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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 (BPDS)”. The BPDS 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 (BPDS)" yang menyeluruh.
BPDS 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.
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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 (WHQ) 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).



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



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).



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 (Redstrém, 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”.



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.

15 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.



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:

1.7

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.

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.

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.

The growing demand for computer integrated tools to aid design practice

through the development of an Auto Retrieval tool (ART)

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.



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 (BPDS) Key
elements and BPDS 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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