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Abstract 

One billion of the world population are estimated to have some form of disability, and 

governments spend huge amounts of money to provide welfare facilities to protect their rights 

and make them inclusive. The literature reveals that people with disabilities (PWDs) are 

willing to work if they are provided with necessary job support. People with only mobility 

impairments are commonly named as people with physical disabilities (PPDs). It is a subset 

of PWDs. PPDs can effectively contribute towards economic growth if their residual physical 

capabilities are correctly identified. However, employers as well as PPDs themselves find it 

difficult to identify their residual physical capabilities. Work norms explained in Pre-

Determined Motion Time Systems (PMTS) such as Method Time Measurement (MTM) is 

present for the normal people. These work norms assume that the people have normal 

capabilities and that they do not have any physical disability. However, there are no such work 

norms developed to cater for the PPDs. Therefore, the aim of the research was to develop a 

framework to increase the ability of PPDs to work in industry. The objectives were to explore 

typical manual work-activities (WAs) similar to those prescribed in PMTS that could 

potentially be carried out by PPDs, with their residual physical capabilities, explore essential 

range of movement (RM) of each of the body regions/joints required to perform the identified 

WAs, formulate a framework mapping RMs of each body regions/joints required to perform 

typical manual WAs and finally to evaluate and validate it for its purpose, user-friendliness 

and functionality. 

 

In this pursuit, research was carried out in five distinct phases. In the first phase, typical manual 

WAs were identified that can be performed by upper and lower extremities using industrial 

engineering experts (n=3). Then, essential RM of each body region/joint required to perform 

the identified WAs were determined using relevant medical experts (n=9). Orthopaedic 

surgeons (n=4) then mapped the RMs that are needed to carry out the WAs to form a 

framework. These three phases used a modified delphi approach for data collection. In the 

fourth phase, the framework was evaluated for its purpose and user-friendliness by the 

intended users of the framework (n=22) in different industries. In the fifth and final study, the 

functionality of the framework was evaluated with PPDs (n=92) and mapped the work 

capability of a randomly selected sample of PPDs (n=6) using the framework. The results were 

compared against the WAs that they were engaged in at the time of the study. The developed 

guide was named as the WARM mapping tool. Ethical clearance was granted from the Medical 

Research Institute (MRI), Sri Lanka to carry out the study. 

 

This research proposes a novel philosophical work-related capability and limitations analysis 

tool to help employ PPDs by identifying suitable WAs based on the degree of disability of the 

body regions/joints in terms of the corresponding RMs. It is a step towards extending the work 

norms for PPDs. WARM mapping tool has been developed to guide the employers to recruit 

PPDs to carryout physical work tasks. All that participated in the usability study proved that 

it is a convenient and simple tool to use. All 22 practitioners also said that it can also be used 

as a self-assessment tool by the PPDs. The usability was rated over 60% by all the participants. 

This tool may be used as a platform to decide on the equipment, facilities, procedures and 

training that the PPDs will need for effective performance in industry. 

 

 

Keywords: People with Physical Disabilities, motion capability, employment, PMTS 
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CHAPTER 1 
 

1 Introduction 

Disability is identified as a debilitating condition, which modifies body, appearance as 

well as Activities of  Daily Lives (ADL)  (Refer Section 2.5 below), but do not totally 

destroy their ability to work [1]–[5] and around one billion people or 15% of the world 

population, have some form of disability [6]–[9]. In terms of their ability to work, 

experts have contrasting opinions. For instance, it is believed that People with 

Disabilities (PWDs) have great potential at work [10]. However, there are beliefs of 

colleagues and superiors about limited work performing ability of PWDs [11], [12]. 

This shows that both the practitioners and the researchers are in general unclear about 

the working ability of PWDs. 

Discussions have been in existence regarding employment of PWDs since the mid-20th 

century [13]. It is argued that the inclusion of PWDs in achieving company goals, and 

that allocating a reasonable percentage of PWDs in organisations with or without 

considering the size of the organisation is favourable for PWDs [14]. Literature also 

suggests that PWDs are willing to work if they are recruited to organisations [15]. 

Citing from previous research, it is stated that two-thirds of PWDs desire to work if 

appropriate job opportunities are available [16]. Thus, it is clear that PWDs need to be 

provided with necessary support and guidance to work effectively. Other researchers 

also support this notion [12], [17]. However, cost of inclusion of PWDs in 

organisations has not been given due regard in literature, therefore it needs attention 

in order to explore the possibilities of providing assistance to help them be involved in 

income generation activities. 

Quantification of costs of disability has been difficult due to many reasons. For 

example, varying definitions of disability [2], varying sources of data [9], limited data 

availability on lost productivity [9] and having no commonly agreed method for cost 

estimation [9] have been identified as challenges towards determining the costs of 

disability and the employment of PWDs. Literature points out two types of costs 

pertinent to disability categorised as direct and indirect costs. Direct costs are to 

increase the standard of living by providing full or partial benefits due to early 

retirement schemes, healthcare facilities, assistive devices [18], expensive 
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transportation facilities and personal assistance [9], [19]. Direct costs also include 

costs due to reduced work capacity of PWDs. Indirect costs are due to loss of 

productivity owing to disability [9]. Indirect costs include expenses due to 

underemployment of family members’ leave from work [9], employment in poorly 

paid jobs [9], under-employment [20], low-skilled and low-status jobs [9], which are 

unrewarding and un-demanding and staying unemployed to care for PWDs [9]. 

Literature emphasises that direct costs as well as indirect costs of PWDs are shared by 

individuals themselves, their families, friends, employers, organisations and society in 

general [9] resulting in an apparent additional load on the economy. However, there 

may be a possibility where the PWDs are able to positively contribute to the economy 

if they are appropriately employed. 

Despite potential benefits, many unfavourable beliefs have been identified as barriers 

to employ PWDs. People in wheelchairs have been branded as unproductive and 

thought to be lacking in efficiency [21], [22]. Employment and training of PWDs are 

also identified as a tough task [6], which needs costly accommodations [10]. 

Furthermore, PWDs are thought to be incapable of marketing themselves at job 

interviews [10]. As a result, based on the beliefs such as the ones listed, employers 

arrive at quick and unfavourable judgements about PWDs at interviews, which badly 

affects their selection [10], [11]. Such beliefs could be the reason for poor 

employability of PWDs.  

Another approach is proposed where the employers try to understand the work ability 

of PWDs whilst the educators help youth PWDs to market their skills at job interviews 

[10]. In order to facilitate recruitment and employment of PWDs in organisations, 

employers need to be able to identify capabilities and limitations of the recruits [23]. 

However, literature reveals that neither employers nor PWDs know their potential 

contribution to organisations since both parties do not have a thorough idea of their 

physical capabilities [16]. Reviews also show that in general a vacuum exists in 

understanding the capabilities and limitations of PWDs for effective employment, thus 

warranting further research.  

Different classifications of disabilities are explained by [8], [18], [24]. However, the 

analysis of them reveal that the most commonly used classification is with respect to 
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mobility, cognitive, visual and hearing impairments. Out of these, people with mobility 

impairments are commonly named as people with physical disabilities (PPDs) [10], 

[25]. PPDs can have impairments (Refer Section 2.3 below) in at least one of the body 

regions and/or joints. It is also clear that all body regions and/or joints may not be 

needed in order to perform all manual Work-Activities (WAs). Therefore, with their 

residual capabilities, they may be able to perform selected productive WAs. 

Supporting this notion, the importance of understanding the interaction between PWDs 

that include PPDs, and the elements of work systems is stressed [6], [7]. This prompts 

the study of typical manual WAs available in industries thus creating an opportunity 

to bridge the gap between PWDs and employment. 

PWDs tend to earn lesser incomes than persons with no disabilities [20], [26] and cost 

and energy spent for vocational training has a negative impact leading towards 

employability despite education and training being provided for PWDs [27]. Limited 

employability has deprived them of an adequate income for an independent life. 

Therefore, it is clear that in order to provide them with comfortable living conditions 

and to reduce the effect on the economy, they need to be employed and effectively 

involved in income generating activities. However, the possible interventions need to 

be identified. 

A number of studies have been conducted and suggestions have been made to ensure 

the well-being of PWDs. Defining disability using lay terms [28] so that the general 

public understands these disabilities is one such attempt. Identifying disability models 

[28]–[33] (Refer Section 2.4) to facilitate employment is another. Interestingly, 

employment models for PWDs have also been discussed [11], [20] (Refer Section 2.6). 

In addition, acts have been formulated to protect PWDs from discrimination [15], [16], 

[34] and legalisation [4], [34] has been in existence to protect their rights in the 

workplace. 

Once the barriers to identification of PWDs for employment are identified, facilities 

need to be provided for them in the workplaces. In this regard, the built environment 

has been identified as important to provide the necessary infrastructure facilities to 

cater to the requirements of PWDs [15], [35], [36]. In addition, interventions such as 

assistive technology [16]–[18], [26], [37], wheelchairs [38], universal design [17], 
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[18], [22], participatory techniques [39] and real-time information capturing [40] have 

been proposed and introduced in order to improve their independence.  

Rehabilitation of PWDs is also being extensively discussed in literature as a way of 

preparing PWDs to work in industry [23], [41]. Work-related rehabilitation needs are 

being identified by [20], [32], [42] because it is accepted that PWDs do not have the 

skills, education, training or experience necessary to effectively perform WAs [15]. 

Supporting this view, vocational training needs have been identified as essential by 

[12], [43] while the need to prove the physical capability of PWDs in industry is 

explained by [44]. The approaches that have been developed so far to assist PWDs to 

work in industry are too generic [45] and none of the models support in identifying 

physical capabilities and limitations of PWDs in performing typical manual WAs. 

Thus, it is important to facilitate both the employers and the PWDs to identify the 

physical capabilities and limitations as well as the needs in order to be effectively 

employed. 

Most of the studies on employment of PWDs that have been carried out thus far, 

discuss several issues/problems in relation to difficulties in access to organisations, not 

having relevant skills, improper education, dissatisfaction of the job as well as 

vocational training, mismatching capabilities and limitations with the available job 

opportunities, waste of potential of qualified PWDs and discrimination at employment 

as explained earlier. However, there is no proper framework identified or developed 

to ascertain residual physical capabilities and limitations that match with 

organisational requirements to perform manual WAs, thereby helping to integrate the 

PWDs with an industry. However, it is discussed that safety of the people with 

cognitive, hearing and vision impairments in industry is a concern and they are largely 

not suitable to perform isolation or in large workshops performing typical manual 

WAs, especially in the manufacturing sector [46]. Therefore, PWDs without sensory 

impairments, i.e. PPDs, may become the suitable category to perform manual WAs in 

industry. 

PPDs may become ‘differently-abled’ if a framework is available to map their residual 

work capabilities to the typical manual WAs in industry. Even though job 

accommodation of PWDs, which includes PPDs, has been identified in literature as a 
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tough task, it is stressed that understanding the interaction between PPDs and the 

elements of work systems is important [6]. Among the disabled population, there are 

also qualified PWDs [17], [34]. Underutilisation of the potential of these people is 

argued as a waste of human resources causing substantial impact to a society [16]. 

Thus, facilitating the employment of PPDs in industry could have significant economic 

benefits. Interestingly, a multi-dimensional disability model that integrates the 

physical capabilities and limitations of PPDs in different aspects of work and is 

currently being discussed [11], [47] in literature. With this view, suggestions are in 

place to develop multi-dimensional assessment methods for measuring and 

understanding residual physical capabilities of PPDs with respect to their strengths, 

weaknesses, and their compatibility within an industry [16], [47]. 

In order to gainfully accommodate PPDs in the workplace, employers must be able to 

know the type of work they can perform, time that the PPDs would take to complete a 

work cycle, how to determine the remuneration, and the impact that the integration of 

a disabled individual would have on organisational productivity. In order to fulfil this, 

research has been done in many disciplines. 

The existing Pre-determined Motion Time Systems (PMTS) (Refer Section 2.7) do not 

generate work standards for PWDs [48]. Thus, modifying PMTS, identifying WAs 

that PPDs can perform with their residual capabilities, could be a way forward to 

enable employment. Findings of this research may generate pathways to develop an 

integrated framework to help employ PPDs in industry, thus supporting all concerned 

parties that include the PPDs themselves, their dependent families and the employers, 

which would ultimately have a positive impact on the economy reducing direct and 

indirect costs. 

 Aim and objectives 

The aim of this research was to develop a framework to increase the ability of PPDs 

to work in industry. In this pursuit, the following objectives were considered. 

1. To explore typical manual work-activities that could potentially be carried out by 

PPDs.  

2. To identify the range of movements of body regions and joints to perform manual 

work-activities. 
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3. To formulate a framework to map the typical manual work-activities to the range 

of movements of body regions and joints that could potentially be carried out by 

PPDs.  

4. To evaluate the framework.  

 Methodology 

This study was centred around an inductive-type strategy based on a qualitative 

analysis methodology as shown in Figure 1.1. Hence, it was of an exploratory, 

descriptive and explicative research type and its stages were set in a logical order to 

ensure a clear expression of ideas. Altogether, there were five interrelated studies that 

formed this thesis. The first three studies focused on the formulation of the framework 

to map the typical manual work-activities to the range of movements of body regions 

and joints. After the WARM mapping framework was formulated, it was evaluated 

using two studies. 

In this pursuit, a literature review was carried out using books, journals and online 

resources in order to identify the research gap and seek possible avenues for research. 

Initially key words were used to select relevant literature and later citations too were 

referred. Only literature in English were referred in both printed and electronic 

publications. 

In the first study, typical manual WAs in industries were selected. Separate sets of 

WAs that can be performed using the upper and lower extremity of human body were 

identified through a literature review. WAs in the horizontal and vertical planes were 

considered. All WAs were then refined by Industrial Engineers. In the second study, 

body regions (such as arm, forearm and leg) and joints (such as shoulder, elbow, hip 

and knee), which are useful for carrying out typical manual WAs were identified 

through a literature review. The RMs were also documented for each body region. 

Afterwards, two standard documents were formulated for upper and lower extremities, 

containing the set of body regions and joints, and their corresponding RM, which are 

useful for performing manual WAs using Orthopaedic Surgeons, Prosthetists and 

Orthotists as the participants. 
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Figure 1.1: Summary of the research methodology as in ‘Research Onion’  

Source: [49] 

The third study was to map typical WAs identified from the first study to the human 

motion capability required to perform them identified from the second study. This 

became the basis for a framework to identify WAs that can be performed by PPDs. 

The study involved Orthopaedic Surgeons and Prosthetists and Orthotists.  

The evaluation study involved two phases. In the first phase, a questionnaire survey 

was administered to assess the usability of the framework by allowing practitioners to 

use it. HR Personnel, Industrial Engineers, Work-study experts and professionals in-

charge of training and rehabilitation who directly engage in recruitment and selection 

procedures participated in this study. The framework was used to identify and 

categorise PPDs to perform different WAs. In the second, the focus was on the 

functionality of the framework. Ethical clearance was granted from the Medical 

Research Institute (MRI) of Sri Lanka to conduct this study. The participants for the 

study were PPDs having no visual, cognitive, nervous or auditory impairment.  

 Organisation of the thesis  

The thesis was compiled in nine chapters. Chapter 01 presents the introduction to the 

research with the motivation, philosophical framework and a brief methodology of the 

research. Chapter 02 presents the literature review and explains how known theories 
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have been explored to develop a framework to employ PPDs in industry in an inductive 

approach. Manual WAs explain in Pre-determined Motion Time Systems (PMTS), 

which are useful for employment of normal population were identified in the literature. 

Chapter 03 explains the first expert review study that identified typical manual WAs 

in industry. Chapter 04 consists of evaluating and refining the anatomical movements 

of the human body. Chapter 05 demonstrates the process of mapping typical manual 

WAs with the anatomical movements of body regions and joints which are required to 

perform them that identified in the previous studies. Chapter 06 provides an evaluation 

study on usability of the tool. Chapter 07 presents the evaluation study on functionality 

that was used to categorise PPDs according to their ability to perform typical manual 

WAs in industry. A general discussion of the research is drawn in Chapter 08 and the 

final, Chapter 9 presents the conclusions of the research as a whole. The outline of the 

chapters is presented in Figure 1.2. 

 Contribution to knowledge  

The foremost contribution of the research was the development of the framework that 

enables the selection of PPDs to carryout manual WAs in industry. It would also enable 

to identify manual WAs that PPDs are comfortable in performing. Based on the 

disability, PPDs can be categorised identifying specific requirements based on their 

physical capabilities and limitations and create a favourable environment for them. 

Research findings can also lead to equipment, facilities, procedures and training, 

pathways, work-stations; based on the physical capabilities and limitations of 

individual PPDs thereby enabling them to be independent and involved in income 

generating activities. 
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Figure 1.2. Organisation of the thesis 
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CHAPTER 2 

 

2 Literature review 

This chapter is a literature survey presenting a broad picture of the current knowledge 

pertinent to employment of People with Disabilities (PWDs) in industry with a focus 

on physical capabilities. Simultaneously, limitations of People with Physical 

Disabilities (PPDs), which is a subset of PWDs is analysed by synthesising the 

information available in the literature. The review stresses upon the definitions of 

disability, current status of employment opportunities for PPDs, and mechanisms 

available to help employ PPDs in industry. 

 Aim and objectives 

The aim of this review was to study related research carried out by different researchers 

and identify gaps in research. In this pursuit, the following objectives were considered. 

1. To explore research findings related to employment of PPDs. 

2. To identify research gaps. 

3. To make decisions on studies to be carried out. 

 Review strategy 

The literature survey was initiated with a keyword-based title search. An electronic 

search was carried out using the Science Direct, Google scholar, Emerald, Pub Med 

and PLOS ONE databases to obtain relevant publications. Printed material were also 

referred simultaneously to gather knowledge. The keywords used in the literature 

search classified according to the definitions such as; work content, work capability 

and physiology are shown in Table 2.1. Thus, both printed and electronic publications 

that included books, journals, reports, theses, newspaper articles, magazines and 

databases were accessed. Only the literature available in English were reviewed. 

The title-based search resulted in 953 articles altogether. After going through the 

abstracts of the articles; 253 journal papers, 18 books and three theses were selected 

for the review. Citations within publications were also searched afterwards and 

specific searches were conducted using related terminology available in the accessed 
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literature. These extended searches used keywords such as ‘sheltered employment’, 

‘supported employment’, ‘subsidised employment’, ‘embodied employment’, ROM, 

‘goniometer’, ‘dynamometer’, musculoskeletal load and assessment. 

 

Table 2.1: Keywords used in the literature search 

Classification Keywords 

Definitions 
‘Disability’, ‘disability definition’, ‘physical disability’, ‘physically 

disabled people’, … 

Work-Activities (WAs) ‘PMTS’, ‘MTM’, ‘lifting and pulling’, ‘locomotor disability’, … 

 

 

 

 

 

 

Physical capability and 

limitations 

‘Anthropometry’, ‘range of motion’, ‘muscle strength’, ‘muscle 

power grading’, ‘body deformity’, ‘grip strength’, ‘pinch strength’, 

‘chuck pinch’, ‘types of amputations’, ‘dynamic and ‘static strength’, 

… Methods to match WAs 

and physical capability 
‘Employing people with disability’, ‘legalisation’, … 

 

 Context 

Different classifications of disabilities are also found in literature [8], [18], [24], [50]. 

However, the analysis of these reveal that the most commonly used classification is 

with respect to mobility, cognitive, visual and hearing impairments. However, it is 

argued that PWDs perform poorly in physical, cognitive, mental, sensory, emotional 

and developmental activities or some combination of these [9], [18], [29], [34]. Thus, 

employment is difficult [46].  

Physical disability is defined as a functional limitation with restricted mobility and 

means of access [51]. Mobility impairment restricts the movement or control of body 

regions of physical disabilities that affect physical capability [8], [24]. Diverse lay 

terms are also used to define permanent functional differences of PPDs such as 

impairment, deformity, disability and handicap [8], [28], [30], [52]–[55]. It also 

defined as the ‘want of physical power, weakness, incapacity or mobility’ [56] and 

handicap is defined as a disadvantage for a given individual, resulting from impairment 

or a disability that limits or prevents the fulfilment of a role that is normal (depending 

on age, sex, and social and cultural factors) for that individual [28], [57]. Further, it is 

found that the main type of disability prevailing among people is mobility impairment, 

which restricts the movement or control of body regions, badly affecting the physical 

ability to move, manipulate objects and interact with the physical world [8], [52]. Out 

of these, people with mobility impairments are commonly named as PPDs [10]. As has 
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been stated earlier in Section 2, it is a subset of PWDs. PPDs are those with 

impairments in at least one of the body regions and/or joints. However, one of the 

salient features of all the definitions of disability and categorisations is that they 

undermine the residual physical capability of PWDs to meet occupational demands 

[53]. 

 Disability models  

Researches have focused only on single dimensional models to determine the disability 

[47] and explain four models in different perceptions, namely, medical model [28]–

[31], [33], [47], social model [29], [31], stigma model [31] and embodied model [31]. 

The International Classifications of Impairments, Disabilities and Handicaps (ICIDH) 

classifies nine categories of impairments as intellectual, visceral, aural, other 

psychological, skeletal, sensory, language, disfiguring and generalised. 

Medical model defines disability as a physical or mental impairment which requires 

medical treatment caused by congenitally or by environmental incidents such as 

illness, accidents, war and pollution that limit one or more major life activities [28]–

[31], [33], [47]. Two essential medical strategies are proposed to prevent and cure the 

causes of disability [28]–[31], [33], [47]. This model identifies nine categories of 

disabilities as behaviour, dexterity, communication, situational, personal care, 

particular skills, loco-motor, other activities and body disposition and how the model 

can help PWDs to rehabilitate through medical and psychological treatment. In the 

medical model it is expected that PWDs be treated to sustain and develop their 

condition [30].  

Under this medical model, three lay terms are in use as explained in the medical model 

namely, disability, impairment and handicap to recognise the limitations of a person. 

Disability is defined as any restriction or lack, resulting from an impairment, of ability 

to perform an activity in the manner or within the range considered normal for a human 

being [28]. Impairment is defined as any loss or abnormality of psychological, 

physiological or anatomical structure or function [28]. Handicap is defined as a 

declining disadvantage for a given individual, resulting from an impairment or a 

disability, that limits or prevents the fulfilment of a role that is normal (depending on 

age, sex, and social and cultural factors) for that individual [28]. The relationship of 
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disability and society has been analysed by the medical model of disability [29], 

however, this vague classification has not been accepted in medical terminology. With 

reference to the medical terminology literature [58], [59], the classification is possible 

as shown in Figure 2.1. ICIDH uses the overall impact experienced by subjects that 

influence the value they attach to their health condition by describing functional status 

associated with health conditions without linking the status of the participants to the 

component body structures [57]. 

Social model is defined as social harassment for PWDs causing social and material 

barriers in the environment [29], [31] and in this perspective, disability is defined as a 

problem created by society when the PWDs are trying to integrate with that society. 

The solution that is expected to solve this is by removing the barriers in the social and 

material environment [31].  

Stigma model defines disability as social stigma and restrictions suffered by 

individuals with physical and mental impairments because they fail to meet the norms 

of society and focuses on the traits and characteristics of PWDs. The model emphasises 

the risk of blaming the victim [31] for being disabled.   

Rejecting the three models mentioned above, the embodied model [31] is identified as 

useful for accommodating disability in diversity management research since this 

recognises bodily aspects of disability in workplace. Embodied model is defined as 

social and bodily problems suffered by people with physical and mental impairment 

[31]. This model emphasises bodily differences of disabilities and impairments and 

draws attention to the bodily differences of PWDs to their experiences, problems and 

needs. It further investigates how different people with different or similar disabilities 

and impairments are affected by these and how they experience attempts by 

organisations to accommodate these PWDs and impairments.  

For instance, disability models look at disability in different perspectives. Even though 

disability is defined in terms of the medical model, the perceptions, attitudes and biases 

related to PWDs in the workplace is more related to the stigma model [31]. This work 

determines that issues of embodiment tend to be reduced to issues of medical 

impairment and perception of physical appearance, and the social model is powerful 

in understanding the PWDs and disabling aspects of social and material practices. Both 

disability and impairment is socially constructed, but at the same time, not all the 
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bodily problems and experiences that affect PWDs are socially constructed. Embodied 

model highlights PWDs as active subjects and represent their social and material 

surroundings. Therefore, it makes possible for researchers to investigate how disabled 

employees and job seekers perform WAs and structure their social and material 

surroundings in the workplace. As a conclusion, an embodied approach may help to 

deal with a wider range of disability aspects than those admitted in the medical, stigma 

and social models of disability [31]. Describing the occupational performance model, 

it is explained that an individual’s occupational performance is to be measured in three 

areas as self-care, productivity and leisure [60].  

There are two main categories of physical disability based on the time of onset of the 

disability: congenital and acquired [4], [21], [46], [61]. Congenital disabilities are the 

ones that people are born with [4], [21]. Acquired disabilities have a cause that takes 

effect after birth [4], [21].  

Since there seem to be many different definitions and classifications of disability, 

medical terminology [58], [59] available in literature was synthesised and permanent 

physical disabilities were categorised as shown in Figure 2.1. According to it, 

permanent disability of people can occur due to congenital conditions or due to 

accident or disease. People may become congenitally disabled due to deformities in 

the body regions or limbs as well as joints [58]. These can be due to missing joints, 

dislocated joints or stiff joints at birth that lead a permanent disability [58]. Acquired 

disabilities are due to amputation of a body region and/or deformities in the joints or 

body regions or limbs due to accidents or disease essentially occurred after birth [62]. 

 

Figure 2.1: Classification of permanent physical disability 
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This type of categorisation can be useful to determine the residual physical capabilities 

of PPDs that will ultimately lead to their effective employment. It is interesting to note 

that there have been attempts to identify disability models that may help in formulating 

mechanisms for employment. 

In many countries, there is a significant proportion of PWDs in their working age [17], 

[34], [63] that includes those who are qualified to carryout WAs in industry [16]. 

Literature suggests that PWDs are willing to work, if they are provided with jobs [15] 

and can be capable of performing almost all the jobs in industry thus making them 

productive if they are provided with the right environment to work [9]. Similarly, it is 

believed that PWDs have great work-potential even though they are unable to find 

employment [10]. Therefore, ill-utilisation of the potential of them wastes human 

resources, creating a heavy burden on themselves, their families and society at large 

[16]. However, it is stated that employers do not have access to information about 

PWDs and the impact of their recruitment [8]. As a result, these workers, although 

have completed their education at secondary and higher levels, are unable to find 

suitable employment. This is probably due to the reluctance of the employers to believe 

that PWDs are capable of contributing to the development of their organisations.  

It has been suggested in the literature to measure the degree of disability based on the 

limitations to perform Activities of Daily Living commonly known as ADL [1]–[5]. 

The defined ADL for the assessment are cooking, cleaning, eating, bathing, dressing, 

transferring, walking and toileting [3]. It is documented that despite physical 

disabilities, some PWDs are capable of performing ADL [64].  However, this measure 

of disability is too generic and the capabilities and limitations of PWDs at work can 

still be doubtful for both employers and PWDs. Even if the capabilities and limitations 

of the recruits are identified by the employers [23], in order to provide specific jobs, 

the interaction between PWDs and the elements of work systems [6] need to be 

identified. 

In order to improve this situation, researchers have explored why employers should be 

interested in employing the handicapped [46]. For example, it has been found that 

ethical responsibility to help PWDs to find employment, being a reliable and 

productive asset to the employers with minor accommodation and employers receiving 

federal contracts are a few of the benefits of employing PWDs [46].  
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PWDs entered the labour market in the beginning of the 20th century [13], but they 

performed semi-skilled jobs [20]. Although PWDs can potentially engage in income 

generating activities, there are reasons for low employability that needs to be addressed 

[36]. Pointing out to a comment made in [50] suggesting that employers need to be 

sympathetic towards the PWDs in spite of the difficulties faced by the company, [36] 

expresses how difficult it is to expect that in real life. One reason for low employability 

is that colleagues and supervisors at workplaces make assumptions about work 

performance ability of PWDs by judging them based only on their physical and 

cognitive limitations [12]. For example, [20] states that due to physical and 

psychological consequences of impairment, individuals with disabilities are not 

accomplishing reasonable standards of living by their own efforts. This argument is 

supported by [36]. It is further stated that people in wheelchairs are perceived to be too 

dependent thus being unproductive and lacking in efficiency [21]. 

Further scrutiny of literature on the reasons for unemployment of PWDs paved the 

way to identify additional barriers for employment of PWDs in industry. Authors 

suggest that inadequate knowledge of employers regarding products, processes or 

systems suitable for people with impairments [62]; unfavourable labour market 

policies and labour structure [16], [17], [62], [65], [66], institutional discrimination at 

work and low rates of payment [4], [16], [20], [31], [34] as barriers for effective 

employment. The reason for difficulty in accessing a place for a person in a wheeled-

chair is mainly due to the environmental barriers and not something to do with the 

PWDs [22], [66]. Supporting this notion, the principal obstacle for PWDs in the 

physical environment within the workplace is identified as accessibility issues [17], 

[36], [66]. These oppose the view that underestimates the physical capabilities of 

PWDs. These suggest that it is important to facilitate both the PWDs and the 

organisations that can provide employment to them to positively obtain their 

contribution to the organisations, hence the economy. 

Adopting from previous research, [12] states that it is possible to facilitate workers 

with disabilities to access goods and services with simplest and least costly work-site 

modifications that can draw them away from the semi-skilled jobs to other forms of 

jobs. As the authors suggest, the modifications may be changing working hours, work 

procedures, work location, or task assignments such as using technology, rehabilitation 
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engineering for sophisticated equipment, building adaptations by redesigning or 

adapting workplaces and jobs according to the requirements of PWDs through the 

application of ergonomic planning and design measures. In order to accommodate the 

diverse perspectives and viewpoints with regard to employment of PWDs, different 

employment models have been proposed [20], [30], [31]. 

Even though researchers identify many causes for unemployment to employ PPDs in 

general, very few fruitful solutions have been put forward (according to literature) in 

order to solve these issues. After referring to the related information on US government 

websites, [53] emphasises that protecting the rights of PWDs need to be an important 

goal of all governments. According to limited available research on employment of 

PWDs, [20] indicates that formation of anti-discrimination legislation is a key solution 

to overcoming the problem of unemployment. As such, different legislations/acts have 

been formulated to protect the rights of PWDs. To fulfil the PWDs desires to work, 

[16] state that Americans with Disability Act (ADA) came into effect in 1992 and 

intends to address the welfare of PWDs [15], [30], [31], [34], [67]. Further, according 

to the ADA, identifying the applicant's capability and assessment to perform a job is 

an extremely important factor to be considered and they expect employers to 

understand the capabilities and limitations of PWDs and make reasonable job 

accommodations and working environments. However, the ADA does not expect to 

release a disabled applicant as an employee from the obligation to perform essential 

functions of a job. The Disability Discrimination Act of 1995 (DDA, 1995), which is 

being practiced in the UK, intends to end discrimination against PWDs [15], [31], [34]. 

This was amended in 2005 adding the duty to promote disability equality within public 

authorities. These are encouraging trends in terms of ensuring welfare of PWDs, but 

evidence of technological interventions is lacking in these initiatives. 

 Employment opportunities for PWDs 

As explained in Section 2.42.3, there are PPDs in their working age [17], [34], [63] 

including those who are qualified [16]. Researchers argue that in general they have 

great work-potential which is essential for their successful employment [10], [16]. 

Even though the inherent physical work capability of the PWDs is undisputed, a high 

rate of unemployment and long-term unemployment among PWDs is common [4], 

[63]. This signifies a substantial gap between transformations of work capabilities into 
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employment. Supporting this view, significant issues for unemployment of PWDs 

such as not having relevant skills, education, training and experience due to long term 

sicknesses, inaccessible workplaces and non-structural buildings are emphasised in the 

literature [15], [63]. Education and training programmes provided to school leavers 

with disabilities should lead them towards employment [27], but research indicates 

that it has been difficult to find employment opportunities for PWDs related to the 

fields that they have obtained vocational skills in [27]. The main reason for this is the 

difficulty in identifying residual physical capabilities of PWDs for reasonable 

occupational accommodation [7], [16] wasting the funds and other resources allocated 

towards vocational training [27]. If a mechanism is in place to identify PWDs in 

general to select career paths suitable for them, both time and money could be saved 

whilst providing them with the ability to be employed in suitable jobs and work 

environments. This will enable them to be enrolled in appropriate vocational training 

[27] and help them to contribute towards economic development as expected by many 

researchers [7], [16], [52]. 

Thus, there is a need to identify typical manual work-activities (WAs) that PWDs in 

general are capable of performing in industries and residual physical capabilities of 

PWDs that are required to perform them. As a solution to this, a multi-dimensional 

framework, which addresses the needs of the PWDs and also the employers is 

suggested [7]. This could be the way forward to increase the employability of PWDs 

[6]. 

It is mandatory to understand the interaction between the elements of the work systems 

that give rise to job demands and residual physical capabilities of PPDs in order to 

employ them in industry [6], [7]. However, manual WAs that are able to be performed 

by PPDs in industries cannot be readily identified by the employers through an 

interview procedure [10]. The main reasons for this are the inability of employers to 

determine the residual physical capabilities of the PPDs and PPDs themselves are 

possibly unaware of their residual capabilities [21], [46]. As a result, they are most 

likely unable to disclose their capabilities and limitations [10]. In order to facilitate the 

enacted legislations and empower the PPDs, technological developments are needed 

for effective recruitment procedures that identify the capabilities and limitations of 

PPDs in particular and PWDs in general. 
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Researchers suggest developing multi-dimensional assessment methods to understand 

and measure residual capabilities of PWDs with respect to their strengths, weaknesses 

and compatibility [6], [7], [16], [47]. The universal design concept [17] that intends to 

integrate all PWDs to the workplace by enabling systematic changes without 

redesigning for individual needs is an attempt towards conceptualising the multi-

dimensional approach towards employment of PWDs. In order to boost research 

related to PWDs within engineering sciences, assistive technology and environmental 

accommodation are suggested by [18], [40], [65]. They further suggest to enhance the 

skills with the use of assistive devices, but suitable devices need to be designed that 

match the residual motion capability of the intended users. This is an indication of the 

importance of knowing the residual motion capability of PWDs to ensure satisfactory 

usability. 

In order to facilitate employment, several disability models have been proposed in the 

literature and following is a discussion of the disability models that were most 

frequently occurring in the publications that were accessed. 

 Employment models for PWDs 

In one categorisation of employment models, [13] explains seven employment 

categories for PWDs. They are; quota system, sheltered workshops, self-study method 

and employment of the disabled without the obligation of employers, working at home, 

co-operative working method and employment in selected jobs where only PWDs are 

employed. 

In the quota system, authorities influence employers to recruit a percentage of PWDs 

to organisations in private as well as public sectors [7], [13]. The authorities expect the 

employers to compare the demands of the jobs and the capabilities of PWDs, 

recommending the understanding of the interaction between the PPDs and the 

elements of the work system. Unfortunately, under this system, the methodology by 

which the comparison needs to be carried out is not explained, probably owing to the 

unavailability of such a method. Another approach is the self-study method and 

employment of the disabled without the obligation of employers. ‘Working at home’ 

is engaging in Information and Communication Technology (ICT) related jobs staying 

at home and offices [13].  
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In the co-operative working method, employment is provided in selected jobs where 

only PWDs are employed. Developed countries further provide special employment 

programs for PWDs under the following categorisation, namely, sheltered, subsidised, 

designated and supported [11], [14], [20], [50], [68], [69]. 

2.6.1 Sheltered employment model 

Sheltered employment is offered in protected and isolated environments at state-owned 

workshops, special businesses or certain segments of ordinary companies, mainly 

targeting people with severe disabilities [20], [50], [68], specially people with visual 

and hearing impairments [50]. However, it is stated that sheltered employment is more 

or less permanent [68]. 

2.6.2 Subsidised employment model 

In subsidised employment, part of the employers’ wage cost is compensated by the 

government and the subsidy is typically phased out over time [11], [68]. 

2.6.3 Designated employment model 

In designated employment, PWDs perform specific work tasks or jobs in designated 

jobs such as ‘car park attendant’ and ‘lift operators’ that they can perform, without 

affecting work effectiveness or efficiency [20]. 

2.6.4 Supported employment model 

Supported employment is described as a paid employment opportunity for people with 

developmental disabilities [70]. It provides on-the-job support through personal job 

coaches for a limited duration [11], [68]–[70]. In order for the PWDs to sustain in a 

competitive employment environment, work is supported by providing supervision, 

training and transportation needs [19]. There is no charity fund raised in these 

enterprises and they are expected to trade with other public and private enterprises 

making profit or at least break-even. 

In many of the countries, sheltered employment has been criticised for inefficiency, 

and [68] argue that less segregated employment in a more business-like and 

competitive environment is likely to be more cost effective. This suggestion is more 

inclined towards the supported employment model. The subsidised model can be 
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helpful to the organisations that intend to employ PWDs because the initial difficult 

phase of the employer-employee familiarisation process does not become an economic 

burden to the organisations that employ the PWDs. However, the organisations need 

to work out a way of integrating the PWDs to the work environment identifying their 

capabilities and limitations. In the designated employment model, the needs of PWDs 

are expected to be more comprehensively understood. It will enable the PWDs to be 

empowered to seamlessly integrate into work environments. Up on close investigation 

of these employment models, it can be conjectured that the employment models only 

provide a partial solution to employment problems faced by the PWDs [20]. In 

addition, none of the aforementioned models support to identify capabilities and 

limitations of PWDs in performing manual WAs in industry. With necessary support 

and proper management, the capabilities of PWDs may effectively be harnessed for 

specific jobs in industry. 

In order to facilitate work, costly and sophisticated types of standard, conventional 

vocational evaluation software systems have also been introduced as explained by 

[16]. These systems include more than one elementary test to determine certain 

characteristics of a subject (e.g. achievement, aptitude, interest and temperament). 

Some of the available vocational evaluation software systems are, Microcomputer 

Evaluation of Careers and Academics (MECA) [16], which is used for career 

exploration, Transition Assessment Software System, which consists of an interest test 

and hands-on work samples [16], Job Specific Applied Academic Assessments [16] 

and Career Information System [16]. The Valpar Measures [16] is another system used 

to measure the rate of work. Using these, specific behaviour and worker characteristics 

such as problem solving ability, concentration, controlling frustration can be rated 

[16]. For vocational counselling and assessment procedure, which measures attitudes, 

aptitudes and interests, a system for assessment and group evaluation (SAGE) is used 

[16].  

Test results of these software provide only generic information which do not properly 

reflect the interaction between deficits of a subject and a specific task [16]. Therefore, 

using such data, a decision maker may not be able to evaluate an individual's 

performance to make an informed final decision. Thus, it is strongly advocated to 

develop a functional assessment methodology in performing specific tasks and task-

related work conditions is essential to establish an aggregated measurement that may 
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help an evaluator to assess the physical and psychological capabilities and limitations 

of applicants with or without disabilities [16].  

A continuous influx of PWDs adding into the workforce is predicted by [53]. To 

accommodate them in the workplace gainfully expecting that employers should know 

how much time would take to complete a work cycle, how much would be the work 

performance in a day, how to determine the remuneration for them and what impact 

would the integration of PWDs have on the organisational productivity. To find 

answers, it is suggested to modify existing PMTS since they do not generate work 

standards for PWDs [48], [71]. They suggest to generate a completely new set of task 

times creating standard times for PWDs or to generate modifiers to existing standard 

times generalising the entire process as two functional alternatives to provide better 

working conditions. This puts forward an interesting proposition for research into 

effectively employing PPDs in industry. 

PPDs is a subset of PWDs, where such people seeking job opportunities are low [7]. 

To plan preventive and curative services for PWDs, the importance of identifying their 

needs are explained [28]. Definitions of 'need' refer to varying degrees, severity, 

income, opportunity and availability of help, and may embrace 'eligibility' and which 

in turn is related to the perceived priorities.  

To understand the interaction between the PPDs and the elements of work systems, it 

is essential to compare the demands of a job with the residual physical capabilities of 

PPDs [6]. Further, it is suggested to identify workplace adaptations [7], [63]. Literature 

on trying to identify either work demands or elements of work to identify the WAs that 

PPDs can perform in industry with their residual physical capabilities has not been 

found [46]. Therefore, in order to identify functional physical capabilities, the typical 

manual WAs that PPDs could perform, need to be identified. 

In order to perform WAs, the functional physical capability of PPDs is required to be 

determined in terms of Range of Motion – ROM [58], [59], [72] where ROM refers to 

the limits of joint motion in the 3D space. To carry out manual work using body 

regions, in other terms a combination of joints rather than a single joint is usually used. 

Thus, it is necessary to analyse the movement of the body regions and the joints to 

help identify residual capabilities of PPDs. However, it is stated that PPDs may not be 

knowing the residual capabilities that they themselves possess [21]. Even though it is 
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expected that PWDs in general have great work-potential [10], restricted or controlled 

movements of body regions such as arms, hands and fingers of PPDs reduce their 

physical ability to move, manipulate objects and interact with the physical world [8], 

[24].  

Researchers identify ROM as a physiological parameter that determines the motion 

capability to perform manual WAs [72]–[75]. Joint ROM has extensive uses: postural 

analysis [76], clinical diagnosis [77], job and workplace design [74], dynamic 

capability analysis [78], find solutions for occupational discomfort [74], laboratory-

based studies [30], [79], experiment-based studies [30], develop automation 

techniques, measuring maximum muscle strength in various angles of selected body 

regions of normal human beings [74] and assess the reliability of assessment systems 

such as Rapid Upper Limb Assessment (RULA) [80] and Rapid Entire Body 

Assessment (REBA) [81]. Therefore, it is important to analyse the movement of body 

regions especially with respect to the PPDs in order for them to be effectively 

employed. In order to identify the physical capability useful for performing manual 

WAs, ROM of each joint and movement of body regions need to be known and it could 

be useful if the ROM can be mapped to the WAs in industry. This would enable the 

PPDs to work in industries.  

Research on identifying typical manual WAs prevalent in industry, determine body 

regions, joints and the ROM required to perform typical manual WAs, and categorise 

PPDs with respect to their ability to perform manual WAs will be particularly 

interesting because such methods such as PMTS [46], [82] are available for the normal 

population and are being widely used in industry for job design, recruitment and 

performance evaluation. 

 Work performance 

Work performance of man or machine is accomplished by movement [82] and motion 

study analyses human movements at work systematically, facilitating method 

improvement [82]. The pioneers in the field of motion study are Frank B. & Lilian M. 

Gilbreth [83]–[85]. In 1912, they developed the technique of micro-motion study using 

motion cameras to obtain motion-pictures of tasks or subdivisions of operations [84]–

[86]. 
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A few repetitive basic motions that are necessary to perform manual work tasks are 

identified [87] and such motions are explained as psychomotor performance necessary 

for work [88], and categorise them in terms of elemental motions (e.g. reach, grasp, 

move and position) that have been theoretically established in PMTS. PMTS is 

identified as the time data for the performance of first-order work-units for the analysis 

of human performance [84], [86]. These data may be used to quantify the time required 

to carry out different work tasks. 

A work-unit is defined as the amount of work or the result of an amount of work. Table 

2.2 provides definitions of the various levels of work-units, as the list starts from the 

eighth-order and goes down to the first-order [84], [86]. Smaller work-units are 

assigned smaller numbers in this scheme. All of the orders of work units would not be 

involved in every work-unit analysis and [84], [86] states that decimals of orders can 

also be assigned when there is a need for orders of work-units between the ones given. 

 

Table 2.2: Definitions of basic orders of work-units 

Level Name Definition 

8th-order 

work–unit 
Results What is achieved because of the outputs of the activity? 

7th-order 

work–unit 
Gross output 

A large total of end products or completed services of working 

group. 

6th-order 

work–unit 
Program 

A group of like outputs or completed services representing part of a 

7th order work–unit but which are more homogeneous subgroup. 

5th-order 

work–unit 
End product A unit of final output; the units in which a program is quantified. 

4th- order 

work–unit 

Intermediate 

product or 

component 

A part of unit of final output; the intermediate product may become 

part of the final output or merely be required to make it feasible to 

achieve the final output. 

3rd- order 

work–unit 
Task 

Any part of the activity associated with, and all of the things 

associated with, the performance of a unit of assignment by either 

an individual or a crew, depending on the method of assigning. 

2nd-order 

work–unit 
Element 

The activity associated with the performance of part of a task which 

it is convenient to separate to facilitate the designing of the method 

of performing the task or the time study of the task. 

1st-order 

work–unit 
Motion 

The performance of a human motion. This is the smallest work-unit 

usually encountered in the study of work. It is used to facilitate job 

design or time study and never appears in control system above this 

level of use. 

Source: [84], [86] 
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Gilbreth in 1912 identified 18 fundamental motions consisting of several basic motions 

such as ‘reach’ and ‘move’ [83], [85]. However, ‘get or pick up’ and ‘place or put 

down’ are as two of most frequently used group of motions where mostly ‘get’ is 

followed by ‘place’ in many instances [83]. However, they are not fundamental 

motions but as a solution for this, Gilbreth in 1912 reported certain subdivisions or 

events which he thought as common to all kinds of manual work [85]. He has named 

them as ‘therbligs’ which is an anagram using the letters in his name, as they cannot 

be further subdivided [83], [85]. 

Motion is a first-order work-unit so that starting from basic motions, higher order 

work-units can be constructed [89]. Therefore, identifying a similar type of building-

block comprised of first-order work-units (motions) have been the paramount 

influence for this research which may be useful to build up wide variety of elements, 

tasks, processes, intermediate product, end product, program, gross output and finally 

results of any type of jobs for employing PWDs [89]. Mainly, there are two classes of 

movements necessary for performing tasks, as ‘effective’ (or unavoidable movements) 

and ‘ineffective’ [30]. Effective therbligs advance the progress of work while 

ineffective therbligs do not advance work. Thus, ineffective therbligs need to be 

minimised. As there are several therbligs which accomplish work such as reach, move, 

grasp, position, disengage, release, use, assemble, disassemble and pre-position [30]. 

The therbligs which do not accomplish work are hold, avoidable delay, unavoidable 

delay and rest to overcome fatigue [30]. 

However, many terms are used to identify a single work element, it is advocated that 

uncommon terms and symbols such as mnemonic therblig symbols need to be avoided 

whenever possible [83], [84], [86]. Therefore, it is useful if common work elements 

could be identified, measured and named appropriately in order to be used by a wider 

sector of people [85]. This has paved the way to the development of PMTS [85]. 

It is evident that PMTS and performance related standard data have been extensively 

used for skilled workers [85] or the people without disabilities [30]. For example, in 

the area of work study and job design, PMTS has been an integral component. 

However, these have not yet been modified to accommodate PPDs. PPDs may also be 

able to perform certain manual WAs with their limited ROM and residual functional 

capabilities. Thus, it would be beneficial if PMTS can be modified to accommodate 

PPDs. 
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PPDs may perform WAs with their residual capabilities of performing ROM and the 

strength that they can exert as discussed earlier. However, standardisation of work 

elements using higher work-order units may be difficult due to the variability in their 

disabilities (or deformities) and hence residual capabilities. Therefore, indirect work 

analysis systems such as PMTS are ideally suited to study the work performance of 

PPDs and detailed discussion of PMTS is warranted. 

Predetermined Motion Time Systems (PMTS) 

PMTS is defined as a work measurement technique whereby times established for 

basic human motions are classified according to the nature of the motion and the 

conditions under which it is made, and they are used to build up the time for a job at a 

defined level of performance [83], [85], [90]. There are different demonstratives of 

PMTS, namely, Method Time Analysis (MTA), Work Factor, Engstrom, 400 System, 

Basic Motion Time Study (BMTS), Method Time Measurement (MTM), Method 

Time Standards (MTS) and Dimensional Motion Times (DMT) that are being widely 

used in industry [83], [85], [90]. However, the information about them are not publicly 

available [83], [85], [91].  

The widely discussed advantages of using PMTS over direct work measurement 

techniques are the ability to design work methods prior to the initiation of work, 

determine standard processing times prior to start of work and having greater 

consistency in job design [83], [92]. Each PMTS has its own set of action words which 

have been defined in detail. PMTS can also be classified by the level of complexity of 

elements [83]. The basic level consists of single motions that cannot be further sub-

divided [83]. However, the elements of most PMTS have several variables, such as 

distance, object weight, or degree of precision required at the end of the motion, the 

decision making process can be quite complex, thus adding further to the time required 

to make an analysis.  

2.7.1 Method Time Measurement (MTM) 

Method Time Measurement (MTM) is defined as a procedure which analyses any 

manual operation or method into the basic motions required to perform it, and assigns 

to each motion a predetermined time standard which is determined by the nature of the 

motion and the conditions under which it is made. When the motion pictures of 
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sensitive drill press operations were taken and analysed, in terms of Gilbreth’s 

therbligs, those therbligs were eventually discarded since it was found that those were 

not associated with manual motion. Therefore, many of those were renamed.  

Work analysis is carried out using the basic level of MTM [93], [94]. The reason why 

the MTM system became the one most widespread is probably due to the fact that it 

was made publicly available with no economical or judicial claims on behalf of the 

inventor [94]. MTM 1 which is a generic, basic-level system that was established in 

1940 by Methods Engineering Council of America [88]. A set of data was developed 

combining motion study and time study treating them both simultaneously. So that 

MTM 1 necessitates an experience of motion analysis together with a clear 

understanding of time-study principles. Use of MTM 1 system is more basic form of 

MTM family [93] and it is more comprehensive thus its application is highly time 

consuming [94]. However later version of MTM 2 system was further developed, 

reducing the 350 old values in MTM 1, to 39. In MTM 1 system, element 

classifications are ‘reach’, ‘move’, ‘grasp’, etc. and in the basic MTM 2 elements, 

those are ‘get’ and ‘put’ data where ‘get’ includes the motion of reaching with the hand 

or fingers to an object, grasping the object, and subsequently releasing it. Since time 

consuming is high in MTM 1, MTM 2 systems are widely practised in industries. Even 

though MTM 3 was also created, it was not accepted widely [94].  

Physiologists accepted that the hand and arm movements of the body can be divided 

into a number of standard elements and the purposeful movement made by a person 

with hand or arm falls into one of the following categories such as ‘reach’, ‘move’, 

‘turn’, ‘grasp’, ‘position’, ‘release’ and ‘disengage’ [84], [88]. Supporting this 

sentiment, it is evident that PWDs (that includes PPDs) require more time to perform 

simple assembly and disassembly tasks than people with no disabilities by allowing 

them to carry out a few manual WAs of MTM [71]. However, for meaningful 

employment of PPDs, it is essential to assess the residual physical capabilities in 

moving and manipulating objects, and interacting with other physical activities [6], 

[7], [46]. Anthropometry and biomechanics are essential parameters that govern 

physical capability of a person [95].  

Anthropometry is defined as the science or discipline of measurement and the art of 

application [55], [96], [97] that establishes the physical geometry, mass properties and 
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strength capabilities of the human body [96]. Anthropometry deals with the 

measurement of the dimensions and other physical characteristics of the body such as 

volumes, centres of gravity, inertial properties and masses of body segments [72]. 

Biomechanics synthesis knowledge from the physical and engineering sciences with 

knowledge from the biological and behavioural sciences to improve working 

conditions, however its limited and restrictive nature makes less generality and 

applicability in the workplace. Biomechanics focuses primarily on the dimensions, 

composition and mass properties of body segments together, mobility in the joints, the 

mechanical relation of the body to force fields, vibration and impacts, the voluntary 

actions of the body in bringing about controlled movements in applying forces, torque, 

energy and power to external objects such as controls, tool and other equipment [98]. 

In order to investigate human anatomical limbs or body segments and joints in upper 

and lower extremity which have been useful in working were reviewed. The key limbs 

and body areas that were identified were the trunk, neck, shoulder, upper arm, elbow, 

forearm (lower arm), wrist, hand and fingers in the upper extremity and upper leg, 

knee, ankle, foot and toes in the lower extremity [58], [59], [72], [74], [81]. For each 

of the above limbs and joints, ROM were also identified as described and appeared in 

literature [58], [59], [72], [74], [81]. 

2.7.2 Human muscular strengths 

Physical capacity or the capability of a worker is also evaluated through muscular 

strength [99], [100]. Muscle strength is a basis for manual material handling, job 

design and worker screening and worker’s physical capacity is evaluated through 

muscle strength [99]. Essentially, the physical demand of a job should not exceed 

workers’ capabilities as explained in the fundamental concepts in ergonomics, manual 

material handling and job design [101]. Some of the other relevant factors affecting 

human strength are identified by [100] and they are age, gender, posture, reach 

distance, arm and wrist orientations, speed, duration and frequency of exertions and 

the influence of prehension strength characteristics such as pinch width and grasp type 

which can also be of influence. Therefore, to design a proper job, comprehensive 

knowledge about physical job demands and limits of worker’s capabilities are 

important [99]. 
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Although there are suggestions to indicate that muscle strength is also important along 

with the joint motion to perform WAs, hardly any specific studies were present in the 

literature on PPDs and their residual physical capability requirements for effective 

performance of manual WAs in industry. Research leading towards the identification 

of residual capabilities of PPDs to perform WAs could potentially reveal the latent 

potential of PPDs for work, increase their employability and thereby empower them 

to lead an independent life.  

2.7.3 Manual material handling tasks and muscular strengths 

The knowledge of biomechanical as well as occupational biomechanical application 

in the workplace may also be useful for employment of PPDs. Kinematics is a term 

used by Greeks “to move” and is described as the study of bodies in motion without 

regard to the causes of the motion [97]. It is concerned with the linear and angular 

positions of bodies and their time derivatives [97], [102].  

Lifting, lowering, pulling, pushing and carrying are identified as material handling 

tasks which require human muscle strength [99], [103]–[105] states that muscular 

strength is necessary to exert forces and torque to operate equipment, control and 

sustain external load without inflicting personal injury.  

However, these are more abstract tasks, which may not be generalised. Due to the 

degradation of muscular strength, functional capabilities reduce and there are possible 

risks of injury or re-injury in performing physical activities [104]. Minimising strength 

requirements of a task, cumulative disorders can be reduced [106]. In order to be able 

to generalise tasks need to be decomposed by methods such as task analysis [107] to 

elemental level, for example to therbligs. This will lead to generalisation of 

activities/tasks. 

Manual handling also involves more intricate tasks. For example, the ‘pinch strength’ 

[5] facilitates the effectiveness of the dynamic pinch for the light weight objects of 

daily life and depends on the ability of the fingers and thumb to produce fingertip force 

with sufficient magnitude and directional control. Thus, fingertip force vectors must 

be of sufficient magnitude to prevent slipping and be well directed to oppose the 

actions of the other fingers [5], [106]. Then, mechanical advantage over the pinch 

strength in the positions of wrist joint, elbow joint and joints in the hand and fingers 
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and the size of the object being pinched is also discussed [106]. They further elaborate 

on the use of peak pinch strength when applying pinch forces for very short durations 

and sustained pinch strength which is useful in more abstract situations. The strength 

requirements of a task should be minimized, and in the case of pinch grips this involves 

designing tools, workplaces, etc. to accommodate the optimal levels of variables 

influencing pinch strength. Therefore, detailed study on these show that they are 

needed for performing manual WAs.  

Lifting, carrying, pushing and turning the forearm (pronation and supination) are 

identified as the most common upper limb activities [108]. Measurement and analysis 

of maximal human muscle strength is important in ergonomics, sports and 

rehabilitation [108]. It further elaborates that to compare the strengths of a healthy and 

ill person, maximal force is the parameter which is easier to use and also to set 

standards. Muscle power and ‘hand intrinsic motion’ [58], [109] are commonly used 

to assess human muscle strength. 

2.7.4 Muscle power grading 

Human performance is governed by various factors other than work-units [89] for 

instance muscular ability is needed to perform WAs [103]. Performance depends 

greatly on the ability to understand task directions, remember instructions, concentrate 

one’s attention on task demands, and perceive important task details. As training 

progresses the elemental abilities such as control precision, multi-limb coordination, 

rate control, arm-hand steadiness, finger dexterity, manual dexterity, reaction time, 

response orientation, speed of arm movement, wrist-finger speed and aiming; develop 

[89]. 

Muscle power grading is a quantitative method of assessment of the muscle power to 

determine the level of capability/limitations in terms of muscle strength [109]. Muscle 

strength [109] is assessed by gauging the examiner's ability to overcome the patient's 

full voluntary muscle resistance.  
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The normal power is dependent on the patient's age, sex and build. The power grading 

scheme is as follows: 

0 - complete paralysis 

1 - flicker of contraction possible 

2 - movement is possible when gravity is excluded 

3 - movement is possible against gravity 

4 - movement is possible against gravity + some resistance 

5 - normal power 

If any weakness is detected, then the examiner must note the pattern [109]. Thus, an 

analysis of this nature can be used to determine the weakness/disability of a person.  

 Summary  

This chapter reviewed the current knowledge on disabilities, gaps in research with 

regards to work capabilities of PWDs and data collection methodology for the 

research. The PWDs in their working age with particular emphasis on PPDs were 

discussed. 

There is a large number of PWDs and most of them are willing to work if they are 

provided suitable employment. Since employers as well as PWDs do not know the 

capabilities for work, they face difficulties in finding employment. PPDs who are a 

subset of PWDs, too find difficulties in employment since employers cannot 

understand the physical capability. The review revealed pathways for further research. 

There are employment models like the subsidised and sheltered, but there are no 

methods available to identify the residual capabilities of PPDs for them to be 

effectively employed. Authors propose multi-dimensional approaches for filling this 

gap that will facilitate employment of PWDs. 

For employing PWDs some steps have been taken as explained in literature. However, 

the work carried out for PPDs is insufficient for their successful employment. In order 

to develop a suitable protocol for employing PPDs, WAs that are available in industry 

has to be identified. However, the existing PMTS work standards have not been 

defined for PWDs [48]. Thus, it was essential to study the available PMTS and decide 

the suitable, manual WAs to help employ PPDs.  
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After identifying the WAs that can be performed by PPDs, it was necessary to identify 

their residual physical capabilities. Since PPDs have different kinds of deformities as 

explained in Figure 4.1, a suitable system which would be satisfactory to identify the 

residual physical capabilities for the PPDs population is required. ROM was identified 

as a beneficial technique. 

Even though, there have been many attempts to help employ PPDs, a proper system 

has not yet been in practice to map work elements with residual physical capabilities 

of PPDs. The literature emphasized that mapping work elements with the elemental 

movements of body regions and/or joints, creates room for further work to develop a 

multi-dimensional framework. Therefore, firstly work is needed to identify work 

elements that are available in the industry that the PPDs are capable of performing. 

Secondly, elemental movements of body regions and/or joints are needed to be 

identified. PMTS is a potential starting point to identify work elements and ROM may 

be useful for studying the capability to develop a framework that would enable 

effective employment of PPDs. 
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CHAPTER 3 
 

3 Expert survey: Work-Activity (WA) study  

Chapter 1 and 2 broadly discussed the reasons for unemployment and 

underemployment of People with Disabilities (PWDs), reported disability models and 

existing employment models for PWDs. Even though there are models to categorise 

PWDs in general [29]–[31], none support to recognise residual physical capabilities 

[46] of People with Physical Disabilities (PPDs), thus limiting their employability 

depriving them of an independent life. This chapter discusses the study that was carried 

out to select, evaluate and refine the typical manual work-activities (WAs) in industry.  

Literature on typical manual WAs that PPDs can perform within an industry is limited. 

However, several interesting studies have been carried out by several researchers to 

improve employability of PPDs in industry. Through experimentation it is revealed 

that PWDs that include PPDs require more time to perform simple assembly and 

disassembly tasks than people with no disabilities [48]. The reason they have identified 

is the restricted or controlled movements of the body regions such as arms, hands and 

fingers of PPDs that inhibit the ability to freely move, manipulate objects and interact 

with the physical world [8], [24]. Further, it is stated that the demands of work should 

not exceed the functional capabilities of workers with disabilities [7]. Thus, it is 

essential to assess the residual physical capabilities of PPDs with respect to the 

movement of the body regions and joints, required to move and manipulate objects to 

perform manual work in general [6], [7], [46]. 

In order to understand the interaction between the PPDs and the elements of the work 

systems, it is suggested to correlate job demands and physical residual capabilities of 

PPDs [6], [7]. However, it is evident that the employers are not fully equipped to do 

this. There is also a possibility that even the PPDs themselves, are unsure about the 

residual capabilities that they themselves possess [21]. Unfortunately, there are hardly 

any specific studies present in literature on PPDs to understand their physical residual 

capability requirements for effective performance of WAs in industry. In short, no 

framework is present to understand the physical capabilities of PPDs with respect to 

job demands. Therefore, it is essential to identify the typical manual WAs prevalent in 
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industry, determine the body regions, joints and the Range of Motion (ROM) required 

to perform the manual WAs and categorise PPDs with respect to their ability to 

perform manual WAs. Such attempts could reveal the latent potential of PPDs for 

work, increase their employability and thereby empower them to lead an independent 

life. 

Literature on work study elaborates the principles of work and work norms for the 

normal population. In this respect, a few repetitive basic motions have been identified 

that are necessary to perform manual WAs [87]. They are analysed as psychomotor 

performance at work, and identify them in terms of elemental motions (e.g. reach, 

grasp, move and position) or elements that constitute the Pre-determined Motion Time 

Systems (PMTS) [88]. In order to benchmark the functional capabilities of PPDs 

against the normal population, the typical manual WAs that the PPDs can perform 

need to be identified. However, evidence on applications of these basic motions with 

respect to PPDs is limited in literature. Thus, research is needed to investigate the 

extent to which PPDs can perform elemental motions or manual WAs with their 

limited motion capability. 

Direct measurement systems, i.e. time studies, are used to determine the processing 

times in industry. Alternatively, a standard data array in PMTS makes it possible to 

determine the processing times with greater consistency than the direct measurement 

systems [83], [85], [92]. For example, manual WAs are described in some of the PMTS 

representatives in literature. MTM [48], [84]–[86], [92], [94], [110], [111], Work 

Factor [84], [85] and MTA [84], [85] are three such methods that are available. Thus, 

PMTS represent an interesting proposition to determine the typical WAs carried out in 

industry. 

PPDs may be able to perform at least a portion of the manual WAs explained in PMTS 

as the normal people with their limited functional capabilities, i.e. residual capabilities. 

If such manual WAs can be identified, it could enable the PPDs to be employed to 

perform specific tasks. To compare the demands of a job with the capabilities of PPDs 

and understand the interaction between the PPDs and the elements of work systems 

are suggested by [7]. Therefore, for meaningful employment of PPDs, researchers 

suggest to assess the worker’s functional limitations and residual capabilities [6], [7], 
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[46]. As mentioned earlier, they strongly believe that the demands of work should not 

exceed the functional capabilities of workers with disability. However, no literature 

could be found to identify the work demands in terms of elements of work or the WAs 

which could materialise the idea. Therefore, an in-depth study of the WAs needs to be 

carried out in order to map them against the functional capabilities of the PPDs. In this 

context, identifying and categorising the typical manual WAs carried out in industry 

becomes a pre-requisite to benchmark the functional capabilities of PPDs.  

 Aim and objectives 

The aim of the study was to categorise typical manual WAs in industry to help employ 

PPDs. The objectives were, 

1. to identify typical manual work-activities in industry.  

2. to categorise the work-activities. 

3. to refine and review the categorisation.  

 Methodology 

A sample of participants who are experts in industrial engineering was recruited using 

a stratified sampling technique [49], [112]. Later, the other participants of the study 

were selected using a snowballing approach for sampling [49], [113]. This sampling 

strategy was used to select participants due to the limited expertise of professionals 

involved in the area of study. Informed consent was obtained using the format shown 

in (Appendices 3.1 is the English version and 3.2 is its Sinhala translation) from all 

participants to take part in the study. To collect demographic data from experts, a 

structured format was used and is shown in Appendix 3.3. 

3.2.1 Study design 

Demographic information of the participants, i.e. designation and the speciality, types 

and locations of the workplaces, qualifications, types and countries of training, 

professional memberships, experience in the position in years and the previous posts 

held were recorded. If the participants of the study were willing to receive a copy of 

the final document, the name, contact telephone number and e-mail address were 

requested. 
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In order to prepare for the study, the typical manual WAs carried out in manufacturing 

industries for people without disabilities were derived from various literature sources 

[82]–[84], [87], [90], [91]. The typical manual WAs that are performed in different 

work planes were selected from the commonly known method-time measurement 

representatives (e.g. MTM 1 and MTM 2) and were listed in a format similar to the 

one shown in Table 3.1. This document was considered as the ‘initial draft document’. 

  

Table 3.1: Descriptions of manual WAs. 

Manual WAs Description 

WA 1 ……. 

WA 2 ……. 

…. ……. 

   

The reviewing process of the study was conducted using a modified Delphi method 

[49]. This review technique was purposely selected because bringing the experts to 

one place to conduct the study was not practical. Out of the selected participants, one 

of the experts acted as the moderator of the Delphi process. The study protocol 

explained in Figure 3.1 was then followed to refine and review the ‘initial draft 

document’ in several rounds by the experts, until the WAs got saturated. In this 

process, the initial draft document was scrutinised by the moderator in several rounds 

of discussion and then the ‘initial document’ was obtained. The ‘initial document’ was 

refined by the group of experts using unstructured interviews with the participants. 

The document which was subjected to scrutiny was named as the working document. 

This document was reviewed by the moderator every time a modification (i.e. addition, 

deletion or amendment of information) was proposed. This cycle of refining and 

reviewing was carried out in succession with all the participants and the moderator, 

until the final document containing a set of WAs were reached. 
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Figure 3.1: Study protocol for expert review survey  

 

 Method of analysis 

Demographic data of the participants collected during the study were analysed based 

on designation and speciality, type of workplace, location of workplace, qualifications, 

type and country of training, professional memberships, experience in the position in 

years and previous posts held. 
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Initial draft document 

Currently practiced and easily accessible PMTS representatives in industries were 

studied and manual WAs were extracted from the work unit analysis reported in 

literature. In MTM 1 and MTM 2 representatives, WAs to perform ‘movement’ in 

possible different work planes using upper extremity body regions and joints were 

selected. Since hand activities were not readily recognised in MTM 1 and MTM 2 

representatives, further literature was surveyed and depending on the complexity of 

the hand activities, ‘get’ (‘grasp’/ ‘grip’) activities were extracted. These were termed 

as manual WAs. WAs that can be performed using lower extremities were also selected 

in a similar fashion. 

Initial document 

The ‘initial draft document’ that consisted of the WAs selected from the PMTS 

representatives was presented to the moderator of the study and was asked to review 

before being presented to the rest of the experts. Typical manual WAs that are 

performed in different work planes (i.e. vertical and horizontal) in the upper and lower 

extremities were listed separately in this document. For these WAs, the ‘maximum’ 

and ‘minimum’ levels of performance were also noted. The resulting document was 

named as the ‘initial document’. 

Working document 

The PMTS representatives in the ‘initial document’ were analysed and added, deleted 

and the information was amended by all expert participants one after another based on 

different criteria such as useful WAs (mostly) and complexity for both in upper and 

lower extremities. This was considered the ‘working document’. Every time the 

working document was refined by an expert, it was reviewed by the moderator and 

this process went on for several rounds as indicated in Figure 3.1. When there were no 

new suggestions (i.e when the point of saturation was reached), the moderator 

terminated the process and the document was finalised. This was named as the ‘final 

document’. 
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 Results 

Three experts participated in the study. One out of them acted as the moderator. Out 

of the three experts, two had doctoral level qualifications while the other had a master 

level research degree. Two of the participants had foreign qualifications and speciality 

in the fields of industrial engineering, while the other participant had work experience 

in an industrial engineering division in a manufacturing organisation. All the 

participants had more than twelve years of experience in the areas of mechanical and 

industrial engineering.  

Altogether, 50 iterations of review and refine cycles took place in the study and all the 

participants spent about 90-120 minutes for each session conducted for document 

reviews. The chosen typical manual WAs from both MTM 1 and MTM 2 by the 

experts are included in Table 3.2. 

 

Table 3.2: WAs identified in upper extremity 

MTM 1 Description  MTM 2 Description  Other Description 

Reach  Hand position in 

maximum & 

minimum work 

area 

 Crank  Move an 

object in a 

circular path 

with the hand.  

 Crank  

(for 

stirring) 

Move an object 

in a circular 

path with the 

fingers 

Move  Transport an object 

to maximum & 

minimum work 

area  

 Re-

grasp  

Change the 

grasp of an 

object 

   

Turn  Turn the hand 

either empty or 

loaded 

    No grip Hand forms 

percussive  or 

sustained  

Apply 

pressure  

Re-grasp or 

squeeze 

 Apply 

pressure 

Same as  

MTM 1 

 Power 

grip 

Keep the object 

in contact & 

clamp it 

Grasp  Further classified  Get  Further 

classified 

 Power & 

precision 

grip  

Provide power 

grip & precise 

manipulation  

Position  Align, orient, & 

engage an object 

with another object 

 Foot 

motion  

Further 

classified 

 Precision  

grip 

Obtain precise 

control in 

gripping 

Release  Relinquish control 

of an object 

      

Disengage  Break the contact 

between one object 

& another 
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The ‘reach’ and ‘move’ WAs in horizontal and vertical planes are shown in Table 3.3.  

Table 3.3: ‘Reach’ and ‘Move’ WAs identified in upper extremity 

Reach 
 

Move 

Horizontal Vertical Horizontal Vertical 
 

Horizontal Vertical Horizontal Vertical 

Reach 

maximum 

Reach 

maximum 

Reach 

minimum 

Reach 

minimum 

Move 

maximum 

Move 

maximum 

Move 

minimum 

Move 

minimum 

 

 

The ‘grasp’ activity in MTM 1 and similar ‘get’ activity in MTM 2 were renamed as 

‘grip’ (grasp/get) and were further subdivided into four classes based on the 

complexity of work and precision requirement of hand motion as ‘no grip’, ‘power 

grip’, ‘power & precision grip’ and ‘precision grip’ [114] and the broad classification 

and description are shown in the Table 3.4.  

 

Table 3.4: Description of ‘grip’ (‘grasp’/ ‘get’) WAs  

‘Grip’ 

classification 
WAs Description 

No grip 
Percussive 

Single finger placed on surface: finger either rested or 

pushed in as in striking action. 

Sustained Single finger placed on surface as in stroking action. 

Power grip 

Hammering/tapping 
Hand power object rested across palm & enclosed by 

fingers. 

Pliers Lateral object held between thumb (any) fingers. 

Cylindrical grip 
Wrapping the fingers around an object, with the thumb in 

opposition 

Spherical grip Gripping/grasping a spherical object 

Disc Thumb & fingers curled around outside of object 

Power & 

precision 

grip 

Screw-driving 
Pinch object resting against palm & grasped between thumb 

& fingers 

Shearing  Resting with three fingers, one finger & thumb 

Precision 

grip 

Fingertip Tips (pads or sides) of the thumb & fingers. 

Pinch grip Pads of the thumb with the side of fingers 

Key grip 

Object is held between the index finger & the pad of the 

thumb, while the remaining fingers are usually flexed round 

to provide extra support 

Complex (writing) 
Object is rested on thumb & pressed by three fingers (index, 

middle and ring) 

Claw grip 
Palm against surface & the tips or pads of the thumb & all 

four fingers hooked around object 
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‘No grip’ was classified again into ‘percussive’ and ‘sustained’. ‘Power grip’ was 

categorised into five, i.e. ‘hammering/tapping’, ‘pliers’, ‘cylindrical grip’, ‘spherical 

grip’ and ‘disc’. ‘Power and precision grip’ was classified into ‘screw-driving’ and 

‘shearing’. ‘Precision grip’ as categorised into ‘fingertip’, ‘pinch grip’, ‘key grip’, 

‘complex (pen)’ and ‘claw grip’. 

Typical manual WAs of lower extremity explained in MTM 1 is ‘step’ and in MTM 2 

is ‘foot motion’. ‘Step walking’ and ‘step (climbing)’ were added and it was decided 

to use ‘Pedalling’ for clarity of use. WAs that can be performed by lower extremity 

are described in Table 3.5. 

Two methods of ‘step climbing’ were described based on the method of performance 

of PPDs. In one way ‘step climbing’ can be performed using single hip, single knee 

and single ankle in the same side of the body and on the other way using both hip, knee 

and ankle. The WAs performed by the lower extremity were step walking, step 

climbing and pedalling. By considering such requirements in industry, WAs for the 

lower extremity were identified as shown in Table 3.5. 

 

Table 3.5: Classification of WAs in lower extremity  

Work-Activity Description 

Step walking Movement of the leg or the body forward or backward. 

Step climbing 
Stepping by single foot or both feet by changing body with or without leg 

movement. 

Pedalling  
Foot is moved with the ankle serving as a hinge, or the instep serving as a fulcrum 

of the motion without moving the body. Motion is pivoted at hip, knee or instep. 

 

 Discussion 

This study was used to identify a set of manual Work-Activities (WAs) prevalent in 

industry in order to help selecting people with physical disabilities (PPDs) to carry out 

such activities with their residual capabilities. This section mainly discusses the 

justification of the use of literature to find WAs, its generalisability and the 

methodological limitations that would affect the generalisability of the findings. 

Work analysis is carried out using a basic level of MTM [86], [93], [94], developed by 

Maynard in the United States [90] which was mainly used in this study. The reason 
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why the MTM system became the one most widespread is probably due to the fact that 

it was made publicly available with no economical or judicial claims on behalf of the 

inventor [94]. These factors were considered by the experts when choosing and 

accepting the PMTS representatives.  

MTM is identified as the most common PMTS in the world and exhibits an 

internationally valid performance standard for manual tasks, thus establishing a 

worldwide uniform standard of planning and performance for a global business [110]. 

The ‘Initial draft document’ was prepared selecting manual WAs useful for performing 

‘movement’, and other psychomotor activities. The typical manual WAs performed in 

horizontal and vertical work areas [46], [115] were identified. ‘Apply pressure’ were 

selected from MTM 1 and MTM 2 schemes. 

‘Reach’ and ‘move’ WAs can occur in horizontal and vertical planes of right and left 

hands to some reference, where the reference may be the feet or the midpoint of a line 

between the heels of the feet and for immobile seated workers, the frame of reference 

might be the workbench [46]. In ‘motion economy’ explanations, humans can ‘reach’ 

and ‘move’ to their minimum and maximum distances due to the pivoting-joints [116], 

thus based on this phenomena, ‘maximum reach’, ‘minimum reach’, ‘maximum move’ 

and ‘minimum move’ were defined. 

Hands are identified as important instruments of daily lives, and its work varies from 

very fine motor skills, such as writing to very gross motor tasks such as digging [75]. 

Thus, literature was studied to select suitable hand activities since the classifications 

were not readily available in literature. Several classifications of grasping 

activities/motions are explained as, ‘no grasping motion required’, ‘grasping involving 

closing of the hand or fingers with one motion’ and ‘complex grasping motion’.  

However, the action requires the muscles of the hand or arm to take up the weight of 

an object [46]. The classification of ‘grip’ (‘grasp’/‘get’) WAs explained in the Table 

3.4, include power grip, hook grip, press, pulp pinch and lateral or key pinch [5].  

MTM 1 system is a more basic and comprehensive form of MTM family [93] thus, its 

application is highly time consuming [94]. However, the later version of MTM 2 

system was developed, reducing the 350 old values in MTM 1, to 39. In the MTM 1 
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system, element classifications are ‘reach’, ‘move’, ‘grasp’, etc. and in the basic MTM 

2 elements, those are ‘get’ and ‘put’ data where ‘get’ includes the motion of reaching 

with the hand or fingers to an object, grasping the object, and subsequently releasing 

it. In the same manner, ‘put’ is defined as the motion of moving an object to a 

destination with the hand or fingers. The activity ‘put’ too has several classifications 

as continuous smooth motion, discontinuous motion, but without obvious correcting 

motion (i.e. unintentional stop, hesitation or change in direction), discontinuous 

motion, with obvious correcting motions and lastly, put weight depending on the 

weight of the object moved. These get and put data have integrated motions which are 

difficult to generalise. For a specific industry, this integrated motion system may be 

versatile. Even though, MTM 2 is more popular with this ‘get–put’ elements; due to 

its specificity, complexity and complicated nature, all the elements had not been 

selected for the research, and the expected difficulties forecast during generalisation 

of the findings for all industries and people. Since time taken is high when MTM 1 is 

used, MTM 2 systems are widely practised in industries, however MTM 2 has been 

identified as very specific [94] limiting its validity. Even though MTM 3 was also 

created, it has not been accepted widely [94]. This justifies the use of MTM 2 mainly 

in the current study.  

Currently, the MTM system and its modern versions are in extensive use in many 

different industries for calculating production times for line balancing, line pace setting 

and in calculation of business tenders [94]. As an example General Sewing Data (GSD) 

System is widely used in the apparel sector which has been directly derived from using 

the MTM family [117]. This also provides justification for the use of MTM to identify 

the typical WAs prevalent in industry. 

The building-block of identifying and categorising WAs was based on the first order 

work unit analysis [86] (Refer Section 2.7). The first order work-units form human 

motion and these were re-named as manual WAs in this research. Starting from first 

order work units (i.e. WAs), higher-order work units can be constructed [84]. 

Hierarchical Task Analysis [107], [118] could be one of the ways of achieving this. 

Therefore, identifying building blocks of human motion comprising first order work 

units can have a paramount influence for this research. These can be used to build a 
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wide variety of work elements, tasks and processes. If the selection of the WAs is 

exhaustive, it can be an ideal platform to make these WAs and the derivatives of higher 

order tasks universally acceptable. 

To perform manual WAs, it is always suggested to confine to the ‘lowest classification 

of movements’ [82]. For example, to move fingers, the pivoting point that one should 

use are the knuckles. To perform an activity using finger motions, only knuckles 

should be used as pivoting points to move the relevant body regions. Similarly, to 

perform finger and wrist motions, it is necessary to use the wrist as the main pivoting 

point [87]. This way of describing motion is in line with the argument of combining 

first order work units to construct higher order work tasks. 

Any task should always be performed with minimum muscle effort if possible [119]. 

Further, if two consecutive motions are opposite in direction and perform one after the 

other, one muscle gets expanded while the opposite muscle gets contracted [119], soon 

after that muscle action is over, next action starts with the expanded muscle getting 

contracted and the earlier contracted muscle starting expansion [119]. If, another 

pivoting point is moved unnecessarily, this continuous muscle action will not take 

place at the intended pivoting point and therefore unnecessary movement of the 

pivoting point will take place resulting in a higher degree of energy consumption [119]. 

Therefore, to perform any WA, the lowest classifications of human motions are 

necessary [82]. This is also a justification for the use of the first order work units to 

define WAs in this research. 

Methodological limitations 

One key feature observed when carrying out the literature review was the 

unavailability of recent literature. This can be considered as a limitation of the 

research. Most of the literature referred in this chapter were from 1980’s or earlier, 

showing that hardly any novel contributions have been made in this area. However, 

this also provides a justification for proposing this research in order to benefit the PPDs 

in particular and the economy in general.  

PMTS is a technique used to design not only the motions but also the timing for a job. 

The scope of this study was limited only to motion analysis but not the timing. For 
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specific industries timing may be possible for the WAs identified in this research 

perhaps in next stages. It may be a valuable contribution to elemental timing since the 

typical elements or the WAs have been identified. Functional capabilities of PPDs 

which is a question for employers [6], [7] also may be calculated. It is important to 

note that the timing of jobs performed by PPDs may be useful in many operational 

strategies such as measurement of performance, rating and allowances scales of PPDs. 

[48] explain that people with finger disabilities require more time to perform manual 

WAs than with no disabilities, using MTM multipliers that developed for basic PMTS 

elements such as ‘grasp’ and ‘position’. Similarly, individuals with finger disabilities 

require a substantially longer time to perform simple assembly and disassembly tasks 

[48] thus with reference to their previous work all the instances of individual 

disabilities may be evaluated properly. They reveal the increase in time could be as 

much as one hundred-percent more than what individuals without disability take. Here 

they have not stated whether they have considered a standard individual without 

disability or not. 

Further research may be needed to determine the strength exertions needed to carry 

out WAs [120] especially with respect to the PPDs. It may require expensive and 

dedicated or customised instruments such as electromyography [46], [121], [122]. This 

was not considered during this study, even though it was identified as important. This 

is another limitation of the study.  

The pinch forces are greater when the subject is standing than when sitting and also 

when the arm is supported as opposed to free [123] and similar results are reported 

[124]. However, contradictory results have been found by [125] that pinch strength is 

slightly greater when the arm and forearm are free and found no differences regardless 

of the posture (i.e. whether the subject is standing or sitting). In addition, several 

authors in several studies [106] have reported that the average female pinch strengths 

are between 65% and 79% of the male subjects. Such studies can be used in order to 

incorporate muscle power into the WAs identified in this research. 

When considering the sampling strategy used in this study, the main difficulty was to 

identify the initial participant. This is mentioned as one of the features in the snowball 

sampling method [49], [113]. However, the main advantage over the other sample 

selection strategies is that it requires only a small sample and the major disadvantage 
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is that the second group of respondents suggested by the first group may be very similar 

and not representative of the population with that characteristic as well [113]. 

However, the snowball sampling technique supported this type of study, as a thorough 

knowledge of all PMTS representatives was needed and also, since the availability of 

people with thorough knowledge of all PMTS representatives were rare. 

 Summary 

This chapter explains the study conducted with the experts in Industrial Engineering 

to identify typical manual WAs that can be performed by PPDs. Now the need is to 

identify body regions, joints and their corresponding RMs needed to perform the 

identified WAs, in order to employ PPDs. This is discussed in the next chapter. 
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CHAPTER 4 
 

4 Expert survey: Range of Movement (RM) study  

The previous study explained the procedure used to identify, refine and review typical 

manual work-activities (WAs) in industry to help employ PPDs to work in industry. 

Once the WAs are determined, work capability of PPDs needs to be evaluated. Thus, 

it is essential to recognise the residual physical capabilities of PPDs with respect to the 

ability of movement of the body regions and joints. This chapter presents the study 

carried out to evaluate the physical capabilities of the body regions and range of motion 

(ROM) of the joints to perform manual WAs.  

It is well established that the PWDs in general have great work-potential [10]. 

Supporting this notion, it is stated that PWDs are capable of performing almost all the 

jobs if the right environment is provided [89]. However, PPDs require more time to 

perform simple assembly and disassembly tasks than people with no disabilities 

because of their restricted or controlled movements of body regions such as arms, 

hands and fingers [48]. This negatively affects the physical ability to move, manipulate 

objects and interact with the physical world [8], [24]. For meaningful employment of 

PPDs, it is essential to assess residual physical capabilities interacting with other 

physical WAs [6], [7], [46]. Thus, it is essential to understand the physical capabilities 

with respect to physical movement of body regions and joints to enable PPDs to 

carryout typical manual WAs. However, there are hardly any specific studies present 

in literature on PPDs, which would help to understand the physical capability 

requirements to effectively perform manual WAs in industry. 

Employers expect employees to add value to their organisations, and employers will 

recruit PPDs only if their ability to perform specific work tasks is certain [6], [7], [23]. 

Researchers suggest future Engineers to accommodate persons with the most common 

disability conditions in specified work [46]. Even after many (30) years, researchers 

again suggest that employers need to look at means to improve decisions on employing 

PPDs [36], showing that the problem remains unsolved. However, some employers 

hire PWDs, unfortunately without having a proper method of selection [7]. A wide 

ranging research and government efforts have also been undertaken in this regard [36], 
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but still there are opportunities to generate better ideas and strategies to ensure the 

employability of PPDs. Also, it is suggested to analyse jobs to identify physical and 

mental requirements that could limit successful and safe performance of an applicant 

with disabilities [46]. More recent suggestions to compare job demands and 

capabilities of PPDs [6] indicate that this gap has been a long-standing one after about 

33 years . Thus, it is apparent that there is room to identify suitable jobs that match the 

residual capabilities of PPDs for their fruitful employment. 

Gross body actions include reach, lift, position, push and carry and describe how the 

body and its posture are used [46], and they suggest to include additional notes 

supporting to obtain information about gross body actions for each work element at 

interviews and observations. Later, it is proposed to develop a multi-dimensional 

assessment system for understanding and measuring residual capabilities of PWDs 

with respect to their strengths, weaknesses and compatibility [16], [47]. Therefore, it 

is evident that there is a vacuum in methodologies to identify work performance 

capability of PPDs to carry out specific WAs to determine human motion capability. 

This detrimentally affects the reliable selection of PPDs to work and thus limits the 

opportunities for PPDs to work in industry. 

Researchers define ROM as a physiological parameter that determines the motion 

capability to perform manual WAs [72], [73], [75]. Joints and their capability are 

evaluated according to the ROM they permit [59]. Further, ROM occurs in three 

different planes: in the sagittal plane-flexion/extension, in coronal plane-

abduction/adduction and in the rotational plane-internal and external rotation and 

supination and pronation [58], [59]. Thus, ROM refers to joint motion in the 3D space. 

The joint ROM are obtained mainly from experiment-based studies and used in 

postural load analysis [76], [126]; clinical orthopaedic diagnosis [77]; job and 

workplace design [77], [114]; personal protective equipment design [127]; dynamic 

capability analysis [78]; occupational health and discomfort analysis [74], [128]. 

Therefore, ROM is identified as a potential parameter that can be used to determine 

the residual capabilities of PPDs. However, ROM is defined for joints obtained 

through laboratory tests as discussed in the Section 2.6. 
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Work is usually carried out using body regions and a combination of joints rather than 

using a single joint. In order to identify residual capabilities of PPDs to carryout work, 

the capability of moving body regions as well as the joint ROM are necessary. 

Therefore, ROM alone cannot be used to assess the movement of the body. Instead, 

Range of Movement (RM) of body regions/joints in combination needs to be studied 

in order to help assess the residual capabilities of PPDs. 

 Aim and objectives 

The aim of this study was to establish the Range of Movement (RM) of body regions 

and joints necessary to perform manual WAs in industry. The objectives were, 

1. to study joint Range of Motion (ROM) that have been established 

experimentally. 

2. to identify the Range of Movement (RM) of body regions and joints necessary to  

      perform manual work-activities in industry. 

3. to verify the identified RMs. 

 Methodology 

In order to identify the human body regions, joints and corresponding RM required to 

perform manual WAs in industry, a study was conducted with medical experts. The 

expert participants were recruited using a stratified sampling technique followed by a 

snow-balling technique [49], [112], [113] to add participants to the study. This 

sampling strategy was used to select participants due to the limited expertise of 

professionals involved in the area of study. After contacting one individual from each 

category, all other subjects within the same layer were contacted. Informed consent 

was obtained using the format shown in (Appendices 3.1 is the English version and 

3.2 is its Sinhala translation) from all participants to take part in the study. To collect 

demographic data from experts, a structured format was used and is shown in 

Appendix 3.3.  

4.2.1 Study design 

The designation and the speciality, type of workplace and the location, qualifications, 

type and country of training, professional memberships, experience in the position in 

years and previous posts held were elicited from the participants. If they were willing 
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to receive a copy of the final document, the name of the expert, contact telephone 

number and e-mail address were also requested. 

An initial draft document that contained the Range of Motion (ROM) information was 

prepared through a review of literature. Online databases and literature were referred 

and thematic analysis [129], [130] was carried out to identify human body regions, 

joints and their corresponding ROM. The body regions/joints in the upper and lower 

extremities that are useful for performing manual WAs in industry were analysed 

separately. Commonly occurring terminology was used to identify the body 

regions/joints in order to eliminate ambiguities in the use of terminology. Additions, 

deletions and combinations of body regions/joints and the ROM were discussed with 

the moderator and the ‘initial document’ was prepared. 

This process was conducted as a modified Delphi technique [49]. This review 

technique was purposely selected because bringing the experts to one place to conduct 

the study was not practical. Again, additions, deletions, combination of ROMs, and 

changes to terminology were performed during the refinement process. Refinement 

was performed using several rounds as discussed in the WA study, until a final set of 

RMs for body regions/joints were reached. The working document was scrutinised by 

the participants to make sure that it converges to a final document that has everyone’s 

consensus. The study was then extended as per the study protocol explained in Figure 

4.1 to refine and review the working document in succession. 
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Initial document 

Working document

Final document

Document ready

Finalised?

Moderator

Moderator 

(n=1)

Experts (n=9)

Initial draft document 

Yes

Yes

No 

No 

Literature review

 

Figure 4.1: Study protocol for expert review survey 

 

 Method of analysis 

Demographic data collected from the participants were analysed to categorise them 

according to their designation and speciality, type of workplace and location, 

educational qualifications, type and country of training, and professional 

memberships. The mean and standard deviation of the years of experience in their 

positions were also calculated. 

The body regions and joints, and corresponding ROM in upper and lower extremities 

which are helpful in performing manual WAs were identified through thematic 

analysis [129] of the literature. The body regions, joints and corresponding ROM were 
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chosen from available standard literature (e.g. [114]). The document prepared using 

the information from that literature was named as the initial draft document. Then, 

additions, deletions and combinations of body regions and joints and the ROM were 

discussed with the moderator. The initial interviews with the moderator resulted in the 

initial document, which was a formatted document to be presented to the rest of the 

participants for the next stage of the research as indicated in Figure 4.1. 

The initial document consisting of the ROM of body regions and joints was then 

reviewed by all other participants of the study one after another, and after every session 

with an expert, the comments were reviewed by the Moderator.  

The initial document after the first review was named as the working document. 

Additions, deletions and combinations of body regions and joints, and changes to 

terminology were carried out during the refinement process. Such meetings were 

conducted in a cyclic fashion until the information in the document got saturated. The 

saturation point indicated that there were no further proposed changes to the working 

document and at that point, this was considered the ‘final document’.  

 Results 

Two sets of medical experts i.e. Consultant Orthopaedic Surgeons (n = 6) and 

Prosthetists and Orthotists (n = 3) participated in the study. All Surgeons had the 

Bachelor of Medicine Degree (MBBS) from Sri Lanka and were Sri Lanka Medical 

Council (SLMC) registered. All had been working as Medical Officers prior to 

obtaining their Postgraduate Degree qualifications. Five of the participants had 

obtained Masters’ Degrees (MS) from Sri Lanka, while the other participant had 

obtained it from the UK. All had overseas exposure. Five were Fellows of the Royal 

College Surgeons (FRCS). Out of the six Consultants, five participants had more than 

15 years of experience while the other had six years of experience with a mean of 11.7 

years (standard deviation = 5.0). At the time of the study, many of them were heading 

the orthopaedic units of government hospitals and all were members of other 

professional bodies such as the Sri Lanka Medical Association (SLMA) and Sri Lanka 

Orthopaedic Association (SLOA). 

The Prosthetists and Orthotists (P and O’s) had a three years Diploma from the Sri 

Lanka School of Prosthetists and Orthotists (SLSPO). One of them also had a 
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Bachelors’ Degree from Thailand. The participants were directly involved in providing 

physiotherapy treatment for patients and manufacturing artificial limbs for the PPDs.   

‘Initial draft document’ - identification of body regions and joints 

In order to prepare the “initial draft document”, 28 journal articles and 04 books were 

referred. Human body regions and joints were identified separately as trunk, head, 

neck, shoulder, shoulder (pectoral) girdle, arm and forearm, upper arm, elbow, lower-

arm, wrist, hand, palm and fingers, thumb, index finger, middle finger, ring finger and 

little finger of the upper extremity and hip, thigh, leg, knee, lower limb, ankle, foot 

and toes of the lower extremity. Different terminology has been used by researchers 

as shown in Table 4.1. 

ROM reviewed in literature  

For each joint, ROM were identified, for example, in Rapid Entire Body Assessment 

- REBA [76], [77], [81] define different postures of flexion and extension in trunk, 

neck, upper arms, lower arms and wrists using the positions of 00, 200, 450, 600 and 

1000. Rapid Upper Limb Assessment - RULA [76], [80], [131] is used to assess the 

right and left sides and separate body regions: twist and side-bend postures for neck 

and trunk, evenly balanced posture of legs and feet. Forearm ‘rotation’ is explained by 

[74] and ‘pronation and supination’ of the forearm is explained by [132]. Through this 

analysis, the ROM of human body regions and joints were compiled. This information 

is detailed in Table 4.1 for both upper and lower body. 

 

Table 4.1: ROM of human body regions and joints 

Body regions 

& joints 
Movement References 

Trunk Upright, flexion and extension, twist [133]–[135] 

Head Flexion and extension, lateral bending, rotation [136], [137] 

Neck Flexion, extension, abduction, adduction, twist [74] 

Flexion, extension, rotation, lateral bending [126], [138]  

Shoulder Flexion, extension, 

adduction, abduction, 

medial rotation, lateral rotation 

[58], [73], [123], [127], [133]  

Upper Arm Flexion, extension, abduction, adduction, 

circumduction, twist 

[74], [98] 

Flexion, extension, 

adduction, abduction, 

medial rotation, lateral rotation 

[64] 
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Body regions 

& joints 
Movement References 

Elbow Flexion, extension, 

pronation, supination 

[64], [74], [126], [138]  

Lower-arm Movement not found in literature [80]  

Forearm Pronation, supination [132], [139] 

Wrist Flexion, extension, 

radial deviation, ulna deviation 

[126], [132], [138] 

Flexion, extension, 

adduction, abduction 

[64], [140] 

Hand Flexion, extension, gliding, 

pronation, supination 

[139] 

Fingers Flexion, extension, abduction, adduction, 

gliding. 

[64] 

Hip Flexion, extension, adduction, abduction, 

Internal rotation, external rotation 

[138] 

Upper Leg Movement not found in literature  

Leg Bilateral weight bearing, walking or sitting or 

unilateral weight bearing or an unstable position 

[59] 

Knee 
Flexion [126] 

Flexion , extension [141], [142] 

Ankle Dorsi-flexion, plantar flexion, adduction, 

abduction 

[59], [138] 

Foot Movement not found in literature  

Toes Movement not found in literature  

 

The ‘initial draft document’ included the body regions and joints, and corresponding 

ROMs useful for performing manual WAs in industry. This document was refined in 

26 rounds of discussions with the moderator (one of the orthopaedic surgeons). The 

reviews of the moderator resulted in several changes: ‘Upper arm’ was renamed as 

‘arm’. The upper arm and shoulder joint were considered as one unit since they always 

work together. It was named as the ‘Shoulder (arm)’. The ‘Lower arm’ was renamed 

as ‘forearm’. Motions of wrist and hand were considered as similar, and therefore hand 

(and palm) was replaced by the wrist. The thumb and all other-fingers were added to 

the document. Since the thumb has different ranges of motion compared to the other 

fingers, it was taken separately. ‘Opponence’ was added to ROM of thumb as shown 

in Table 4.2. The other four fingers were also added. 

 

Table 4.2: Description of opponence   

Movement Description Reference 

Opponence of 

thumb 

Motion of touching the pads of DIPJ* (the extreme pad) of all 

other fingers (index, middle, ring and little) one at a time by the 

thumb. 

[64] 

*Distal interphalangeal joint 
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Changes were also made to the part of the document pertinent to the lower extremity. 

‘Hip’ was entered into the document and the ‘lower leg’ was renamed as ‘leg’. The 

other human anatomical limbs and joints were, ‘knee’, ‘ankle’, ‘foot’ and ‘toes’.  

Working document 

After studying the ‘initial document’, the maximum and minimum angles of ROM 

were added by one of the participants during the early stages of the study. Two other 

changes were also made to the document by adding shoulder girdle, and circumduction 

of all four fingers and the thumb. All Consultant Orthopaedic Surgeons accepted the 

addition of ‘circumduction’ to the document. However, they opposed the idea of 

adding the shoulder girdle as a ROM necessary for performing manual WAs. 

Final document 

The final document was established by using a total of four rounds of discussions to 

review the document, i.e. each expert was met four times. After reviewing the initial 

and working documents, the document was named as “Anatomical Movements of 

Human Body” by one of the participants instead of ROM in the classical sense and the 

other participants and the moderator agreed with the suggestion. The capability to 

perform WAs were termed as Ranges of Movement (RMs). They were established by 

the participants by refining the ROM data that was presented to them during the study. 

Table 4.3 contains the RMs in the final document. 

 

Table 4.3: Body regions/joints and their movements  

Human body regions/joints Anatomical movements 

Neck 

Flexion, extension,  

right tilt (side flexion-right), left tilt (side flexion-left) 

lateral rotation (turn)-left, lateral rotation (turn)-right 

Trunk Flexion, extension 

Shoulder (arm) 

Flexion, extension,  

abduction, adduction,  

internal rotation, external rotation 

medial rotation, lateral rotation  

circumduction 

Elbow Flexion, extension 

Forearm Pronation, supination 

Wrist 

Flexion, extension,  

radial deviation, ulna deviation 

circumduction 
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Human body regions/joints Anatomical movements 

Thumb CMJ 

Flexion, extension, 

abduction, adduction, 

opponence, 

circumduction 

Thumb *MCPJ Flexion, extension 

Thumb **IPJ Flexion, extension 

Index finger *MCPJ Flexion, extension 

Index finger ***PIPJ 
Flexion, extension, 

abduction, adduction 

Index finger ****DIPJ Flexion, extension 

Middle finger *MCPJ Flexion, extension 

Middle finger ***PIPJ 
Flexion, extension, 

abduction, adduction 

Middle finger ****DIPJ Flexion, extension 

Ring finger *MCPJ Flexion, extension 

Ring finger ***PIPJ 
Flexion, extension,  

abduction, adduction 

Ring finger ****DIPJ Flexion, extension 

Little finger *MCPJ Flexion, extension 

Little finger ***PIPJ 
Flexion, extension,  

abduction, adduction 

Little finger ****DIPJ Flexion, extension 

Hip 

Flexion, extension,  

side flexion (right), side flexion (left) 

lateral rotation (left) & lateral rotation (right) 

Knee 

Flexion, extension,  

abduction, adduction, 

internal rotation, external rotation,  

circumduction 

Ankle Flexion, extension 

Foot Plantar flexion, dorsiflexion 

Toes *****MTPJ Inversion, eversion 

Toes ***IPJ Flexion, extension 

*Meta carpopalengeal joint, **Inter phalangeal joint, ***proximal interphalangeal joint, 

****distal interphalangeal joint, ***** Meta tarcel palengeal joint;  

 

Eleven body regions/joints, which are useful and necessary to perform manual WAs 

were identified in the upper extremity. These were neck, shoulder (arm), elbow, 

forearm, wrist, thumb and index finger, middle finger, ring finger, little finger and 

trunk. In the lower extremity, four body regions/joints were identified. They were hip, 

knee, leg, and foot. The final document named as the ‘Anatomical Movements of 

Human Body’ is shown in Figure 4.2. 
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Figure 4.2: Anatomical movements of human body 
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 Discussion  

For effective employment of PPDs in industry, understanding their physical capability 

to perform WAs is essential. Thus, a research need was identified to prepare a standard 

document, consisting ‘human body regions, joints and ROM necessary to compile 

manual WAs in industry’ to help employ PPDs.  

As explained in Table 4.1, ‘medial and lateral rotation’ are identified as the ROM of 

shoulders [126], [138]. However, the same is identified as the ROM of upper arm [64]. 

Finally, it was decided to carry out an expert review study to identify, refine and 

standardise human anatomical body regions and joints which are useful for performing 

manual WAs. As explained in literature, traditionally, body regions and joints were 

considered separately. Later, in this study some body regions and joints which perform 

together were identified as one unit. For example, in the final document, shoulder 

(arm) was considered as a unit rather keeping as a standalone. Thus, in future 

references of the study, ‘body regions/joints’ were used together. 

ROM has been applied in many laboratory-based studies but different authors used 

different terms for body regions and joint ROM as shown in Table 4.1. There were two 

broad concerns when initiating this study: the mismatching and absent terms of 

important ROM in biomechanical literature. Therefore, there was an inability to 

prepare a justifiable standard document consisting body regions, joints and ROM 

require for working, through a literature review alone.  

When it was having unstructured interviews with experts in the field of physiotherapy, 

several important ROM were found, which were different or absent in literature. As 

an example, opponence of thumb is the motion of touching the pads of DIPJ (the 

extreme pad) of all other fingers (index, middle, ring and little) one at a time by the 

thumb, which is unable to measure by a goniometer [64] and it is important in many 

grasping motions, was not available in biomechanics literature, however in the 

orthopaedic terminology. So this important parameter was added during the study by 

the experts. The body region/joints and corresponding ROM were chosen from 

frequently available language in order to eliminate ambiguities in the use of 

terminology. 
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RULA is designed for assessing the severity of postural loading of the upper extremity.  

Even though the contribution of REBA [81] and RULA [131] are indebted in the 

operational world, they assess WAs and postures of human movement only in trunk, 

neck, upper and lower arms, wrists and legs but not the fingers. If hand functioning is 

included in REBA and RULA which is a limitation of use, it will have a tremendous 

contribution. Furthermore, RULA assesses WAs and postures in neck, upper arm, 

lower arm, wrist, trunk and leg. For all these body regions and joints in upper 

extremity, a score is calculated. However, for lower extremity it is considered whether 

the legs and feet are well supported. 

Various Researchers use ROM for many uses: developing automation techniques, 

dynamic [139] and static models, jigs and monitors to measure and evaluate specific 

joint performance [143], find solutions for occupational discomfort [121], and derive 

equations to obtain maximum muscle strength in various body regions of normal 

human beings and to assess the reliability of assessment systems [80], [144]. On the 

other hand, inability to measure physical performance of manual WAs could be used 

to understand the severity of disability of an individual based on the effective motion 

capabilities and limitations at work. Thus, ROM is identified as useful to measure 

human motion capability. However, limitations and capabilities of PPDs based on 

ROM, has a vacuum creating research to investigate the capability of performing 

elemental motions or manual WAs. Out of all, joint ROM is the significant parameter 

in designing job and workplace (Refer Section 4) and in clinical diagnosis [77], 

dynamic capabilities of industrial workers [78]. Discussions in general, evaluate 

laboratory-based and experiment-based studies, however limited literature is available 

explaining ROM, necessary for typical manual WAs. The relationship between posture 

[92], balance, ROM [92], muscle power [109] and movement necessary for performing 

manual WAs is also not very well documented. In fact, there are differences between 

the related terms used in medical and work-study related literature. 

Methodological limitations 

The initial meeting of expert review study was held in a corridor which was not feasible 

to make a recording. At the clinics, there were patients, other medical doctors, nurses 

and relatives of patients around, while the discussions were being carrying out. 
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Therefore, notes were taken down by the researcher and sometimes the experts also 

made notes in their own hand-writing. This is a limitation to the methodology. If the 

environment was healthy to record narrations of the experts on their own wordings, it 

would make a strong justification to the study. 

Muscle power grading is used to assess human muscle strength which has a subjective 

nature. This assessment may be carried out by a physiotherapist. The importance of 

muscle power and ‘hand intrinsic motion’ [58], [145] in carrying out manual WAs 

were explained by one of the expert participants. For “drop wrist”, “palmer flexion of 

wrist” and “flexed wrist” are synonyms, which was their main concern in performing 

WAs whether it is for ADL’s-cooking, bathing, cleaning, etc [64] and Advanced 

Activities of Daily Living (AADL) since with such, carrying out manual work is 

impossible. However, P and Os’ make prosthetic arms to make the wrist straight which 

may support them during their AADL [1]. However, its applications and performances 

in industrial settings need to be researched. If the muscle power grading could be 

assessed, capability and limitations of PPDs could be finalised. However, now there is 

a requirement to assess muscle power by a practitioner even for WAs who are capable 

for doing so.  

Static and dynamic muscle strength are also identified as important quantitative 

parameter [100], [109]. However, measuring the strength of PPDs using a 

dynamometer was questionable with PPDs as their ability to operate the instrument 

was a question. So it’s a limitation to methodology. Sophisticated and costly 

instruments such as electromyography are available to evaluate body signals similar 

to muscle pain [46], [146], [147] and hand strength measurement [46]. However, such 

an instrument has not been available to use for this study. Then, the development of a 

grip measurement tester for measuring strength is suggested [148]. However, slow-

motion films or videotape observations are suggested to determine hand posture [46].  

American with Disabilities Act (ADA) 1990 does not permit worker screening, so that 

predictions are suggested [100], even though they are not accurate. In this research, 

the screening was done to avoid the involvement of PWDs with multiple disabilities. 

The other parameter considered was the age, as age is important for some joint ROM: 

wrist has the highest age induced ROM reduction in upper extremity and hip and knee 

have the age effects in the lower extremity [77].  
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 Summary 

RM has paramount importance in performing physical WAs. In order to carry out 

manual WAs, neck, shoulder (arm), elbow, forearm, wrist, thumb, index finger, middle 

finger, ring finger, little finger and trunk in the upper extremity and hip, knee, leg, and 

foot in the lower extremity and corresponding RM may be useful for employing PPDs. 

These study findings lead to the study and development of a two-dimensional 

framework.  
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CHAPTER 5 

 

5 Work-Activity (WA) to Range of Movement (RM) mapping 

study  

The previous two chapters explained the first and the second studies which were 

carried out to identify typical manual Work-Activities (WAs) in industry and Ranges 

of Movement (RM) of body regions/joints needed to carry them out. This chapter 

discusses the third study that was carried out to develop a two-dimensional framework 

by mapping typical manual WAs with physical functional capabilities in terms of RMs 

of body regions/joints to identify residual capabilities of the PPDs. 

Employers are reluctant to offer chances for the PPDs since their motion capability at 

work is questionable [7]. Previous research reveals that PPDs too feel doubtful about 

their capabilities and limitations, even if they are provided with jobs or tasks to 

perform in a particular organisation [21]. Thus, research is needed to investigate the 

motion capability of PPDs to perform elemental motions or manual WAs. Therefore, 

it is essential to identify typical manual WAs practiced in industry in terms of body 

regions/joints and the RMs required to perform them in order to facilitate employment 

of PPDs. Categorisation of PPDs with respect to their ability to perform various types 

of manual WAs is also important. Such attempts could reveal the latent potential of 

PPDs for work, thereby increasing their potential for employment. This will ultimately 

help to empower them to lead an independent life. 

In order to understand the interaction between the PPDs and the elements of the work 

systems, a comparison between the demands of jobs with the capabilities of PPDs is 

suggested [6], [7]. As researchers suggest, it is important to understand the relationship 

between PPDs and the elements of the work systems to enhance the employability of 

PPDs [6], [7], [16]. For example, researchers expect that a multi-dimensional 

framework will find solutions to understand the job demands and functional 

capabilities of PPDs [6], [7], [16], [47]. They believe that the demands of work should 

not exceed the functional capabilities of workers with a disability, explaining the 

necessity of benchmarking the motion capabilities of PPDs. Unfortunately, no 

framework or tool that supports to benchmark the motion capabilities of PPDs has yet 
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been published. Thus, developing a framework that maps both capabilities and 

limitations of PPDs to the job demands may finally have benefits to both PPDs and 

employers. Therefore, study of task elements and physical capabilities and limitations 

of PPDs together would be an interesting proposition to help PPDs to be effectively 

employed. 

A few repetitive basic motions that are necessary to perform manual work tasks are 

identified [87] and such repetitive motions have been analysed as psychomotor 

performance necessary for work, and categorised them in terms of elemental motions 

(e.g. reach, grasp, move and position) that have been conceptually constituted in PMTS 

[46]. However, consideration of the theory of basic elemental motions with respect to 

PPDs is limited in literature.  

It is reported that PPDs have limited or no RMs in their deformed or disabled body 

regions/joints [58]. With limited RM, PPDs may be able to perform at least a few 

selected typical manual WAs in industry for which they can be employed. However, 

both employers and PPDs need to know which specific movements in the body 

regions/joints are necessary to perform such WAs. As have been mentioned earlier, a 

multi-dimensional framework is needed to understand the importance of interaction 

between PPDs and the elements of the work system for employing PPDs and find 

solutions based on the demands of work and functional capabilities of PPDs [6], [7]. 

 Aim and objectives 

The aim of the study was to develop a framework to map typical manual Work-

activities (WAs) to the movements that could potentially be carried out by PPDs in 

terms of Range of Movement (RM) of body regions/joints. 

The objectives were, 

1. to map the range of movement of each body regions/joints to perform typical 

manual work-activities to form a framework. 

2. to review and refine the framework.  
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 Methodology 

In order to map the previously identified RMs of human body regions/joints and WAs 

identified in industry, a cohort of expert participants needed to be selected. Thus, to 

select the participants, a stratified sampling technique [49], [112] was used. After 

contacting the first individual, a snow-balling sampling approach [49], [113] was 

adopted to add further participants to the study. This sampling strategy was used to 

select participants due to the limited expertise of professionals involved in the area of 

study. 

Consent was obtained to take part in the study using the format shown in (Appendices 

3.1 is the English version and 3.2 is its Sinhala translation) from all participants. To 

collect demographic data from experts, a structured format was used and is shown in 

Appendix 3.3. A modified Delphi approach [49] was used, to refine and review the 

mapping of the study protocol. The demographic data collected from the participants 

included the designation and speciality, current workplace, type of work, location of 

workplace, qualifications, type and country of training, professional memberships, 

experience in the position in years and previous posts held. If the participants of the 

studies were willing to receive a copy of the final document, the name of the expert, 

contact telephone number and e-mail address were requested.  

5.2.1 Study design 

The final documents that resulted from the previous two studies that consisted of RMs 

of body regions/joints and typical manual WAs were initially presented to the 

moderator of the Delphi process. With the consultation of the moderator, a tabular 

array was prepared with the typical manual WAs in columns and body regions/joints 

and corresponding RMs in rows to form a matrix/grid using a semi-structured 

interview protocol. This was considered as the initial draft document.  

The blank spaces in the matrix were expected to be shaded by the moderator and the 

other expert participants, within several rounds of semi-structured discussion sessions 

as shown in Figure 5.1. The typical manual WAs were clearly explained to the 

moderator, after which, all the WAs were critically analysed individually and mapped 

with the required RMs of the body regions/joints.  
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The basis for shading was the necessity of body regions/joints and corresponding 

ranges of movement to perform the typical manual WAs. This matrix was considered 

the ‘working document’. It was then reviewed and refined by the other participants in 

a sequential manner. After each of the refinement was completed by the participants, 

the moderator also reviewed the decisions to make sure that the map was converging 

into a final document. 

 

Figure 5.1: Study protocol for expert review survey 

 Method of Analysis 

All the contacts of probable respondents were provided by the participants. The same 

moderator and other expert participants that took part in the ‘RM – experts’ survey’ 

also took part in this study. The same demographic data collected from the Consultant 

Orthopaedic Surgeons for the previous expert review study of ‘RM’ in Chapter 3, were 

used for the analysis. 

Qualifications, years and fields of experience and memberships in professional bodies 

were first collated. The participants were categorised according to their qualifications. 

Typical manual work-activities Body regions/joints

Initial draft document 

Initial document 

Working document Moderator

Finalised?

Experts ( n=4)

   

Final document

Yes

No 
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The years of experience was averaged and the number of participants having 

memberships in professional bodies were recorded. 

The final documents of the previous two studies containing the typical manual WAs 

and RMs for different body regions/joints were organised in a two-dimensional array 

as shown in Figure 5.1. The body regions/joints necessary to carryout WAs were then 

mapped as shown. An MS Excel® spread-sheet with the RMs in rows and WAs in 

columns was prepared. Whenever a body region/joint (BR) was identified that is 

needed to carry out a WA, the corresponding (intersecting) cell (i.e. the intersecting 

cell) was shaded. For example, as shown in Table 5.1, if several RMs of BRi are needed 

to carryout WAi, the cells that belonged to both BRi and WAi were shaded. It was 

named as the ‘initial draft document’ and was presented to the moderator where the 

relationship between each of the WA and RM was described in detail using a 

walkthrough approach. 

 

 

 

 

 

 

 

Figure 5.2. Mapping typical manual WAs with body regions/joints RM   

 

A study protocol similar to that in Fig 5.1 was followed to refine and review the 

mapping between WAs and RMs. Thus, body regions and/or joints necessary to 

perform each WA were refined and reviewed in succession on a ‘working document’ 

using many rounds of walkthroughs and interviews. Additions, deletions, combination 

of body regions/joints, and changes to terminology were performed during the 

refinement process. This process continued until all the participants agreed on the final 

mapping. The document was finalised when cells to be shaded for all essential RMs of 

human anatomical body regions/joints required to perform typical manual WAs were 

identified in the iterative process and there were no further additions to the shaded 

cells in the grid. 

Body regions/joints RM WA1 … WAj WAk WAm 

BR 1 
RM 1      

…      

BR i 

RMi      

…      

…      

BR ii RM ii      

BR n RM n      
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 Results 

Demographic data collected from the moderator and the other three surgeons in the 

second expert review study in Chapter 4 were used for this since the same group of 

experts participated in the study. 

There were Consultant Orthopaedic Surgeons (n = 4) as participants for the study. All 

Surgeons had the Bachelor of Medicine Degree (MBBS) from Sri Lanka and were 

SLMC registered. All Consultant Orthopaedic Surgeons had been working as Medical 

Officers prior to obtaining their Postgraduate Degree qualifications. Three of the 

participants had obtained Masters’ Degrees (MS) from Sri Lanka, while the other 

participant had obtained it from the UK. All had foreign exposure. All four were 

Fellows of the Royal College Surgeons (FRCS). Out of the four consultants, three 

participants had more than 15 years of experience while the other had six years of 

experience. At the time of the study, many of them were heading the Orthopaedic Units 

of government hospitals and all were members of other professional bodies such as Sri 

Lanka Medical Association (SLMA) and Sri Lanka Orthopaedic Association (SLOA). 

One of the participants acted as the moderator for the research.  

The awareness of PMTS of the participants were questioned after explaining the aim 

of the study. Since none of them had known about PMTS, a description of WAs were 

produced and explained comprehensively. Then they were allowed to identify body 

regions/joints for each activity and were marked in the Table 5.1. Time spent for each 

discussion and document review was about 15-20 minutes.  

 

Table 5.1: RM of body regions/joints for typical manual WAs 

Typical 

manual WAs 
Description RMs of body regions/joints 

Reach …………… …………… 

Move  …………… …………… 

…. …………… …………… 

 

After finalising body regions/joints for all the WAs, corresponding RMs were 

identified by the same group of participants. Then all the suggestions were mapped in 

an Excel-sheet. Again the participants were allowed to review the same document and 

some changes were suggested by them. For example, initially all the participants 
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identified all the RMs of shoulder/arm as necessary for ‘reach’ and ‘move’, later one 

participant suggested that only ‘internal and external rotation’ are necessary (for that). 

Depending on the distance that the human arm can ‘reach’ or ‘move’, ‘maximum 

reach’, ‘minimum reach’, ‘maximum move’ and ‘minimum move’ were defined [46]. 

If a PPDs is incapable of moving the shoulder (arm) but the elbow is movable, s/he 

may perform only ‘minimum move’ and ‘minimum ‘reach’ but not the ‘maximum 

reach’ and ‘maximum move’.  Each of these WAs was considered both horizontal and 

vertical planes. To obtain the maximum reach/move, the shoulder (arm) needs to have 

its maximum extension. 

As per Table 5.2, to ‘reach maximum distance in the horizontal plane’, body 

regions/joints that are required to perform, were shoulder (arm), elbow, forearm and 

wrist. In addition, corresponding RMs necessary to perform the WA were flexion, 

abduction and adduction, internal rotation and external rotation of shoulder (arm); 

flexion and extension of elbow; pronation and supination of forearm; flexion and 

extension of wrist. 

 

Table 5.2: Body regions/joints necessary for ‘Maximum’ and ‘Minimum’ movement 

Body 

regions/joints 

Reach Maximum distance 

in horizontal plane 

Reach Minimum distance 

in horizontal plane 

Shoulder (arm) 

Internal rotation Internal rotation 

External rotation External rotation 

Abduction Not necessary 

Flexion Not necessary 

Elbow 
Flexion Flexion 

Extension Extension 

Forearm 
Pronation Pronation 

Supination Supination 

Wrist 
Flexion Flexion 

Extension Extension 
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To ‘reach minimum distance in horizontal plane’, body regions/joints require to 

perform were shoulder (arm), elbow, forearm and wrist. Only RMs required to perform 

were internal rotation and external rotation of shoulder (arm) and flexion and extension 

of elbow; pronation and supination of forearm; flexion and extension of wrist. As per 

Table 5.2, a PPD who has slight internal and external rotation, but no flexion and 

extension of shoulder (arm), may perform ‘minimum’ movement. If this person is 

provided the work closer to him, he may be able to perform work. 

To ‘reach maximum distance in vertical plane’, in addition to the strength required, 

same body regions/joints require to perform were the shoulder (arm), elbow, forearm 

and wrist. In addition, the RM required to perform were flexion, abduction and 

adduction, internal rotation and external rotation of shoulder (arm); flexion and 

extension of elbow; pronation and supination of forearm; flexion and extension of 

wrist. 

To ‘reach minimum distance in the vertical plane’, body regions/joints require to 

perform were shoulder (arm), elbow, forearm and wrist. Additionally, ROM require to 

perform this activity were internal rotation and external rotation of shoulder (arm); 

flexion and extension of elbow; pronation and supination of forearm; flexion and 

extension of wrist. 

To obtain ‘maximum move in the horizontal plane’, the same body regions/joints and 

RM were required as explained in ‘maximum reach in horizontal plane’. 

The shaded cells in Figure 5.2, show that the RMs of body regions/joints and useful to 

perform WAs according to medical experts. For example, according to the narratives 

of the four participants; 

“To ‘reach maximum distance in horizontal plane’, body regions required to 

perform are shoulder (arm), elbow, forearm and wrist, and for this, RMs are 

flexion, abduction and adduction, internal rotation and external rotation of 

the shoulder (arm), flexion and extension of elbow, pronation and 

supination of forearm and flexion and extension of wrist.” 

Participant 01 

“To perform ‘reach minimum distance in horizontal plane’, internal 

rotation and external rotation of shoulder (arm), flexion and extension of 

elbow, pronation and supination of forearm and flexion and extension of 

wrist are necessary.” 

Participant 03 
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Similarly, RMs required to perform WAs in lower extremity were identified. For 

example, one participant said that; 

“Step climbing is based on a number of body regions used for climbing: one 

hip, one knee and one ankle of one side of the body while the other side of 

the body is stationary.” 
Participant 03 

Further, the experts addressed the importance of stability of the upper body in order to 

perform work. It was also mentioned that the muscle strength is required for 

movements.  For instance, 

“Neck and trunk stability is required for any activity to be performed.” 
Participant 04 

“To perform ‘reach maximum distance in vertical plane’, muscle strength is 

also required in addition to the body regions/joints that are needed to 

perform to ‘reach maximum distance in horizontal plane.” 
Participant 01 

“With mild internal and external rotation of shoulder (arm), non-gripping 

actions (percussive and sustained) can be performed, if the flexion and 

extension of elbow, wrist and fingers are available.”  

Participant 02 

“Opponence of thumb is useful to ‘apply pressure’, ‘hammering/ tapping’, 

‘pliers’ and ‘cylindrical grip’.” 

Participant 03 

“If only thumb, index and middle fingers of a person functions properly, he 

can perform ‘turn’, ‘apply pressure’, non-grip, power grip, precision grip, 

re-grasp and crank.” 

Participant 04 

 

Depending on the ability to move the fingers, ‘grasp/get’ activities were further 

classified into ‘no grip’, ‘power grip’, ‘power & precision grip’ and ‘precision grip’. 

Essential RMs required to perform these activities were also identified.  

Similarly, discussions were made to finalise the RMs required to perform WAs in the 

lower extremity. Step (climbing) was further divided, based on the number of body 

regions used for climbing: by means of one hip, one knee and one ankle of one side of 

the body while the other side of the body is immovable and climbing with both sides 

of the body as normal persons do. Finally, the WARM mapping framework developed 

for upper extremity and lower extremity are shown in Figure 5.3 and Figure 5.4 

respectively. 
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Figure 5.3: WARM mapping framework (upper extremity) 
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Figure 5.4: WARM mapping framework ( lower extremity) 
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 Discussion 

With conditions such as advanced arthritis and quadriplegia, ability to grip, capacity 

to pinch objects and capability to extend the joints through a normal ROM may all 

require job accommodation [53]. This striking framework builds a communication 

bridge between the employer and PPDs mainly. Numerous advantages of using this 

framework for the employers are: to identify capabilities and limitations of PPDs at 

the interviews by asking questions related to their motion capability and limitations as 

in the map, in order to recruit them for employment in industry; proper job assignment; 

facilitating to provide suitable training and re-training needs; facilitating to maintain 

skill inventory; understand work place requirements of PPDs and facilitate them 

accordingly; understand the usability of assistive devices of PPDs [18]. PPDs also have 

many advantages: to find suitable jobs with higher order levels [84], [86]; suitable 

workplaces based on their capabilities and limitations, to assess their own capabilities 

and limitations at specified work situations when employed. 

These findings may lead to many novel research areas; such as, list out WAs for 

specific industries, time such WAs, categorise work based on complexity and create a 

data base that PPDs can evaluate their potential and contribution and one into which 

an employer can log onto, in order to select PPDs with required functional capabilities. 

As per the work unit analysis explained in literature, first order work unit is the human 

motion, which was renamed as manual WA in this research. This framework helps the 

employers to identify capabilities and limitations of PPDs in order to grade them for 

recruitment for employment at their organisations and for PPDs, to assess their own 

capabilities and limitations at specified work situations in employment.  

Work-related performance of individuals with finger disabilities is substandard to 

those with all fingers intact and fully functional [79], but PMTS analyses these WAs 

in terms of ‘grasp’ or ‘get’, without broader classification. The actions required and 

performance capabilities when using a screwdriver are quite different to those when 

using pliers (or other types of hand tools), so the present study was initiated to 

investigate particular issues related to the wearing of gloves when using pliers. In fact, 

pliers were chosen as the hand tool to study because the demands (and thus 

performance measures) are quite distinct from those of a screw-driving task and 
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therefore gave the opportunity to research into a broader range of the possible effects 

of wearing gloves in industrial tasks.  

Different jobs require different ROM of body regions/joints. Job rotation of PWDs in 

employment at sheltered workplaces is examined by [14]. The typing posture while 

using the conventional keyboard requires arms abduction, pronation of forearms, and 

extension of wrists, ulnar deviation and finger extension in order to fit the keyboard. 

Pronation and supination is highly prevalent in screw-driving tasks [74]. In wood 

working industry, neck flexion/rotation and arm movements are involved. Torque 

exertion involves the total normal grip force and the friction between hand gloves and 

handle surface. Torque exertions are used in operating knobs, hand tools, valves and 

circular electric connectors. There are three types of torque exertions as 

supination/pronation (S/P), wrist extension/flexion (E/F) and radial/ulnar (R/U) 

deviation [149]. With reference to the previous work, it is demonstrated that 

individuals with finger disabilities require a substantially longer time to perform 

simple assembly and disassembly tasks [71]. They revealed that the increase in time 

could be as much as one hundred percent more than what individuals without disability 

take. Here, they have not stated whether they have considered a standard individual 

without disability.  

Methodological limitations 

The advantage of snowball sampling is that it requires a smaller sample, and the major 

disadvantage is that the second group of respondents suggested by the first group may 

be very similar [150] and not representative of the population with that characteristic. 

Documents to be discussed and reviewed with experts were always taken in the correct 

order since the experts were found to be very busy at clinics, Discussions were carried 

out while the patients were away obtaining X-rays, and notes were to be noted down. 

However, considering the busy schedules of the experts, document maintaining was 

done. 
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 Summary  

This chapter explains the final expert review study conducted with orthopaedic 

medical experts to map WAs and RMs to develop the WARM mapping framework to 

enhance employability of PPDs in industry. The next chapter will discuss the 

questionnaire survey that was conducted with stakeholders of the study to identify 

views to improve the usability of the developed framework. 
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CHAPTER 6 
  

6 Usability study  

The previous chapter described the exploratory study which was developed by 

mapping typical manual Work-Activities (WAs) in industry to the RMs of body 

regions/joints to form the WARM mapping framework to help employ People with 

Physical Disabilities (PPDs). This chapter explains the fourth study carried out with 

the intended users of the framework to identify the usability evaluation for its purpose, 

clarity, usefulness, limitations and possible areas of improvement or modifications for 

further development of the framework to ensure its user-friendliness.  

The developed framework was expected to be used by the practitioners who are 

involved in recruitment, selection for vocational training of personnel for jobs at 

organisational level, training and retraining in industries, designing jobs, 

manufacturing assistive devices and wheeled-chairs for the use of PPDs and for 

courses for PPDs developers globally. As such, evaluation of the usability testing of 

the framework is essential.     

 Aim and objectives 

The aim of this study was to evaluate the usability of the WARM mapping framework. 

In this basis, the following objectives were considered. 

1. To evaluate the framework for its clarity and user-friendliness. 

2. To propose improvements or modifications for further development of the 

framework. 

 Methodology 

A stratified sampling technique [49], [112] was used for recruiting participants of the 

study and a snow-balling technique [49] was adopted to add participants further.  

6.2.1 Study design 

Data were collected by walkthrough interviews and by subsequent administering of a 

structured questionnaire survey with reference to the WARM mapping framework to 

validate the usability of the framework. A sample of participants were selected and 
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recruited, who are employed as Vocational Training Instructors and Personnel from 

rehabilitation centres, bakery and service industries such as banking, software and 

diverse fields of manufacturing industries such as (garments, electronics and food). 

The views of the usability of the WARM mapping framework were collected through 

interviews and walk through from the above samples.  

Initially, consent was obtained using Appendix 6.1 or 6.2 from all individual 

participants to take part in the study. Demographic data were collected from the 

participants using Appendix 6.3 about the type and location of the workplace, 

qualifications, designation, professional memberships, experience in the position in 

years and previous posts held. If the participants of the study were willing to receive a 

copy of the final document, the name of the participant, contact telephone number and 

e-mail address were requested.  

Afterward, a copy of the WARM mapping framework (Figures 5.3 and 5.4) were 

presented and the questionnaire survey using Appendix 6.4 was administered. To 

analyse data quantitatively, a number of responses of the participants were considered; 

the usefulness of the WARM mapping framework, intended users and the purposes of 

the framework in the way participants think, initial impression about the layout and 

likes and dislikes about the format. In the meantime, comments were qualitatively 

analysed as; ‘no use; unable even to further develop’, ‘little use; can further develop’, 

‘vague; need to further improve’, ‘clear; easy to understand’ and ‘good; effective 

format’. Responses were also collated to suggest significant changes to the format. 

Information/Data that they wished to see added to the format for improvement, were 

also allowed to be stated.  

With regard to the framework, the following aspects were quantitatively and 

qualitatively tested using scales such as Likert Scales [49], [112] for clarity of the 

purpose, interest towards the content, attractiveness of characteristics in the format, 

clarity of the mapping shadings, attractiveness of typography (i.e. lettering, heading 

and title), the balance of WAs versus RMs in the format, quick information collection, 

easiness to read information, writing style of information, relevance of information to 

the participant’s professional needs, user-friendliness, suitability of the format for first-

time users and the enthusiasm to explore the format in future. Any other comments 

were also recorded.  
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 Method of analysis 

Demographic data of the participants were analysed based on designation, current 

workplace, address, qualifications, professional memberships, experience in the 

position in years and previous experience. The participants were categorised according 

to the sections based on the areas of working. Quantitative and qualitative data were 

analysed separately. The experience of the participants was also averaged. If the 

participants of the study were willing to receive a copy of the final document, the name 

of the expert, contact telephone number and e-mail address were requested.  

Questions in the structured questionnaire were analysed mainly to evaluate the 

usefulness, intended users and the purposes of WARM mapping framework. To assess 

the novelty of the contribution, it was asked whether they have seen a similar format 

previously to help recruit and employ PPDs. The initial impression, likes and dislikes 

about the format were asked in order to judge the clarity of the framework. They were 

allowed to suggest one significant change and data they liked to be added to the format 

to further improve user-friendliness. The usability and the recommendation of the 

format to a colleague in the future were also asked.  

 Results  

The usability study involved 22 participants from various disciplines including Human 

Resources Personnel, Industrial Engineers, Vocational Training Instructors, Work-

Study Experts and Professionals’ in-charge of Training and Rehabilitation of those 

who are directly engaged in selection and recruitment of PPDs for employment. The 

participants were from diverse fields such as manufacturing industries (i.e. garment, 

electronics and food(, rehabilitation centres, bakery and service industries similar to 

banking and software.  

Four of the participants had Bachelors’ Degrees. Five participants were National 

Diploma Holders. All others had G.C.E. A/L qualifications. All had an average 18.0 

years of experience )s.d = 18.0( and service ranging from minimum 2 years to a 

maximum of 40 years in recruitment and training of PPDs. Some participants also had 

exposure to the manufacturing of assistive devices.  
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All of the participants stated that they hadn’t seen a format like this before, and 

positively commented about its usefulness. Shedding light on the usefulness of the 

WARM mapping framework, 17 out of the 22 participants said that it is useful for 

stakeholders such as PPDs, employers, vocational trainers and Governments. Two 

participants also wanted to include families/parents and one participant wanted to 

include Non-Governmental Organisations (NGOs) to the list of stakeholders. One 

participant said that the WARM mapping framework is for ‘all human beings’. The 

survey participants commented that they can confidently select PPDs for employment. 

The design, content and the purpose of the format were classified by the participants 

in general as ‘agreed’ or ‘strongly agreed’ thus showing the degree of clarity of the 

presentation of the WARM mapping framework. 

The participants in general also believed that anyone can map WAs and RMs using the 

framework easily. 77% of the participants did not have any disparate comments about 

the format and 22% did not make any suggestion saying everything was there in the 

framework, thus individuals said that nothing should be changed.  

The evaluators were clear about the purpose of the format with 47% of the participants 

strongly agreeing, while 53% agreed. They identified that the WARM mapping 

framework is for PPDs in the future as well as for the present since it will help them 

to be rehabilitated by identifying residual capabilities of PPDs. 

Out of the 22 participants, 12 said that the framework links WAs and RMs while six 

participants went onto say that the objective of the framework is to identify WAs, RMs, 

as well as link WAs and RMs. Two identified that the framework can only be used to 

identify WAs while they thought that the framework can be used when interviewing 

for assessing people. Some of the participants noted that the WARM mapping 

framework can be useful for improving productivity. By and large, according to the 

participants, the WARM mapping framework described body regions and joints and 

also the relationship between movements and relevant body regions/joints. 

Initial impression of 14 participants about the clarity and the learnability of the format 

was good and effective. Five participants identified the format as clear and easy to 

understand while one suggested to improve it further. 75% of the evaluators “agreed” 

on the clarity of the shading used throughout the framework while the other 25% 
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“moderately agreed” upon it. 85% of the evaluators also “agreed” on both 

comprehensiveness of the content and the user-friendly design of the framework while 

the other 15% “strongly agreed” on it. 

The participants had the following views on versatility of the WARM mapping 

framework. They stated that the WARM mapping framework is a foundation for many 

paths, thus believing early identification of residual capabilities and limitations of 

PPDs. They agreed that self-employment and self-assessment are possible for PPDs 

for getting usefully engaged in work. Some of them appreciated the work because of 

its multidisciplinary nature. They also observed that the WARM mapping framework 

will be more useful in the future. 

All the participants except two said that they would recommend the WARM mapping 

framework at this stage of development to a friend or a colleague. Only one participant 

would use the framework only when they recruit PPDs and the other wanted to use it 

after studying the framework further. As expected with the above comments, all the 

participants had selected ‘moderate’, ‘agree’ or ‘strongly agree’ scales for all the facts 

about the format.  

Key themes were identified in terms of its usability (clarity and user-friendliness) and 

suggestions were made for further work. Thus, many participants suggested to develop 

the framework as a software and develop a database to obtain two-fold benefits and to 

make it available in the worldwideweb so that any PPDs may judge their residual 

capabilities as well as limitations and employers can select PPDs based on job 

requirements. Few of the comments are as follows; 

“WARM mapping framework convert to a software and a database to obtain 

two-fold benefits and keep available in the worldwideweb so that PPDs may 

judge their individual performance and employer can select PPDs based on 

their requirements.” 

  Participant No. 2 

Capturing the mental condition of PPDs, which was not covered in this research was 

also suggested as further research by a few of the participants. 

“Add mental condition: welfare and mental health should be considered.”  

Participant No. 14 

“Add mental condition since they should have willingness to work.”  

 Participant No 12 
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One participant identified that the purpose of the framework is to select PPDs for 

vocational training, recruitment/employment and design workplaces ergonomically 

while another participant thought the purpose was to design workplaces 

ergonomically; one said the WARM mapping framework is to select PPDs for 

vocational training and recruitment/employment. In addition to all these suggestions, 

one participant added ‘society’. 

Following were the three likings of participants about the WARM mapping 

framework. 

The points of view of the participants in employment and training, were as follows. 

The framework was identified as a good framework to select PPDs for training based 

on the disability and to prepare workplaces accordingly. Suitable jobs can be selected 

for PPDs. They believe that anyone can map on the framework. Few quotes of the 

participants are as follows. 

 “We can select PPDs for employment for them to have better lives.”  

Participant No 6 

 “This analysis is good, as this format is helpful to recruit PPD’s.” 

Participant No 2 & 19 

The views of participants in supporting it as social responsibility model for PPDs were 

as follows: 

 “PPDs in future and present”, “To help them is very good to rehabilitate 

them.” “Very good since this can identify capabilities of PPDs.”               

Participant No 4 

“To help them is very good to rehabilitate them.”  

Participant No 9 

 

 “This format will change the world.”   

Participant No 8 

 

 “Since this is useful for children with disabilities, important for their 

teachers.” 

Participant No 20 

Some of them appreciated doing this type of work since it supplied all the details. 

“Good, it has supplied more details. This analysis good, as this is helpful to 

recruit PPD’s associates to the industry.” 

Participant No 19 

Out of all, 77% participants did not have unlike about the format. Following are the 
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three things the participants disliked about the WARM format. One participant stated 

that since he couldn’t study more, he couldn’t state anything that he disliked about the 

format.  

The following were suggested to make one significant change to the WARM mapping 

framework.  

Individuals had the following suggestions:  

“No change is needed. Need to study to make a novel change. Create an 

online program to make self-assessment.”             

Participant No 10 

 “Since this is an initial step, allow it to move smoothly and later do 

suggestions, putting 100% to the format”.            

Participant No 6 

Individuals had the following comments:  

“No need to change; everything has been included”, “Need to study to make 

a novel change”, “According to my knowledge, nothing needed.” 

Participant No 9 

Participants had the following views on global contribution of the framework as shown 

in Figure 6.1.  

 

Figure 6.1: Views of the participants  
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Statements for Likert scale 

a. This format has a clear purpose. 

b. The content of this format interests me. 

c. This format has characteristics that make it attractive. 

d. The shading used throughout this format are clear. 

e. The typography (lettering, heading and title) is attractive. 

f. The format has a good balance of activities versus RM. 

g. I can get information quickly. 

h. Information is easy to read. 

i. Information is written in a style that suits me. 

j. Descriptions have the right amount of information. 

k. The information is relevant to my professional needs. 

l. This format is designed with users in mind. 

m. This format is well-suited for first-time users. 

n. The content makes me want to explore the format further. 

 

Following improvements were suggested to the framework by the participants. 

Pictures, animations and game-activities were suggested to build self-confidence of 

PPDs. As an example, creating a Gmail account was suggested in order to type 

something on their own, definitions with pictures, give PPDs financial knowledge; 

they do not, to develop their morale, more details can be given when applying 

practically.  

Views of the participants were obtained by walkthrough and subsequent administering 

the questionnaire survey. 

 Discussion 

This study was conducted as a first step to evaluate the functionality of the usefulness 

of the WARM mapping framework. The areas to be further developed were also 

mentioned by the stake holders. The WARM mapping framework was developed by 

mapping typical manual WAs and RM useful for performing them by integrating two 

different arrays of theories interrelated to each other, namely Industrial Engineering 

and Orthopaedic Bio Medicine and Ergonomics (Physiotherapy). This study was 

identified as important, as it helps to identify ambiguous terminology and to improve 

the clarity of terms used when introducing the WARM mapping philosophical two-

dimensional framework to the world. 
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It was difficult to discourse this research at the inception since one type of terminology 

was entirely different to the other field and vice-versa. The meaning and the content 

in the statements have been proved by the participants in the following way. Some 

participants wanted to study the tool further, in order to make more comments. In the 

structured statements it was questioned from the participants using ‘a’, which says that, 

the content makes me want to explore the WARM mapping format and its content 

further.  

Mainly to enhance clarity, the participants suggested to use visual aids and to enrich 

user-friendliness, a software was proposed to be developed. However, they too wanted 

to use the framework to decide the user-friendliness and initially they suggested to see 

the application given to PPDs. Further, modifications such as ‘translating the 

framework to sinhala language’ were suggested to increase the usability. Throughout 

the study, participants didn’t show any signs of negativity, but many appreciated it.  

To carry out evaluation testing of models, researchers use usability studies [151]–

[154]. Similarities with the usability evaluation tests are that they too use the Likert 

Scale with a ‘five-point’ system to administer questionnaire surveys from potential 

users [151]. This type of usability evaluation studies which are carried out at the end 

of a research are called ‘summative evaluation’ since this type of studies are conducted 

at the end of work to understand its usability [154]. 

 Summary  

This chapter presents the usability study that was conducted to evaluate the usability 

of the framework developed, and the next chapter will present the ‘physical capability 

study’ that was done to evaluate the functionality of the WARM mapping framework. 

Finally, the categorisation of PPDs was carried out according to the WAs that can be 

performed with the residual disabilities.  
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CHAPTER 7 

 

7 Functionality study (Physical capability study) 

The previous chapter explained the study conducted to evaluate the usability of the 

WARM mapping framework. It was then required to evaluate the functionality and 

validation of the newly developed WARM mapping framework. Thus a study was 

carried out and is presented in this chapter.  

 Aim and objectives 

The aim of the current study was to evaluate the functionality in order to validate the 

WARM mapping framework. The objectives of the study were,  

1. to investigate the ability of the framework to categorise PPDs according to their 

residual physical capabilities.  

2. to group a cohort of PPDs according to the WAs that they can perform using the 

framework.   

3. to determine the ability of the framework to select PPDs for given manual WAs in 

industry. 

4. to identify residual physical capabilities of PPDs that are unable to be captured 

using the framework. 

 Methodology  

The study protocol consisted of requests for permission, informed consent and data 

collection through interviews, walk-through and observations. Thus, the study 

consisted of several stages, which included preparing study formats for application 

lodging for ethical clearance, obtaining permission from organisations and individuals 

and obtaining written consent of the participants. Categorisation of PPDs was also 

performed according to congenital and acquired considering the circumstance of 

disability. 
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7.2.1 Study design 

The study procedure included screening of the participants, demographic data 

collection from the screened subjects, relevant information collection and finally 

anthropometric and RM measurement. Stratified sampling technique [49], [112] was 

used to recruit participants. The sample was drawn from the PPDs who were employed 

in organisations, residing in ‘homes for PWDs’ and in rehabilitation hospitals and 

private lodgings. The following government and private sector organisations were 

selected for primary data collection:    

i. Places in which PPDs were employed, 

ii. Rehabilitation centres for PPDs, 

iii. Vocational training centres for PPDs, 

iv. Industries where artificial limbs and feet were manufactured/provided for 

PPDs, 

v. Industries where assistive devices (wheel chairs and crutches) were 

manufactured for PPDs. 

Individuals with physical disability/disabilities were selected from different locations, 

such as their homes. The researcher conducted walk through studies at all the places 

and interviewed all the screened subjects to collect data, after receiving the permission 

from the relevant authorities. PPDs were observed while they were at work and 

therefore, the researcher had to visit the organisations several times to collect the 

necessary data.  

The proforma shown in Table 7.1 were used to collect data from the participants. After 

finalising these formats, an application was lodged for ‘ethical clearance and scientific 

evaluation’ and it was granted by the Medical Research Institute (MRI) of Sri Lanka 

to carry out the research about the selected group of participants. The ‘ethical clearance 

and scientific evaluation’ was obtained for the study as per the ‘Code of ethics’ [49] 

and the researcher was expected to adhere to the behavioural norms established by the 

ethical clearance and scientific evaluation committee.  
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Table 7.1: Summary of physical capability study formats 

Study purpose Document Appendices 

Step 1: 

Request 

permission 

Covering letter Appendix 7.1 

Participation request: Physical capability study of 

                                   people with physical disabilities 
Appendix 7.2 

Step 2: 

Awareness  

Study guide: Physical capability study 
Appendix 

7.3 and 7.4 

Participant Information Sheet: Physical capability study                 
Appendix 

7.5 and 7.6 

Step 3: 

Request consent  
Consent form: Physical capability study  

Appendices 

7.7 and 7.8 

Step 4: 

Data collection 

Screening forms Appendix 7.9 

Demographic data Appendix 7.10 

Deformity/disability condition 
Appendices 

7.11 and 7.12 

Anthropometric data Appendix 7.13 

Musculoskeletal functioning Appendix 7.14 

 

Step 1: Permission from organisations 

A “Covering letter” (Appendix 7.1) and the “Participation request: Physical capability 

study of people with physical disabilities” (Appendix 7.2) were sent requesting 

permission from organisations to meet the participants and to collect data from them.   

An introduction about the research, for instance the aim, research needs, the expected 

outcomes and the benefits were mentioned in the “Participation request”. The short 

descriptions about the process of screening, obtaining the consent of participants, 

collection of demographic data, measuring relevant anthropometric dimensions of the 

body regions with disability. The documents planned to be shared with the participants 

and the expected time duration for the study were also stated in the document for their 

information.  

After obtaining permission, in every visit, the prospective study group which is the 

people with only physical disabilities in the organisation were summoned and an 

introduction about the researcher, the supervisors of the project and the affiliated 

university were expressed. The aim and the study procedures were explained to them 

showing the relevant proforma. Step 2 gives a detailed description about the awareness 

session for the PPDs. 
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Step 2: Awareness of PPDs. 

The study guide was prepared in English and Sinhala languages (Appendix 7.3 and 

Appendix 7.4) to communicate the study procedure to the participants of the study. 

The aim of the research and the data collection procedure were explained in the 

document. In addition, the need to carry out an interview to help to screen and obtain 

written consent and demographic data of the participants, the procedure of carrying 

out anthropometric measurements of body regions/joints with disability and the 

expected duration for the study were also mentioned. Statements were included to 

assure the confidentiality of the gathered information and removal of subjects’ 

identities at the time of data analysis. Finally, the participants were invited to take part 

in future studies, if they wish to. 

The participant information sheet that was prepared in English and Sinhala languages 

(Appendix 7.5 and Appendix 7.6) was also distributed among the participants who 

were selected for the study after the screening process. The aim, the research problem, 

importance of active participation and necessary information to help adapt work tasks 

and procedures to suit PPDs for higher productivity and thereby help increase the 

employability were informed to the participants. The expected study time, a note 

indicating the strict confidentiality of gathered information, thanking note for agreeing 

to participate in the study, and their freedom to withdraw from the study at any stage 

and invitation to help in future studies were also included. The contact details of the 

researcher were included at the end. 

Step 3: Informed consent  

After explaining about the documents (study guide and participant information sheet), 

the group was allowed to ask questions to clarify doubts about the research and the 

study procedures. When the group was satisfied with the answers, the written consent 

of each participant were obtained. The consent form (Appendices 7.7 is the English 

version and 7.8 is its Sinhala translation) was prepared to obtain the consent of the 

participants to participate in the study. The name of the subject and an identification 

number was stated at the top of the page. The document consisted of several standard 

statements and boxes were provided in front of each statement to be initialled by the 

participants. Lastly, space was provided to write the names and ink the signatures of 

both the participant and the researcher.  
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Step 4: Data collection protocols 

For screening the subjects, pro-forma furnished in Appendix 7.9 was used and the 

parameters considered were age (within a range), type of disability (physical or non-

physical) and condition of disability (developmental or non-developmental). The age 

of the participant was asked to decide the subject’ ability to stay in the study 

population. Age range considered to be eligible to take part in the study was the 

standard working age i.e. between 18 to 55 years as defined by the labour laws [155]. 

In the screening form, under the ‘age’, there were three categories such as “working 

age”, “non-working age” and “remarks”, thus, a tick mark was to be placed in the 

relevant box. The second category was to decide the type of disability (physical or 

non-physical) by observations and/or by individual discussions with the participants. 

Each individual was carefully observed and allowed to explain about all their 

impairments like hearing, vision, speech mental and nervous disabilities/concerns. The 

last parameter was the condition of disability to determine the type of 

deformity/disability as progressive or non-progressive. For this, ethical verbal 

communications as well as supportive statements such as referrals issued by medical 

practitioners, service interruption certificates and disability rankings provided by 

employers were carefully analysed. Finally, subjects in their working age, who had 

only non-developmental physical disabilities were selected for the study.  

The direct observation method [85], [92] and measurements were used for data 

collection from the PPDs. The PPDs were observed only while they were at work, care 

homes or under treatment and therefore, several visits had to be made to the same 

organisation to collect all necessary data. All the data were collected personally by the 

researcher. 

Demographic data were collected using the proforma in Appendix 7.10 from the 

individuals who were selected through screening. Information gathered included the 

name, gender, age, date of birth, height in centimetres, weight in kilograms, address, 

district and the circumstance of disability (at birth or after birth due to an accident, war 

or other reason). Highest educational qualification, previous work experience and the 

duration at work, previous training/s and its type and the current workplace and the 

occupation were also noted.  
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The lists consisting possible deformity/disability conditions that could occur in both 

upper and lower extremities were included in forms (Appendix 7.11 and 7.12). All the 

disabilities of each subject were then marked in the appropriate sides of the list (e.g. 

right or/and left). Additional information was obtained about the condition of the 

disability as ‘deformed’, partially paralysed or missing. In the same form, the 

circumstance of disability was marked as congenital or acquired.  

Anthropometric data of the deformed body regions of the PPDs were measured in 

millimetres using a set of Harpenden anthropometers and were recorded. Then, the 

form shown in Appendix 7.13 was used to collect and record the RM information of 

body regions/joints with deformities that have limited musculoskeletal functionality. 

The RMs were measured in degrees using a set of JAMAR goniometers and recorded 

in the form shown in Appendix 7.14. Deformity or disability conditions in both upper 

and lower extremities were identified, measured and recorded.  

 Method of analysis 

Demographic data collected were analysed for age, gender, date of birth, height, 

weight, address, district and circumstance of disability. Then, the PPDs were 

categorised based on the WAs that they can perform according to the WARM mapping 

framework by mapping the deformed, partially paralysed, missing body regions/joints 

to the WAs.  

Another analysis was carried out for the participants with congenital disabilities 

without having the required body regions/joints and also RMs for performing WAs 

that they are unable to perform as stated in the WARM mapping framework, but having 

developed some essential physical capabilities. 

The data collected from all the PPDs were analysed separately based on different 

parameters such as disability prevalence in either upper extremity or lower extremity. 

Out of the persons who had disabilities only in one extremity, it was analysed whether 

they are in the left or right sides of the body. Furthermore, participants with multiple 

disabilities in upper and lower extremities and disabilities in left and right sides of 

body were also differentiated. Work performing capability analysis was made for the 

participants with complete paralysis and partial paralysis. Based on the body regions 

that could be moved, WAs that can be performed were identified.  
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Finally, the WAs and RMs of selected participants were analysed for the purpose of 

assessing the ability of the WARM mapping framework to identify residual work 

capability. For this, subjects were selected representing the entire population. The 

WARM mapping framework was used to identify the WAs they can perform and 

compared against the work that they were performing.    

 Results  

‘Ethical clearance and scientific evaluation’ for the study was granted by the Medical 

Research Institute (MRI) and the procedure is explained in Appendix 7.15. Appendix 

7.16 and 7.17 show the letters issued by the MRI granting the ethical approval and 

scientific evaluation for the study. The permission granted by Director General of 

Health Services (DGHC) for data collection from patients in some of the government 

hospitals is shown in Appendix 7.18 while the Appendix 7.19 showing the permission 

granted by the Additional Director of Social Services for data collection from 

Vocational Training Centre, Seeduwa which is a vocational training centres for PPDs 

at working age. 

Having undergone the screening process, in the Physical capability study, (n=92) 

participants were observed. Out of them, 63 subjects were with acquired physical 

disabilities and 29 were found to be with congenital disabilities. Nine participants with 

congenital physical disabilities had disabilities in both upper and lower extremities. 

Out of all, only one subject was found with congenital limb loss or non-existence. 

The circumstances of the disability of the participants included all three categories, 

congenital, acquired and amputee. Table 7.2 provides a summary of all the categories 

of subjects participated in the study. The subjects had congenital disabilities and 

acquired disabilities in which acquired disabilities happened due to war, illness, 

accident, burnt and amputations. Deformities were categorised as upper extremity, 

lower extremity and both upper and lower extremities. 
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Table 7.2: Summary of deformities/disabilities of subjects 

Time of disability 

Percentage deformities/disabilities in different extremities 

 

Upper Lower 
Upper & 

lower 
Total % 

Congenital 06 14 9 29 31.5 

Acquired – Amputees  17 - 17 18.4 

Acquired - other 

(War, illness, accident & other) 
23 13 10 46 50 

Total participants 29 44 19 92 100 

% of participants 31.5 47.8 20.6 100  

 

 

In the sample of PPDs, there were 31.5% with disabilities in the upper extremity only. 

It was 47.8% for the disabilities in the lower extremity only. There were 29 PPDs with 

congenital and 63 PPDs with acquired disorders. Out of this 63, 17 PPDs were 

amputees.  

Figure 7.1 shows the graphical presentation of Table 7.2. 

 

 
Figure 7.1: Summary of disabilities of participants 

 

Amputees, a sub category of acquired physical was a majority (18.5%) in the 

population. The number of participants with congenitally missing limb was low in the 

group (1.1%). Amputees who had acquired disability, were able to explain their 

disabilities and difficulties exactly in many instances however for PPDs with 

congenital disorders, it took longer time for the researcher to understand their physical 

abilities, disabilities and difficulties.  
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Different deformity/disability conditions of body regions/joints in upper extremity that 

were found from the study are listed in Table 7.3. Deformities/disabilities of all the 

subjects were identified and categorised as per the Table 7.3. Some subjects had 

multiple deformities/disabilities in either upper extremity or lower extremity as well 

as both extremities. While some subjects had deformity or disability conditions in 

either right side or the left side of the body as well as in both sides of the body. PPDs 

were present for all the possible clusters (Refer section 2.2).   

 

Table 7.3: Body regions/joints in upper extremity (left and right) used for categorisation of 

deformities/disabilities of participants 

Affected body 

region/joint  

Deformities /disabilities 

% of Left % of Right % of Left and right 

Neck     

Trunk    

Shoulder (arm) 2 3 1 

Elbow 4 3 2 

Forearm 5 4 2 

Wrist 7 4 1 

Thumb  7 5 1 

Index  8 5 1 

Middle  6 6 1 

Ring  6 5 1 

Little  5 5 1 

 

 

Deformed body region/joint in those who had problems in ‘shoulder’, ‘whole arm from 

shoulder to elbow’ and ‘arm above elbow: between shoulder & elbow’ in Appendix 

7.11 were categorised into ‘shoulder (arm)’ in Table 7.3. 

Similarly, deformed joint in those who had problems in ‘elbow’ were categorised into 

‘elbow’ and ‘forearm (between elbow & wrist)’ were categorised into the ‘forearm’ in 

Appendix 7.11. Deformed joint in those who had problems in ‘wrist’ and ‘whole hand 

below the wrist’ were categorised into ‘wrist’. Deformed body region/joint in those 

who had problems in ‘whole thumb’ and ‘tip/part of thumb’ were categorised into 

‘thumb’. Deformed body region/joint in those who had problems in ‘fingers- index, 
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middle, ring and little’, ‘single or many fingers’ and ‘tip/part of finger’ were 

categorised under relevant fingers such as index, middle, ring and little. 

In the lower extremity, deformities or disabilities in ‘hip’ and ‘thigh’ were categorised 

into ‘hip’. Similarly, deformed joint in those who had problems in ‘knee’ and ‘ankle’ 

were categorised into ‘knee’ and ‘leg’ were categorised into ‘knee’. Deformed joint in 

those who had problems in ‘ankle’ were categorised into ‘ankle’. Deformed body 

region/joint in those who had problems in ‘whole foot’ were categorised into ‘foot’. 

However, ‘whole toe’ and ‘tip/ part of toe’ did not take for granted as important to 

perform an activity. Similarly, body regions/joints in lower extremity are depicted in 

the Table 7.4. 

 

Table 7.4: Body regions/joints in lower extremity (left and right) used for categorisation of 

deformities/disabilities of participants 

Affected body 

region/joint  

Deformities /disabilities 

% of Left % of Right % of Left and right both  

Hip 1.3 1.3 7.7 

Knee 5.2 7.1 16.1 

Ankle 9 11 11 

Foot 9.7 10.3 10.3 

 

Among the 92 participants, disabilities were found in 245 body regions/joints in the 

upper extremity and 235 in the lower extremity. The participants had 1819 instances 

of limited or no RM useful for work. After studying the PPDs, number of deformed 

instances in all identified body regions/joints of both upper and lower extremities and 

their percentages observed are shown in Table 7.5.  

In order to understand the interaction between the PPDs and the elements of the work 

systems, it is suggested to correlate job demands and capabilities of PPDs [6], [7]. 

However, it is evident that the employers are not fully equipped to do this. There is 

also a possibility that even the PPDs themselves, are unsure about the residual 

capabilities that they themselves possess [21]. Unfortunately, there are hardly any 

specific studies present in literature on PPDs to understand their residual physical 

capability requirements for effective performance of WAs in industry. In short, no 

framework is present to understand the physical capabilities of PPDs with respect to 

job demands. Therefore, it is essential to identify the typical manual WAs prevalent in 

industry, determine the body regions, joints and the Range of Motion (ROM) required 
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to perform the manual WAs and categorise PPDs with respect to their ability to 

perform manual WAs. Such attempts could reveal the latent potential of PPDs for 

work, increase their employability and thereby empower them to lead an independent 

life. 

 

Table 7.5: Number of deformed instances and their percentages observed during the physical 

capability study 

 

Work capability  

The WARM mapping framework was validated for selected number of (n=6) 

participants and the results are shown in Figures 7.2 to 7.13.  

Participant 01 (ORG 08/02), who had a ‘neck’ deformity couldn’t keep the neck stable. 

According to the WARM mapping framework, to perform work, stability of neck is 

essential. Since this participant did not have neck-stability any form of WA is not 

possible for this participant as per the Figure 7.2. However, this participant can 

perform all the WAs that need the lower extremity as shown in Figure 7.3. The 

participant did not involve in any form of work. 

 

Extremity Deformed body region/joint 
Number of 

instances 
% 

Upper 

Neck  01 0.41 

Trunk  - - 

Shoulder (arm) 17 6.94 

Elbow 23 9.39 

Forearm 23 9.39 

Wrist 30 12.24 

Thumb 35 14.29 

Index finger 33 13.47 

Middle finger 30 12.24 

Ring finger 28 11.43 

Little finger 25 10.2 

Total 245 100.00 

Lower 

Hip 30 12.77 

Knee 72 30.64 

Ankle 73 31.06 

Foot 60 25.53 

Total 235 100.00 
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Participant 02 (ORG 01/07), who had deformity/disability in ‘left elbow flexion and 

extension’ had limited RMs as shown in the Figure 7.4. According to the WARM 

mapping framework, with that deformity/disability conditions the participant was 

capable of carrying out WAs such as ‘percussive’, ‘sustained’, ‘hammering/tapping’, 

‘spherical grip’, ‘disc’ and ‘fingertip’. This participant can perform all the WAs using 

the lower extremity as shown in Figure 7.5. The participant was engaged in a sewing 

operation using an industrial sewing machine.  

Participant 03 (ORG 05/12), had deformities/disabilities in the forearm, wrist and all 

the joints of index, middle, ring and little fingers in the left side as presented in Figure 

7.6. After plotting in the WARM mapping framework, this participant cannot perform 

any work using the left hand. Since the preferred hand was right, the participant can 

perform all the WAs using the right hand. This participant also can perform all the 

WAs using the lower extremity as shown in Figure 7.7. This participant had been 

selected for sewing machine training program at the Vocational Training Centre. 

The participant 04 (ORG 06/03) had similar kinds of deformities/disabilities in both 

left and right sides of the body in upper and lower extremities. The shoulder (arm) had 

lesser muscles, forearm to wrist had mild deformities and had a deformed leg from the 

hip. The participant had limited RMs of shoulder (arm) extension, wrist flexion, 

extension, radial & ulna deviation and circumduction thus was unable to perform RMs 

such as shoulder (arm) flexion, internal and external rotation and circumduction, 

elbow/forearm flexion and extension in the upper extremity. As shown in Figure 7.8, 

when mapped it was identified that the participant was capable of performing 

‘percussive’, ‘sustained’, ‘hammering/ tapping’, ‘spherical grip’, ‘disc’, ‘fingertip’, 

‘pinch grip’ and ‘complex (pen)’.  

Since the participant had deformities/disabilities in the whole leg from hip, as shown 

in Figure 7.9, performance of any WA using the lower extremity was not possible. 

Since the participant could sit, if the job was provided closer to the subject, WAs could 

be performed. This participant was performing ‘hand-sewing’ using the physical 

capability of performing ‘pinch grip’. 

Participant 05 (ORG 07/04) had the deformities/disabilities in backward 900 rotated 

foot but with movable ankle joint and backward rotated toes. According to the WARM 
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mapping framework drawn for the participant he was capable of performing WA, 

‘pedalling’ as shown in Figure 7.10 even with the deformities/disabilities. This 

participant was operating a sewing machine using the physical capability of 

performing ‘pedalling’. The sewing machine was modified as per the capabilities and 

limitations. This participant can perform all the WAs using the upper extremity as 

shown in Figure 7.11. 

Participant 06 (ORG 06/01) had deformities/disabilities in both left and right sides of 

the lower extremities in all the body regions/joints from hip. According to the WARM 

mapping framework drawn for this participant as shown in the Figure 7.12, the 

participant is unable to perform any WA using the lower extremity. However, the 

subject was capable of performing all the WAs using the upper extremity identified by 

the WARM mapping framework as shown in Figure 7.13. 
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Figure 7.2: Work capability analysis of participant 1 (upper extremity)  
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Figure 7.3: Work capability analysis of participant 1 (lower extremity)  
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Figure 7.4: Work capability analysis of participant 2 (upper extremity)  
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Figure 7.5: Work capability analysis of participant 2 (lower extremity)  
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Figure 7.6: Work capability analysis of participant 3 (upper extremity)  
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Figure 7.7: Work capability analysis of participant 3 (lower extremity)
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Figure 7.8: Work capability analysis of participant 4 (upper extremity)  
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WARM mapping framework -Lower 
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Figure 7.9: Work capability analysis of participant 4 (lower extremity)  
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WARM mapping framework - Lower 
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Figure 7.10: Work capability analysis of participant 5 (lower extremity) 
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Figure 7.11: Work capability analysis of participant 5 (upper extremity) 
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Figure 7.12: Work capability analysis of participant 6 (lower extremity) 
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Figure 7.13: Work capability analysis of participant 6 (upper extremity) 
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Similarly, the work capability of the entire group of participants (n=92) was identified 

according to the WARM mapping framework and is shown in the Table 7.6 which 

summarises the disabilities that were present among the sample of PPDs and lists the 

corresponding WAs that can be performed with the residual disabilities.  

For instance, there were 17 subjects with deformities in the shoulder. None of them 

were able to perform any activity, which required the shoulder since they all had 

limited or no shoulder RM. However, they were capable of performing manual WAs 

that do not involve the shoulder movement. 

By further scrutinising collected data, it was found that out of the 92 PPDs that 

participated in the study, 16% were unable to perform any form of physical WAs, 

which means that 84% were capable of performing one or more manual WAs. 
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Table 7.6: Work capability analysis of participants 

 

Deformed  

body 

region/joint 

Frequency Work capabilities (for upper and lower extremity) 

Neck  1 None 

Shoulder 

(arm) 
17 

Turn, apply pressure, percussive, sustained, hammering/ 

tapping, cylindrical gripping, spherical grip, disc grasping, 

screw-driving, fingertip gripping, pinch gripping, key grip, 

complex (pen), claw grip, re-grasp, position, release and 

disengage. 

Elbow 23 

Percussive, sustained, hammering/ tapping, spherical grip, 

disc grasping, fingertip gripping, pinch gripping, complex 

(pen), re-grasp, crank, stirring, position, release and 

disengage. 

Forearm 23 

Percussive, sustained, hammering/tapping, spherical grip, 

disc grasping, fingertip gripping, pinch gripping, complex 

(pen), claw grip, re-grasp, crank, stirring, position, release 

and disengage. 

Wrist 30 Spherical grip, disc grasping, fingertip gripping, claw grip. 

Thumb 35 Reach, move, turn, sustained. 

Index finger 33 Reach, move, turn, apply pressure, release and disengage. 

Middle 

finger 
30 

Reach, move, turn, apply pressure, disc grasping, pinch 

gripping, key grip, re-grasp, crank, stirring, release and 

disengage. 

Ring finger 28 

Reach, move, turn, apply pressure, disc grasping, screw-

driving, shearing, fingertip gripping, pinch gripping, key 

grip, complex (pen), re-grasp, crank, stirring, release and 

disengage. 

Little finger 25 

Reach, move, turn, apply pressure, percussive, sustained, 

hammering/ tapping, spherical grip, disc grasping, screw-

driving, shearing, fingertip gripping, pinch gripping, key 

grip, complex (pen), re-grasp, crank, stirring, release and 

disengage. 

Lower 

extremity 
235 

Reach, move, turn, apply pressure, percussive, sustained, 

hammering/ tapping, cylindrical gripping, spherical grip, 

disc grasping, screw-driving,  shearing, fingertip gripping, 

pinch gripping, key grip, complex (pen), claw grip, re-

grasp, crank, stirring, position, release and disengage. 
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 Discussion 

“Study guide: Physical capability study” (Appendix 7.3 and 7.4) and the “Consent 

form” (Appendix 7.7 and 7.8) were prepared in English as well as Sinhala languages 

using structured formats allowing the participants to understand its content well 

because many of the participants could not use English. This is an inherent issue when 

working with non-native speakers of English [156]. 

Two main categories of disabilities were identified during the study namely, congenital 

disability and acquired disability [21], [46], [52], [157]. If a person has a born 

disability, it is termed as congenital disability and if the disability occurs after the birth 

due to an accident, burn, sickness or a disease, it is termed as an ‘acquired disability’. 

This aligns with the concepts of congenital and acquired disabilities in the literature 

[21], [46], [52], [157]. 

Causes of amputations are accidents, disease and birth defects. If the body part of an 

amputee cannot be reattached, the subject must learn to live with amputation or seek 

out for artificial devices [62]. There were 17 amputees found during the study. 

Amputations in the body regions that occur in the upper extremity are shoulder, above 

elbow, elbow down, below elbow and wrist down [62]. Since this do not give adequate 

information, 11 body regions/joints were introduced in this research. Similarly for the 

lower extremity, whole leg (from hip), leg above the knee (between hip and knee), leg 

below the knee (between knee and foot), whole foot (above ankle), whole toe (single 

or combination), tip/part of toe were identified as body regions [62] in the literature. 

Body regions/joints in the lower extremity were classified into four major groups as 

hip, knee, ankle and foot. 

Therefore, while screening, the researcher met some PPDs with partial paralysis. They 

could perform work with the residual capability if they were given support to manage 

the paralysed body region. One participant with congenital disabilities had improvised 

some essential ADL and WAs that they were unable to perform according to the 

WARM mapping framework with the remaining body regions/joints and RMs. This 

was due to the adaptation of the body to carry out manual tasks they have been 

practising for a long time. 
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One participant with an acquired disability in the right side of the shoulder (arm) was 

unable to extend the arm and the forearm in a straight line due to permanent deformity. 

A surgery had been performed keeping the elbow in a fixed right angle position to each 

other, facilitating Activities of Daily Living (ADL). Now he is capable of for example 

eating with this hand. 

WAs used in the Chapter 3 extracted from PMTS terminology were used in this 

research. The terms such as body regions, joints and RM that were referred to in this 

study were extracted from the medical terminology in general. Therefore, in terms of 

terminology, this study has been generalised. The deformities and disabilities 

explained throughout the research were also obtained from the literature and then 

reviewed by the medical experts. Thus the deformities and disabilities identified and 

discussed in this study are similar to those found in other populations in the world. 

The subjects were selected from workplaces where they were employed, rehabilitated, 

and training for different vocations PPDs and at centres where artificial limbs and 

assistive devices are manufactured for PPDs. The researcher personally visited these 

places for data collection from the subjects by using walk-through, observation, and 

interviewing and measurement techniques. There is evidence in the literature that the 

techniques are used by research to collect data from PWDs or PPDs. Investigations 

were also carried out to understand the information that were unable to be captured in 

order to establish the residual capabilities of PPDs performing WAs using the 

framework. 

Even though, the approval was obtained from the Director General of Health Services 

(DGHS) for data collection from the patients with permanent physical disabilities that 

were treated at hospitals, no subjects were found since the PPDs rarely stayed at the 

hospitals. In Homes, there were some PPDs who didn’t know how to explain their 

disability, their names, time of disability whether it was congenital or acquired. Some 

were found without knowing whether they can walk so they used to move on wheeled 

chairs. According to WARM mapping framework, they realised that they are able to 

walk.  

During the study, two main categories of finger disabilities/limitations were also 

found: in one category, subjects were able to move only ring finger and the little finger 
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while in the other category, the subjects could move only the other three fingers. Those 

who could move only the ring and little fingers have lower degree of work capabilities 

thus low competitive advantage at work. 

When multiple physical disabilities are present, job accommodation is more difficult 

and each case often becomes unique [46]. Different occupations require differences in 

dimensions. For example, Truck drivers need to be taller and heavier than the general 

civilian populations. Underground coal miners had larger circumferences (torso, arms 

and legs) than did military personnel but not linear dimensions (heights and lengths). 

The level of detail need to be captured in order to select PPDs for specialised of jobs. 

Methodological limitations  

In case of applying the framework to identify the physical capability of performing 

WAs of the persons with congenital physical disabilities, firstly, the body 

regions/joints with limited RMs had to be identified. Some participants had dislocated 

joints, angularly rotated bones as well as amalgamated joints, and sometimes 

additional body regions with or without joints. Therefore, it was difficult to identify 

whether standard body regions/joints. The literature also suggests that disability is a 

complex phenomenon (Refer Section 1). 

Slow-motion filming or videotape observations (Section 4.5 above) are determined to 

determine hand posture of PPDs [46]. Instead of these, direct observation method [85] 

was used in this research for data collection from PPDs and throughout the study, PPDs 

were observed by the researcher personally to identify their physical capability while 

they were at work. Therefore, the researcher had to visit the same organisation several 

times to complete the data collection. To reduce the disturbances and downtime of 

operators at workplace, this observation method was mainly used.   

Observation methods constitute a practical solution in many ergonomic intervention 

and widely used to assess body postures [92], [143]. In this study too, the observation 

methods were used to assess the functionality of PPDs. The difficulties of PPDs even 

while during the study could therefore noticed.  

It was sometimes difficult to identify body regions/joints of persons with congenital 

physical disability based on the deformity, limitations in angular rotation of bones and 



 

115 

 

dislocation of joints. This was due to adaptation of the body to carry out manual tasks 

they have been practising for a long time. Therefore, measurement of the muscle power 

on top of the ROM [109], [158] for cumulative assessment of anatomical movements 

of the human body in order to fully judge a disability can be important. However, 

obtaining the muscle power needs specialised knowledge and can have practical 

difficulties. Thus, the parameters this multi-dimensional model included only 

anthropometric information (Refer Section 2.7.1) and RMs (Refer Section 4). 

One other limitation of the study is the consideration of only PPDs. The assessment of 

the ability to engage in manual work of people with other forms of disabilities such as 

nervous, visual and auditory requires different test batteries and was considered as 

beyond the scope of this research. In addition, it was thought that employing people 

with other forms of disabilities to carry out manual WAs can be dangerous and give 

rise to health and safety related issues.  

Muscle strength [46], [159], [160] is identified as an important parameter to identify 

the physical capabilities and limitations of PPDs. Since it was unable to measure the 

muscle strength of PPDs, “muscle power grading” [109] has been used by practitioners 

even though it is also said to be subjective by themselves. 

Another limitation of the study is the consideration of only PPDs. The assessment of 

the ability to engage in manual work of people with other forms of disabilities such as 

nervous, visual and auditory impairment require further research and was considered 

as beyond the scope in this research project. It was found that employing people with 

other forms of disabilities to carry out manual WAs in industry can become dangerous 

and can also give rise to health and safety related issues.  

It took a long time to understand whether a person was suffering from a nervous 

problem at the time of screening. Under ethical grounds, their performance limitations 

were not directly asked so that the researcher had to wait until the patients themselves 

explain/indicate the multiple disabilities since people only with physical disability/ 

disabilities (multiple disabilities) had been considered in this study. 
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 Summary  

This chapter discussed the study to evaluate the functionality of the framework, 

procedure of carrying out the study, limitations of the framework found during the 

study and validation of the study. 

There were 63 subjects with acquired and 29 with congenital disabilities. Nine 

participants with congenital physical disabilities had disabilities in both upper and 

lower extremities. In the 92 participants, disabilities were found in 245 body 

regions/joints. Although they had 1819 limited or no RM useful for work, they are able 

of carrying out a part of typical WAs in industry with their residual capabilities. Out 

of the 92 participants, 84% were capable of performing one or more WAs carried out 

by the upper extremity. The findings provide impetus for further research to formulate 

guidelines for the employers to identify and evaluate capabilities of people with 

physical disabilities in performing specific jobs. However, other parameters such as 

social and psychological factors of PPDs also need to be researched in order to verify 

their ability to engage in manual WAs.  
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CHAPTER 8 
 

8 Discussion and future work 

This thesis reports the development and evaluation of the WARM mapping framework 

to help enhance the employability of People with Physical Disabilities (PPDs). The 

procedures of obtaining ethical clearance, permission from organisations and 

participants, data collection, analysis of collected data has been described. This chapter 

presents a summary of all the chapters with an emphasis on strengths and weaknesses 

of this research compared to previous contributions and it gives suggestions for future 

work.  

Employability of PWDs is a global need which has multi-fold benefits to PWDs 

themselves, their parents, volunteers and organisations that are looking to employ 

PPDs, and the Governments [20], [27], [89]. As explained in Chapter 1, PPDs who are 

a subset of PWDs have immense work potential [10], but their residual work 

performing ability of PPDs has not been studied [11], [12]. The WARM mapping 

framework discussed in this thesis facilitates to identify the work performing ability 

of PPDs in terms of industrial WAs prevalent in industry. This will help to clear the 

doubts of the colleagues, superiors, practitioners and researchers.  

Even though there are different disabilities (Refer Section 2.4) and employment 

models (Refer Section 2.6) as explained in Chapters 1 and 2 are available, none support 

to identify the physical capabilities of PPDs to enhance their employability. Thus, it is 

evident from the literature that employers are reluctant to select PPDs for suitable jobs 

since they are unable to recognise the residual capabilities of PPDs at interviews [10] 

using any of these models. The importance of understanding the interaction between 

PPDs and the elements of work systems is expressed by [7], thus suggesting a multi-

dimensional disability model to integrate the capabilities and limitations [11], [47] to 

perform work. Nevertheless, any indication of such multi-dimensional models was not 

found in the literature.  

As explained in Section 2.4, PPDs are capable of performing work which are identified 

in terms of Activities of Daily Living - ADL [1]–[5]. The framework described in this 

thesis was developed in order to make PPDs ‘differently-abled’. This research suggests 
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a method to identify of physical capabilities not in terms of ADL, but in terms of 

typical manual WAs that are prevalent in industry. Since WA is the lowest 

classification of work-units[84], [86], Hierarchical Task Analysis (HTA) [107] can be 

used to develop necessary ADL originating from the WAs as future work. 

With reference to Chapter 2 and 3, hardly any literature could be found that identified 

the physical work capability of the PPDs. Nevertheless, in Pre-determined Motion 

Time Systems (PMTS) [84], [85], elements of work or the typical manual WAs in 

industry are available considering people without disabilities (people those who are 

not impaired in any way). Thus, identifying WAs using PMTS by means of an in-depth 

study was proposed. After analysing different PMTS demonstratives, some of the WAs 

that PPDs may perform in both upper and lower extremities were identified. In the 

study carried out with industrial engineers, the WAs were found to be specifically 

defined for people without disabilities. For example, all the WAs of ‘grip’ (‘get/ 

grasp’) is possible for people those without disabilities, but for people with different 

hand deformities/disabilities, a different definition of get’ was needed. Therefore, as 

explained in Section 3.4 and Table 3.5, WA 'get' was sub-divided as ‘no grip’, ‘power 

grip’, ‘power & precision grip’ and ‘precision grip’ [114] and thus PMTS was 

modified for this research to identify WAs in industry that can be performed by PPDs. 

This is a novel contribution to the body of knowledge. 

As detailed in Section 4, the importance of assessing the residual physical capabilities 

of PPDs with respect to the movement of body regions is discussed [7], [46]. The study 

shows that the joints and body regions which are required to move and manipulate 

objects to perform manual work in general have not been studied in depth. It also 

highlighted that this gap has not been filled for a period of more than 30 years even 

though the significance has been identified long ago. Supporting this notion, it is 

declared by [27] that students with disabilities do not work in the areas of specialisation 

that they acquire during their vocational training.  

Subsequently, to identify the physical capabilities of PPDs in order to perform manual 

WAs, the way that the PPDs manipulate their body regions and joints were needed to 

be studied. Thus, the second study was carried out to reveal which body regions and 

joints are essential to perform specific manual WAs. In general, physical capability of 

a person without disability/deformity is determined in terms of Range of Motion-ROM 
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of a joint [74] and it was essential to identify the ROM needed to perform WAs. Joint 

ROM is described as a physiological parameter to determine the motion capability to 

perform manual WAs [72], [73], [75]  and motion capability is evaluated according to 

the ROM they permit [59]. In this context, it was a pre-requisite to identify anatomical 

movements of human body in terms of joint ranges of motion. Thus, another study was 

carried out with medical experts to identify human motion capability, since there was 

no list available stating specific ROM to perform any WA. Experts suggested that, 

body regions such as arms and fingers together are needed in addition to joint ROM, 

in order to perform physical activities. Therefore, the motion of body regions/joint was 

identified as units that perform work. Motion capability of body regions/joints was 

named as range of movement (RM). Again this is novel contribution. 

After finalising the WAs as well as RMs for necessary body regions/joints, another 

study (third) was carried out to map the WAs and RMs. The developed two-

dimensional framework provides a novel philosophical contribution that will help the 

employers and physically disabled employees in the recruitment process. This will 

enhance the employability of PPDs with their residual capabilities. 

To make sure that the PPDs are selected for employment successfully, the employers 

have to be able to understand the residual physical capabilities in terms of WAs at the 

time of interviewing. Simultaneously, the PPDs should be able to communicate about 

their potential residual physical capabilities in terms of WAs to the employer. Thus, to 

help both the employers and the PPDs to understand their requirements enabling 

necessary communication, the WARM mapping framework is proposed by mapping 

the physical capabilities with the typical WAs in industry. This is also a novel concept, 

which is not found in the literature.  

For appropriate employment of PPDs in industry, physical capability in performing 

WAs is essential. Thus, a need was identified to prepare a standard document 

consisting ‘human body regions/joints and their RM necessary to carry out manual 

WAs in industry’ to help identify the residual capabilities of PPDs. The developed tool 

provides a vital two- dimensional approach to address the needs of both PPDs and their 

potential employers with respect to manual work tasks [7]. It relates the manual WAs 

to the RMs possible for the PPDs. 
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 Benefits 

With respect to the special employment programmes that are suggested such as 

subsidised, sheltered and supported [11], [14], [20], [50], [68], [69], to help employ 

PWDs, it is crucial to identify the eligibility requirement and assessment of disabilities 

in a consistent manner [68]. Supporting this notion, the proposed Work-Activity to 

Range of Movement (WARM) mapping framework provides support to select PPDs 

for employment. Further, each employment programme stated above can be 

benchmarked based on the WARM mapping framework. Even the PPDs themselves 

will be able to understand their eligibility in terms of their residual capabilities. 

Furthermore, the framework can be useful to determine the motion-assist devices [161] 

for example, supporting devices needed for pedalling by people with lower limb 

disabilities.  

As researchers propose, the creation of sheltered work centres is a commonly adopted 

strategy [14], [68]. Even though the sheltered work centres [20] have been in practise 

for over 25 years, they do not provide a concrete solution for the proper selection to 

support employment of PWDs. In order to employ PWDs in the sheltered work centres 

or any other suitable workplace, principally, there is a need to understand the physical 

capabilities and limitations of PWDs. Thus, use of the WARM mapping framework 

for the selection of PPDs will provide support not only to the sheltered work centres, 

but also to the other organisations that offer employment for PPDs. Selecting PPDs for 

sheltered workplaces is critical as people with “too little” and “wrong type” of 

disabilities often tend to be selected [68] since there is no mechanism to determine the 

complexity of disability. As a result, sheltered employment, which mainly targets 

people with more severe disabilities is criticised for its inefficiency. This issue can also 

be addressed if the WARM mapping framework is used to select people with more 

severe disabilities and provide them only the WAs that they are capable of performing 

according to the WARM mapping framework. However, the long-term effect of the 

WARM mapping framework needs to be looked at to ascertain the benefits of using it. 

A list of basic human activity limitations associated with upper and lower amputations 

is identified by [62], for example, grasping, lifting, pushing, pulling in the upper 

extremity and carrying, turning and kicking in the lower extremity. Some of the WAs 

however can be further decomposed into smaller work-units as explained in the 
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WARM mapping framework. For example, grasping can be sub-divided into four 

classes based on the complexity of work, i.e. 'no grip’, ‘power grip’, ‘power and 

precision grip’, and ‘precision grip' [84], [114] as explained in Section 3.4. Therefore, 

generalisability of the work carried out by [62] has limitations since the classification 

has not been started from the lowest level of work-units. 

As per the work unit analysis of [84], [86], first order work-units are considered as the 

elementary human motions or the smallest work-units which are usually encountered 

in the study of work to facilitate job design and time study. Similarly, in the current 

research, the smallest work-units were renamed as Work-Activities. These allowed the 

WAs to be extended hierarchically to higher levels such as elements, tasks, 

intermediate products or components, end products, programs and gross output up to 

results [84], [86]. Therefore, the current research provides a greater level of 

generalisability. MTM is identified as the most common PMTS in the world and 

exhibits an internationally valid performance standard for manual tasks [110], thus 

establishing a worldwide uniform standard of planning and performance. The 

generalisability of the current research is further enhanced because it has used valid 

and accepted performance standards. 

There is evidence in the literature where research has been carried out without giving 

due regard to the capabilities and limitations of PPDs [62], [65]. For example, they 

expect the employers to understand the limitations of employees that become amputees 

during their career and provide the necessary resources to overcome workplace 

limitations. They have also provided design guidelines to accommodate amputees. As 

an example, the design of technological aid and environmental accommodations that 

contribute towards the autonomy of PWDs are foremost emphasis of [65] without 

considering the nature of their impairments. The fields of their investigation include, 

for example, functional rehabilitation technologies (e.g., active orthoses, exoskeletons, 

robots and virtual environments applied for rehabilitation), individual substitution 

technologies (e.g., robotic prostheses, normal prostheses), adaptive or assistive 

technologies for PWDs [18]. To initiate this kind of supportive work for employing 

PPDs, physical capabilities and limitations needs to be known primarily. The WARM 

mapping framework will provide necessary information for designing technological-

aid and environmental accommodations based on the essential RMs useful for 

performing WAs.  
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Even though some researchers believe that PWDs in general have great work-potential 

[10], only a small portion of them perform productive activities due to their supposed 

inability to facilitate their integration to the society [14]. In one attempt to integrate 

PWDs to the workforce, effectively a matrix which consists of rotation schedules is 

proposed to expose the workers to different tasks to evaluate the effect of job rotation 

with respect to PWDs at sheltered workplaces [14]. They expect all the employees to 

be equally efficient when executing the tasks. However, in reality, it will not be so, 

especially when PPDs are present among the workforce. Current research reveals that 

for the PPDs, the capabilities and limitations are primarily based on the physical ability 

of performing RMs. Some researchers [74] have identified body regions, joints and 

their corresponding ROMs and postures required for different tasks and jobs that exist 

within industries. For instance, typing posture while using the conventional keyboard 

requires arms abduction, pronation of forearms, and extension of wrists, ulnar 

deviation and finger extension in order to fit the keyboard [162]. In another research it 

has been revealed that wrist movements and muscle activity of the forearm muscles 

referred to as pronation and supination are highly prevalent in screw-driving tasks [74]. 

In the wood working industry, neck flexion/rotation and arm movements are involved 

[149]. Torque exertion involves the total normal grip force and the friction between 

the gloves and handle surface [149]. Therefore, it is essential to understand the 

physical capability of the PPDs in order to determine whether the given tasks can be 

performed by a person. The WARM mapping framework shows that different jobs 

require different RMs of body regions/joints and it is an attempt to conceptualise that 

the PPDs can also perform some of the WAs present in industry with their residual 

capabilities. This will enable the PPDs to be interrupted to the society and contribute 

towards economic development. 

Furthermore, is identifying potential capabilities of PPDs since no proper sysstem of 

that people in wheelchair are as unproductive [22], [66] states literature available. This 

will identify WAs with residual capabilities changing the literature. These people can 

perform WAs using upper extremity even in wheel chairs. Otherwise work can be 

brought closer to these people allow them to be working. 
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There are numerous benefits can be expected by the employers who use this 

framework. At the interviews, PPDs do not have an idea of available WAs in 

organisations while the employer does not know about the physical capability 

performance of PPDs [10], [11]. Since two-way verbal communication is not 

facilitated between them at the job interviews, recruitment has not been possible even 

though the literature suggests that PWDs are willing to work, if they are recruited to 

organisations [15].  This framework provides an effective platform since both 

interviewer and interviewee can refer to the WARM mapping framework at the time 

of the interview. Thus, the interviewer can identify the capabilities and limitations of 

the PPDs while PPDs will have an understanding about the WAs in the organisation 

that he/she has to perform based on their residual ability. To ask questions related to 

residual motion capability of PPDs, the framework can be useful to understand the 

limitations in terms of WAs providing an ethical interviewing atmosphere to select 

suitable PPDs for employment. After selection, job assignments can be made 

according to the framework. It provides an idea about the workplace requirements [63], 

i.e. equipment, facilities, procedures and training as identified by [163], [164]. This 

will be helpful in providing them with opportunities to develop their skill inventory. 

However, in order to facilitate these, the framework needs to be extended to cover 

these additional aspects.  

PPDs will also have many benefits that will lead to finding suitable jobs and 

workplaces based on their residual capabilities and limitations. They will be able to 

self-assess their own capabilities and limitations at specific work situations. These are 

all research needs, which have been frequently mentioned as gaps in literature [14], 

[17], [71], [74], [79], [149]. For instance, [74] state that in order to perform different 

tasks and jobs in industries different; body regions, joints and their corresponding 

ROMs and postures are required. This framework therefore acts as an appropriate 

communication bridge between the employer and PPDs, which has been repeatedly 

identified as a void in literature [7]. 

Explaining about the successful integration of the identified PWDs to work 

environments, those who have been off work due to impairment, managers are 

expected to make efforts to understand the capabilities of PWDs to employ them in 

organisations [17]. However, it has always been a grey area, with uncertainties when 
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deciding the capabilities of PPDs. Unsuitable or harmful decisions of managers could 

even destroy the residual capabilities of PPDs and worsen the situation. The WARM 

mapping framework can potentially address this issue.  

Research suggests that the work-related performance of individuals with finger 

disabilities is substandard to those with all fingers intact and fully functional [79]. 

However, published literature so far does not support to understand or quantify these 

substandard functional capabilities compared to normal individuals. For capture the 

disability in each finger, there is a position in the WARM mapping framework thus 

enabling facilities to identify capabilities in terms of different classes of ‘get 

(grasp/grip)’. This can be used to evaluate the functional capabilities of PPDs with 

respect to the capacity of normal people. For example, the framework can be used to 

determine several WAs that PPDs with finger disabilities can perform. Out of the 

various grips that are needed ‘no grip’ activities can be achieved without the 

involvement of the RM of the fingers. PPDs with mild RM may perform ‘no grip’ 

activities while the ‘precision grip’ can be performed by PPDs with high RM 

capabilities. For example, the minimum RMs required to perform work with a 

screwdriver are quite different from those when using pliers or any other type of hand 

tool. Based on the capability of performing minimum RMs of different fingers, the 

work capability as well as limitations can therefore be identified using the WARM 

mapping framework extending the boundaries of employability of PPDs. 

Employers need to provide amenities such as accessible pathways, auxiliary devices 

and safe and comfortable sanitary facilities if needed [15], [35], [36], but they are 

unable to predict the successes and failures of the outcomes of recruiting PWDs to 

their organisations. This research explores aspects of managing PWDs at work and 

proposes further research needed to categorise work-related needs of PWDs based on 

their physical capabilities and limitations to help design work tasks that could be 

carried out by them [20], [30], [31]. It is also argued that PPDs require more time to 

perform simple assembly and disassembly tasks than people with no disabilities [48] 

since the restricted or controlled movements of body regions inhibit the ability to freely 

move, manipulate objects and interact with the physical world [8], [24]. Based on this, 

another research area can be identified to study on the standardisation of time settings 

to provide ‘personal allowances’ for PPDs.  
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To perform walking, a pair of legs is essential [142]. The knee performs the main role 

during the whole gait cycle due to the fact that the knee joint sets the difference 

between a rigid leg, with one body from the hip until the ankle. However, [165] believe 

that in many occupational settings, walking is considered a job function when it is 

performed with a physical load. Therefore, muscular activity of PPDs must be studied 

in future research. 

The human muscular power is the main source of energy for most of the work done in 

the world [119]. Voluntary muscles of human body are activated under one’s 

conscious control [119] and therefore human beings can move. The forces concerned 

in making these movements are quantified using the muscle power grading (Refer 

Section 2.7.4). PPDs may not be fully supported by voluntary muscles. Supporting 

this, it is explained that all the muscles are attached at each end to bones, with one or 

more intervening joints. The basis for movement is the property of the muscles which 

contract, bringing the points of attachment closer together [119]. Therefore, traditional 

muscle power grading may not be feasible with PPDs and a novel way of quantifying 

their ability to work needs to be unveiled.     

Methodological aspects 

The advantage of snowballing sampling used in this research is that it keeps the sample 

size small, but the major disadvantage in the snowballing approach is that the second 

group of respondents suggested by the first group may be very similar to the first and 

therefore the study group may not be representative of the population [49]. However, 

with its inherent limitations, this method is being frequently used and proven 

successful in numerous occasions in achieving data saturation quickly and easily [49]. 

Furthermore, in the study, the moderator’s comments were used to create the ‘initial 

document ’and ‘working document’ in phases two and three. Therefore, it can be 

argued that the document is biased. However, in the subsequent refining of the 

document by the other experts, the dominant contribution of the moderator diminished. 

This can be considered as an inherent feature of the Delphi techniques [49].  

Even though muscle strength [46], [159], [160] is identified as an important parameter 

used to identify the physical capabilities and limitations of PPDs for employment 

measuring, the muscle strength using available instruments such as the hand 
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dynamometer was found to be difficult. Therefore, such instruments were not used in 

the study and the muscle strength was not measured. Therefore, further research is 

suggested to design a muscle strength measuring instrument which may be suitable to 

be used with the PPDs. 

Finding a committee to apply for ethical clearance for the research was a challenging 

task. Researcher contacted approximately three other universities where there are 

ethical clearance committees, however they refused to accept the application for 

ethical clearance indicating that this research is novel for them. Finally, the Medical 

Research Institute (MRI) of ethical clearance and scientific committee accepted the 

application and it took about one-year to discuss the research in the ‘ethical clearance 

granting meeting’. At the meeting, the researcher had to convince a team consisting of 

about 30 medical officers and Health Directors about the research. The main concern 

of the committee was regarding the terminology used by the researcher. They were 

different to medical terminology but they were more related to engineering 

terminology. Once these were clarified, the committee granted clearance. 

Carrying out research in the health sector is not easy due to its frequently changing 

and the off-standard unavoidable practices within the hospital environment. Therefore, 

discussions, interviews and document-reviews with the health personnel and also 

finding a proper space for a discussion were challenging. The initial meeting with the 

Moderator was held in a corridor. Subsequent meetings were also held at the clinics at 

times in front of the other medical officers, nurses and guardians of patients. Therefore, 

notes were taken down by the researcher and sometimes the experts also made notes 

in their own hand-writing. However, note-taking in interview studies in research is not 

uncommon [49]. 

Future work 

Even though it is difficult to quantify the costs of disability as explained in Section 1, 

a system can be developed to measure earnings of PWDs in the future. After finalising 

the cycle times for different industries based on this framework, earnings of the PPDs 

can be calculated in terms of Standard Allocated Hours (SAH). This performance 

measurement may lead to supporting all other measures such as planning, performance 

calculations, incentive schemes as similar to practices with the normal population. This 

is suggested as future work. 



 

127 

 

With reference to previous work, it is explained that individuals with finger disabilities 

require a substantially long time to perform simple assembly and disassembly tasks 

[71]. They reveal that the increase in time could be as much as one hundred percent 

more than what individuals without disability take. However, the WARM mapping 

framework suggests suitable work for individuals with finger disabilities, which may 

not involve assembly and disassembly tasks and involve only suitable tasks. 

Furthermore, with some extended future work, time measurements can also be 

integrated to the framework to substantiate the capability of PPDs. The findings of the 

research may also be used to develop research areas such as, listing out WAs for 

specific industries (e.g. General Sewing Data for people without disabilities in garment 

industry), timing such WAs and categorising work based on complexity. 

Further work is also needed to integrate different jobs and work situations into the 

framework by studying the process times for PPDs. The research findings can be used 

as a foundation for many other research studies such as to develop WAs for specific 

industries, identify MTM-based work available in industry that PPDs can be mapped 

with, set Standard Minute Value (SMV) for different operations in specific industries 

and PPDs for different categories and innovate tools suitable for the disability or 

deformity.  

To make the WARM mapping framework user-friendly further, a software can be 

developed by adding computer animation and made available in the worldwide web to 

upload capabilities and limitations of PPDs themselves which may be referred by 

employers. In addition, this framework has been developed to assess WAs carried out 

using a single side of the body. This is a limitation of the framework and it has to be 

extended to encompass WAs that essentially need both hands for example, driving and 

riding. Further, research also should be carried out to develop mechanisms to solve 

problems associated with employers when employing PPDs, such as the salary and 

identification of changes to be made to the workplaces.   

When the developed framework is studied along with the aforementioned disability 

models, the philosophical contribution of the research seems to provide an extension 

to the embodied model with a strong methodological support to develop a work-related 

technical model to help employ PPDs in industry. 
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Since muscle strength is identified as an important factor to identify the physical 

capabilities and limitations [46], [160] and human strength capabilities change at 

different horizontal and vertical angles due to the interactions and orientation of the 

musculoskeletal system [120]. Thus, studying human strength capabilities in different 

work-planes is suggested. Additionally, the strength effects due to postural changes 

such as seated work and standing work also needed to be studied.  

This research suggests only a two-dimensional framework to enhance employability 

of PPDs. In this research, the contribution to knowledge is certain. However, to make 

a wider acceptance within the society, more parameters are proposed to be added. As 

future work, it is suggested to study other important dimensions such as muscle 

strength, endurance of body regions, gender basis strength differences, influence of 

preferred/dominant hand or leg and cognitive behaviour of PPDs.  

In the Physical capability study explained in Chapter 7, it was revealed that there are 

PPDs with many different types of disabilities especially in the inborn category. In 

order to employ them the need for a multi-dimensional model with many essential 

parameters as explained earlier in this chapter, has been suggested. However, the 

developed WARM mapping framework, has 30 WAs in upper extremity and four WAs 

in lower extremity. Meanwhile, this framework considers 21 main body regions/joints 

in the upper extremity while four in lower extremity. Moreover, for each body 

region/joint there are 2 -7 number of ROMs. Since this 2D model is also complex, 

simplification is essential for its best use. For simplification, using the science of 

algorithm has been suggested. In order to handle all these parameters effectively using 

‘cluster analysis’ is suggested. In this light, several algorithms which have been 

developed for the clustering problem [166] may be helpful. K-means algorithm is very 

useful for handling large data sets of clustering since it’s easy implementation and fast 

working [167]. This type of grouping is essential to further develop the framework by 

adding a time measurement component. A standard data set of time for each work 

element may be defined for each WAs to enhance the user-friendliness of the 

framework.  

At this stage, the terminology used in the framework is suitable only for a limited 

community. This restriction can be avoided by developing a visual or non-descriptive 
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form of the WARM mapping tool for easy understanding and to enhance user-

friendliness. Such visual and non-descriptive forms are used in applications such as 

REBA and RULA [80], [81] 

Before initiating the application process, it is expected to study the effects of Standard 

Minute Value (WMSD) [163], [164]. However, in order to help improve the workplace 

accommodation to a high percentage of the industrial population with and without low 

back disability, sound ergonomic principles for redesigning of Manual Materials 

Handling (MMH) tasks are suggested [168] using ergonomic redesigning strategies, 

lifting, lowering, and carrying tasks can be changed for pushing and pulling tasks. For 

example, they suggest a well-designed cart to transfer heavy weights with forces that 

are acceptable to a high percentage of males and females. In the same manner, some 

typical manual WAs may be converted to easy tasks using ergonomic redesigning 

strategies and identification of these WAs is suggested to be carried out in the future. 

In addition, researchers propose a wider approach of ergonomic intervention for the 

design of assistive technologies, including functional needs, accessibility, social 

acceptability [18] and workplace adjustments [7], [63] to help PWDs. Since 

categorisation of PPDs is possible according to the physical capability of PPDs to 

perform WAs using the WARM mapping framework, the necessary assistive devices 

can be identified for manufacturing to help PPDs. Thus, the integration of the science 

of ergonomics, may boost the usability of the WARM mapping framework further.  
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CHAPTER 9 
 

9 Conclusion 

This thesis addresses the development of a framework to increase the ability of PPDs 

to work in industry. Ethical clearance was granted from Medical Research Institute 

(MRI), Sri Lanka to carry out this study. Mainly, five major studies were carried out 

to develop this two-dimensional framework. The conclusions made in each of these 

studies lead to the ultimate result of the WARM mapping framework. The elements of 

the framework provide generality since this uses the same WA as stated in PMTS 

mapped with body regions/joints used in the orthopaedic medical field. The two-

dimensional approach provided by this framework adds universality to it since all other 

contributions made to employ PPDs in this arena so far have been in single dimension.  

Having observed that there were passive approaches to assist the employability of 

PPDs by adopting policies such as sheltered, subsidised, designated and supported 

employment, the motivation to this research came from the observation that there is a 

need to positively rate the performance of PPDs in defined work types in order to 

facilitate their employment in industry. Even though, policies have been in practice to 

provide for the employment of PPDs, identifying residual capabilities to perform WAs 

have been a problem. There was a research gap in this respect for matching their 

motion capability and major work elements that constitute industrial work for 

assessing their residual physical capability to perform certain identified WAs. 

Manual work elements that the humans employ in performing work using the upper 

torso have been identified and validated in the study and these are in Tables 3.2, 3.3 

and 3.4 while that those for lower torso are in 3.5. Body regions/joints that are used 

for performing industrial work have been identified and validated. These are shown in 

Tables 4.1 and 4.3. Thus this research fulfilled the need for the assessment of the work 

performance capability of PWDs by producing this research result which is the 

WARM mapping framework.  

Sections of the WARM mapping framework developed for upper and lower 

extremities are shown in Figures 9.1 and 9.2 while the full-scale framework are in 

Figures 5.3 and 5.4. 
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Figure 9.1: A section of the WARM mapping framework- upper extremity 

 

Figure 9.2: A section of the WARM mapping framework- lower extremity.  

 

The results of the usability assessment of the framework was enriched by its user-

friendliness and the clarity. The comprehensive functionality assessment results 

showed that out of the 92 participants, 84% were capable of performing one or more 

WAs carried out by the upper extremity.  
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The developed framework was expected to be used by the practitioners who are 

involved in recruitment, selection for vocational training of personnel for jobs, training 

and retraining in industry, designing of jobs, designing and manufacturing assistive 

devices and wheeled-chairs for the use of PPDs and for training programmes for 

developers’ of PPDs globally. To decide on the equipment, facilities, procedures and 

training for effective performance of PPDs, this framework may be used as a platform. 

As further work, the framework of WARM mapping tool needs to be extended to cover 

both left and right sides of the body.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

133 

 

References 

[1] M. Strassnig, J. Signorile, C. Gonzalez, and P. D. Harvey, ‘Physical 

performance and disability in schizophrenia’, Schizophr. Res. Cogn., vol. 1, no. 

2, pp. 112–121, 2014. 

[2] H. Yoon and S. Kim, ‘Development strategy of the alternative format materials 

for disabled people in Korea’, Aslib Proc., vol. 63, no. 4, pp. 380–398, Jul. 2011. 

[3] M. E. Chernew, A. A. Samwick, F. Pan, and B. Shan, ‘Declining disability 

among the elderly disability risk and the value’, in Disability and Spending 

Growth, no. January, 2009, pp. 237–248. 

[4] B. Doyle, ‘Employment vulnerability and labour law’, Empl. Relations, vol. 9, 

no. 5, pp. 20–29, May 1987. 

[5] F. J. Valero-cuevas, N. Smaby, M. Venkadesan, M. Peterson, and T. Wright, 

‘The strength – dexterity test as a measure of dynamic pinch performance’, J. 

Biomech., vol. 36, pp. 265–270, 2003. 

[6] B. M. de Guimarães, ‘Ergonomics and workplace adaptation to people with 

disabilities’, Work, vol. 50, no. 4, pp. 607–609, 2015. 

[7] B. Guimarães, L. Bezerra, Barkokébas, Martins, and B. B. Junior, ‘Workplace 

adaptation of people with disabilities in the construction industry’, Procedia 

Manuf., vol. 3, pp. 1832–1837, 2015. 

[8] M. Laabidi et al., ‘Learning technologies for people with disabilities’, J. King 

Saud Univ. – Comput. Inf. Sci., vol. 26, no. 1, pp. 29–45, Jan. 2014. 

[9] World Health Organization, ‘World Report on Disability’, Feb. 2011. 

[10] S. Lindsay and A.-M. DePape, ‘Exploring differences in the content of job 

interviews between youth with and without a physical disability’, PLoS One, 

vol. 10, no. 3, pp. 1–16, Mar. 2015. 

[11] A. C. Manolache et al., ‘Development of disabled employees from academic 

environment’, Procedia - Soc. Behav. Sci., vol. 142, pp. 71–77, 2014. 

[12] C. F. Chi, J. S. Pan, T. H. Liu, and Y. Jang, ‘The development of a hierarchical 

coding scheme and database of job accommodation for disabled workers’, Int. 

J. Ind. Ergon., vol. 33, no. 5, pp. 429–447, 2004. 

[13] S. Aytac et al., ‘Flexible working and employment of people with disabilities at 

customs brokerage firms in Turkey : A social responsibility project’, Procedia 

- Soc. Behav. Sci., vol. 65, pp. 39–45, 2012. 

[14] A. M. Costa and C. Miralles, ‘Job rotation in assembly lines employing disabled 

workers’, Int. J. Prod. Econ., vol. 120, no. 2, pp. 625–632, Aug. 2009. 

[15] R. Newton, M. Ormerod, and P. Thomas, ‘Disabled people’s experiences in the 

workplace environment in England’, Equal Oppor. Int., vol. 26, no. 6, pp. 610–

623, Aug. 2007. 

[16] J. J. Chen and Z. He, ‘Using analytic hierarchy process and fuzzy set theory to 

rate and rank the disability’, Fuzzy Sets Syst., vol. 88, pp. 1–22, 1997. 



 

134 

 

[17] C. Miralles et al., ‘Advantages of assembly lines in sheltered work centres for 

disabled. A case study’, Int. J. Prod. Econ., vol. 110, no. 1–2, pp. 187–197, 

2007. 

[18] O. Plos, S. Buisine, A. Aoussat, F. Mantelet, and C. Dumas, ‘A Universalist 

strategy for the design of assistive technology’, Int. J. Ind. Ergon., vol. 42, no. 

6, pp. 533–541, Nov. 2012. 

[19] J. C. Granger and B. H. Kleiner, ‘Benefit programmes for disabled employees’, 

Equal Oppor. Int., vol. 22, no. 3, pp. 10–15, 2014. 

[20] C. Barnes, ‘Disability and employment’, Pers. Rev., vol. 21, no. 6, pp. 55–73, 

Jun. 1992. 

[21] T. A. Pointer and B. H. Kleiner, ‘Developments concerning accommodation of 

wheelchair users within the workplace in accordance to the Americans with 

Disabilities Act’, Equal Oppor. Int., vol. 16, no. 6/7, pp. 44–49, Jun. 1997. 

[22] E. Grisé, G. Boisjoly, M. Maguire, and A. El-Geneidy, ‘Elevating access: 

Comparing accessibility to jobs by public transport for individuals with and 

without a physical disability’, Transp. Res. Part A Policy Pract., no. xxxx, pp. 

0–1, 2018. 

[23] G. O. Vincent-Onabajo and W. S. Malgwi, ‘Attitude of physiotherapy students 

in Nigeria toward persons with disability’, Disabil. Health J., vol. 8, no. 1, pp. 

102–108, Jan. 2015. 

[24] M. Hanková and S. Vávrová, ‘Emotional and social needs of integrated disabled 

students in secondary school environment’, Procedia - Soc. Behav. Sci., vol. 

217, no. 2001, pp. 229–238, Feb. 2016. 

[25] E. L. De Hollander and K. I. Proper, ‘Physical activity levels of adults with 

various physical disabilities’, Prev. Med. Reports, vol. 10, pp. 370–376, 2018. 

[26] S. Uppal, ‘Disability, workplace characteristics and job satisfaction’, Int. J. 

Manpow., vol. 26, no. 4, pp. 336–349, Jun. 2005. 

[27] A. M. Yusof, M. M. Ali, and A. M. Salleh, ‘Employability of vocational school 

leavers with disabilities’, Procedia - Soc. Behav. Sci., vol. 112, pp. 1064–1069, 

Feb. 2014. 

[28] M. D. Warren, ‘The prevalence of disability: measuring and estimating the 

number and the needs of disabled people in the community’, Public Health, vol. 

101, pp. 333–341, 1987. 

[29] D. M. Francis and R. Adams, ‘Are we promoting the health of people with 

physical mobility impairments? A literature review’, Health Educ., vol. 110, no. 

2, pp. 135–145, 2010. 

[30] A. Sairam, ‘Developing and Verifying MTM modifiers for tasks performed by 

individuals with permanent partial disability of the fingers.’, University of 

Cincinnati, 2008. 

[31] T. Thanem, ‘Embodying disability in diversity management research’, Equal 

Oppor. Int., vol. 27, no. 7, pp. 581–595, 2008. 

 



 

135 

 

[32] T. Hutchison, ‘Archives of disease in annotations: The classification of 

disability’, Dis. Child., vol. 73, pp. 91–99, 1995. 

[33] D. L. Stone and A. Colella, ‘A model of factors affecting the treatment of 

disabled individuals in organizations’, Pers. Rev., vol. 21, no. 6, pp. 55–73, Jun. 

1992. 

[34] M. K. Jones, ‘Disability and the labour market: a review of the empirical 

evidence’, J. Econ. Stud., vol. 35, no. 5, pp. 405–424, Sep. 2008. 

[35] N. N. Sze and K. M. Christensen, ‘Access to urban transportation system for 

individuals with disabilities’, IATSS Res., vol. 41, no. 2, pp. 66–73, Jul. 2017. 

[36] J. Hashim et al., ‘Access and accessibility audit in commercial complex: 

effectiveness in respect to People with Disabilities (PWDs)’, Procedia - Soc. 

Behav. Sci., vol. 50, no. July, pp. 452 – 461, 2012. 

[37] C. Biihler, ‘Approach to the analysis of user requirements in assistive 

technology’, Int. J. Ind. Ergon., vol. 17, no. 2, pp. 187–192, 1996. 

[38] A. M. Gurrama, P. S. . R. Rao, and R. Dontikurti, ‘Solar powered wheel chair: 

mobility for physically challenged’, Int. J. Curr. Eng. Technol., vol. 2, no. 1, 

pp. 211–214, 2012. 

[39] T. Pohjonen, A. Punakallio, and V. Louhevaara, ‘Participatory ergonomics for 

reducing load and strain in home care work’, Int. J. Ind. Ergon., vol. 21, no. 5, 

pp. 345–352, 1998. 

[40] M. C. Domingo, ‘An overview of the internet of things for people with 

disabilities’, J. Netw. Comput. Appl., vol. 35, no. 2, pp. 584–596, 2012. 

[41] V. Calikova, E. Egorov, and E. Razumovskaya, ‘About the need of employment 

of disabled people for regions of the Russian Federation’, Procedia Econ. 

Financ., vol. 15, no. 14, pp. 1029–1032, 2014. 

[42] W. E. E. Field and R. L. L. Tormoehlen, ‘Impact of physical handicaps on 

operators of agricultural equipment’, Appl. Ergon., vol. 16, no. 3, pp. 179–182, 

Sep. 1985. 

[43] A. L. Azlan, R. M. Rashid, A. Latib, M. Rashid, A. L. Azlan, and R. M. Rashid, 

‘Employment core abilities skills among trainees with physical disabilities ın 

Malaysia’, Procedia - Soc. Behav. Sci., vol. 93, no. 2005, pp. 1760–1765, 2013. 

[44] M. Kulkarni and R. Valk, ‘Don’t ask, don’t tell: Two views on human resource 

practices for people with disabilities’, IIMB Manag. Rev., vol. 22, no. 4, pp. 

137–146, 2010. 

[45] S. K. Charles and Hogan Neville, ‘Dynamics of wrist rotations’, J. Biomech., 

vol. 44, pp. 614–621, 2011. 

[46] Armstrong and Kochhar Dev S., ‘Work performance and handicapped persons’, 

in industrial engineering handbook, G. Salvendy, Ed. Wiley International 

Publication, 1982, pp. 1–18. 

[47] B. C. Amick et al., ‘Measuring the Impact of Organizational Behaviors on Work 

Disability Prevention and Management’, J. Organ. Rehabil., vol. 10, no. 1, pp. 

21–38, 2000. 



 

136 

 

[48] A. Subramanian and A. Mital, ‘Finger disabilities and higher level tasks - 

developing and validating MTM multipliers’, Int. J. Ind. Eng.  Theory Appl. 

Pract., vol. 16, no. 4, pp. 344–352, 2009. 

[49] M. Saunders, P. Lewis, and A. Thornhill, Research methods for business 

students, 5th ed. 2009. 

[50] I. Buc˘i¯unien˙e and R. Kazlauskait˙e, ‘Integrating people with disability into 

the workforce: the case of a retail chain’, Equal. Divers. Incl. An Int. J., vol. 29, 

no. 5, pp. 534–538, 2010. 

[51] M. E. Page and J. Spicer, ‘Aids and services for disabled people- getting the 

message across’, no. December, pp. 223–230, 1981. 

[52] L. J. Bonnici, S. L. Maatta, and M. K. Wells, ‘patrons with disabilities US 

national accessibility survey : librarians serving patrons with disabilities’, New 

Libr. World, vol. 110, no. 11/12, pp. 512–528, 2011. 

[53] A. Subramanian, ‘Developing MTM modifiers for tasks performed by 

individuals with permanent partial disability of fingers.’, University of 

Cincinnati, 2007. 

[54] J. A. Jacko and H. S. Vitense, ‘A review and appraisal of information 

technologies within a conceptual framework for individuals with disabilities’, 

online Springer-Verlag 2001, pp. 56–76, 2001. 

[55] P. R. M. M. Jones, M. Riouxb, and M. Rioux, ‘Three-dimensional Surface 

Anthropometry : to the Human Body Applications’, Opt. Lasers Eng., vol. 28, 

no. 2, pp. 89–117, 1997. 

[56] J. Rostron, ‘Assessing the physically disabled: Social factors in rehousing’, 

Public Health, vol. 92, pp. 246–250, 1978. 

[57] A. Cieza et al., ‘Linking health-status measurements to the international 

classification of functioning, disability and health’, J Rehabil Med, vol. 34, pp. 

205–210, 2002. 

[58] S. Pandey and A. K. Pandey, Clnical Orthopaedic Diagnosis. New Delhi Japee 

Brothers Medical Publishers, 2009. 

[59] F. H. Martini and E. F. Batholamew, Essentials of Anatomy & Physiology. 

Prentice Hall, 2000. 

[60] N. Pollock, S. Baptiste, M. Law, M. A. McColl, A. Opzoomer, and H. Polatajko, 

‘Occupational performance measures: a review based on the guidelines for the 

client-centred practice of occupational therapy.’, Can. J. Occup. Ther., vol. 57, 

no. 2, pp. 77–81, 1990. 

[61] L. J. Bonnici, S. L. Maatta, and M. K. Wells, ‘US national accessibility survey: 

librarians serving patrons with disabilities’, New Libr. World, vol. 110, no. 

11/12, pp. 512–528, 2009. 

[62] A. Girdhar, A; Mital, A; Kephart, A; Young, ‘Design guidelines for 

accommodating amputees in the workplace’, J. Occup. Environ. Med., vol. 11, 

no. 2, pp. 99–118, 2001. 

 



 

137 

 

[63] P. Anand and P. Sevak, ‘The role of workplace accommodations in the 

employment of people with disabilities’, J. Labour Policy, vol. 6, no. 12, p. 20, 

2017. 

[64] D. E. Gyi, R. E. Sims, J. M. Porter, R. Marshall, and K. Case, ‘Representing 

older and disabled people in virtual user trials: Data collection methods’, Appl. 

Ergon., vol. 35, no. 5, pp. 443–451, 2004. 

[65] J.-F. Ravaud and V. Boissonnat, ‘Boosting disability research in the engineering 

sciences. The recommendations of the National Observatory for Training, 

Research and Innovation on Disability (ONFRIH )’, Ann. Phys. Rehabil. Med., 

vol. 54, no. 1, pp. 16–24, Feb. 2011. 

[66] B. Kyei-dompim, ‘Technical - vocational institute for the physically disabled: 

an examination of conflicting design requirements for people with mobility 

impairments’, 2010. 

[67] J. N. Laditka and S. B. Laditka, ‘Work disability in the United States, 1968–

2015: Prevalence, duration, recovery, and trends’, SSM - Popul. Heal., vol. 4, 

pp. 126–134, 2018. 

[68] P. Skedinger and B. Widerstedt, ‘Cream skimming in employment programmes 

for the disabled ? Evidence from Sweden’, Int. J. Manpow., vol. 28, no. 8, pp. 

694–714, 2007. 

[69] M. Simpson, N. Taylor, J. Padmore, M. Simpson, N. Taylor, and J. Padmore, 

‘Marketing in supported employment enterprises — Part I : Case studies’, J. 

Small Bus. Enterp. Dev., vol. 8, no. 3, pp. 233–244, 2001. 

[70] G. Ruggeri Stevens and S. Goodwin, ‘“Learning to work” in small businesses’, 

Educ. + Train., vol. 49, no. 8/9, pp. 745–755, Nov. 2007. 

[71] A. Subramanian and A. Mital, ‘Developing MTM modifiers for finger 

disabilities’, Int. J. Ind. Eng., vol. 16, no. 4, pp. 331–343, 2009. 

[72] M. Sanders and McCormick E. J., Human Factors in Engineering and Design, 

7th ed. Library of Congress Cataloging-io-Publication Data, 1993. 

[73] A. M. Atya, ‘The validity of spinal mobility for prediction of functional 

disability in male patients with low back pain’, J. Adv. Res., vol. 4, pp. 43–49, 

2013. 

[74] P. Mukhopadhyay et al., ‘Estimating upper limb discomfort level due to 

intermittent isometric pronation torque with various combinations of elbow 

angles, forearm rotation angles, force and frequency with upper arm at 90° 

abduction’, Int. J. Ind. Ergon., vol. 37, no. 4, pp. 313–325, Apr. 2007. 

[75] R. Hew, H. A. M. M. Daanen, G. Havenith, R. Heus, H. A. M. M. Daanen, and 

G. Havenith, ‘Physiological criteria for functioning of hands in the cold. A 

review’, Appl. Ergon., vol. 26, no. 1, pp. 5–13, 1995. 

[76] J. Hwang, H. Shin, and M.-C. Jung, ‘Joint motion pattern classification by 

cluster analysis of kinematic, demographic, and subjective variables’, Appl. 

Ergon., vol. 44, pp. 636–642, 2013. 

 



 

138 

 

[77] M. J. Chung and M. J. J. Wang, ‘The effect of age and gender on joint range of 

motion of worker population in Taiwan’, Int. J. Ind. Ergon., vol. 39, no. 4, pp. 

596–600, 2009. 

[78] R. W. Shoenmarklin and W. S. Marras, ‘Dynamic capabilities of the wrist joint 

in industrial workers’, Int. J. Ind. Ergon., vol. 11, no. 3, pp. 207–224, Jun. 1993. 

[79] A. Pennathur and A. Mital, ‘A Comparison of functional capabilities of 

individuals with and without simulated finger disabilities : An exploratory 

study’, J. Occup. Rehabil., vol. 9, no. 4, pp. 227–246, 1999. 

[80] S. Dockrell et al., ‘An investigation of the reliability of Rapid Upper Limb 

Assessment (RULA) as a method of assessment of children’ s computing 

posture’, Appl. Ergon., vol. 43, no. 3, pp. 632–636, May 2012. 

[81] S. Hignett and L. McAtamney, ‘Rapid Entire Body Assessment (REBA)’, Appl. 

Ergon., vol. 31, no. 2, pp. 201–205, Apr. 2000. 

[82] I. L. Organisation, International Labour Organisation. Geneva ILO, 1992. 

[83] C. L. Brisley and K. Eady, ‘Predetermined Motion Time systems’, in Handbook 

of Industrial Engineering, G. Salvendy, Ed. 1982, p. 4.5.1 to 4.5.31. 

[84] M. E. Mundel, Motion and time study, 5th ed. Prentice Hall of India Private 

Limited, 5th edition, 2nd Indian edition, 1981. 

[85] R. M. Currie and J. E. Faraday, Work study, 4th ed. London Pitman 1977, 1978. 

[86] M. E. Mundel, ‘Productivity measurement and improvement’, in Handbook of 

Industrial Engineering Engineering, G. Salvendy, Ed. 1982. 

[87] R. M. Barnes, Motion and time study : design and measurement of work, 6th ed. 

New York Wiley, 1968. 

[88] G. Salvendy and J. Knight, Psychomotor Work Capabilities. New York John 

Wiley, 1982. 

[89] A. W. Cywar, ‘Development and use of standard data’, in Handbook of 

Industrial Engineering, G. Salvendy, Ed. 1982. 

[90] H. B. Maynard, Industrial Engineering Hand book, 3rd edition. McGRAW 

HILL, USA, 1971. 

[91] K. Jain and L. Agrawal, Production Planning Control and Industrial 

Management. mesh Chander Khanna, Khanna Publishers, 2B, Nath Market, 

Delhi, 1980. 

[92] N. Fallentin et al., ‘Criteria for classification of posture in repetitive work by 

observation methods: A review’, Int. J. Ind. Ergon., vol. 19, no. 5, pp. 397–411, 

May 1997. 

[93] H. Cho and J. Park, ‘Motion-based method for estimating time required to attach 

self-adhesive insulators’, Comput. Des., vol. 56, pp. 68–87, Nov. 2014. 

[94] R. Ortengren, J. Laring, M. Forsman, R. Kadefors, R. Örtengren, and R. 

Ortengren, ‘MTM-based ergonomic workload analysis’, Int. J. Ind. Ergon., vol. 

30, no. 3, pp. 135–148, 2002. 



 

139 

 

[95] C. R. Mehta and V. K. Tewari, ‘Seating discomfort for tractor operators: A 

critical review’, Int. J. Ind. Ergon., vol. 25, no. 6, pp. 661–674, 2000. 

[96] J. Leilanie, D. Prado-lu, J. L. Del Prado-Lu, J. Leilanie, and D. Prado-lu, 

‘Anthropometric measurement of Filipino manufacturing workers’, Int. J. Ind. 

Ergon., vol. 37, no. 6, pp. 497–503, Jun. 2007. 

[97] M. M. Robertson, Y. Huang, M. J. O. Neill, and L. M. Schleifer, ‘Flexible 

workspace design and ergonomics training : Impacts on the psychosocial work 

environment , musculoskeletal health , and work effectiveness among 

knowledge workers’, vol. 39, pp. 482–494, 2008. 

[98] C. R. Mehta and V. K. Tewari, ‘Seating discomfort for tractor operators--a 

critical review’, Int. J. Ind. Ergon., vol. 25, no. 6, pp. 661–674, 2000. 

[99] M. K. Chung and S. H. Kim, ‘Effects of body posture , weight and frequency 

on time-dependent muscle strengths during dynamic materials handling tasks’, 

Int. J. Ind. Ergon., vol. 18, pp. 153–159, 1996. 

[100] A. Mital and S. Kumar, ‘Human muscle strength definitions , measurement , 

and usage : Part II - The scientific basis (knowledge base) for the guide’, Int. J. 

Ind. Ergon., vol. 22, pp. 123–144, 1998. 

[101] P. Carayon and M. J. Smith, ‘Work organization and ergonomics’, Appl. Ergon., 

vol. 31, pp. 649–662, 2000. 

[102] J. A. Hunt, ‘Robot kinematics and the Gantry Tau parallel machine’, Ind. Robot 

An Int. J., vol. 34, no. 5, pp. 362–367, Aug. 2007. 

[103] A. Mital and S. Kumar, ‘Human muscle strength definitions, measurement, and 

usage: Part I - Guidelines for the practitioner’, Int. J. Ind. Ergon., vol. 22, no. 

1–2, pp. 101–121, 1998. 

[104] X. Zhang and T. Buhr, ‘Are back and leg muscle strengths determinants of 

lifting motion strategy? Insight from studying the effects of simulated leg 

muscle weakness’, Int. J. Ind. Ergon., vol. 29, no. 3, pp. 161–169, 2002. 

[105] R. S. Padula, H. Jane, and C. Gil, ‘Sagittal trunk movements during load 

carrying activities : a pilot study’, vol. 32, pp. 181–188, 2003. 

[106] P. G. Dempsey and M. M. Ayoub, ‘The influence of gender, grasp type, pinch 

width and wrist position on sustained pinch strength’, Int. J. Ind. Ergon., vol. 

17, no. 3, pp. 259–273, Mar. 1996. 

[107] N. A. Stanton, ‘Hierarchical task analysis: Developments, applications, and 

extensions’, Appl. Ergon., vol. 37, no. 1, pp. 55–79, Jan. 2006. 

[108] D. Roman-Liu and T. Tokarski, ‘Upper limb strength in relation to upper limb 

posture’, Int. J. Ind. Ergon., vol. 35, pp. 19–31, 2005. 

[109] M. A. James, ‘Use of the Medical Research Council Muscle Strength Grading 

System in the Upper Extremity’, J. Hand Surg. Am., vol. 32, no. 2, pp. 154–

156, Feb. 2007. 

[110] P. Kuhlang, T. Edtmayr, and W. Sihn, ‘Methodical approach to increase 

productivity and reduce lead time in assembly and production-logistic 

processes’, CIRP J. Manuf. Sci. Technol., vol. 4, no. 1, pp. 24–32, 2011. 



 

140 

 

[111] C.-F. Kuo and M. Wang, ‘Motion generation from MTM semantics’, Comput. 

Ind., vol. 60, no. 5, pp. 339–348, Jun. 2009. 

[112] U. Sekaran, Research Methods for Business a skill building approach, Fourth. 

Pashupati Printers (P) Ltd., 2007. 

[113] I. Etikan and B. I. Journal, ‘Comparision of Snowball Sampling and Sequential 

Sampling Technique’, Biometrics Biostat. Int. J., vol. 3, no. 1, pp. 1–2, 2016. 

[114] S. Pheasant, Bodyspace, Anthropometry, Egonomics and Design. British 

Library Cataloguing in Publication Data, 1986. 

[115] M. Kawakami, F. Inoue, T. Ohkubo, and T. Ueno, ‘Evaluating elements of the 

work area in terms of job redesign for older workers’, Int. J. Ind. Ergon., vol. 

25, no. 5, pp. 525–533, 2000. 

[116] A. Fields, Method study. Cassell & company ltd, Aukland, 1969. 

[117] S. Hassan, K. Soltani, M. Yusoff, and M. Bin, ‘Disabled Children in Public 

Playgrounds : A Pilot Study’, vol. 36, no. June 2011, pp. 670–676, 2012. 

[118] D. L. Phipps, G. H. Meakin, and P. C. W. Beatty, ‘Extending hierarchical task 

analysis to identify cognitive demands and information design requirements’, 

Appl. Ergon., vol. 42, no. 5, pp. 741–748, 2011. 

[119] E. G. Edholm, The Biology of work, First. World University Press, 1967. 

[120] N. L. Black and B. Das, ‘A three-dimensional computerized isometric strength 

measurement system’, Appl. Ergon., vol. 38, no. 3, pp. 285–292, 2007. 

[121] A. Finneran and L. O’Sullivan, ‘Effects of grip type and wrist posture on 

forearm EMG activity, endurance time and movement accuracy’, Int. J. Ind. 

Ergon., vol. 43, no. 1, pp. 91–99, Jan. 2013. 

[122] A. Garg, K. Hegmann, and J. Kapellusch, ‘Short-cycle overhead work and 

shoulder girdle muscle fatigue’, Int. J. Ind. Ergon., vol. 36, pp. 581–597, 2006. 

[123] A. Catović, Z. Kosovel, E. Catović, and O. Muftić, ‘A comparative 

investigation of the influence of certain arm positions on hand pinch grips in the 

standing and sitting positions of dentists’, Appl. Ergon., vol. 20, no. 2, pp. 109–

114, 1989. 

[124] E. Catovic, K. K, and O. Muftić, ‘The influence of arm position on the pinch 

grip strength of female dentists in standing and sitting positions’, Appl. Ergon., 

vol. 22, no. 3, pp. 163–166, 1991. 

[125] A. B. Swanson, I. B. Matev, and G. de Groot, ‘The strength of the hand’, Appl. 

Ergon., vol. 3, no. 4, p. 241, Dec. 1972. 

[126] D. Kee and W. Karwowski, ‘LUBA : An assessment technique for postural 

loading on the upper body based on joint motion discomfort and maximum 

holding time’, Appl. Ergon., vol. 32, pp. 357–366, Aug. 2001. 

[127] Y. C. Shih, ‘Effect of a splint on measures of sustained grip exertion under 

different forearm and wrist postures’, Appl. Ergon., vol. 36, no. 3, pp. 293–299, 

2005. 

 



 

141 

 

[128] C. R. Reid, P. McCauley Bush, W. Karwowski, and S. K. Durrani, 

‘Occupational postural activity and lower extremity discomfort: A review’, Int. 

J. Ind. Ergon., vol. 40, no. 3, pp. 247–256, May 2010. 

[129] M. I. Alhojailan, ‘Thematic analysis: A critical review of its process and 

evaluation’, West East J. Soc. Sci., vol. 1, no. 1, pp. 39–47, 2012. 

[130] M. Maguire and B. Delahunt, ‘Doing a Thematic Analysis : A Practical , Step-

by-Step Guide for Learning and Teaching Scholars .’, vol. 3, no. 3, 2017. 

[131] R. Lueder, ‘A proposed RULA for computer users’, Humanics ErgoSystems, 

Inc, vol. 24, pp. 91–99, 1996. 

[132] R. Herbert et al., ‘Impact of a joint labor-management ergonomics program on 

upper extremity musculoskeletal symptoms among garment workers’, vol. 32, 

pp. 453–460, 2001. 

[133] B. Bazrgari, A. Shirazi-adl, M. Trottier, and P. Mathieu, ‘Computation of trunk 

equilibrium and stability in free flexion – extension movements at different 

velocities’, vol. 41, pp. 412–421, 2008. 

[134] S. Kumar, Y. Narayan, R. B. Stein, and C. Snijders, ‘Muscle fatigue in axial 

rotation of the trunk’, vol. 28, pp. 113–125, 2001. 

[135] A. Toren, ‘Muscle activity and range of motion during active trunk rotation in 

a sitting posture’, Appl. Ergon., vol. 32, pp. 583–591, 2001. 

[136] R. S. Sodhi, ‘Evaluation of head and neck motion with the hemispherical shell 

method’, Int. J. Ind. Ergon., vol. 25, no. 6, pp. 683–691, Jul. 2000. 

[137] J. C. Davies, G. J. Kemp, S. P. Frostick, and C. E. Dickinson, ‘Manual handling 

injuries and long term disability’, vol. 41, pp. 611–625, 2003. 

[138] D. Kee, ‘Gender differences in rankings of joint motion stressfulness based on 

psychophysical scaling’, Int. J. Ind. Ergon., vol. 35, no. 5, pp. 461–469, May 

2005. 

[139] M. A. Lemay and P. E. Crago, ‘A dynamic model for simulating movements of 

the elbow, forearm, and wrist’, J. Biomech., vol. 29, no. 10, pp. 1319–1330, 

Oct. 1996. 

[140] J. Qin, H. Chen, and J. T. Dennerlein, ‘Wrist posture affects hand and forearm 

muscle stress during tapping’, Appl. Ergon., vol. 44, no. 6, pp. 969–976, Nov. 

2013. 

[141] E. Tsepis, G. Giakas, G. Vagenas, and A. Georgoulis, ‘Frequency content 

asymmetry of the isokinetic curve between ACL deficient and healthy knee’, J. 

Biomech., vol. 37, no. 6, pp. 857–864, 2004. 

[142] R. R. Torrealba, G. Fernández‐López, and J. C. Grieco, ‘Towards the 

development of knee prostheses: review of current researches’, Kybernetes, vol. 

37, no. 9/10, pp. 1561–1576, 2008. 

[143] M. H. Lau and T. J. Armstrong, ‘The effect of viewing angle on wrist posture 

estimation from photographic images using novice raters’, Appl. Ergon., vol. 

42, no. 5, pp. 634–643, Jul. 2011. 



 

142 

 

[144] S. A. Etemad and A. Arya, ‘Extracting movement , posture , and temporal style 

features from human motion’, Biol. Inspired Cogn. Archit., vol. 7, pp. 15–25, 

2014. 

[145] T. A. R. Schreuders, R. W. Selles, M. E. Roebroeck, and H. J. Stam, ‘Strength 

Measurements of the Intrinsic Hand Muscles: A Review of the Development 

and Evaluation of the Rotterdam Intrinsic Hand Myometer’, J. Hand Ther., vol. 

19, no. 4, pp. 393–402, 2006. 

[146] Y. M. Nolan, ‘Control and communication for physically disabled people, based 

on vestigial signals from the body’, 2005. 

[147] A. Luttmann, M. Jäger, and W. Laurig, ‘Electromyographical indication of 

muscular fatigue in occupational field studies’, Int. J. Ind. Ergon., vol. 25, no. 

6, pp. 645–660, Jul. 2000. 

[148] S. C. Campbell, P. F. Nolan, R. K. Wharton, and A. W. Train, ‘Measurement of 

forces exerted in the manual handling of small cylindrical objects’, Int. J. Ind. 

Ergon., vol. 25, pp. 349–358, 2000. 

[149] Y. C. Shih and M.-J. J. J. Wang, ‘Hand/tool interface effects on human torque 

capacity’, Int. J. Ind. Ergon., vol. 18, no. 2–3, pp. 205–213, Sep. 1996. 

[150] P. Sedgwick, ‘Snowball sampling’, BMJ, vol. 347, no. December, pp. 1–2, 

2013. 

[151] I. Ciobanu and P. Lucian, ‘The usability pilot study of a mechatronic system for 

gait rehabilitation’, Procedia Manuf., vol. 22, pp. 864–871, 2018. 

[152] K. M. Lewis and P. Hepburn, ‘Open card sorting and factor analysis: a usability 

case study’, Electron. Libr., vol. 28, no. 3, pp. 401–416, 2010. 

[153] J. Rowson and A. Yoxall, ‘Hold , grasp , clutch or grab : Consumer grip choices 

during food container opening’, Appl. Ergon., vol. 42, no. 5, pp. 627–633, 2011. 

[154] S. Chowdhury, M. Landoni, and G. Forbes, ‘Usability and impact of digital 

libraries: a review’, Online Inf. Rev., vol. 30, no. 6, pp. 656–680, 2006. 

[155] H. Xiao, M. Stoecklin-Marois, M. Li, C.-S., and M. S.A., Schenker, ‘Cohort 

study of physical activity and injury among Latino farm workers (2015)’, Am. 

J. Ind. Med., vol. 58, no. 7, pp. 737–745, 2018. 

[156] F. van Nes, T. A. Abma, H. Jonsson, and D. Deeg, ‘Language differences in 

qualitative research: is meaning lost in translation?’, Eur. J. Ageing, vol. 7, pp. 

313–316, 2010. 

[157] B. Doyle, ‘3 . Disabled workers , employment vulnerability and labour law’, 

2009. 

[158] J. M. Florence et al., ‘Intrarater reliability of manual muscle test (Medical 

Research Council scale) grades in Duchenne’ s muscular dystrophy’, Phys. 

Ther., vol. 72, no. 2, pp. 115–122, 1992. 

[159] E. Borg and G. Borg, ‘A demonstration of level-anchored ratio scaling for 

prediction of grip strength’, Appl. Ergon., vol. 44, no. 5, pp. 835–840, 2013. 

 



 

143 

 

[160] R. Ploeg, O. HJGH, and R. J, ‘Measuring muscle strength’, J. Neurol., vol. 231, 

pp. 200–203, 1984. 

[161] H. Chen, Y. Liu, C. C. Chen, and C. C. Chen, ‘Design and feasibility study of 

an integrated pointing device apparatus for individuals with spinal cord injury’, 

vol. 38, pp. 275–283, 2007. 

[162] M. Fagarasanu and S. Kumar, ‘Measurement instruments and data collection : 

a consideration of constructs and biases in ergonomics research’, vol. 30, pp. 

355–369, 2002. 

[163] H. K. G. Punchihewa and D. E. Gyi, ‘Development of a QFD based 

collaborative design approach to reduce Work-Related Musculoskeletal 

Disorders (MSDs)’, Des. Princ. Pract. AN Int. J., vol. 3, no. 3, 2010. 

[164] H. K. G. Punchihewa and D. E. Gyi, ‘A collaborative design approach to 

preventive work-related musculoskeletal disorders’, 2008. 

[165] S. M. Hsiang and C. Chang, ‘The effect of gait speed and load carrying on the 

reliability of ground reaction forces’, vol. 40, pp. 639–657, 2002. 

[166] A1-Sultan K. and K. M. M, ‘Computational experience on four algorithms for 

the hard clustering problem’, Pattern Recognit. Lett., vol. 17, pp. 295–308, 

1996. 

[167] W. Maseri et al., ‘An improved parameter less data clustering technique based 

on maximum distance of data and lioyd k-means algorithm’, Procedia Technol., 

vol. 1, pp. 367–371, 2012. 

[168] V. M. Ciriello, R. V. Maikala, P. G. Dempsey, and N. V. O’Brien, 

‘Psychophysically determined forces of dynamic pushing for female industrial 

workers: Comparison of two apparatuses’, Appl. Ergon., vol. 41, no. 1, pp. 141–

145, 2010. 

 

 

 

 

 

 

 

 

 

 



 

144 

 

Appendices 

 

Appendix 3.1: Consent form in English language 
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Appendix 3.2: Consent form Sinhala language 
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Appendix 3.3: Demographic data form 
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Appendix 6.1: Consent form in English for usability study 
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Appendix 6.2: Consent form Sinhala for usability study 
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Appendix 6.3 Demographic data collection form for usability study 
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Appendix 6.4: Questionnaire of usability study (page 1) 
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Questionnaire of usability study (page 2) 

Work- Activity and Range of Movement Mapping (WARM) for 

People with Physical Disabilities (PPDs) (Page 2 of 2) 
1. Are there data information you would like to see added to the WARM format? If 

so, specify. 

………………………………………………………………………....................... 

2. Would you use the WARM format on your own in the future? Why/why not? 

…………………………………………………………………………………… 

3. Would you recommend the WARM format to a colleague or to a 

friend?  

4. Please rate the following statements with regard to the WARM framework 

5. Do you have any other comments about this format? 

……………………………………………………………………….......................... 

 

Yes No 

No Statement 

S
tr

o
n
g

ly
 

d
is

ag
re

e 

D
is

ag
re

e 

M
o

d
er

at
e 

A
g

re
e 

S
tr

o
n
g

ly
 

ag
re

e 

a.  This format has a clear purpose.      

b.  The content of this format Interests me.      

c.  This format has characteristics that makes 

 it attractive.      

d.  The shading used throughout this format 

are attractive. 
     

e.  The typography (lettering, headings and  

titles) is attractive. 
     

f.  The format has a good balance of activities 

versus ROM. 
     

g.  I can get to information quickly.       

h.  Information is easy to read.      

i.  Information is written in a style that suits me.      

j.  Descriptions have the right amount of  

information. 
     

k.  The information is relevant to my professional 

needs. 
     

l.  This format is designed with users in mind.       

m.  This format is well-suited to first-time users.      

n.  The content makes me want to explore the 

format further. 
     



 

152 

 

Appendix 7.1: Covering letter for organisations for PCS  

 

 

 

 

 



 

153 

 

Appendix 7.2: Participation request for PCS  
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Appendix 7.3: The study guide in English language for PCS  
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Appendix 7.4: The study guide Sinhala for PCS  
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Appendix 7.5: Participant information sheet in English for PCS 
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Appendix 7.6: Participant information sheet Sinhala for PCS  
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Appendix 7.7: Consent form in English for PCS  
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Appendix 7.8: Consent form in Sinhala for PCS 
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Appendix 7.9: Screening form for PCS  
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Appendix 7.10: Demographic data sheet for PCS  
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Appendix 7.11: Possible deformity/disability conditions in upper extremity of 

PCS 
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Appendix 7.12: Possible deformity/disability conditions in lower extremity of 

PCS 
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Appendix 7.13: Anthropometry data of PCS 
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Appendix 7.14: Musculoskeletal functioning of PCS  
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Musculoskeletal functioning of PCS (page 2) 
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Musculoskeletal functioning of PCS (page 3) 
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Musculoskeletal functioning of PCS (page 4) 
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Musculoskeletal functioning of PCS (page 5) 
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Appendix 7.15: Procedure of Ethical clearance  

 

 

 

 

 

 

 



 

171 

 

Appendix 7.16: The letter granting ethical clearance 
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Appendix 7.17: The letter granting scientific evaluation 
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Appendix 7.18: The letter granting permission for data collection by DGHC 
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Appendix 7.19: The letter issued by Additional Director of Social Services  

 


