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ABSTRACT

In new product development, knowledge is the key to innovation. In order to
remain competitive in today’s engineering world, knowledge is a crucial asset
for organisations that enable them to gain a sustainable competitive edge. An
extensive industrial investigation has been conducted in this project to bring out
real industrial requirements in the product development and testing context
within the collaborating company. Based on the industrial investigation and
literature survey, the research direction is identified, i.e., to develop
methodologies to capture and share testing related knowledge to address the
special nature and application context of the integrated global product
development and testing operations of multi-national companies. Currently,
engineering companies are still mainly using traditional information systems
with structured databases such as computer aided engineering, enterprise
resource planning and product lifecycle management systems. This project
explores whether the fast developing social media tools are capable of
facilitating the capture and sharing of employee knowledge, especially tacit and
un-structured knowledge, and addressing the social aspects of knowledge
management. The project also explores the benefit of using a knowledge
framework that is directly driven by the knowledge users by providing both
knowledge content and how it is structured, rather than relying on the role of
knowledge administrators. The developed methodology with social media, video
sharing and storytelling techniques would substantially enhance and extend the
capabilities of traditional engineering knowledge management tools, by
providing the ability to quickly browse and absorb user-contributed testing
knowledge, like lessons learned, suggested product improvement or process
training material, and identify specific knowledge experts within an global
organisation. A comprehensive case study has been conducted within the
collaborating company to validate the usefulness and effectiveness of the
developed methodology. While keeping the collaborating company’s
requirements in mind during the research, the developed methodology and tools
can also be applied in other product development and engineering business
environments as an enabling tool to promote collaboration, learning and
knowledge sharing in global operations.

iv



PUBLICATIONS
Journal Papers

Zammit J., Gao J., Evans R., (2016) Development of a Knowledge Sharing
Framework for Improving testing processes in Global Product Development.
International Journal of Product Lifecycle Management.

Conference Papers

Zammit J., Gao J., Evans R., (2016) Capturing and Sharing Product
Development Knowledge using Storytelling and Video Sharing. DET 2016 - The
9th International Conference on Digital Enterprise Technology. Nanjing, China,
29 -31 March 2016.

Evans R., Zammit J., Wang G., El Souri M., (2016) Four-view analysis of the
perceived organisational changes required to implement micro-blogging during
product conceptualisation for capturing consumer conversations. DET 2016 -
The 9th International Conference on Digital Enterprise Technology. Nanjing,
China, 29 -31 March 2016.

Zammit J., Gao J., Evans R., (2015) A Knowledge Framework to Capture and
Share Tacit Knowledge using Storytelling and Video Sharing for Global Product
Development. PLM’ 15 — |IFIP 12" International Conference on Product
Lifecycle Management, Doha, Qatar, 19th — 21s' October 2015.

Zammit J., Gao J., Evans R., Saunders T., (2015) An Investigation into the use
of Social Media and Video Sharing Tools to Improve Knowledge Management
and Collaboration within a Testing Product Development Environment. 13"
International Conference on Manufacturing Research. University of Bath, Bath,
United Kingdom, 8th — 10th September 2015.

Zammit J., Gao J., Shah S., (2014) A Knowledge Sharing Framework for
Improving the Testing Processes in Global Product Development. 12
International Conference on Manufacturing Research. Solent University,
Southampton, United Kingdom, 9th — 11th September 2014.

Zammit J., Gao J., Shah S., (2013) A Knowledge Framework to Improve
Product Development. Extended Abstract and Presentation at the 13" School
Research Conference. University of Greenwich, Chatham Maritime, United
Kingdom, 11" July 2013.



GLOSSARY

BPD: Business Process Diagram

BPM: Business Process Model

BPMN: Business Process Model and Notation
CAD: Computer Aided Design

CAD/CAM: Computer-Aided Design / Computer-Aided Manufacturing
CAE: Computer Aided Engineering

CE: European Conformity

CMS: Content Management System

CPGK: Cummins Power Generation Kent
DVP&R: Design Verification Plan & Report

DR: Design Roadmap

.DOC: A Word Processing Document

ERP: Enterprise Resource Planning

EU: European Union

GDP: Gross Domestic Product

GLIMS: Global Lab Information Management System
HTML: HyperText Mark-up Language

H&S: Health and Safety

ICT: Information and Communication Technology
ISP: Internet Service Provider

IT: Information Technology

KBE: Knowledge Base Engineering

KM: Knowledge Management

KMS: Knowledge Management System
KRF: Knowledge Request Form

KVA: Kilo Volt Ampere

KW: Kilowatt

MUMS: Metric Utilization Monitoring System
NPD: New Product Development

OEM: Original Equipment Manufacturer

PD: Product Development

Vi



PHP:
PLM:
PPA:
.PPT:
RPM:
RV:
R&D:
R&T:
SME:
SMED:
TAM:
TUV:
UL:
UML:
VPI:
WWW:
WYSIWYG:
XLS:

Hypertext Pre-processor

Product Lifecycle Management
Precisions Power Analyser

A PowerPoint Presentation Document
Revolutions per Minute
Recreational Vehicle

Research and Development
Research and Technology

Small and Medium Enterprise
Single Minute Exchange of Die
Technology Acceptance Model
Technical Inspection Association
Underwriters Laboratories

Unified Modelling Language
Value Package Introduction

World Wide Web

What You See Is What You Get
An Excel Spread Sheet Document

vii



CONTENTS

DECLARATION L. ittt ettt ettt e e e e e e st e e e e e e e e s s nnsnaaneeaeeaens il
ACKNOWLEDGEMENTS ..o e e e ii
ABSTRACT ..ttt e e e e e e e e e e e e e e e e e e a b raaaaeaaaaaaan iv
PUBLICATIONS . ..o e e e e e e e e e e e e e e eeaas \
GLOS S ARY it a e e e e e vi
CONTENT S e e e e e e et e e et e e aaa e e aannaees Viii
FIGURES ... ..ottt e e e e e e et e e e e e e e e st eeeeeeas Xiii
Chapter 1: INErOdUCTION ... 1
1.1 Importance of the Manufacturing INdUStry ...........ccccvvviiiiiiii e, 2
1.2 Trends and Challenges in the Manufacturing Industry .............cccceeeee. 3
1.3 Trends and Challenges in New Product Development and Testing. ..... 7

1.4 Knowledge and Innovation in New Product Development and Testing . 9

1.5 Proposed ReSearCh Area .......cccccccovviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee 11
1.6 Research Aim and ODBJECHIVES ........ccooiiiiiiiiiiiiii e 12
1.7 RESEArCh SCOPE.....ccoiiiiiiiiiiiiii e 13
1.8 Collaboration with INdUSEIY .........cooviiiiiii e 13
1.8.1 Introduction to the Collaborating Company ............cccccevvvevveeennnnns 13
1.8.2 Introduction to the Collaborating Company Products ................... 15
1.8.3 Testing Facility in the Collaborating Company ..........cccccceeeevvvnnnnn. 17
1.9 TRESIS SITUCIUIE ..o e e e e e e e e e e e e eeeeanes 18
Chapter 2: Research Methodology .......ccooeeeeiiiiiiiiiiiiee e 20
2.1 Definition of Research and Research Methodology...............cccuvieees 21
2.2 Research ClassifiCation ...........ccoiieeeiiiiieiiiie e 22
2.3 Overview of ReSearCh TYPES ....ccouuiiiiiiiiiiieeeeie e 24
2.3.1  ACHON RESEAICK ..o 25
2.3.2  CASE STUAY ... e e e 25
2.3.3  EthNOgraphiC ......ccooviiiiiiiiee e 26
2.3.4  In-depth SUIVEYS ..o 27
2.3.5  FOCUS GIOUPS .....uiiiiiiiiiieeete ettt eaa s 27



2.3.6  Participant — ODSEIVET ........ccoiiiiiiiie et 28

2.4 Selected Research Methodology...........uuuuuviiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiienens 28
2.5 Validity and Limitations of the Selected Research Methodology ......... 31
2.6 ProjeCt EVOIULION..........uuiiiiiiiiiiiiiiiiiie e 33
P A YU [ 101 0 0= U PP PPRTRPI 34
Chapter 3: Literature REVIEW .........coovviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 35
3.1 Literature Review: Scope and Methods..............uuuuviiiiiiiiiiiiiiiiiiiiiiiennns 36
3.2 New Product Development Management..........ccccceeeeeveiiieeeeeiineeeeennnn, 36
3.3 Product Testing and Validation in NPD ..............uuuiiiiiiiiiiiiiiiiiiiiiiiinn. 39
3.4 Data, Information and Knowledge ...........cooouviiiiiiiiiiiiiciiii e, 42
3.4.1 Definitions of Data, Information and Knowledge........................... 42
3.4.2 Types of KNowledge ......cooooooiieeeieeeee 43
3.4.3 Knowledge Management.............uuiiiiiieeeiiieiiiiiciee e 44
3.5 Knowledge iN NPD ..o 47
3.5.1 Knowledge Sharing ......ccccceeeeiiiiiiiiiiiiee e 47
3.5.2  KNowledge CaptUre ......cccoeeeeeiiiiiiiiiiie et e e 48
3.5.3 Knowledge Classification and Tagging..........cccceeeeerviiiiieeeiiineeennns 50
3.5.4 Knowledge Management Models and Frameworks...................... 51
3.5.5 Limitations of Knowledge Capture and Sharing................ceeeeen. 56
3.5.6 Facilitating Knowledge Capture and Sharing.............cccccccceeeeenn.. 58
3.6 Ciritical Literature Review of Key TOPIC Ar€as .............uuuevvuemmmmrnvnnnnnnnns 59
3.6. 1 E-LEAINING .cciiiiieeeeeeeeee e 59
3.6.2  StOrYLElliNG....coe e 62
3.6.3  SOCIAl MEAIA......coiiieiiiiie e 65
3.6.4  Vide0 SNaring .......ccooooiiiiiiieeeeeeeee e 67
3.7 Summary of Identified Research Gaps.........ccccvvvvviiiiiieeeieieiiceeeeee 70
Chapter 4: Industrial Investigation and FINdiNgS ...........ccocoovviiiiiiiiiiineeeenne, 73
4.1. The Investigation Carried OUL.........ccooeieieiiiiieeeeeeeee e 74
4.1.1. Observations and Process Modelling ...........ccccooveeeeiiiiiiiiiiineneenn, 74



4.1.2. ULHZAION MEIICS ..o, 75

4.1.3. Questionnaire — StUAIES .......cccevviiiiii i 79
4.1.4. Pilot Study QUESHIONNAIIE .......cceeviiiiiiiiiiiiiiiieeeeeeeee e 79
4.2. Observations and Process Modelling Findings..........cccccooeveviiiiiieennnnn. 84
4.3. UtIlIZation METIICS .....cooeeeeeeeeeeeeeeeeeeeee e 91
4.3.1. HiStoriCal DAta .........cuuviiiiiieeiiiiiiiieee et 92
4.3.2. 6-Sigma ProjeCt Data............oveeiiiiiiii e 95
4.3.3. New Metrics System Data .........cccceeviiiiiiiiiiiiiiiceeceeeeee e, 96
4.3.4. New Metrics System Data +1.5 Year........ccccccooiiiiiiiiiiiiiniinnnnnnnn. 100
4.4. Questionnaire — Pilot Study FiNdiNgS.........ccovvvvviiiiiiiieeeeeeeeecee e 101
4.4.1. Social Communication RESPONSE.........cccevviiiiiiiiiiiiiiiiiiiiiieeeeeee 102
4.4.2. ProCess RESPONSE ......ccoiiiiiiiiiiiiiiiiie et 105
4.4.3. Data and KNOWIEAQE .......cooovviiiiiiiiiiiiee 108
4.5, Site VISitsS FINAINGS .....coiiiiiiceeeie e 111
4.5. 1. TeSHNG SIES.....coiiiiiiiiiiiiee e 112
4.5.2. Documentation and Software TOOIS..........cccccevvviiiiiiiiiiiiiiiiiiienn, 113
4.5.3. Testing Facility Waste Detractors...........ccccceeeeieeeeeeeeeeeiiiciee e 114
4.6. KM Framework End User Questionnaires Findings..................ccoo..... 114
4.6.1. SOCIAI MEAIA......cci i 115
4.6.2. Learning MethodsS...........ccooiviiiiiiiiiiie e 117
4.6.3. Knowledge Sharing TendencCi€s..........cccceveeviiriiieeiiiiiiieeeeiieeeeees 119
4.7. Overall Summary of the Industrial Investigation ................oeeeeeeeeenn. 120

Chapter 5: The Proposed Knowledge Framework and its Implementation 123

LS00 R [ 0110 To [T 1 [ o PP 124
5.2 Potential Benefits t0 INAUSIIY ..........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeees 126
5.3 The Proposed Knowledge Framework ...........ccccovvviiiiiiiiiiiieeeiiiineeees 127

5.3.1 The Knowledge Search Process in the Proposed Framework ... 130

5.3.2 The Knowledge Request Process in the Proposed Framework . 132



5.3.3 The Knowledge Capture Process in the Proposed Framework .. 135

5.3.4 Overview of Knowledge Repository in the Proposed Framework 137

5.3.5 Knowledge Repository Quality Monitoring.............ccoeeeeeeeeeeeeeenn. 141

5.4 Development of the Knowledge Sharing Platform ................ccccoooeo 142
5.5 Development of the Knowledge Request TOO! ..............euvveiiiiiiiinnnnnns 145
5.6 Development of the Knowledge Capture Tool .........ccccoeeeeeeeviieiinnnnnnn. 149
5.7 Development of the End User Training Material...............cccccvvveennnee 154
5.8 Summary of the Developed Knowledge Sharing Tool ....................... 155
Chapter 6: Knowledge Sharing Framework User Case .........ccccoeeeeeveeeenns 157
6.1 Introduction t0 the USE CaSe ..........uuuuriiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiieineeennnens 158
6.2 Step 1: Identify a Knowledge Requirement and Search the Knowledge
S =T g 1 a1 o F= L1 (o1 1o TR 159
6.3 Step 2: Identify Knowledge Gap, Create a Knowledge Request ....... 161
6.4 Step 3: Evaluation of Knowledge Request and Approval .................. 162
6.5 Step 4: Creating a Knowledge Contribution and Approval................. 163
6.6 Step 5: Knowledge Contribution Approval and Uploading................. 168
6.7 Step 6: Evaluate Newly Captured Knowledge Content and Use it .... 169
6.8 SUMMAIY ... 170
Chapter 7: Validation of the Developed FrameworkK............cccccoeeevvviiineenns 171
7.1 Introduction to Validation ProCess ..........cccceveieiiiiiiiiiiiiiiiee e, 172
7.2 Design and Execution of the Validation EXercise ............cccccuvvvvevennns 173
7.2.1 Validation Design — Knowledge Contribution................ccccevvunnen. 173

7.2.2 Validation Design — W/Shop Knowledge Contribution User ....... 175

7.2.3 Validation Design — W/Shop Knowledge Receiver User............. 175

7.2.4 Validation Design — Live W/Shop Assess Knowledge Transfer.. 176

7.3 Survey Results and ANAIYSIS ..........uuvuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeee 177
7.3.1 Knowledge Contribution ..., 177
7.3.2 Workshop Knowledge Contribution User Response................... 180
7.3.3 W/Shop Knowledge Receiver User Response ............c.ccceeuvunn... 182

7.3.4 Live Workshop to Assess Knowledge Transfer User Response. 186

7.4

Evaluation of the Developed Knowledge Sharing Framework........... 187

Xi



7.5 Summary

Chapter 8: Conclusions and Future WOrk ..........ccccceeveveeiiiiiiiiee e, 190
S 0 R 0] o o] [ 13 o] £ £ 3R 190
8.2 FUMNEr WOIK ... 193

RET I EINCES ... 196

Appendix A: Critical Analysis of Relevant Literature............ccccoocoevvviieeeeennnn. 208

Appendix B:  Modelling Tools for Process Modelling.............ccccuvviiiiiiiinnnnnes 214

Appendix C: Industrial Investigation QUESLIONNAINE ...............euvvevvivinieinnnnnnns 217

Appendix D: Industrial Investigation Questionnaire, Sample Response....... 221

Appendix E: Industrial Investigation Site Visit Questionnaire ...................... 230

Appendix F: Industrial Investigation Site Visit Questionnaire, Sample

Response 234

Appendix G: Industrial Investigation End-user Questionnaire................... 240

Appendix H:

Appendix I:

Sample Response

Appendix J:

Appendix K:
Sample Response

Appendix L:

Appendix M:
Appendix N:
Appendix O:
Appendix P:

Appendix Q:

Case Study: W/Shop Knowledge Contribution Questionnaire. 242

Case Study: W/Shop Knowledge Contribution Questionnaire,

Case Study: W/Shop Knowledge Receiver Questionnaire 253

Case Study: W/Shop Knowledge Receiver Questionnaire,

.......................................................................................... 255
New Metrics Sheet Overview Presentation ..........ccccccevveeeeeeen. 262
Intro to CPG-Knowledge Sharing Platform ...........cccccceeee. 265
Knowledge Contribution: Example 1 ..........cccovvvviiiiiiiieeeeeeeens 272
Knowledge Contribution: Example 2..........ccccceeeeeviiiiieeeeennnn. 276
Developed Utilization Metrics Iterations ..............cccccevveeeeeeenenns 280
ENd USEr GUIAE ......ovvviiiiiiiiiiiiiiiiiiiiiiiiiieiieeieeeieveeeieeeees 285

Xii



FIGURES

Figure 1. Evolution of Manufacturing adapted from (Heng, Slomka et al. 2014) 3

Figure 2. Cummins Inc. Business units (Cummins 2015)..........cccccceeiieeeeeeenenns 14
Figure 3. QSK-60 Diesel Genset (Courtesy of CUMmMINS) ........ccoeveeeeeeeeeeneenenn. 16
Figure 4. Cummins Genset ProducCt Tre€..........ccovvvviviviiiiiie e e eeeeanns 17
Figure 5. Lab Ops Organisation Chart ..., 18
Figure 6. Previous Research in the DOmain...........cooooeeeieeiieeeeeeeeeeeee 29
Figure 7 Research Approach Adopted in this PhD Project............ccccoeeeeeeeeennn. 29
Figure 8. RESEAICN PrOCESS. ......iiiiieiiiieeecie et e e e e e eaanes 30
Figure 9. Spider Diagrams of Possible Research Directions.................cccuuun.... 34

Figure 10. Sequential vs. overlapping projects (Takeuchi and Nonaka 1986). 38
Figure 11. Four-phase roller coaster failure rate. (Lu, Loh et al. 2000) ............ 41

Figure 12. The knowledge conversion processes in a knowledge creating

organisation(Nonaka and Takeuchi 1995) ...........ccoviiiiiiiiiiii e, 46
Figure 13. Boisot's Knowledge Category Model............cooooeeeiiiiiiii 53
Figure 14. The Inukshuk: A Canadian KM model (Girard 2005)..............ccc...... 54
Figure 15. Knowledge sharing frictions (Davenport and Prusak 2000) ............ 56

Figure 16. Knowledge transfer as an interaction between expert and novice
(Wilkesmann and Wilkesmann 2011).........coooiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 61

Figure 17. Knowledge story construction process framework (Kalid and
Y= Lo ToToTo v 0 1 It I RSP 63

Figure 18. Understanding the influence of social media research model (Cao,

GUO €t Al 2011). coiiiiiiiiiiiiieieeeeeeee e 67
Figure 19. Utilization data collection evolution ..., 76
Figure 20. Pilot Study StTUCIUIE.........ccoiiieiiiii e 80
Figure 21. Site VIiSitS QUESTIONNAITE ...........uuuiiiiieeeieeeeiiiiie e e eeeees 82
Figure 22. Framework requirements investigative questionnaire structure ...... 83

Xiii



Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.

Figure 38.

Testing Facility Process FIOW.............uviiiiiiiiiiiiiiiie e, 86
DVP&R and Testing Report Approval Process .........cccevvvvvvienenennn. 88
Testing Facility Testing ReqUESTS ........cccovvvviiiiiiiiiiiiiiiiiiiieieeeeeeee 89
Testing Documentation FIOW.............ovuiiiiiiieiiiice e, 91
Historical utilization data ................oiiiiiiiiiiii 93
Historical running time vs. wasted time ...............ccccvviiiiiiiiiiiininiinins 94
Cell Awaste detractor...........coiieeiiiiiiiiiiee e 94
Cell B waste detracCtor...........coveeeeeiieeeiiiiiiee e e 94
6-Sigma utilization Chart.............cccovvvviiiiiie e, 95
6-Sigma running vs. waste chart. ..........ccoviiieiiiiiiiie e 96
Post implementation utilization data..................ccccceviiiiiiiiiiiiiiii. 97
Post implementation running time vs. wasted time ......................... 98
Post implementation Cell A waste detractors............cccceevvvvveeeeennn. 99
Post implementation Cell B waste detractors...........c.ccovvveveeevennnnnn. 99
Current utilization data ............ccooeeeeeiiiiiiiiii e 100

Main stakeholders @ collaborating company selected for study... 101

Figure 39. Support from other departments. ..........cccoevviiiiiie e, 107
Figure 40. Time wasted looking for data / information.................ccccceeeeevennnnnn. 109
Figure 41. Proposed mock-up of an information board ..., 111
Figure 42. End-user usage of social media toolS. ...........ccoeeeeeeeiiieieieeeeeeee, 115
Figure 43. End-user, quantity of usage of social media ..............cccvveeeennn. 116
Figure 44. End-user social media USer type.........covveviiiiiiiiiiiiiee e 116
Figure 45. Learning Pyramid (National Training Laboratories (NTL) for Applied
Behavioral SCIeNce 1960) ......ccooeeeeiiieeeeeeeeeeeeeeeee e 117
Figure 46. End-user preferred learning method ............ccccoooeeiiiiiiiiiiieneeeee, 118
Figure 47. End-users - Passive learner vs. Active learner ..............cccoeeeeee. 118

Xiv



Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.

Figure 73.

End-users preferred audio-visual demonstrative media length ..... 119
End-user knowledge sharing tendencies ............ccccoeeeeeevviiinnnnnnn. 119
End-users knowledge sharing tendencies.............cccccvvviviiininnnnnnns 120
Knowledge framework to support the PD team...........ccccccceeeennee. 128
Proposed knowledge framework — Knowledge search flow .......... 131
Knowledge user — Knowledge request process flow..................... 133
Knowledge admin — Knowledge request process flow.................. 135
Knowledge contributor — Knowledge capture process flow........... 136
Knowledge sharing platform main components ...........cc.cccceeeeen. 137
Knowledge sharing platform basic structure ...............cccccveeeeenennnn. 138
Mock-up of knowledge sharing repository contribution page ........ 140
Mock-up of knowledge sharing repository knowledge request...... 141
Wiki software bench marking ..., 143
Video sharing bench marking.............cccoooovieiiiiii i, 143
Knowledge sharing platform - Login page...........ccccuvvvvmimvimnnennnnnns 144
Knowledge sharing platform - primary landing page ..................... 144
Required knowledge request process flow.............cccevvvvvineennen. 146
Knowledge sharing platform -Knowledge request form................. 147
Knowledge request Admin email..............ccccvemiiiiiiiiiiiiiiiiiiiiiiieiens 147
Knowledge request form example (KRF) .........cccoiviiiiiiiiiiiiiininnns 148
Knowledge sharing platform — request discussion board.............. 148
Equipment selection — Benchmarking of video capturing tools ..... 150
Knowledge capture tOO0IS............uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiees 150
Knowledge contribution main components.................eeevevveeeeeennnnns 151
Knowledge contribution template — title screen example .............. 152
Knowledge contribution template — system layout example.......... 152

XV



Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.
Figure 79.
Figure 80.
Figure 81.
Figure 82.
Figure 83.
Figure 84.
Figure 85.
Figure 86.
Figure 87.
Figure 88.
Figure 89.
Figure 90.
Figure 91.
Figure 92.
Figure 93.
Figure 94.
Figure 95.
Figure 96.
Figure 97.
Figure 98.

Figure 99.

Knowledge contribution template — process tree example............ 153
Knowledge contribution template — complete example ................. 153
CPGK - Knowledge Sharing Platform Log in page.........ccccccceeeeee.. 160
CPGK - Knowledge Sharing Platform Main Search Tools............. 160
CPGK - Knowledge Sharing Platform Knowledge Request .......... 161
CPGK - Knowledge Sharing Platform knowledge request form .... 161
Knowledge Request Admin email ..............ccccvvviiiiiiiiiiiiiiiiiiiiiininns 162
Knowledge request form example (KRF) ..........ccoiviiiiiiiiiiiinininnns 163
Knowledge Contribution Process Plan Example 1........................ 164
Knowledge Contribution Process Plan Example 2 ........................ 164
Knowledge contribution template — title screen example .............. 165
Knowledge contribution template — system layout example.......... 165
Knowledge contribution template — process tree example............ 166
Knowledge Contribution - Eddy Current Example 1...................... 166
Knowledge Contribution - Eddy Current Example 2...................... 167
Knowledge Contribution - Eddy Current Example 3...........cccc.veee. 167
Knowledge Contribution - Eddy Current Example 4...................... 167
CPGK - Knowledge Sharing Platform Content Upload.................. 168
CPGK - Knowledge Sharing Platform Admin View...........ccccccce.... 168
CPGK - Knowledge Sharing Admin Content Editing Window ....... 169
Publications DY Year.........cccovviiiiiicii e 209
Publications by COUNLIY ........coiiiiiiiii e 210
Publications by @author..............uuieiiiiiiiiiiiiiiees 211
Publications by affiliation.................ccuuuiiiiiiiiiiiiiiiis 211
PUBliCation tyPe......ceveiieeee e 212
Publication tOPIC Area..........oooviiiiiiiiiiee e 213

XVi



Figure 100.
Figure 101.
Figure 102.
Figure 103.
Figure 104.
Figure 105.
Figure 106.
Figure 107.
Figure 108.
Figure 109.
Figure 110.
Figure 111.
Figure 112.

Figure 113.

Figure 116.
Figure 117.
Figure 118.
Figure 119.
Figure 120.

Figure 121.

Figure 122.

BPMN process modelling example ............cccooeeieiieiiiiiiiiiieeeeee, 215
Design Roadmap eXxample...........ccoovrieiiiiiiiiiiiiie e 216
Industrial Investigation Questionnaire Page 1...........ccccvvvvvvennnnes 217
Industrial Investigation Questionnaire Page 2...........cccccceeeeeennnn. 218
Industrial Investigation Questionnaire Page 3.............cccceeveeeennn. 219
Industrial Investigation Questionnaire Page 4..........ccccccceeeeeeennnn. 220
Support from Other Departments.........cccccvvvviiiiiiiiiiiiiiiiieeeeeee 225
Industrial Investigation Site Visit Questionnaire Page 1.............. 230
Industrial Investigation Site Visit Questionnaire Page 2.............. 231
Industrial Investigation Site Visit Questionnaire Page 3.............. 232
Industrial Investigation Site Visit Questionnaire Page 4.............. 233
Industrial Investigation End-user Questionnaire Page 1 ............. 240
Industrial Investigation End-user Questionnaire Page 2 ............. 241

Case Study: W/Shop Knowledge Contribution Questionnaire Page

Accessed the Knowledge Sharing Platform

Difficulty to Navigate Through the Knowledge Sharing Platform. 245

Use of Training Material .............coooovviiiiiiiiiiii e, 246
Difficulty to Follow Training Material................cccccuiiiiiiiiiiiiiiiinins 246
Quality of Developed Training Material ............cccccccvviiiiiiiiinnnnnn. 247

Quiality of Training Material to Complete a Knowledge Contribution

XVii



Figure 123. Difficulty to Collect
Contribution Form

Figure 124.
Figure 125.
Figure 126.
Figure 127.
Figure 128.

Figure 129.

Figure 130.

Figure 132.
Figure 133.
Figure 134.
Figure 135.
Figure 136.
Figure 137.
Figure 138.
Figure 139.
Figure 140.
Figure 141.
Figure 142.
Figure 143.
Figure 144.
Figure 145.

Figure 146.

Information & Planning of Knowledge

.......................................................................................... 248
Difficulty to Create Knowledge Contribution...............cccuuvveeennnnes 249
Use 0f SOCIal MEIA ..........cuviiiiiiieiiiiiiieie e 249
Use of Digital Camera or Smart Phone.............cccceeeveeviviiinieeennnn, 250
Difficulty to Capture Knowledge Media ................eevvviiiiiiiiiinnnnnnns 250
Difficulty to Edit Knowledge Media.............couciiiiiiiiiiiiiiiiiiiieeeen, 251
Difficulty of Knowledge Contribution Process............ccccuvvvvveennnns 251

Case Study: W/Shop Knowledge Receiver Questionnaire Page 1

Accessed the Knowledge Sharing Platform

Difficulty to Navigate Through the Knowledge Sharing Platform. 255

Use of Training Material ... 256
Difficulty to Follow Training Material................ccuviiiiiiiiiiiiiiiinnnns 256
Quality of Developed Training Material ..............ccccccceeeiieeeeeeenens 257
User Viewed Knowledge Contribution...........c.cccevvviieeieiiiiineeeennnn. 257
Knowledge Contribution Comprehension..............ccccevveevieeeennnnes 258
Knowledge Contribution Quality ................eevieiiiiiiiiiiiiiiiiiiiiiiiininns 258
Value in Knowledge Sharing Platform............ccccccoeiiiiieiiiiiiiiinnnnn. 259
Likeliness to Contribute Towards Knowledge Discussions ......... 260
Likeliness to Use System to Search Knowledge.......................... 261
Likeliness to Contribute Towards this System.............cccccvvveennnes 261
New Metrics Sheet Overview Slide 1 ............ccccviiiiieeieenniniiinne, 262
New Metrics Sheet Overview Slide 2 ..............euvviiiiiiiiiiiiiiniiniinns 262
New Metrics Sheet Overview Slide 3.............uvvviiiiiiiiiiiiiiiiiiiinns 263

xviii



Figure 147.
Figure 148.
Figure 149.
Figure 150.
Figure 151.
Figure 152.
Figure 153.
Figure 154.
Figure 155.
Figure 156.
Figure 157.
Figure 158.
Figure 159.
Figure 160.
Figure 161.
Figure 162.
Figure 163.
Figure 164.
Figure 165.
Figure 166.
Figure 167.
Figure 168.
Figure 169.
Figure 170.
Figure 171.

Figure 172.

New Metrics Sheet Overview Slide 4 ............cccciveieeeeeeniniiiinne, 263
New Metrics Sheet Overview Slide 5 ..............uuviiiiiiiiiiiiiiiiiiiiinns 264
Intro to CPG-Knowledge Sharing Platform Slide 1...................... 265
Intro to CPG-Knowledge Sharing Platform Slide 2...................... 265
Intro to CPG-Knowledge Sharing Platform Slide 3...................... 266
Intro to CPG-Knowledge Sharing Platform Slide 4...................... 266
Intro to CPG-Knowledge Sharing Platform Slide 5...................... 267
Intro to CPG-Knowledge Sharing Platform Slide 6...................... 267
Intro to CPG-Knowledge Sharing Platform Slide 7...................... 268
Intro to CPG-Knowledge Sharing Platform Slide 8...................... 268
Intro to CPG-Knowledge Sharing Platform Slide 9...................... 269
Intro to CPG-Knowledge Sharing Platform Slide 10.................... 269
Intro to CPG-Knowledge Sharing Platform Slide 11.................... 270
Intro to CPG-Knowledge Sharing Platform Slide 12.................... 270
Intro to CPG-Knowledge Sharing Platform Slide 13.................... 271
Knowledge Contribution: Example 1 Screen Shot 1.................... 272
Knowledge Contribution: Example 1 Screen Shot 2.................... 272
Knowledge Contribution: Example 1 Screen Shot 3.................... 273
Knowledge Contribution: Example 1 Screen Shot 4.................... 273
Knowledge Contribution: Example 1 Screen Shot 5.................... 273
Knowledge Contribution: Example 1 Screen Shot 6.................... 274
Knowledge Contribution: Example 1 Screen Shot 7.................... 274
Knowledge Contribution: Example 1 Screen Shot 8.................... 274
Knowledge Contribution: Example 1 Screen Shot 9.................... 275
Knowledge Contribution: Example 2 Screen Shot 1.................... 276
Knowledge Contribution: Example 2 Screen Shot 2.................... 276

XiX



Figure 173.
Figure 174.
Figure 175.
Figure 176.
Figure 177.
Figure 178.
Figure 179.
Figure 180.
Figure 181.
Figure 182.
Figure 183.

Figure 184.

activities

Figure 185.
Figure 186.
Figure 187.
Figure 188.
Figure 189.
Figure 190.
Figure 191.
Figure 192.
Figure 193.
Figure 194.
Figure 195.
Figure 196.

Figure 197.

Knowledge Contribution: Example 2 Screen Shot 3.................... 277
Knowledge Contribution: Example 2 Screen Shot 4.................... 277
Knowledge Contribution: Example 2 Screen Shot 5.................... 277
Knowledge Contribution: Example 2 Screen Shot 6.................... 278
Knowledge Contribution: Example 2 Screen Shot 7.................... 278
Knowledge Contribution: Example 2 Screen Shot 8.................... 278
Knowledge Contribution: Example 2 Screen Shot 9.................... 279
Utilization monitoring time sheet with categories issues list. ....... 280
Initial list of waste detractors for utilization time sheet................. 281
Automated utilization timesheet - Cell input sheet....................... 282
Automated utilization timesheet - Automated summation ........... 283

..................................................................................................... 284
CPGK - Knowledge Sharing Platform Log in page............cc........ 286
CPGK - Knowledge Sharing Platform main page............ccccc...... 287
CPGK - Knowledge Sharing Training Material .............cccccceeeee. 288
GPGK - Knowledge Sharing Platform training search results ..... 288
CPGK - Knowledge sharing platform knowledge request ........... 289

CPGK - Knowledge Sharing Platform knowledge request form .. 290

Knowledge request Admin email..............cccuvvviiiiiiiiiiiiiiiiiiiiiiiiinns 290
Knowledge request form example (KRF) ......cccooooeeiiiiiiiiiiienennn. 291
Knowledge Contribution Process Plan Example 1....................... 292
Knowledge Contribution Process Plan Example 2 ...................... 292
Knowledge contribution template — title screen example ............ 293
Knowledge contribution template — system layout example........ 294
Knowledge contribution template — process tree example.......... 294

XX



Figure 198. Knowledge contribution template — complete example ............... 295

Figure 199. CPGK - Knowledge Sharing Platform Content Upload................ 296
Figure 200. CPGK - Knowledge Sharing Upload Completion Message.......... 296
Figure 201. CPGK - Knowledge Sharing Platform Admin View...................... 297

Figure 202. CPGK - Knowledge Sharing Admin Content Editing Window ..... 297

Figure 203. CPGK - Knowledge Sharing Platform Main Search Tools........... 298

XXi



Introduction

Chapter 1: Introduction

In this Chapter, the general trends and current challenges of the UK and global
manufacturing industry are discussed. An introduction is provided to the
industrial requirements and issues that this project will be addressing, aiming to
reduce the product development cycle in a sustainable and smart way in order
to get to the market quickly. The importance of communication and knowledge
sharing in new product development is also discussed. The aim and objectives

of this research are presented, and the structure of this thesis is explained.
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1.1 Importance of the Manufacturing Industry

In the world today, there are approximately 7.3 billion people (Worldometer
2015) contributing to a global Gross Domestic Product (GDP) of £50.6 trillion
(World_Bank 2015). While the UK has a population of 64.1 million, only 46.4%
of the population, amounting to 29.8 million people, actively contribute £1.8
trillion towards the UK GDP (Penfold and Foxton 2015, World_Bank 2015).

During the last few decades, manufacturing industry has reduced its influence
on most Western countries’ GDP, although it still remains an important
contributor to the world economy which amounts to £ 6.7 trillion. Specifically in
the UK, manufacturing industry employs approximately 2.6 million people
(Manufacturer 2014) and accounted for 10% of the UK GDP in 2014, which in
real terms is about £180 billion of national economic output (World_Bank 2015).
Contrary to common belief, UK manufacturing is strong and currently sits as the
11th largest manufacturing nation in the world. In the last decade,
manufacturing industry has underperformed and suffered a significant decline
during the 2008/09 recession. After a short period of growth, it declined again in
early 2012. More recently, however, economic data suggests that
manufacturing industry is showing significant signs of strengthening and
growing, both in the UK and globally. Each year more than 70% of business
research and development goes into the manufacturing sector, and goods

produced in the sector account for nearly half of all UK exports (Rhodes 2014).

Innovation and engineering research is the key to success in any manufacturing
industry (Toole 2012). Manufacturing dominates UK Research and
Development (R&D) spending; one of the reasons behind this is that
manufactured goods account for a large share of total exports, amounting to
46% of the value of all exports. In 2013, manufactured goods were worth
around £230.7 billion. In 2012, R&D spending in manufacturing totalled £12.2
billion, accounting for 72% of total R&D funding within the UK (Rhodes 2014).
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1.2 Trends and Challenges in the Manufacturing Industry

Throughout history, mankind has always challenged current thinking and
developed new ideas to innovate and improve existing manufacturing
techniques and technologies in order for products to be manufactured in less
time and more efficiently, fulfilling customer needs in the shortest time possible
and increasing corporate customer base (Kemp 2013). This trend has been
observed in constant progress in the manufacturing industry over the last 200
years. Looking back, the evolution of the manufacturing industry can be clearly
defined by six main paradigm shifts, that of the craft industry, mass production,
lean and agile manufacturing, digital manufacturing, knowledge-based
manufacturing and the latest trend of the Smart Factories of Industry 4.0
(Audretsch and Thurik 1999, Chryssolouris, Mavrikios et al. 2009, Brettel,
Friederichsen et al. 2014). Originated from a project of high-tech strategy by
the German government, which promotes the computerization of manufacturing,

the main phases of manufacturing evolution is summarised and is shown in

Figure 1.
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The first form of manufacturing, before the start of the industrial revolution,
consisted of the craft industry, in which small quantities of products were
produced by highly skilled craftsmen (Industrie 1.0 in Figure 1). These products
were typically very costly, resulting in only a few people being able to afford
them, making the overall market very small (Bartholdi Ill and Eisenstein 2005).
Once the industrial revolution had started, the concept of mass production
emerged (Industrie 2.0 in Figure 1). Mass production involves making many
copies of a product, very quickly, using assembly lines to move partially
complete products between workers who each work on an individual step,
rather than having a worker assembling a whole product from start to finish.
This manufacturing technology, quickly changed the socioeconomics of the
world by creating standardized and cheaper products and, at the same time,
increased the market segment because more people could afford these new

products rolling off the production line (Alptekinoglu and Corbett 2008).

The next paradigm shift involved companies exploring methods for reducing
resources required during manufacturing. The philosophy of ‘Lean
Manufacturing’ is to create added value with less work. Lean manufacturing is a
management philosophy derived in part from the Toyota Production System and
identified as ’Lean‘ only in the 1990s (Womack, Jones et al. 1990, Holweg
2007, Monden 2011). Toyota’s Production System is renowned for its focus on
the reduction of the original Toyota seven wastes to improve overall customer
value. However, there are varying perspectives on how this is best achieved.
The steady growth of Toyota, from a small company to the world's largest car
maker (Bailey 2008), has focused greater attention on how they have achieved

this success.

The next manufacturing trend developed was that of ‘Agile (and flexible)
Manufacturing’. This was a reaction from the US manufacturing industry in
response to the Lean philosophy (Kidd 1996, Inman, Sale et al. 2011). Agile
manufacturing is a recent concept and has been advocated as the 21st century
manufacturing paradigm. It is seen as a successful strategy to be adopted by
manufacturers bracing themselves for dramatic performance enhancements to

become national and international leaders in an increasingly competitive market
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of fast changing customer requirements (Yusuf, Sarhadi et al. 1999, Wu,
Thames et al. 2012). (Lean and Agile manufacturing can be regarded as the
later stage of Industrie 2.0. in Figure 1).

The most recent manufacturing paradigm being developed is that of digital
manufacturing (Industrie 3.0 in Figure 1). Digital manufacturing utilizes
Computer-Aided Engineering (CAE) technology for virtualization of plants,
buildings, resources, equipment, workers, and skills through modelling and
simulation, as well as for product and process development (Chryssolouris,
Mauvrikios et al. 2009). Moreover, digital manufacturing is described as the
technology through which manufacturing knowledge can become formalized
and as the technology that can fill the gap between the definition about the
product and the actual manufacturing. Westkamper (2007) stated that digital
manufacturing is the core technology and key modernized tool for engineering

and control, supervision, and management in the global manufacturing age.

Knowledge-based manufacturing can be regarded as the transition from
Industrie 3.0 to 4.0, where expert, theoretical and historical knowledge are
embedded into knowledge-based systems in a way that automates and
supports decision making in design, process planning and the whole product
lifecycle, which in-turn, produces more sustainable manufacturing methods
(Giovannini, Aubry et al. 2012). Complex tasks in the manufacturing industry
are normally undertaken by expert manufacturing planners/engineers, but the
idea of knowledge-based manufacturing is that these expertise should be
embedded into a system, whatever the complexity of the problem the
knowledge-based system is intended to solve (Vosniakos and Giannakakis
2013).

Anderl (2014) described Industrie 4.0 as a strategic approach for integrating
advanced control systems with internet technology enabling communication
between people, products and complex systems (Industrie 4.0 in Figure 1). The
term refers to the fourth industrial revolution and is often understood as the

application of the generic concept of Cyber Physical Systems (CPSs) to
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industrial production systems (cyber physical production systems) (Drath and
Horch 2014).

Manufacturing Industry has not been limited to changing the methods in which
products are manufactured, but has evolved into where industries are located.
During the 18" century, most industries were located in Western Europe, mainly
due to the industrial revolution started in the United Kingdom and, at the time,
labour work forces were low in cost. However, throughout time, this has evolved
and the tendency in the last decades has been for companies to shift their
manufacturing operations to emerging markets, such as eastern bloc countries,
including China, India and Brazil. This has been mainly driven by reduced
operating costs found in these countries which are still low enough to mitigate
the logistical costs of shipping finished products to the European markets.
European industries therefore now need to compete with these emerging
economies to remain competitive and drive innovation to create new growth and
jobs in Europe. One of the main European Union directives; Horizon 2020, is a
research and innovation programme with a budget of €80 billion aimed solely at
securing Europe’s global competitiveness (Horizon2020 2015) by providing
funding for every stage of the innovation process from basic research to market

uptake, in line with the EU's commitments under the "Innovation Union".

One of the ways to achieve this is to develop new and innovative ways of
improving current processes and manufacturing methods to reduce product
development time which in turn will result in getting the product to market first
and, therefore, obtaining a larger market share (Horizon2020 2015). This drive
to improve Europe’s market position is not limited to product innovation and
accelerated development time, but is also directed towards a more
environmentally conscious Europe (Scoullos, Roniotes et al. 2012). Product
quality and limiting the environmental impact are other challenging areas in

product development and innovation being faced by the manufacturing industry.



Introduction

1.3 Trends and Challenges in New Product Development and

Testing.

Innovation and New Product Development (NPD) are critical to the success and
sustainable competitiveness of manufacturing enterprises. NPD projects require
different engineering disciplines such as Design and Product Development (PD)
testing to combine and collaborate their efforts in order to achieve agreed goals
(Kratzer, Leenders et al. 2010). PD testing is a critical part of the NPD,
consuming a large portion of the PD cycle and in many cases can be the bottle
neck in the project completion timing plan (Takeuchi and Nonaka 1986). The
interactions between the different teams are crucial for any project to succeed,
as in the collaborating company, who are dispersed in different countries
around the world. Several issues can hinder communication, knowledge sharing
and the sharing of ideas between different global engineering teams. This
hindrance in communication and knowledge sharing can derive from simple
aspects, such as geographical distances and time differences, to more complex
issues such as cultural beliefs and cultural differences. Frost (2014) analysed in
detail why failure in communication and knowledge sharing occurs, stating that
although Knowledge Management (KM) has shown great promise since the
early 90’s, it is yet to be successfully tamed and controlled. Frost (2014)
provided a list of the symptoms of the failure including: inadequate management
support, problems with organisational culture, and lack of responsibility and
ownership inter alia. From the literature and the investigation findings, there is
clear evidence that industry sees potential and value in creating KM systems.
But insufficient attention is given to it and it is sometimes treated as an after
taught. In PD testing, the trend is to better manage and integrate testing centres
and operations in the overall PD process by consolidating available resources
(Hanks 2015), providing better visibility and sharing experiences to improve

testing operations and cycle times.

The effective management of communication and knowledge sharing activities
in global NPD teams, between different departments like design, purchasing

and testing, requires sensitivity to the uniqueness of global product
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development. The capabilities of multiple types of communication mechanisms
and an understanding of which of these mechanisms best meet a team's needs
for information is a huge undertaking (McDonough, Kahn et al. 1999, Felekoglu,
Maier et al. 2013).

Getting communication right between the different NPD teams and re-using the
knowledge that already exists within a company can determine whether a new
product is launched on time and/or on budget. Recreating and re-collecting the
same knowledge for different projects is both costly and time consuming, which
shows the importance of capturing and managing pre-existing knowledge
already available among employees, so that further knowledge can be built
upon it, which constitutes innovation. The lack of communication, understanding
or requirements, timing, and sharing of knowledge is a challenge also faced by
PD testing (Ward, Sobek et al. 2014). A further knowledge development aspect,
which is being developed by all major Computer Aided Design (CAD) and
Product Lifecycle Management (PLM) software companies, is the inclusion of
social media in NPD (Evans, Gao et al. 2014). This enables NPD teams to go
beyond the traditional NPD engineering teams and gain access and develop
knowledge from a different perspective, promoting brainstorming and bouncing
off ideas within a larger audience environment, which ultimately can provide the
end user with greater valuable input to product development projects. However,
as with all new ideas, this trend is still being developed.

The focus of this project is to propose a framework to capture employee testing
knowledge so that it can be easily shared and made accessible to colleagues to
improve efficiency, and allow PD team and testing team to work and share
knowledge timely. The notion that everyone in a company is an expert in one
field or another, dictates that anyone should be able to contribute to a
knowledge system in order to enrich the company’s collectively knowledge
(Wilkesmann and Wilkesmann 2011). A secondary target is to improve
communication within the NPD team. This has been attempted by improving the
accessibility of the shared knowledge and by using social media tools as a way
to encourage people into engaging into knowledge discussions and enhance

trust amongst employees (Harden 2012).

8



Introduction

1.4 Knowledge and Innovation in New Product Development

and Testing

Knowledge is the key to innovation and in order to remain competitive in today’s
engineering world, it is a crucial asset for organisations that enables them to
gain a sustainable competitive edge on their competitors (Grant 1996, Lopez-
Nicolds and Merofio-Cerdan 2011). Improving and creating new ways for how
knowledge is captured and shared amongst NPD engineering teams will
determine if companies can capitalize on this valuable, readily available
resource. This statement cannot be more truthful when it comes to NPD
projects where innovation is the critical ingredient that enables cutting edge
products to be developed. In PD testing, capturing and sharing testing related
knowledge to address the special nature and application context of the
integrated PD and testing operations is a challenge. Various situations arise
during PD testing in which complex information needs to be captured and
shared with the team, for scenarios for training or share experiences or
scenarios to improve or correct an issue, highlighting the problems in the

products or facilities.

Knowledge management is a discipline that promotes an integrated approach to
identifying, capturing, evaluating, retrieving, and sharing all of an enterprise's
information assets. These assets may include databases, documents, policies,
procedures, and previously uncaptured expertise and experience from
individual workers (Duhon 1998, Meihami and Meihami 2014). Over the years,
various KM systems have been developed and have taken many forms, such as
purpose-built databases, data capture and workflow solutions, social analytics
and engagement solutions or content life cycle management systems; these are

all described as process driven solutions.

It has been shown, through the literature available, that knowledge sharing
provides individuals, teams and organisations with the opportunity to improve
their work performance as well as creating new ideas and innovations

(Cummings 2004). This clearly indicates that sharing knowledge is primarily a
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social, interactive and complex process that involves both tacit and explicit
knowledge (Polanyi and Sen 2009). The challenges for knowledge
management initiatives are finding solutions to people-centric problems, such
as motivations and personality factors and creating organisational antecedents
to ensure a smooth knowledge flow (Von Krogh and Roos 1996, Wiig 2012)
through the organisation.

Innovation consists of successfully implanting creative ideas within an
organisation (Myers and Marquis 1969, Lakhani, Lifshitz-Assaf et al. 2012) and
is, therefore, closely related to organisational learning. Innovation conceived in
this field is considered as an individual or collective learning process that is
aimed at finding new ways of solving problems (Alegre and Chiva 2008).
Knowledge sharing has received considerable attention over the years
(Eisenhardt and Santos 2002), due to it being vital for innovation, organisational
learning, the development of new skills and capabilities, increased productivity
and maintaining a competitive advantage (Von Krogh 1998, Mooradian, Renzl
et al. 2006), which are all key elements that will be utilized for the knowledge
capturing and sharing framework developed for product testing facility
developing and testing NPD projects.

During product development and product development testing, knowledge is the
key to innovation, in order to remain competitive. It is a crucial asset for
organisations that enables them to gain a sustainable competitive edge over
their competitors. Improving and creating new ways for how knowledge is
captured and shared amongst PD engineering teams will aid companies to
capitalize and make this valuable, readily available resource, accessible for
their employees. The ability to quickly browse and absorb user-contributed
testing knowledge like lessons learned, suggested product improvement or
process training material and identify those knowledge experts within an

organisation is what provides this competitive advantage.
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1.5 Proposed Research Area

A pilot literature search for NPD, PD, Time to Market and Knowledge Sharing
identified that a substantial number of publications had emphasised the
importance of shortening product life cycles and bringing products to market
first in order to establish competitive advantage and gain greater market share
before competitors enter the market (Cooper, Edgett et al. 2001, Minderhoud
and Fraser 2005, Afonso, Nunes et al. 2008, Richtnér, Ahlstrom et al. 2014).
However, in the literature survey, it was found that reported research work
primarily focused on product design and manufacturing. This indicated that
there is a gap in the niche field of product development testing which is of high
value and, although the testing processes are repetitive, the nature of the
testing is complex and typically one-off. Consequently, this seems to be
overlooked by previous research projects. However, product testing and design
validation is a major time consumer within the NPD cycle, and streamlining this
process and improving testing knowledge sharing will reduce time to market
while still keeping quality and reliability right at the first time (Lu, Loh et al. 2000,
Feng, Sun et al. 2012). Since the reviewed literature has not reported much in-
depth investigation into bringing out real industrial requirements in the PD

testing context, this will be explored in this project.

In any engineering process, streamlining methods and procedures only go so
far. Communication and the sharing of information between project team
members, both on site and global stakeholders, is crucial in order to avoid
miscommunication and misunderstanding, which could easily arise causing
costly and timely delays for the product development cycle which is clearly
indicated in research literature (Alavi and Leidner 2001, Bhatt 2001, Becker and
Zirpoli 2003, Kusar, Duhovnik et al. 2004, Mohannak 2013).

Following the identification of the issues mentioned above, this research project
will focus on investigating and developing a methodology to improve
communication and the capture and sharing of testing knowledge to enable a
product development testing team to address the special nature and application

context of the integrated PD and testing operations.

11



Introduction

1.6 Research Aim and Objectives

The aim of this research is to investigate how a product development testing

facility’s performance can be improved by developing and implementing a

knowledge sharing and capturing framework, with the potential that it will be

adopted by multiple sites in different geographical locations on a global scale by

multi-national manufacturing enterprises, such as the collaborating company.

This should reduce the time to market of the product development cycle. To

meet the above aim, the following research objectives are planned:

To investigate industrial requirements of knowledge management for
product development focusing on testing operations in multi-national
manufacturing companies and comparisons with other industries by

literature survey;,

To investigate previous theoretical and industrial methods and
current research into the representation and analysis of testing

related knowledge, and tools to improve communication;

To propose a new methodology for capturing and sharing PD and
testing employees knowledge, and addressing the social aspects of
using advanced information and communication technologies such

as social media, video sharing and storytelling;

To design and develop a prototype framework and methodology to
improve communication and sharing of knowledge within the testing
teams of multi-national companies and their main stakeholders in

product design, in order to reduce the overall time to market; and

To carry out an industrial case study of the created methodology to
evaluate and verify the benefits from the proposed framework and
knowledge capturing and sharing methodologies in the context of the

collaborating company.
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1.7 Research Scope

The scope of this research is in PD testing for complex engineering products,
such as high power electrical generators which are considered as high value
engineering products. The research will explore the theory of knowledge
management, including the capture of employee knowledge and the
communication and sharing of the captured knowledge as a means to improve
product development testing processes, mainly within the PD testing facility and
the product development team and other related functions that support the PD
testing facility before, during and after product testing. Knowledge to be
captured includes knowledge which is limited to a single employee, as well as
knowledge from processes and producers. This knowledge should be captured
in a rich media format that can be shared with others within the organisation

locally and globally.

1.8 Collaboration with Industry

This project was industry-based, being conducted in collaboration with
Cummins Power Generation, Kent, with the aim of improving the performance

of their PD testing facility.

1.8.1 Introduction to the Collaborating Company

Cummins Inc. is a global power leader and a corporation of complementary
business units that design, manufacture, distribute and service engines and
related technologies, including fuel systems, controls, air handling, filtration,
emission solutions and electrical power generation systems. The company is
headquartered in Columbus, Indiana, (USA), and employs approximately
54,600 people worldwide, serving customers in approximately 190 countries
and territories through a network of more than 600 company-owned and
independent distributor locations and approximately 7,200 dealer locations.
Cummins earned a net profile of $1.65 billion on their sales of $19.2 billion in
2014. Today, Cummins is a multinational Fortune 500 company that operates

and serves customers around the globe (Cummins 2015).
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Cummins' roots are planted in soil nourished by innovation, persistence and a
commitment to the community. Founded in Columbus, Indiana, in 1919 as
Cummins Engine Company, for its namesake Clessie Lyle Cummins, the
fledgling firm was among the first to see the commercial potential of an
unproven engine technology invented two decades earlier by Rudolph Diesel.
After a decade of fits and starts, during which time the diesel engine failed to
take hold as a commercial success, a stroke of marketing genius by Clessie
Cummins helped save the Company and slowly increase their market share
(Cummins 2015).

Cummins Inc. is organised into four distinct but complementary business units
shown in Figure 2. Cummins Engine Business manufactures and markets a
complete line of diesel and natural gas-powered engines for on-highway and
off-highway use. Its markets include heavy-and medium-duty truck, bus,
recreational vehicle (RV), light-duty automotive and a number of industrial uses
including agricultural, construction, mining marine, oil and gas and military
equipment. Cummins Engine Business also provide a full range of new parts
and services, including remanufactured parts and engines through an extensive

distribution network.

Engine Business

Distribution
" IBusiness

Components
Business

Power Generation Business

Figure 2. Cummins Inc. Business units (Cummins 2015).

Cummins Power Generation Businessis a global provider of power

generation systems, components and services in standby power, distributed

power generation, as well as auxiliary power in mobile applications to meet the
14



Introduction

needs of a diversified customer base. The Components Business Segment
consists of four businesses: Cummins Filtration, Cummins Turbo Technologies,
Cummins Emission Solutions and Cummins Fuel Systems. Cummins
Distribution Business drives a comprehensive global distribution strategy and
channel management. Capitalizing on synergies in parts and services, the
business helps Cummins by providing support to our customers, while growing
a less cyclical and less capital intensive business.

1.8.2 Introduction to the Collaborating Company Products

Cummins Power Generation in Kent develops and manufactures power
generation systems (called Gensets) which are either used for back-up power
supply for power critical facilities, such as hospitals or direct electric generation

for sites which are not connected to the power grid.

Apart from developing new products, the plant in Kent also manufactures them.
It is predominantly an assembly line where it assembles different components in
order to build up a complete standalone power generation system (Genset).
This system in its simplest form is made up of 5 main components, which are:
1) the engine to drive the system, 2) the alternator which produces the electrical
power, 3) the cooling pack which keeps the engine running at optimal
temperatures, 4) a controller that manages all of the different components, and
finally 5) the skid on to which all of the above mentioned components are
assembled; this assembly is shown in Figure 3. The systems produced at Kent
mainly vary from the type of fuel they run on (diesel units and gas units) and
their output electrical range. The higher the horsepower the engine produces,
the higher the electrical output will be. Figure 3 shows a QSK-60 Diesel Genset,
to place things in perspective the below Genset measures 6.17mx2.2mx2.5m
(LxBxH) and has a mass of approx. 14.8 tones and is able to produce an
electrical power output in the range of 1200kW — 20000kW.
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Engine

Controller

Cooling Pack \

Alternator

Skid/

Figure 3. QSK-60 Diesel Genset (Courtesy of Cummins)

All of the components used to build up a Genset are delivered to the Kent Site
as sub-assemblies. The majority of these sub-assemblies are designed and
produced by other Cummins business units, all except for the cooling pack. The
cooling pack is a large radiator similar to the one found in automobiles. The
main function of the cooling pack is to keep the engine running at optimal
temperatures in order to avoid overheating, which would ultimately result in

engine failure.

The first observation noticeable of the product was that the majority of the
components are designed and manufactured by different businesses at other
locations within Cummins. This vertical integration should give the company
more control on the development of the product and increase the design input
from the upstream clients within the company, which should result in better
guality components, but from comments received during initial discussions with
testing facility staff, their input is not always considered, which is a lost
opportunity to optimise product quality and functionality from the perspective of
the product’s first users. The diagram shown in Figure 4 shows the different
sub-assemblies and their logistical origin, which make up a Genset. All green
boxes are businesses within Cummins, which indicates clearly the amount of
control the company should have on the development of the different

components it manufactures.
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Figure 4. Cummins Genset Product Tree

1.8.3 Testing Facility in the Collaborating Company

The Cummins product testing and validation section in Kent is composed of 14
people divided into 4 categories: planning, testing, test systems and applied
technology. This section is known as Lab Ops, which stands for Laboratory
Operations and is responsible for all PD testing and validation. Figure 5 shows
the sections and the human resource distribution amongst them. The planning
section, as the name implies is the primary point of contact for development
engineers to discuss projects which will require testing. Test systems engineers
are responsible for the testing facilities and it is their job to ensure that the

facilities are prepared for the Genset testing requirements.

Testing technicians are the engineers that run the development tests on the
Gensets in the different test cells, while the people working in applied
technology are the specialists in areas such as vibration, stresses, noise and
Genset thermal performance which support the development testing in their

defined areas.

This project is aimed at addressing the knowledge requirements of the testing
facility and its main stakeholders that interact with them during the product

development process.
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Figure 5. Lab Ops Organisation Chart

1.9 Thesis Structure

This thesis is structured in to eight Chapters. Chapter 1 (Introduction) explores
the latest trends in manufacturing and highlights the importance of innovation in
product development and manufacturing processes in order for companies to
remain competitive and become a market leader. It then introduces the aim and

scope of the project and goes on to introduce the collaborating company, in
which this research is based.

Chapter 2 (Research Methodology) reviews currently available research
methods and techniques, and describes the developed research methodology

used to fulfil the research aim and objectives of this project.

Chapter 3 (Literature Review) identifies and describes relevant literature in the

research domain, including communication, knowledge management, NPD and
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the modelling techniques utilized in this project. Further, it critically analyses the
literature identified by first examining who, when and where the research is
being conducted and then examines in more detail a selection of key papers in

the relevant research fields.

Chapter 4 (Industrial Investigation and Findings) explains how the industrial
investigation was conducted, the rationale behind the investigation, how data
and information was collected, and further discusses the results of the industrial

investigation.

Chapter 5 (The Proposed and Designed Knowledge Sharing Framework and its
Implementation) introduces and discusses the proposed framework and the
concepts behind it, and describes the developed knowledge sharing and

collaboration tools and its implementation and functionality.

Chapter 6 (Knowledge Sharing Framework User Case) presents a storyline of

an example / user case of the typical use of the knowledge sharing framework.

Chapter 7 (Validation of the Created Framework) presents and evaluates the

outcomes of the case studies carried out at the collaborating company.

Chapter 8 (Conclusions and Future Work) reports on the conclusions of the

research project and explores areas for further research.
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Chapter 2: Research Methodology

The aim of this Chapter is to review the different research methods available,
from which, it is possible to identify a suitable research approach and select

appropriate methods for this research project.

First, a brief description and explanation of the term research methodology is
provided. Following this, the research methods used in this project are
described and justified. Finally, a brief explanation of the research project

evolution is provided.
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2.1 Definition of Research and Research Methodology

Research refers to a search for new knowledge, and can be defined as a
scientific and systematic search for pertinent information on a specific topic. It is
generally classified as an academic activity and comprises of defining and
redefining problems, formulating hypotheses and/or suggesting solutions, and
carefully testing the conclusions to determine whether they fit the formulating
hypotheses (Kothari 2004). A similar definition of research was provided by
Leedy and Ormrod (2005) who described research as a procedure by which
one attempts to find systematically, and with the support of demonstrable fact,
the answer to a question or the resolution of a problem. Manual (2014) also
defined research as "creative work undertaken on a systematic basis in order to
increase the stock of knowledge, including knowledge of man, culture and
society, and the use of this stock of knowledge to devise new applications.
Looking further into the field of business administration, Uma and Roger (2003)
defined business research as an organised, systematic, data-based, critical,
objective, scientific inquiry or investigation into a specific problem, undertaken
with the purpose of finding answers or solutions to it. In essence, research
provides required information to further knowledge in a systematic manner to

successfully deal with problems.

Research methodology is defined as a method to systematically solve a
research problem. It may be understood as a science of study how research is
conducted scientifically (Kothari 2004). Wisker (2007) provided a more
philosophical definition by defining research methodology as the rationale and
the philosophical assumptions underlying a study, rather than a collection of
methods, though the methodology leads to and informs the methods used for a
project. Research methodology not only talks of the research methods used, but
also consider the logic behind the methods used in the context of the research
study and should explain why it uses a particular method or technique and why
it does not use others so that the results obtained, are capable of being

evaluated either by the researchers themselves or by others (Kothari 2004).
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From this definition, the term ‘research methodology’ can be characterised as a
method which defines how researchers conduct their research and identify their
conclusions, and such methodology will allow the results to be replicated.

2.2 Research Classification

For any research project to be completed successfully, a researcher needs to
follow an appropriate and well planned methodology. A carefully planned and
executed methodology is clearly pointed out in the literature as a critical part of
any research project. Wisker (2007) emphasised this point on how important
planning your research is and re-planning as you proceed in your project, as an

essential element for a good research project.

In order for a researcher to outline their methodology, a sound understanding of
the type of research they are conducting is required. Several types of research
methodology have been developed over the years. Kumar (2005) used the
following three questions to help classify research, i.e.:

e What is the application of the research findings?

e What are the objectives of the study?

e What is the mode of enquiry used in conducting the study?

In the first question, the application of the research can be either classified as
pure research or applied research. Pure research is concerned with
generalisation and with the formulation of a theory, without concern for its short
term utility (Miller and Salkind 2002). Whereas applied research is defined as
finding a solution for an immediate problem faced by society or industry (Kothari
2004). Similarly, Uma and Roger (2003) defined applied research as an
investigation undertaken to acquire new knowledge directed primarily towards a
practical aim or objective. This PhD research project can be classified as
applied research, as the aim and objectives of this project are to fulfil the needs
of industry by developing formal methods and practical tools to solve the

identified practical problems. The second question asked by Kumar, regarding
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the objectives of the study, can be further divided into four categories, i.e.;

Descriptive, Explanatory, Exploratory, and Correlational study.

Descriptive research attempts to describe systematically a situation, problem,
phenomenon, service or a problem. The main purpose of such studies is to
describe what is prevalent with respect to the problem under study. Explanatory
research attempts to clarify why and how there is a relationship between two
aspects of a situation or phenomenon, while exploratory research is undertaken
with the objective either to explore an area where little is known or to investigate
the possibilities of undertaking a particular research study. Finally, correlational
studies refer to the discovery or establishing the existence of a
relationship/association between two or more aspects of a situation (Kothari
2004, Kumar 2005).

This PhD research project is a mixture of descriptive, exploratory and
correlational research. The first step of this project was to identify the problem
areas and before these issues can be identified and defined, the need to
understand the working environment was required, which brings to the
descriptive part of the research, that of establishing and understanding the AS-
IS situation of current processes adopted by the collaborating company. This
included documenting the existing process flows of NPD, and observing testing
facility operations. This allowed the researcher to identify the basic
requirements which led the research to the next objective type, that of
exploratory research. This was conducted with the help of an open ended
guestionnaire study, which highlighted other issues, problems and requirements
which were missed in the first descriptive part of the research. Finally, the
correlation part of the research was demonstrated by means of metrics and
user perception feedback of the improvement the project has on the testing

facility.

The third question asked by Kumar is regarding the mode of enquiry used in the
study. This can be divided into two types: Quantitative and Qualitative research.
Quantitative research aims to measure quantity or amount, and compares it

with past records and tries to project for the future. In social sciences,
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“‘quantitative research refers to the systematic empirical investigation of
quantitative properties and phenomena and their relationships” (Gordon 2011).
The objective of qualitative research is to develop and employ mathematical
models, theories or hypothesis pertaining to phenomena. The process of
measurement is central to quantitative research because it provides
fundamental connection between empirical observation and mathematical

expression of quantitative relationships (Bryman 2006).

Qualitative research refers to the collection, analysis and interpretation of data
by observing what people do and say. It refers to the meanings, definitions,
characteristics, symbols, metaphors and description of things. Qualitative
research is much more subjective than quantitative research and uses different
methods of collection, mainly individual, in-depth interviews and focus groups.
The nature of this type of research is exploratory and open-ended (Bryman
2006).

This PhD research project is predominantly qualitative in nature, with some
guantitative aspects. During the industrial investigation and system
implementation, an open ended questionnaire / interview was adopted as a
method for data collection. Also, a metrics system to monitor utilisation was
introduced at the start of the research as a means of collecting utilisation data
with the hope to identify bottle necks and, at a later stage, as a tool to measure
and quantify improvements. Therefore, this research includes both
characteristics of quantitative and qualitative research.

2.3 Overview of Research Types

In the previous section the different classifications of research methodologies
were discussed. In this section, different research methods that are available,
I.e, action research, case study, ethnographic, focus groups, in-depth surveys,
and participant — observer are briefly explained. N.B. this list only includes

research methods which can be considered relevant to this research.
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2.3.1 Action Research

“Studies carried out in the course of an activity or occupation,
typically in the field of education, to improve the methods and

approach of those involved” (OxfordDictionary.com 2015).

As the name suggests, action research involves real life situations and people.
The purpose of this research type is to understand and improve those actions
being done. The main driver behind action research is to influence or change an
immediate research problem, by actively intervening in the research
environment being studied (Robson 1993). According to Carr and Kemmis
(2003), action research relates to; the improvement of practice; the
improvement of the understanding of practice; and the improvement of the

situation in which the practice takes place.

Denscombe (2010) wrote that the purpose of an action research strategy is to
solve a particular problem and to produce guidelines for best practice. This
research method has its own problems, however. Generally, action research
and the interpretation of data is subjective, depending on the person evaluating
and interpreting the information produced and generally takes a long period of
time for changes to be noticed and, therefore, can result in difficulty in validation

and duplicating the results produced.

2.3.2 Case Study

“A process or record of research into the development of a
particular person, group, or situation over a period of time”
(OxfordDictionary.com 2015).

Yin (2009) defined a case study as an empirical inquiry that investigates a
contemporary phenomenon within its real life context, especially when the
boundaries between phenomenon and context are not clearly evident.
According to Woodside (2010), case studies aim to achieve a deeper
understanding of processes and other concept variables, such as participants’
self-perceptions of their own thinking processes, intentions and contextual
influences, and is identified as the principle objective of case study research.
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Typically, a case study utilises multiple methods of data collection, such as
observations and interviews inter alia. According to Denzin (1978), in order to
achieve a deep understanding of a case study, a researcher needs
triangulation, meaning collecting their information from three different sources.
Van Maanen (1979) offers an example of triangulation which includes the
following steps; direct observation by the researcher within the environments of
the case study; probing, by asking case study participants for explanations and
interpretations of “operational data”; and analyses of written documents and

natural sites occurring in case study environments.

Yin (2009) also provided a case study methodology by identifying two methods:
single case approach and multiple case approaches. The single case study
design analyses one setting, allowing for a more in-depth analysis of a
phenomenon, while multiple case study design offers the chance to compare
evidence from different cases, providing an additional advantage of ‘enabling
differences in context to be related to constants in process and outcome’.
Secondly, research findings can be cross-checked following theory building. Yin
(2009) recommended that the findings of case studies should be generalised to
theories and not to other case studies, in the way that scientists generalise

experimental results to a theory.

The rationale to adopt a case study approach is due to the flexibility this
methodology offers to support research questions through variety of evidence. It
is also useful for understanding and exploring emerging processes and building
theory. As a result, this approach will be used as an investigation and validation

tool of the proposed conceptual framework.

2.3.3 Ethnographic

“a branch of anthropology dealing with the scientific description of

individual cultures” (Dictionary.com 2015).

The term ‘ethnography’ arises from the Greeks and broadly refers to ‘writing
about people’, but has a narrower meaning of writing about particular groups of

people, that is to say ethnically, culturally or socially defined groups. An
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ethnographic text is an interpretive and explanatory story about a group of
people and their sociality, culture and behaviours, but it is not a fictional
account. It is narrative, based on systematically gathered and analysed data
(Madden 2010). Ethnography is a subjective research tool which is heavily
influenced by the lack of control over the field setting where the research is
being carried out. It is predominantly cultural-based, which is not applicable for
this research project and it tends to be a lengthy research method which could

take longer than the time available to complete this project.

2.3.4 In-depth Surveys
“Investigate the opinion or experience of ( a group of people ) by

asking them questions” (OxfordDictionary.com 2015).

A methodology which employs in-depth surveys seeks to collect data of a
subject, typically a small number of people that represent a larger group of
people by means of formulized interviews (Remenyi 1998). These interviews
are generally aided by a carefully designed questionnaire that the interviewee is
asked to answer. These interviews are typically recorded in order to aid the flow
of the process, from which recording transcripts are transcribed. This
methodology can be considered subjective, because interviewee responses can
be influenced by a number of factors such as the way the interviewer askes the
question or due to the nature of the questions, the interviewee might be
embarrassed to answer truthfully due to lack of anonymity. Due to the nature of
the research project, this method of enquiry might be used at the start of the

research as a means of determining the high level requirements of the project.

2.3.5 Focus Groups

‘Representative group of people questioned together about their

opinions on political issues, consumer products, etc.

(Dictionary.com 2015).

Focus groups are used to explore and examine what people think, how they

think and why they think the way that they do about issues of importance to
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them, without pressuring them into making decisions or reaching a consensus
(Liamputtong 2011). According to Kitzinger (2005), focus group research is the
ideal approach to examine stories, experiences, beliefs, concerns and the
needs of an individual, making it an ideal research tool when you need
participants to develop their own way to define their needs and requirements.
This approach is generally used in business as a marketing tool to better
understand the motivations of the end user and their perception of the products
being tested. Due to the nature of the research tool, data collected will be
subjective and not objective. This approach will be used at the end of this
research project, in order to support the research findings and obtain end user
feedback.

2.3.6 Participant — Observer

“A technique of field research, used in anthropology and sociology
, by which an investigator (participant observer) studies the life of

a group by sharing in its activities” (Dictionary.com 2015).

Remenyi (1998) described this research method as “researchers making first
hand observations of activities and interactions, sometimes engaging personally
in those activities as a participant-observer”. This research technique provides
first-hand and hands-on experience into a research area, providing greater
insight and understanding, rather than depending on user input. Participant
observation is similar to ethnography, with the main difference that it caters for
observational processes, rather than cultural experiences. This method
provides the possibility to better understand the process and the day-to-day
situations of the collaborating company, aiding in identifying research

requirements.

2.4 Selected Research Methodology

Before explaining the rationale behind the methodology selected, the research
methodologies used in similar projects in the field of capturing and sharing

knowledge using similar methods to this research project, are now examined.
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Figure 6 shows a table of previous studies in this domain and the research

approaches used.

These papers are further examined and critically analysed in Chapter 3. From
the table, it can be seen that the preferred method by previous researchers in
this domain is that of case study. The adopted high level research approach is
shown in Figure 7 and in more detail in Figure 8. Due to the scope and
requirements of this project not being identified and set out at the start of the
project, the industrial investigation and literature review were conducted

concurrently covered in stage 1 of Figure 8.

Author Description Research Type
Leung and Fong (2010) Storytelling as knowledge transfer mechanism in

contruction projects Action Research
Katuscakova and Katudcak (2013) The effectiveness of Storytelling in transferring Different

types of knowledge Case Study
Martin-Niemi and Greatbanks (2009) SME Knowledge Transfer through social networking: Case Study
Savita and Hazwani (2011) The development of a narrative management system  Case Study
Gurney and Horlings (2014) Analysing knowledge capture mechanisms Case Study
Forbus and Usher (2002) Sketching for knowledge capture: A progress report Case Study
Schirru (2010) Topic-based recommendations in Enterprise Social Case Study
Cao and Guo (2011) Understanding the influence of social media in the

workplace In-depth surveys
Murphy and Salomone (2013) Using social media to facilitate knowledge transfer in

complex engineering environments Case Study
Chen and Hsiang (2007) A study on the critical success factors of corporations

embarking on knowledge community based e-learning  Case Study
Shehabat and Mahdi (2009) E-Learning and its impact to the educational system in

the arab world Case Study

Figure 6. Previous Research in the Domain
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