your
company apply? Please tick more if you use a mix of systems.

MRPtype  (Material requirements planning) O 4

JIT(kanban) type (Just-in-time) O 1

Others (Please specify) 0

Q.11 With reference to your planning horizon and demand pattern, which of the
following categories come closest to characterising your dominant approach to
capacity planning?

Level capacity plan a- 4
Chase capacity plan O 1
Other (Please specify) 0

~ Q13. Which is the closest description to your material planning approach:

Rate based ] 1
Time phased 0 4
Other (Please specify)___ 0

Q14. How would you describe your main approach to Master Production Scheduling:
Make to order (complex production) m} 3 |

Assemble to order (jobbing production) O 2

Make to stock (batch/mass production) O 1

Or Other (Please describe) 0 -

Q19. When scheduling your work, what type of appréach do you undertake:

Finite scheduling approach O 4
Infinite scheduling approach O 1
Other (Please describe)

(Q23. Which of the following techniques do you use to control your production flow:
Kanban a 1

Dispatch rules a 4
Others (Please specify) _ 0
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Part 3 The use score

Q16. What factors do you take into account when scheduling work? Tick more than
one, if applicable. : '

Machine/people effectiveness [ 1
~Downtime = 7 7O 1°
Plant maintenance 0O 1
Rework O 1
Others (Please specify) 1 if other specified.

Q17. Do you know the constraint of your plant and the bottlenecks in your

operations?
Yes 0O 1
No a 0

Q21. Is schedule adherence monitored throughout the business?

Very little consideration

Little consideration

Some consideration

Significant consideration
High consideration

agpoogoo
VBN

Q22. How often do you monitor your schedule adherence?
Once every hour O 4
At the end of the shift O 2
Once a week O 2
Other (Please specify) 1

Q25. Do you compare your manufacturing planning and control practices with other
companies?

Yes O 1
No O 0
Q26. If “Yes™ to Question 25, how often do yod undertake this comparison study?

Once a month O 4
Every three months [ 3
Every six months O 2
Other (Please specify) 1
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Q27. If “Yes” to Question 25, what basis do you use for comparison (tick more if
applicable):

Cost

Quality

- Reliability

Speed

Others (Please specify)

:DDDG

if other criteria specified.

Q29. Do you measure your level of customer satisfaction?
Yes (| 1 V
No 0 0

Q30. If “Yes” to Question 29, how often do you measure your level of customer
satisfaction?

Once a month O
Every three months [
Every six months O
Other (Please specify)____

— W b

Q31. If “Yes” to Question 29, what basis do you use for measurement of customer
satisfaction? (Tick more than one, if applicable).

Number of complaints O 1-
Number of deliveries on-time O 1
Number of defective end products O 1
Other (Please specify) 1 if other criteria mentioned.

Part 4. The performance score

Q28. If “Yes” to Question 25, how would you rate the performance of the following
functions in relation to your significant competitors? "
1 2 3 4 5

Very poor Poor Equal " Good Very good
Capacity planning 0 O a a a
Master production schedule d O 0O O O
Production activity control O O a o O
!
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Q32. In terms of meeting customer delivery commitments, how you rate your

company; please write an estimate % within the range selected.

1-20%. 1
21-40% 2
41-60%_ 3 .
81-100%__ 5§

Q33. If “Yes™ to Question 29, how would your customer rate the satisfaction level
with delivery performance:

Very Poor 0O 1
Poor a 2
Average a 3
Good O 4
Verygood 0O 5
Other Questions

Q1. How many full-time people (or equivalent) are employed in your business?
Less than 5 ] 1

Between 5- 20
Between 21- 50 0O
Between 51-250 0O
Over 250 a

a

v W N

Q2. During the last business year, what was the approximate firm’s turnover?

Less than €1lm | 1
Between €lm-€3m 0O 2
Between €m-€10m 0O 3
Between €10m - €50m O 4
Over €50m 0 5

Q4. Please specify the approx. number of different types of end products delivered
last year

The answers for this question were grouped into 3 categories (by using the calculation

of the quartiles).
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Q10. How would you describe from a planning horizon perspective your capacity
plan:

Short term planning (Up to a month) O

Medium term planning (1 to 6 months) 0

Long term planning (6 months — years) O
--Other (please-specify) - L

S W N -

Q12. What percentage of the planned capacity is based on actual customer orders for
future delivery?.Please write an estimate % within the range selected.

1-20% 1 2140%___ 2 41-60%_ 3
61-80%___ 4 81-100%, 5
Q18. Which of the following would best describe your dominant bill of material?
1-2 levels ‘ O 1

3-5 levels a 3
More that 5 levels O 5

(Q20. Which of the following would best describe your through-put times in
manufacturing;

Short thfough-put times, a week or less | 1
Medium through-put times, a few weeks ] 2
(] 3

Long through-put times, several weeks

Q24. Using the answer above (Question 23), please briefly describe your production
flow controlling technique.

1 Q34. Would you be interested in receiving a summary study report on Irish
Manufacturing Planning and Control Practices?

Yes O 1
No O 2
If yes, then please provide your contact details:

Name:

Phone number:
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Appendix C

The construction of the scores for a Company A.

Part 1. The Environment type score

Q3. How could you describe the business environment where your company operates
in terms of:

1 2 3 4 5
Very Low Low Medium High Very High
Product variety O O O . a
Demand stability a O a a
Very High  High Medium Low Very Low
5 4 3 ' 2 ‘ 1

Q5. How would you describe your order’s pattern over planning horizon:

Mainly one-off orders O i
Few orders O 2
Several orders 3
High number of orders a 4

Q6. How would you describe your customers’ order:

Small 3
Medium O 2
Large O 1

Q7. How would you describe your shop floor layout:

Functional layout (Process layout) 3
Cellular layout (Flow layout) O 2
Continuous line layout O 1
Other (Please specify) 0

Q8. From a design point of view, the products that you offer are:

Low customised | 1
Medium customised 2
Highly customised [ 3

The Environment Type Score is: 4+4+3+3+3+2 =
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Part 2. The MPC type score

9. Which type of manufacturing planning and control (MPC) system does your ‘
company apply? Please tick more if you use a mix of systems.

MRP type (Materiai requirements planning) 4
JIT (kanban) type (Just-in-timie) o 1
Others (Please specify) 0

Q.11 With reference to your planning horizon and demand pattern, which of the
following categories come closest to characterising your dominant approach to
capacity planning?

Level capacity plan 4
Chase capacity plan a 1
Other (Please specify) . 0

Q13. Which is the closest description to your material planning approach:
Rate based O 1
Time phased 4
Other (Please specify)____ 0

Q14. How would you describe your main approach to Master Production Scheduling:
Make to order (complex production) 0 3
Assembleto order (jobbing production) .- 2
Make to stock (batch/mass production) O 1
Or Other (Please describe) 0

Q19. When scheduling your work, what type of approach do you undertake:

Finite scheduling approach O 4
Infinite scheduling approach 1
Other (Please describe) 0

Q23. Which of the following techniques do you use to control your production flow:
Kanban - d 1
Dispatch rules 4
Others (Please specify) _ 0

The MPC Type score is: 4+4+4+2+1+4 =
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Part 3. The use score

Q16. What factors do you take into account when scheduling work? Tick more than
one, if applicable. '

Machine/people effectiveness

Downtime
Plant maintenance
Rework O

—_— ek et et b

Others (Please specify) if other specified.

Q17. Do you know the constraint of your plant and the bottlenecks in your

operations?
Yes 1
No 0O 0

Q21. Is schedule adherence monitored throughout the business?

Very little consideration
Little consideration
Some consideration
Significant consideration
High consideration

oOROO
(7, N S S I S

Q22. How often do you monitor your schedule adherence?

Once every hour O 4
At the end of the shift 3
Once a week 2
Other (Please specify) __ 1

Q25. Do you compare your manufacturing planning and control practices with other
companies?

Yes .| 1
No 0

Q26. If “Yes” to Question 25, how often do you undertake this comparison study?
Once a month 0 4
Every three months [ 3

2

1

Every six months O
Other (Please specify)
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7 Q27. If “Yes” to Question 25, what basis do you use for comparison (tick more if
applicable):

Cost

“Quality

Reliability

Speed

Others (Please specify)

oooo

if other criteria specified.

Q29. Do you measure your level of customer satisfaction?
Yes 1
No O 0

Q30. If “Yes” to Question 29, how often do you measure your level of customer
satisfaction?

Once amonth d 4
Every three months 3
Every six months a 2

1

Other (Please specify)___

Q31 If “Yes” 10 Question 29, what basis do you use for measurement of customer
satisfaction? (Tick more than one, if applicable).

Number of complaints 1
Number of deliveries on-time 1
Number of defective end products 3 i
Other (Please specify) 1 if other criteria mentioned.

The Use score is: (1+1+1)+1+3+2+H0+0+0+1+3+(1+1) = 15

Part 4. The performance score

Q28. If “Yes” to Question 25, how would you rate the performance of the following
functions in relation to your significant competitors?

1 2 3 4 5
Very poor Poor  Equal Good Very good
Capacity planning O a a a O
Master production schedule a a a O a
Production activity control d O a d a
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(Q32. In terms of meeting customer delivery commitments, how you rate your
company; please write an estimate % within the range selected.

1-20%___
21-40%___
41-60%,

61 -80%_[0d
81-100%__

LV I SN VS i

Q33. If “Yes” to Question 29, how would your customer rate the satisfaction level
with delivery performance:

Very Poor 0O 1
Poor O 2
Average a 3
Good 4
Verygood 0O 5

The Performance score is: (0+0+0)+4+4 =8

Summary of the scores:

The Environment type Score: 19

The MPC Type Score: 18
The Use score: 15
The Performance Score: 8

The degree of match = ithe Environment type score — The MPCype score] = {19-18{= 1

193



The construction of the scores for a Company B.

Part 1. The Environment t\?pe score

Q3. How could you describe the business environment where your company operates
in terms of: '

1 2 3 4 5
Very Low Low Medium High Very High
Product variety a a O -0
Demand stability O a O a
Very High  High Medium Low Very Low
5 4 3 2 1 -

Q5. How would you describe your order’s pattern over planning horizon:

Mainly one-off orders X 1
Few orders O 2
Several orders O 3
High number of orders O 4

Q6. How would you describe your customers’ order:

Small 0O 3
Medium Od 2
Large 1

Q7. How would you describe your shop floor layout:

Functional layout (Process layout) a 3
Cellular layout (Flow layout) 2
Continuous line layout O 1
Other (Please specify) 0

Q8. From a design point of view, the products that you offer are:

Low customised 1
Medium customised O 2
Highly customised O 3

The Environment Type Score is: 1+2+1+1+2+1 =
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Part 2. The MPC tvpe score

Q9. Which type of manufacturing planning and control (MPC) system does your
company apply? Please tick more if you use a mix of systems.

MRP type (Material requirements planning) a 4
JIT (kanban) type (Just-in-time) 1
Others (Please specify) 0

Q.11 With reference to your planning horizon and demand pattern, which of the
following categories come closest to characterising your dominant approach to
capacity planning?

Level capacity plan 4
Chase capacity plan (] 1
Other (Please specify) ‘ 0

Q13. Which is the closest description to your material planning approach:
Rate based 1
Time phased a 4
Other (Please specify) 0

Q14. How would you describe your main approach to Master Production Scheduling:
Make to order (complex production) a 3
Assemble to order (jobbing production) a 2
Make to stock (batch/mass production) 1
Or Other (Please describe) 0

Q19. When scheduling your work, what type of approach do you undertake:

Finite scheduling approach a 4
Infinite scheduling approach 1
Other (Please describe) 0

Q23. Which of the following-techniques do you use to control your production flow:
Kanban 1
Dispatch rules ] 4
Others (Please specify) _ 0

The MPC Type score is: 1+4+1+1+1+1 = @
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Part -3.- The use score

Q16. What factors do you take into account when scheduling work? Tick more than
one, if applicable. : :

Machine/people effectiveness 1
Downtime a 1
Plant maintenance 1
Rework O 1
Others (Please specify) 1 if other specified.

Q17. Do you know the constraint of your plant and the bottlenecks in your

operations?
Yes 0O . 1
No 0

Q21. Is schedule adherence monitored throughout the business?

Very little consideration
‘Little consideration
Some consideration
Significant consideration
High consideration

OxOOO
VR W N —

Q22. How often do you monitor your schedule adherence?
- Once every hour a 4

At the end of the shift O 3

Once a week 2

Other (Please specify) 1

Q25. Do you compare your manufacturing planning and control practices with other
companies? ' )

Yes |
No | 0

Q26. If “Yes” to Question .25, how often do you undertake this comparison study?
Once a month | 4
Every three months 3

2

1

Every six months O
Other (Please specify)______
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Q27. If “Yes” to Question 25, what basis do you use for comparison (tick more if
applicable):

Cost 1
Quality x] 1
Reliability 1
Speed 0 1
Others (Please specify) 1 if other criteria specified.

Q29. Do you measure your level of customer satisfaction?
Yes 1
No a 0

Q30. If “Yes” to Question 29, how often do you measure your level of customer
satisfaction?

Once a month O 4

Every three months 3

Every six months 0 2

Other (Please specify)____ 1

Q31. If “Yes” to Question 29, what basis do you use for measurement of customer
satisfaction? (Tick more than one, if applicable).

Number of complaints x] 1
Number of deliveries on-time 1
Number of defective end products O 1
Other (Please specify) 1 if other criteria mentioned.

The Use score is: (1+1)+0-+4+2+143+(1+1+1)+143+(1+1) = 21

Part 4. The performance score

Q28. If “Yes” to Question 25, how would you rate the performance of the following
functions in relation to your significant competitors?

1 2 3 4 5
Very poor Poor  Equal Good Very good
. Capacity planning a O O ]
Master production schedule a a a o .
Production activity control 0 O | a
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Q32. In terms of meeting customer delivery commitments, bow you rate your
company; please write an estimate % within the range selected.

1-20%___ 1
21-40% 2
41-60%___ 3
4
5

61 -80%___
81-100%_[X}

Q33. If “Yes” to Question 29, how would your customer rate the satisfaction level
with delivery performance:

VeryPoor 0O 1
Poor a 2
Average O 3
Good a 4
Very good 5

‘The Performance score is: (5+5+4)+5+5 =24 -
Summary of the scores:

The Environment type Score: 8

The MPC Type Score: 9
The Use score: 21
The Performance Score: 24

The degree of match = {the Environment type score — The MPCype score] = |8-9= 1

(this represents the absolute value).
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APPENDIXD
Irish Manufacturing Planning and Control Practices Survey

Dear Sir / Madarh,

My name is George Onofrei and I am currently enrolled in a Master’s by
Research Programme in Business Studies, at Letterkenny Institute of
Technology.

I would like to ask for your help in completing the questionnaire attached, -
which is an assessment tool on Irish manufacturing planning and control
practices, part of my final Master’s dissertation. All the information that
you provide is strictly confidential and only the research supervisors Paul
Tracey, Lecturer at LYIT and Rodney McAdam, Professor in Innovation
Management at University of Ulster, will have access to it. Your
company name will not be mentioned in the research study or summary
report and all the data will be analyzed for research purposes only.

o Who is conducting the study? Letterkenny Institute of Technology.

e Do I have to participate? No, of course not. But I hope you will.
Your answers will help make my research study valid.

e How long will this take?. It only takes about 10 minutes to complete.
o [Is it confidential? Your answers will be strictly confidential.

o OK, whatdo Ido? Fill in the questionnaire as quickly and honestly as
you can. Send it back to us in the enclosed self addressed envelope

® Any special requirements? Please tick only one answer, unless asked
for more.

e Any benefits? You can avail of a summary study report of Irish
Manufacturing Planning and Control Practices.

I truly appreciate your co-operation and help. Thank you

George Onofrei
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APPENDIX E: Interview theme sheet

1. Briefly describe the environment within your company operates, in terms of:
variety, demand stability, number of orders, volume and customisation.

2. Which of the dimensions presented below do you empldy?

MPC Dimensions

Aggregate planning

- aggregate plans Level plan Chase plan
- material planning approach Time-phased Rate based
Master production schedule

- MPS approach MTO/ATO MTS

- Scheduling approach Finite Infinite
Production activity control

- Control approach Priority, dispatch rules Kanban

3. How did you choose each dimension? What factors influenced decision at each
level?

4. Can you briefly describe each of the method employed?
5. Can you show me some evidence of these dimensions? (Meetings, agendas,
benchmarking studies, performance measures, performance reports, customer

satisfaction reports)?

6. How well do you think these methods meet your customer needs? What
changes/developments are planned?

7. How is the performance of the MPC assessed within these dimensions?

8. Is each dimension presented above formally recognised as the proper way or
carried out as an informal ad-hoc process?

9. What is the most important information consulted while undertaking these
activities; how frequently are they consulted and what action is taken?

10. How do you measure your operational performance? How often and what action
1s taken? '

11. What are the top five measures of performance within your company?

12. What factors influences your operationai performance?

13. What do you think accounts for good performance?

14. Are there any other major activities within these functional areas which are

important and have not been mentioned?
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