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ABSTRACT 

 

 

 

 

People with disability (PwD) contribute a significant percentage of the world’s 

population-over 15%. The attention to their special needs has long been ignored and 

traditional design approaches are still used to design products which PwD are not 

comfortable with. The front end of design process has not been well addressed in the design 

for products used by paraplegics, and this results in user apathy or total abandonment of 

these products. To address this problem, this study develops a framework for preparing 

Product Design Specification (PDS) through sourcing information from the equipment, the 

user, and the task or ‘use’ process. Information is sourced from the most common 

equipment (wheelchair) using the matrix method, segmentation technique of TRIZ (Theory 

of inventive Problem Solving Methodology) and the hierarchical clustering method. User’s 

information is sourced through questionnaire, interview and observation techniques. The 

information collected was mined using the functional analysis techniques of TRIZ inventive 

principles to develop key elements which were subsequently expanded to build a 

comprehensive “preliminary PDS (βPDS)”. The βPDS was used as basis for a computer 

based Auto Retrieval Tool (ART) developed to ease precision information retrieval. 

Moreover, the PDS ART was validated by members of the UTM robotics team. The results 

from the validation exercise show the PDS ART as significantly better, simple, easy to use, 

informative, flexible and precise in terms of amount of PDS generated and time spent. This 

tool will aid designers in developing comprehensive wheelchair design PDS for different 

clientele with respect to gender, age, weight and height.  
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ABSTRAK 

 

 

 

 

Orang kurang upaya (OKU) meyumbang peratusan yang besar penduduk dunia - 

lebih dari 15%. Perhatian terhadap keperluan khas mereka telah lama diabaikan kerana 

pendekatan proses rekabentuk secara tradisional, dan ini mengakibatkan kebanyakkan 

peralatan tidak digunakan oleh OKU. Fasa awal proses rekabentuk masih belum diberi 

penekanan sepenuhnya semasa mereka bentuk produk kesunaah parapelgics merupakan 

penyebab produk yang dihasilkan kurang digunakan dan seterusnya ditiggalkan. Untuk 

mengatasi masalah ini, kajian ini bertujuan untuk membangunkan satu rangka kerja bagi 

menyediakan Rekabentuk Produk Spesifikasi (PDS) melalui sumber maklumat daripada 

peralatan, pengguna dan proses penggunaaan. Maklumat diperolehi daripada peralatan yang 

paling biasa (kerusi roda) dengan menggunakan kaedah matriks, teknik segmentasi Prinsip 

TRIZ (Theory of inventive Problem Solving Methodology) inovatif dan kaedah 

pengelompokan hierarki. Maklumat pengguna diperolehi melalui soal selidik, temubual dan 

pemerhatian. Maklumat yang dikumpul akan di analisa dengan menggunakan teknik 

analisis fungsi Prinsip TRIZ inovatif untuk membangunkan elemen-elemen utama yang 

kemudian dikembangkan untuk membina "PDS sementara (βPDS)" yang menyeluruh. 

βPDS telah digunakan sebagai asas untuk sistem ‘Auto Retrieval Tool’ (ART) yang 

dibangunkan bagi mengakses spesifikasi produk dengan lebih tepat. Selain itu, ART PDS 

telah disahkan oleh ahli-ahli pasukan robotik UTM. Hasil daripada pelaksanaan verifikasi 

ini menunjukkan ART PDS adalah baik, mudah, mudah untuk digunakan, bermaklumat, 

fleksibel dan tepat dari segi jumlah elemen pada PDS yang dihasilkan dalam masa yang 

lebih singkat. Alat ini akan membantu pereka untuk membangunkan PDS yang 

komprehensif bagi reka bentuk kerusi roda untuk pelanggan yang berbeza jantina, umur, 

berat, dan tinggi. 

 

 

 



 vii 

TABLE OF CONTENTS 
 

 

 

 

CHAPTER TITLE       PAGE 

 

 DECLARATION  ii 

 DEDICATION  iii 

 ACKNOWLEDGEMENT iv 

 ABSTRACT  v 

 ABSTRAK   vi 

 TABLE OF CONTENT vii 

 LIST OF TABLES  x 

 LIST OF FIGURES  xii 

 LIST OF ABBREVIATIONS xv 

 LIST OF APPENDICES xvii 

      

1 INTRODUCTION  1 

      
 1.1 Introduction  1 

 1.2 Definition of Terms 3 

 1.3 Background 4 

 1.4 Objectives 5 

 1.5 Scope 5 

 1.6 Significance of the Study 6 

 1.7 Organization of the Thesis 6 

    

     

2 LITERATURE REVIEW 8 

       2.1 Introduction  8 

 2.2 The Paraplegia  8 

 2.3 Products and Product Design for Paraplegia  11 



 viii 

 2.4 Ergonomics and Anthropometry 14 

 2.5 The Design Process 14 

  2.5.1      Types of Design Methods  

2.5.2      Other Design Approaches 

15 

22 

  2.5.3      Design Tools 

              2.5.3.1             Parametric Analysis  

     23 

     23 

                2.5.3.2             Matrix Analysis 

              2.5.3.3   Quality Function Deployment    

              2.5.3.4   Design For Manufacture 

              2.5.3.5   Failure Mode and Effect Analysis 

              2.5.3.6   Functional Cost Analysis  

              2.5.3.7   Fault Tree Analysis 

              2.5.3.8   Objectives Tree Method  

     23  

     24 

     25 

     25 

     26 

     26 

     26 

                2.5.3.9   TRIZ 

              2.5.3.10           Functional Analysis     

     26 

     28 

 2.6 Product Design and Classification 29 

 2.7 Discussions on Literature  31 

 2.8 Research Outlook  39 

      

3 METHODOLOGY 41 

       3.1 Introduction  41 

 3.2 Research Framework 42 

 3.3 Statistical Instruments For Data Collection 46 

  3.3.1 Equipment Classification Method 47 

  3.3.2   Questionnaire method 51 

  3.3.3  Interview method 54 

  3.3.4  Observation Method 54 

 3.4 The PDS Preparation Tool 55 

  3.4.1   Assumptions for the PDS Document 58 

  3.4.2  PDS Document 58 

   3.4.2.1 System 59 

   3.4.2.2 Super-system 60 

 3.5 Auto Retrieval Tool (ART)  61 

  3.5.1 Using the ART 63 



 ix 

   3.5.1.1 The Administrator 63 

   3.5.1.2  The General User 64 

 3.6 Summary  67 

     

4 DATA COLLECTION AND RESULTS ANALYSIS  69 

       4.1 Introduction  69 

 4.2 Results from Equipment 69 

 4.3 Results from Questionnaire 71 

  4.3.1 Demographic Results: Age, Gender, Education and 

Registration 

 

71 

  4.3.2 Kitchen and Cooking 73 

  4.3.3 Toilet, Bathroom and Bedroom 74 

  4.3.4 Out of Home Activities 75 

  4.3.5 Wheelchair Ownership and Management 76 

  4.3.6 General Comments 78 

 4.4 Information from Interview 78 

 4.5 Results from Observation 79 

 4.6 Summary of Results  81 

      
5 PRODUCT DESIGN SPECIFICATION TOOL, RESULTS AND 

DISCUSSIONS  

82 

      

 5.1 Introduction  82 

 5.2 Discussions on Data Collected 83 

 5.3 Development of Preliminary PDS  89 

  5.3.1 Functional Analysis 89 

  5.3.2 Database Management 94 

 5.4 The βPDS ART 119 

 5.5 Verification Exercises 125 

  5.5.1 Verification Exercise by members of UTM Robotics 

Team 

126 

 5.6 Project  Summary      134 

 

 

 



 x 

6 CONCLUSIONS AND RECOMMENDATIONS 136 

      

 6.1 Conclusions  136 

 6.2 Recommendations for future research 137 

           

      

REFERENCES     139 

      Appendices A - K    151-221 

 

 

 



 xi 

LIST OF TABLES 

 

 

 

 

TABLE NO.  TITLE  PAGE 

   

2.1 Matrix method 24 

2.2 Summary of Main Works reviewed 36 

3.1 Matrix for features profiled 51 

4.1 Age distribution 71 

4.2 Gender distribution 72 

4.3 Educational status 72 

4.4 Registration 72 

4.5 Cooking and Kitchen 73 

4.6 Reason for not cooking 73 

4.7 Changes for the kitchen 74 

4.8 Bathroom, Toilet and bedroom 74 

4.9 Travel, Sport and Outdoor activities 75 

4.10 Mode of Transportation 76 

4.11 Ownership of Wheelchair  77 

4.12 Funding for Wheelchair 77 

4.13 Abandonment of previous wheelchair 77 

4.14 Vehicle status 80 

4.15 Entry or Exist into/from vehicle 80 

4.16 Dependency status 81 

5.1 Key elements of βPDS 94 

5.2 βPDS document 96 

5.3 PDS suggestions produced by Group AI-III 128 

5.4 Features referred to indicated by the groups AI-III 129 

5.5 Free comments by the participants 130 

5.6 Comparison between PDS and Samples A-E 133 



 xii 

D.1 Measured positions and definitions 162 

D.2 Measured dimensions 163 

E.1 Measured dimensions and definitions 164 

E.2 Antropometric Data for Malaysians (Male and Female) showing 5%, Mean 

and 95% 

 

165 

F.1 Average Anthropometric Data (in mm) Estimated for 20 Regions of the 

Earth used for above 40 years 

 

166 

J.1 Attendance 212 

   

 
 

 

   

   

   

   

   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xiii 

LIST OF FIGURES 

 

 

 

 

FIGURE NO.  TITLE   PAGE 

   

2.1 A Pictorial of the vertebral column showing the Cervical, Thoracic, 

Lumbar and Sacral vertebrae  

10 

2.2 Standard wheelchair 13 

2.3 Total design activity 16 

2.4 Steps to setting up a requirement list  20 

2.5 House of Quality 25 

2.6 Different Approaches to Design Process 32 

2.7 Work flow chart for Research 40 

3.1 Operational framework 43 

3.2 Flow Chart for Information Sources and Analysis 47 

3.3 Wheelchairs used in this research 48 

3.4 Equipment segmentation 50 

3.5 Objective tree for wheelchair features 56 

3.6 System Functional Analysis Chart 57 

3.7 Comprehensive flowchart for ART 61 

3.8 Database for the ART 62 

3.9 Flowchart for Tool Administrator’s procedure; Task 1 64 

3.10 Flowchart for Task 2: Produce a PDS preparation guide for component 

of the wheelchair (with anthropometric data available) 

65 

3.11 Flowchart for Task 3: Produce a PDS preparation guide for component 

of the wheelchair (with anthropometric data not available) 

66 

3.12 Flowchart for Task 4: Information for Super-system 67 

4.1 Hierarchical Cluster for product classification 70 

4.2 Age distribution 71 

4.3 Gender distribution 72 



 xiv 

4.4 Educational status 72 

4.5 Registration 72 

4.6 Cooking and Kitchen 73 

4.7 Reason for not cooking 73 

4.8 Changes for the kitchen 74 

4.9 Bathroom, Toilet and bedroom 75 

4.10 Outdoor activities 76 

4.11 Mode of transportation 76 

4.12 Wheelchair ownership 77 

4.13 Funding for Wheelchair 77 

4.14 Abandonment of previous wheelchair 77 

4.15 Vehicle status 80 

4.16 Entry or Exit into/from vehicle 80 

4.17 Dependency status 81 

5.1 Conversions of data to PDS map 88 

5.2 Function  block for features connection 90 

5.3 Component Functional analysis chart 91 

5.4 Body measurments (sitting) 119 

5.5 Definitions for Body Measurments 119 

5.6 Opening page of the ART 120 

5.7 Access code requirement (insert) 121 

5.8 Database Fields in the ART 121 

5.9 Option for country 122 

5.10 Option for Equipment 122 

5.11 System is selected to get System details 123 

5.12 Options for Parts, Age, and Percentile 123 

5.13 Report section I showing general information on frame 124 

5.14 Report section II showing the anthropometric details 124 

5.15 PDF; Report I; General information on the frame 125 

5.16 PDF; Report 2; specific anthropometric measurements for frame 125 

5.17 Procedure for verification exercise by students 126 

5.18 PDS suggestions produced by the students (Group AI-III) 129 

5.19 Features and the frequencies 129 

5.20 Chart for free comments from participants 131 



 xv 

5.21 Existing Wheelchairs in the market 132 

J.1 Comments by participants (1-3) 213 

J.2 Comments by participants (3-6) 214 

J.3 Comments by participants (7-9) 215 

J.4 Results from PDS development using raw results by Group AI 216 

J.5 Results from PDS development using raw results by Group AII 218 

J.6 Results from PDS development using raw results by Group AIII 220 

   

 

 

 



 xvi 

LIST OF ABBREVIATIONS 

 

 

 

 

2-D - Two Dimensional 

3-D - Three Dimensional  

ADL - Activities of Daily Living  

ART - Auto Retrieval Tool 

CAD - Computer Aided Design 

CRC - Clinical Research Centre 

DfA - Design for All 

DFA - Design for Assembly 

DFM - Design for Manufacture  

DFP - Design for piece –part Producibility 

FCA - Functional Cost Analysis 

FMEA - Failure Mode and Effect Analysis 

FMoH - Federal Ministry of Health 

FTA - Functional Tree Analysis 

GDP  Gross Domestic Product 

HSA - Hospital Sultanah Amina 

HSI - Hospital Sultan Ismail 

ID - Inclusive Design 

MREC - Medical Research and Ethics Committee 

NMRR - National Medical Research Register 

PACE - Programme of All inclusive Care for the Elderly 

PDF - Portable Document Format 

PDS - Product Design Specification 

PFF - Product form features 

PwD - People with Disability 

QFD - Quality Function Deployment 



 xvii 

SCI - Spinal Cord Injury 

SEC - Search Experience Credence 

SPSS - Statistical Package for the Social Sciences 

SQL - Structured Query Language 

TRIZ - Theory of Inventive Principles 

UD - Universal Design 

US - United States 

UTM  - Universiti Teknologi Malaysia 

WHO - World Health Organisation 

βPDS  - Preliminary Product Design Specification 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xviii 

LIST OF APPENDICES 

 

 

 

 

APPENDIX TITLE   PAGE 

    

A Questionnaire (English)  151 

B Questionnaire (Malay)  155 

C Approval from Medical Research and Ethics 

Committee (MREC) 

  

161 

D Anthropometric Data For Malaysian Used For 18 – 

24 Years 

  

162 

E Anthropometric Data For Malaysian Used For 25 –40 

Years 

  

164 

F Anthropometric Data For Malaysian Used For above 

40 Years 

  

166 

G Product Design Specification Preparation (PDS) 

Auto Retrieval Tool (ART) For Wheelchair: 

Operations Manual 

  

 

167 

H Preliminary PDS Auto Retrieval Tool (ART): Full 

Report  

  

174 

I Verification Exercise by UTM Robotic Team: PDS 

Report  

  

200 

J Verification Exercise by UTM Robotic Team: 

Attendance and Comments  

  

212 

K List of Publications  221 

  

 

 

 

  



CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

The human population can be divided into three groups when body efficiency is 

considered; the highest or extreme, average or normal, and the low or disabled (Nowak, 

1999). Fifteen percent of the total world population, or over a billion people, live with 

disabilities (WHO, 2011). The World Health Organisation (WHO) defines disability as a 

restriction/lack of ability to perform an activity that normal or typical people do (WHO, 

1980). Similarly, the World Bank estimates that 20% of the world’s poorest people have 

some kinds of disabilities and tend to be regarded in their own communities as the most 

disadvantaged (Taormina-Weiss, 2011). In addition, Somavia (2007), reported that 80% of 

the world’s people with disabilities reside in developing countries and that they are 

constrained by little or no access to the services they need. However, Chuan et al. (2010); 

and Green (2011) reported that disability is associated with poverty at higher levels, 

education and employment at lower levels, and a significant degree of social exclusion. 

Furthermore, Miralles et al. (2007) highlighted five main issues are obstacles for people 

with disability when looking for employment; i. Market policies, ii. Attitudes of typical 

people (non-disabled), iii. Accessibility, iv. Work structure, and v. Organization. The 

second most common reason given by employers for not hiring persons with disabilities is 

the fear of costly special facilities (Taormina-Weiss, 2011). Heron and Murray (2003) 

found that often employers are reluctant to employ people with disabilities because they 

regard them as unsuitable. The attention to their education is also a challenge to such 

individuals and their guardians or benefactors - this makes them remain poor (Croft, 2013).  
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There are a number of disabilities in terms of broad classifications and 

subcategories: mental, physical, speech, hearing, vision, and learning. Physical disability 

usually comprises a significant percentage of the community with disabilities. Previous 

studies show that the population of people with disability in Malaysia 2.8 million (Ramlee 

et al., 2012) and that people with physical disabilities could over 33% (Lee et al., 2011). 

Spinal cord injury (SCI), which is classified under physical disability, can result in 

tetraplegia (complete paralysis of all four limbs) or paraplegia (impairment of lower limb 

functions). In paraplegia, the upper limbs are not affected; hence, the person with 

paraplegia is able to use his/her upper limbs to propel a wheelchair. In Malaysia, the 

statistics from Hospital Kuala Lumpur, shows that 63% of 292 SCI patients included in its 

study conducted between January, 2006 and July, 2009, have paraplegia (Ibrahim et al., 

2013).  

People with disability need rehabilitation to improve their body efficiency (Nowak, 

1999), so that they can return as much close as possible to normal life. Rehabilitation is a 

method of boosting the body efficiency of people with disability (PwD) through the use of 

some tools including assistive devices/products (Kumar, 1992). As such, rehabilitation 

could include Programme of All-inclusive Care for the Elderly (PACE) that reduces the use 

of expensive medical services (Meret-Hanke, 2011).  

The existing products do not permit the PwD to operate or manage their lives as the 

typical person does through using the same products/facilities; and therefore this makes 

them unable to achieve functional satisfaction of such products/equipment. This could be 

attributed to the front end design process of the machine/product that has not been well 

handled (Pugh, 1993), thus the quest for sustainable alternatives.  

Furthermore, the abilities and contributions of the PwD to economic and societal 

development through the provision of sustainable alternatives will enhance their 

independence and benefit national governments. If they are engaged in gainful employment 

as their typical equivalent, they will improve in their self-help care and pay taxes which will 

contribute to national economy and the Gross Domestic Product (GDP). These sustainable 

alternatives depends on a sound product/machinery design process that, product designers 

can depend on in designing this category of products. This work seeks to fill the gap in 
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existing products for paraplegia (a spinal cord injury condition) who are part of the 

physically disabled, that have not been given adequate attention over the years. This is done 

through the development of a Product Design Specification (PDS) preparation tool.  

1.2 Definition of Terms 

Typical People - A term used to describe people without disability.  

People with Disability (PwD) – refers to people with functional defects that makes 

one or more of a body organ malfunction when compared with normal people. 

Paraplegia - The condition of being unable to move both legs and trunk of body 

below the level of associated injury to the spinal cord (Mosby, 2009). The 

paraplegia have wounds in the thoracic section of the spinal cord (NSCISC, 2011).  

Product Design Specification (PDS) - The stage in product design process that 

comprehensively state measurable parameters and targets for the products. 

Universal Design (UD)- UD is a general term used to describe the design for goods 

and services usable by both the disabled and the typical (normal) people. 

Activities of Daily Living (ADL) – Activities (e.g. eating, bathing) that people tend 

to do every day without requiring assistance in a routine manner (Investopedia).  
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1.3  Problem Statement 

There is lack of awareness on the challenges faced by the disabled (Robson, 2011). 

A great percentage of the products designed to assist the physically challenged are quickly 

abandoned (Hocking, 1999). The rate is reported to be as high as 75%, in the United States 

(US) up to 15% of these products are never used (Lauer et al., 2006). One of the reasons 

given abandoning is the difficulty in applying mainstream design principles for design of 

products used by PwD. This tends to make designers follow the convention or traditional 

methods in designing a prototype and then modifying it to suit PwD; this makes the 

products unusable and inappropriate in practice (Newell et al.,2011). Some efforts have 

been made to address the problem through the principles of Universal Design (Xin et al., 

2009), but this does not aid design for products for the disabled. At best, they are an 

evaluation aid (McAdams and Kostovich, 2011). Another reason for failed product designs 

for PwD has been reported to be a matter of insufficient knowledge about people, their 

capacities, needs and desires (Redström, 2006). 

The paraplegia which is a part of the physically disable group has mobility as the 

major problem and thus requires design tools that can support products aimed at improving 

their mobility and ease their sedentary situation (Van der Woude et al. 2006). The 

wheelchair which is the most common product used by people with paraplegia, because of 

their mobility challenge (de Groot et al., 2013; Edelstein, 2007; Kawamura and Murakami, 

2013; Van der Woude et al. 2006), still have a lot of efficiency issues that require 

improvement (Chenier et al., 2011; Suda et al., 2011). For these needs which occur every 

day to be met, the design approach should be one that provides direct solutions to satisfy the 

needs (Pullin, 2009). Information about these people or users which is at the front end of 

the design process has not been well handled (Pugh, 1993; Miaskiewicz and Kozar, 2011). 

The front end design process need to be reassessed with a view to providing sustainable 

tools that can support preparation of product design specification for Paraplegia.  

Presently, there are no known tools that provide direct solutions that are informative 

and user oriented in designing products for the Paraplegia or even the disabled. Therefore, 

this research will address this need through the development of a framework for preparing 

Product Design Specification (PDS) for products used by the Paraplegia”. 



5 

 

1.4 Objectives 

The aim of this work is to develop Product Design Specification (PDS) preparation 

tool, for products used by the Paraplegia. 

Specific objectives are: 

a. To develop a framework for preparing PDS for paraplegia 

b. To develop an improved product feature classification approach for products used 

by the paraplegia using the wheelchair as case study 

c. To develop and validate a comprehensive PDS preparation tool for the wheelchair 

within the Malaysian environment 

d. To develop a call-up Auto Retrieval Tool (ART) capable of nesting queries of 

generating PDS preparation reports for the wheelchair.  

1.5 Scope 

The front end of the design process (from the need to specification) is of general 

concern in this work, but specific focus is on the PDS preparation. Similarly, the general 

emphasis is on assistive devices/products used by the paraplegia for movement. Also, 

specific scope is directed at the movement need of the paraplegia through investigating their 

Activities of Daily Living (ADL) with emphasis on the wheelchair. This tool will entertain 

preparation of PDS for various categories of clientele and situations like countries, all 

features/specific features of the wheelchair, the environment in which the wheelchair 

navigates and a particular age group. Also, this tool is capable of assisting the designer in 

preparing a customized PDS for specific clients within an age group. This work does not 

consider transplant or other internal assistive inserts that the paraplegia uses.  
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1.6 Significance of the Study 

The development of this PDS preparatory tool will avail designers an open ended 

opportunity to design alternative and sustainable products that the paraplegia can use and be 

comfortable with. This will therefore directly address: 

i. The absence of a framework for design on product design for paraplegia through 

the development of a comprehensive and sustainable framework that can give 

direction to designers. 

ii. The problem of lack of information on the movement needs and desires of the 

paraplegia through assessing their most common product (wheelchair), engaging 

them, and observing them. This will be done with the ADL as a guide. Also, the 

implication of this study on the paraplegia is that it will increase the self-help 

ability and reduce their dependence on others. 

iii. Issues bothering on the front end of the design process which has not been well 

tackled, through developing improved tools like product classification tools to 

analyse information at the front end and capable of preparing a PDS that will 

reduce the rigor faced by designers in the front end of the design process 

especially for products used by the paraplegia. This will also solve the problem 

of abandonment/rejection because better products will be produced. 

iv. The growing demand for computer integrated tools to aid design practice 

through the development of an Auto Retrieval tool (ART) 

1.7 Organization of the Thesis 

This thesis is divided into six chapters: 

Chapter 1 discusses the background of the study, problem formulation and the 

problem statement. The objectives, scope and significance of the study are also discussed in 

this chapter.  
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Chapter 2 presents literature review on paraplegia, the design process: methods and 

tools, product classification, and products designs for paraplegia. In addition, the chapter 

discusses the salient issues requiring attention with respect to the front end design and the 

deficiencies leading to failure of products especially for the paraplegia.  

Chapter 3 discusses the methods used in this study; research framework, procedure 

for preparation and administration of the instruments (equipment method, the questionnaire, 

interview and observation) used for data collection, the proposed PDS preparatory tool, the 

system and super system; and the ART. 

Chapter 4 presents the data collection, collation and analysis. The interpretation of 

results was also done here. 

Chapter 5 discusses the PDS Tool, derivation of preliminary PDS (βPDS) Key 

elements and βPDS Database; the database management with available measurements and 

illustrations; the ART verification exercises and the final PDS ART.  

Chapter 6 presents the conclusions, limitations and areas of recommendations where 

further research may be done in future. 
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