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ABSTRACT 

Technological improvement in every occupation has reduced the extent of 

work injuries in developed countries. These facilities are not available to an 

average worker employed in a developing country. This aspect is very common 

with welders performing manual metal arc welding process in the industrial 

fabrication environment. The personal attributes, employment factors and work 

factors interact with each other in a controlled environment. At certain occasions, 

the control is lost that leads to work injuries. These work injuries are of two types 

less frequent highly severe and highly frequent and less severe in character. As the 

injury severity increases, reporting increases and details are readily available in the 

source records of the hospital or firm. However, as the injury severity decreases 

the frequency of reporting decreases and the related records become scarce. In 

this background, the present study is undertaken to decipher influential personal 

attributes, employment factors, work factors on non reported highly frequent and 

less severe work-injuries and musculoskeletal disorders among manual metal arc 

welders. 

In presence of a variety of energy interactions with various factors in the 

fabrication environment, manual metal arc welders face numerous varieties of 

work injuries. In many occasions during industrial fabrication work, manual metal 

arc welders are subjected to frequent first degree work injuries, which are treated 

with first aid. These work injuries cause pain that are not reported, which in turn 

causes morbid state among welders during their work leading to reduced 

productive effort. Any form of pain is a deviation from healthy state of welder that 

deters his effective productive effort.  

Initially, a questionnaire was formed with personal attributes, employment 

and work factors identified from literature survey to measure pain frequencies due 

non reported highly frequent and less severe work injuries and standardised Nordic 

questionnaire was used to measure musculoskeletal disorder pain among manual 

metal arc welders. The questionnaire was empirically validated through statistical 



analysis. ANOVA test performed to find the influence of personal attributes on pain 

frequencies shows age as a significant factor. The one sample ‘t’ test and independent 

sample ‘t’ test reveals pain frequencies between welder population and welders 

employed by organised and unorganised sector firms are different. Independent 

sample ‘t’ test performed to test the influence of employment factor levels and pain 

frequencies reveal extended working hours, welders engaged in shift work, nature of 

employment, mode of apprenticeship training and lower physical work load influence 

pain frequencies due to non reported highly frequent less severe work injuries among 

the welder population. 

Multiple regression analysis was modeled to find the influence of work 

factor domain on pain frequencies due to non reported highly frequent and less 

severe work injuries. The result reveals health perception, safety culture and 

social environment influence pain frequencies in welder population and welders 

employed in organised and unorganised sector fabrication firms.  

Binary logistic regression was performed to find the influential personal 

attributes and employment factors on musculoskeletal disorder pain in welders 

body region for weekly prevalence, annual prevalence and annual disability. The 

result shows shift work influence musculoskeletal disorder pain in shoulder 

region for weekly and annual prevalence. Tests further reveal shift work as a 

factor influence annual disability due to musculoskeletal disorder pain in neck, 

shoulder, upper and lower back regions. Physical workload influence annual 

disability due to musculoskeletal disorder pain in wrist/hands and upper back 

region. Working hours influence musculoskeletal disorder pain that causes annual 

disability in lower back region. The identified factors can be considered as points 

from where intervention initiatives can be focused to mitigate work injuries 

among welders. 

Keywords: welder, non reported highly frequent less severe work injuries, 
independent sample t-test, one sample t-test, binary logistic 
regression, welders physical workload 
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1.1 ACCIDENT AND WORK INJURIES 

 Manual metal arc welding is a high temperature process in fabrication 
industry, which leads to varieties of work related injuries. Any production activity 
deals with different kinds of force and energy interactions in a controlled 
environment. On certain occasions, this control is lost and uncontrolled energy 
transfer takes place leading to work injury incidents. Accidents and injuries are 
undesirable outcomes of any work environment. Factors responsible for work 
injuries are multifaceted in an industrial setting. This present study attempts to 
find out the personal attributes, employment factors and work factors that 
influence pain frequencies caused due to non reported highly frequent less severe 

work injuries and pain caused due to musculoskeletal disorder among welders 
employed in a cluster of fabrication firms. Thus, the thesis aims at accomplishing 
this objective for which detailed methodology is laid out. 

1.2 THEME 

Work injury is a preventable health problem among working communities 
where every injury is a result of an incident termed as an accident. Injury is a body 
lesion that results from acute over exposure of energies interacting with the body in 
amounts and rates that exceeds threshold of physiological tolerance (ICECI, 2004). 
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In safety and injury research literature, inconsistencies and overlap prevails in the 
usage of terms accident and injury. Many research articles set to analyze accident, 
in fact end up in investigating injuries (Langley, 1988). Research articles in injury 
and accident causation are largely overlapping and have many commonalities. 
Analyzing the published literature of past three decades of accident research shows 
the need to delineate injury research from accident research (Mckenna, 1983; 
Robertson, 1998). Causal models developed for accident analysis is partially 
applicable to injury incidents. However, accident theories explaining accident 
causation are well received in the literature and no theories have been classified as 
injury theories (Khanzode et al., 2012). Moreover, indicators of the work injury 
databases is based on fatal injuries, that is  ambiguous to serve the low to high 
injury severity continuum and in turn depicts only a part of the work injury 
magnitude in databases (Anne and Ann, 2004. p.88). Workers employed in steel 
and its related industries are at the greater risk for non fatal work injuries and 
illness due to high temperature process involved in making the product (Jovanovic 
et al., 2004). 

Advancing technology in the field of accident research has undergone an 
unbelievable transformation in their scope and depth. There is an increased 
acceptance of the view that injury is not an accident, a change in thought 
viewing accident as fatal injuries (Anne and Ann, 2004). Last four decades of 
injury, research shows that work related injury is predictable, preventable and 
treatable while risk severity and injury outcome is modifiable for effective 
interventions. 

The accident causation models that investigate complex system level 
accidents are suitable for analyzing event chains that percolate from component 
level to system level failures that result in accidents with low priority for injury 
incidents. Event chains that explain less frequent highly severe work injury 
exposures are more oriented towards process industries. In viewpoint of injury 
research, highly frequent less severe work injury exposures are critical in 
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manufacturing industries due to repetitive nature of work. This study focuses on 
exploring the factors that influence pain frequencies caused due to Non 
Reported Highly Frequent Less Severe (NRHFLS) work injuries among manual 
metal arc welders employed by firms in an Engineering Fabrication Cluster 
(EFC) in India. 

1.3 INDIAN SCENARIO ON WORK INJURIES 

In the Indian context, XVII World Congress on Safety and Health at 
Work organized by ILO-2008 invited Indian labour secretary to speak on 
strategies and program for safety and health in the future. Though he spoke on 
Indian government’s future policies towards commitment on health and safety 
issues at work, it was devoid of any statistical representation (The Hindu April 
19th  2000). The speech showed the dismaying health and safety record in India. 
The prime cause of work injuries among Indian working population is unsafe 
working condition that lacks single regulatory monitoring authority, recording 
of deviation in safety practices and absence of work injury surveillance 
(Gururaj, 2005). The standard estimates calculate growth rates based on GDP 
index on quarterly basis, but it is painful to state that numbers of dying and 
ailing workers who make this growth possible are not recorded nor discussed. 
ILO compilation is the only source to recognize the magnitude of work injuries. 
The estimates show that around 403,000 people in India die every year due to 
work related problems (ILO, 2013). The importance of scale is that more than 

1,000 workers die every day from work related diseases, which accounts for 46 
death every hour. No single Indian work injury database provides details for 
work related death or death due to a particular reason (NCMH, 2005). 

 The National Crime Records Bureau (NCRB) is the principal nodal 

agency under the Ministry of Home Affairs, Government of India, and is 
responsible for the collection, compilation, analysis and dissemination of injury 
related information (NCRB 2001a, 2001b). The absence of centralized agency 
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in India makes it difficult to examine the extent of work related injuries. 
Workers are exposed to many hazards that result in fatal and non fatal injuries 
varying between low and high severity continuum. Traditionally, work injury 
deaths are considered under general medical conditions and the underlying 
causes are not documented and reported. Hence, the precise extent of work 
injuries is difficult to establish (Gururaj, 2005). 

It is relevant to discuss issues related to work related injuries, as India is 
in transition phase in major areas like socio demographic, epidemiological and 
technological entities. Media and education have changed political, economic 
and social thinking that has impact on the health scenario. Last two decades has 
witnessed rapid urbanization, motorization, industrialization and migration of 
people, an indication that demonstrates socio-economic growth and its 
development. With the advent of mechanization and technology revolution, 
traditional ways of thinking, living and working have changed. Further, work 
injury causation factors are linked to social, environmental, cultural and 
biological issues viewed as the result of socio-demographic transition. Prevention 
and mitigation of work injuries are the major challenges faced by Indian 
industries today.  

Some of the statistical inputs about work injuries in India:  Agriculture is 
the main activity of Indian economy and half of the total work force is 
employed in the agriculture sector. A study on farming accident estimate 
reveals annual mortality rates of 22 per 100,000 farmers (Nag and Nag, 1998). 
High level of respiratory morbidity was found among mango plantation workers 
in Lucknow, the reason being inhaling organic dust during farming operations 
(Gupta et al., 1995). Regulatory legislation prohibits paid work for child below 
14 years, but estimates of 75 to 115 million children are being the part of the 
work force (Nag and Nag, 1998). In addition, child labors accounts for 80 % of 
the work force in India (Mathews et al., 2003). A study on three districts in 
West Bengal among agriculture labourers reveals heat induced stress, 
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mechanical injuries, insect bites and toxicity of chemicals used in the paddy 
fields contribute to major cause of occupational morbidity (Banerji, 1993). High 
levels of respiratory morbidity due to inhalation of cotton dust has been 
reported among child labours employed in carpet weaving industry in Jaipur 
(Joshi et al., 1994). A report on workers employed leather industries indicate 
acute physical pain due to working in awkward postures for long working hours 
as work related risk factor (Mitra, 1993). Workers employed in manufacturing 
crackers in Sivakasi apart from fire and explosions experience cough, dizziness, 
inhalation of chlorate and sulphate dust, eye infection and asthma in their work 
place (Mitra, 1994). A survey indicates presence of high nicotine content in 
tobacco workers urine sample as the cause of severe physical inability (Ghosh 
et al., 1979). An occupational morbidity of 25% has been recorded in tannery 
slums in Kanpur industrial area (Shukla et al., 1991). A report on lock 
manufacturing factory shows an increased respiratory morbidity among workers 
employed in long working hours (Hassan et al., 2002). A survey on incense 
stick manufacturing units in Bangalore by Indian Council of Medical Research 
(ICMR) indicates respiratory morbidity among workers are due to inhaling of 
pollutants and suggests for a combined approach to tackle the occupational 
morbidity (Ratnakara et al., 1992). A review report on southeastern coalmines 
accounts for presence of pneumoconiosis up to 3 percent among the employed 
workers (Parikar, 1997). A report on Tamil Nadu asbestos industries shows a 
decreasing lung function due to inhaling of pollutants among asbestos workers 
(Gautam et al., 2003). Presence of byssionsis upto 3% is reported among workers 
employed in hosiery units in Tirpur (Muralidhar et al., 1995). Reported injury 
records in Indian Oil Corporation indicate that out of reported injuries, 35% of 
the injuries were work related and in that 6% accounted burns as the cause 
(Sarma, 2001). 

More Indians perish due to three types of injuries at workplace: fatal 
injuries, non fatal physical injuries and health effects caused by environmental 
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exposures. Fatal accident figures estimates are in the range of 50,000 to 75,000 
per year while, non fatal accident figures varies five to seven million per year 
for the entire workforce in India (MoL, 2012). Analyzing mortality rate in the 
above population in the age group 15 – 60 years workplace fatalities contributes 
to premature death in the population to an extent of 5% (Central Statistical 
Organization, 2004). An incidence rate of industrial work injuries among 
employed workers is 9 per 1000, in a frequency of 2.6 per 100,000 man days 
work in India (ILO, 2013). A recent study by WHO in metropolitan areas of 
Delhi, reveals that out of total injuries reported 2% were work related (WHO, 
2003b). A longitudinal study of 12,189 agricultural workers employed in 
Madhya Pradesh during 1995–99, reveals a incidence rate of 1.25/1000 
workers/year (Tiwari et al., 2002). A survey on 2682 workers employed by oil 
refinery in Assam reports 35% of the total injuries occurred at the workplace 
(Sharma et al., 2001). A statistical report by NCRB (2001a, b) reveals 667 fatal 
accidents in 1999 due to factory/machine related accidents in Indian 
manufacturing sector. It also reports fatal work injuries related to specific 
occupational categories like 446 deaths in mine/quarry accidents, 220 deaths 
due to leakage of poisonous gasses, several work related deaths in traffic 
accidents and 2346 deaths due to the collapse of structures. In India, 25% of 
children are employed in hazardous places especially in rural areas, slums and 
in the unorganized urban labor sector (Mathur and Sharma, 1988). Community 
and hospital based studies in India reveal that nearly 10% – 15% of work 
injuries occur among children (Malhotra et al., 1995). The facts discussed 
above makes it necessary to address work injury issues in Indian work places. 

1.4 RESEARCH ISSUES 

Work injuries are unintentional injuries that occur in the work place that 
causes chronic or acute injury exposure. In any Industrial setting or productive 
work environment, work injuries are inevitable part of the conversion process but 
can be diligently prevented and managed. The accident and work injury literature 
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draws the knowledge base from diverse disciplines that lead to many 
commonalities and overlapping areas in work injury studies. In addition, they rely 
on work injury databases that contain information on reported work injuries that 
are less frequent and highly severe. This shows work injury information depends 
on magnitude of severity. As work injury severity decreases, the reporting also 
decreases. In addition, lack of comprehensive data on work injury surveillance 
from organized and unorganized sector imposes limitations on injury studies. 
Studies in accident and work injury literature often consider reported less 
frequent highly severe work injuries that are more common to chemical and 
process industries. However, in manufacturing industry highly frequent less 
severe work injuries are important due to repetitive nature of jobs. Analyzing the 
work injuries of this nature can reveal the injury patterns useful for initiating 
intervention efforts (Khanzode et al., 2012). Given these reasons, for  workers 
employed in manufacturing industry experience traumatic work injuries that is 
highly frequent less severe in its appearance due to repetitive characteristic of the 
jobs. At present, there is scarcity of literature that models and controls recurring 
nature of operational hazards in the work systems and factors responsible for 
causing it. Although rich literature is available for evaluating risks of catastrophe 
causing hazards, a research gap exists for quantification of occurrence removal, 
recurrence characteristics of factors that influence work injuries. As the factors 
influencing hazards are the roots of injury event chain, a study that characterize 
factors influencing work injury can be the first step towards modeling work 
injury risk.  

In manufacturing environment specific to industrial fabrication sector, 
welders form the dominant group. Manual metal arc welding is a process that 
uses temperature and pressure to join two metal pieces. Due to high temperature 
energy interactions and presence of inherent process hazards associated with 
welding it is considered as a physically demanding job for welders. During a 
weldment process, welders are susceptible to many types of work injuries 
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whose severity depends on factors in the work environment as well as the 
personnel involved in executing it. In certain occasions, welders experience 
pain caused due to highly frequent less severe work injuries that is commonly 
treated with first aid or left for self healing and are not generally reported. Any 
work injury for a welder is related with pain which is an undesirable outcome 
that is considered as deviation from healthy state and also influence morbidity 
during the welding work. This morbidity promotes an effect on their effective 
productive effort that relates with presenteesim phenomenon (present for work 
with ill health).  

Over years personal attributes: age, experience; employment factors: 
working hours, extended working hours, shift work, permanent recruitment, 
adhoc recruitment, trade knowledge acquired through institution, trade 
knowledge acquired on-the-job training and work factors in the work 
environment have been examined in work injury studies that considers reported 
less frequent highly severe work injuries in varied occupations. However, work 
injury studies examining these factors considering non reported highly frequent 
less severe work injuries are scarcely reported in accident and work injury 
literature. 

In Indian context, for total employed population, agriculture is the main 
activity followed by manufacturing, retail trade and other activities. Work injury 
surveillance is in the infant stage and absence of centralized agency makes it 
difficult to examine the work injuries related to specific industrial setting. Indian 
workers who are exposed to work related hazards are listed under general medical 
conditions where underlying causes are neither properly documented nor reported 
(Gururaj, 2005). Recent industrialization and globalization has more impact on 
work related morbidity among Indian workers. Traditional labour oriented markets 
are changing and at the same time general awareness message about work safety 
and environment hazards are not spread in the society (Iman, 2004). Besides 
developing countries like India have unique characteristics, that differentiate from 
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developed countries in terms of  high growth rate, large population density and 
poor literacy rates. Seventy percent of the total population is economically active in 
agriculture and employment in unorganized sector contributes to sixty percent of 
the gross domestic product. Further existing compliance and regulatory 
mechanism, lack of work injury surveillance and absence of unified reporting of 
work injury incidents favours comparing occupational and safety estimates with 
developed countries. All these notions suppress the magnitude of work injury 
estimates in India (Hital, 2008). 

In this background, the present study is attempted on welders who form 
an important occupational group, owing to rapid urbanization and 
industrialization in India. Published literature identifies factors like personal 
attributes, employment factors and work factors that influence work injuries of 
reported nature in varied occupations. But, studies related to these factors 
influencing work injuries of non reported nature are scarce in welder related 
studies. Welders employed in fabrication industry are exposed to pain caused 
due to highly frequent less severe work injuries for example, a first degree burn 
due to high temperature energy interactions in a welding process. In many 
circumstances, these types of work injuries are not reported but in some 
occasions, these work injuries are treated with first aid or left for self healing.  
Any injury to a welder by nature is certain to cause pain, a deviation from 
healthy state that influence morbidity, which in turn deters his effective 
productive effort in work place. 

The study investigates the following issues: 

• What are the determinant personal attributes that influence pain 
frequencies  caused due to non reported highly frequent less severe work 
injuries among welders? 
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•  What are the determinant employment factors that influence pain 
frequencies caused due to non reported highly frequent less severe work 
injuries among welders? 

• What are the determinant work factor domains that influence pain 
frequencies caused due to non reported highly frequent less severe work 
injuries among welders? 

• What are the personal attributes and employment factors that influence 
musculoskeletal disorder pain in the welders body regions? 

By finding out these influential factors, the intervention efforts can be 
directed to mitigate pain caused by non reported highly frequent less severe 
work injuries among welders. 

1.5 OBJECTIVE OF THE THESIS 

Given research issues identified in the previous sections the following 
objectives are framed. 

• To develop and validate an instrument framework to identify and 
measure: 

 The pain frequencies caused due to non reported highly frequent 
less severe work injuries treated with first aid 

 Personal attributes 

 Employment factors    

 Work factor domains and their characteristics in the fabrication 
environment 

 Musculoskeletal disorder pain in the welders body region. 

• To test and identify the personal attributes and employment factors for 
their influence on pain frequencies caused due to non reported highly 
frequent less severe work injuries among the welders. 
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• To compare mean pain frequencies caused due to non reported highly 
frequent less severe work injuries between the welder population and 
welders employed by firms in different sectors 

• To compare mean pain frequencies caused due to non reported highly 
frequent less severe work injuries between welders employed by 
organised and unorganised sectors firms located in the engineering 
fabrication cluster. 

• To determine the work factor domains that influence pain frequencies 
caused due to non reported highly frequent less severe work injuries among 
welders employed by firms in different sectors in the engineering 
fabrication cluster 

• To identify influential personal attributes and employment factors that 
influence musculoskeletal disorder pain that causes annual disability in 
welders body regions, which in turn influence presenteeism phenomenon.  

1.6 SCOPE OF THE WORK 

The extent of the present research is: 

1. The study relates to manual metal arc welders employed in BHEL 
ancillary Industrial Estates in Tiruchirappalli, Tamil Nadu State, India. 

2. The study is the result of the questionnaire survey carried out in BHEL 
ancillary Industrial units supplying low technology fabricated components 
to BHEL. 

1.7 THE RESEARCH FRAMEWORK 

To investigate the influential factors that cause pain due to NRHFLS work 
injuries among welders employed by cluster of firms located in Industrial estates 
(referred as Engineering Fabrication Cluster) supplying low technology 
fabricated component to BHEL Tiruchirappalli, India. The broad methodology to 
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achieve the objectives is shown in Figure 1.1. For the purpose, of the study, field 
visits to fabrication industries, consultation with experts,  

 
Figure 1.1 The framework of research work 
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safety professionals, supervisors and welders were performed. Statistical 
methods were employed for the analysis of data thus collected. The results 
indicated significant areas where interventions efforts are required to focus on 
mitigating work injuries among welders in the engineering fabrication cluster. 

1.8 ORGANIZATION OF THE THESIS 

The thesis contains seven chapters. The contents of each chapter are 

presented below in brief. 

Chapter 1: Introduction 

This chapter discusses the accident, work injury and its specificity with 

welders. The theme of the thesis discusses the need and importance of work 

injury studies and its importance in Indian context and research issues of the 

study. The objective, scope of the study and research methodology adopted to 

accomplish the stated goals are described. This chapter finally summarizes the 

various chapters presented in this thesis. 

Chapter 2: Literature review 

This chapter discusses the accident and work injury literature by 

classifying them into five categories based on energy interaction sequence 

between the factors responsible for transformation of injury risk into injury 

incident and identifies the gap between them. This also briefs on the literature 

related to welder work injuries and presenteeism phenomenon. This chapter 

concludes with summary of observation from literature and the motivation with 

which the current research work is undertaken. 

Chapter 3:  Research methodology 

The chapter describes characteristics of welder trade and description of 

the firms in the study cluster. The formation of survey instrument for the study is 

elaborated with its empirical validation. This chapter also describes how the data 
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was collected and prepared for analysis and discusses the relationship between 

various factors in the study. 

Chapter 4: Influence of personal attributes and employment factors on 
pain frequencies due to non reported highly frequent less 
severe work injuries among welders 

This chapter compares the data by means of descriptive analysis of the 

welder population and welders employed by organised and unorganised sector 

fabrication firms. Personal attributes and employment factors were tested by 

parametric test like ANOVA, independent sample‘t’ test, one sample ‘t’  test for 

their influence on pain frequencies due to non reported highly frequent less 

severe work injuries. The ANOVA test revealed that personal attribute ‘age’ 

significantly influence pain frequencies. The independent sample t test revealed 

that employment factors: working hours, shift work, nature of employment, mode 

of apprenticeship training and physical workload significantly influence pain 

frequencies caused due to NRHFLS work injuries in the welder population that 

can be considered for intervention initiatives. This chapter also compares pain 

frequencies caused due to non reported highly frequent less severe work injuries 

among the welder population and welders employed by firms in various sectors. 

Chapter 5: Modeling the influence of work factor domains on pain 
frequencies due to non reported highly frequent less severe 
work injuries among welders 

This chapter elaborates the stepwise multiple regression analysis carried 

out to find out the influence of work factor domains (health perception, safety 

culture, physical task, mental task, physical environment, social environment, 

technical environment and perceived benefit) on pain frequencies caused due to 

non reported highly frequent less severe work injuries among the welder 

population and welders employed by organised and unorganised sector 

fabrication firms. The results showed that mean scores of work factor domains; 
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health perception, safety culture and social environment commonly influence 

pain frequencies due to NRHFLS work injuries in three groups, and can be 

considered for intervention initiatives. 

Chapter 6:  Modeling the influence of personal attributes and employment 

factors on musculoskeletal disorder pain among welders  

Binary logistic regression was conducted to assess whether the personal 

attributes (age, experience) and employment factors (working hours, shift work, 

nature of employment, mode of apprenticeship training and physical workload) 

influence musculoskeletal disorder pain in welders’ body regions. The analysis was 

carried out for weekly prevalence, annual prevalence and annual disability. 

The result revealed shift work significantly influence musculoskeletal 

disorder pain in welder’s body region for weekly and annual prevalence. Shift 

work also influence musculoskeletal disorder pain that causes annual disability 

(preventing normal activities) in welders (neck, shoulder, upper back and lower 

back) regions. Physical workload influence musculoskeletal disorder pain that 

causes annual disability (preventing normal activities) in wrist/hand and lower 

back regions of welder. It is also found that working hours influence 

musculoskeletal disorder pain that causes annual disability in welders lower back 

region. The factors that influence musculoskeletal disorder pain causing annual 

disability (preventing normal activities) promotes presenteeism phenomenon 

(present for work with ill health) which in turn reduces the productive effort of 

the welder due to ill health. 

Chapter 7:  Summary and conclusions 

This chapter gives the summary of thesis followed by the findings of the 

research work undertaken and the contributions of the present research work. 

The chapter also discusses the scope of future work. 
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The contributions of the thesis are as follows: 

The contributions of the thesis are as follows: 

a) Developed an instrument framework for measuring pain frequencies due 

to non reported highly frequent less severe work injuries among welder. 

b) Identified the personal attribute and employment factors responsible for 

their influence on pain frequencies due to non reported highly frequent 

less severe work injuries among manual metal arc welders.  

c) Identified the six work factor domains: health perception, safety culture, 

physical task content, physical environment, social environment and 

perceived benefit that influence pain frequencies due to non reported highly 

frequent less severe work injuries in engineering fabrication cluster. 

d) Identified the employment factors (shift work, working hours and 

physical workload) responsible for causing musculoskeletal disorder 

pain in the body regions of welders. These factors are responsible for 

causing detrimental effect by reducing the productive human effort 

among welders employed in engineering fabrication cluster. 

e) Identified the factors that can be used for intervention efforts to mitigate 

the pain frequencies due to non reported highly frequent less severe work 

injuries among welders. 

 

……… ……… 
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2.1 INTRODUCTION 

This chapter provides a comprehensive review of literature related to the 

work injury and accident research with emphasis on welder work injuries and 

presenteeism. The intent of this literature review is four-fold. First, to identify 

the gap in work injury and accident literature. Second, to examine and 

understand the gaps in welder work injury literature. Third, to provide an 

overview of literature related to presenteeism. Fourth, to align the observation 

from accident and work injury literature in tune with welder work injuries 

thereby providing motivation for the current research work. The following 

sections explain the aim of this literature review: 

1. The literature on work injury and accident research 

2. The literature on welder work injuries 

3. Overview of literature on presenteeism concepts. 

4. Observation from literature and motivation for current research 

2.2 LITERATURE ON WORK INJURY AND ACCIDENT RESEARCH 

A large and diverse literature is available on industrial safety, accident and 

work injury research. The available literature is drawn from different disciplines 

like – ergonomics, human factors engineering, industrial psychology, medicine, 
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law and environmental sciences etc. In work injury research and accident 

causation theories, many areas overlap and have commonalities and confounding 

relationship between them. Published literature related to safety and work injury 

research suggests a consensus for delineating work injury research from accident 

research (Mckenna, 1983; Roberston, 1998). 

2.2.1 Work injuries 

Injury is defined as wound or trauma; harm or hurt or damage inflicted on 

the body of the injured by an external force (Webster, 2002). The injury is a 

(suspected) bodily lesion resulting from acute over exposure to energy interacting 

with the body in amounts or rates that exceed the threshold of physiological 

tolerance (ICECI, 2004). Energy exposures cause work injuries, which can be 

divided into two types namely (i) acute or short duration exposure called as 

traumatic injuries and (ii) chronic or long time exposure called as cumulative 

traumatic injuries. Further, these injuries can be classified as (i) intentional injuries 

for example, homicide and (ii) unintentional injuries that happens at workplace are 

called work injuries (Putz-Anderson, 1988; Tayyari and Smith, 1997). Terms 

‘accidents’ and ‘injuries’ are closely related which are used synonymously though 

not synonymous (Hale and Hale, 1972; Langley, 1988). All accidents in the work 

place need not necessarily end up with a work injury, but every work injury is a 

result of an incident called as an accident. As per injury definition, energy transfer 

has to be above the physiological threshold, an essential prerequisite for an injury 

where there is no such qualifier for the accident. Injuries are hardly governed by 

chance while an event occurring through accident connotes a chance phenomenon 

(Wehmeier et al., 2005). Review of literature reveals that studies pioneered to 

investigate accidents in fact ends up in analyzing injuries (Langley, 1988). 
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2.3 TAXONOMY OF WORK INJURY LITERATURE 

Work injuries are due to interacting sequences that occur in a work 

place. The presence of a hazard is a primary condition for work injury event to 

occur in a workplace. Causal factors in the work environment are responsible 

for the transformation of work injury risk into work injury incident. Energy 

interactions during work injury event influence how energy transfers to the 

victims body and defines injury severity. Based on energy sequence, the 

accident and work injury literature can be classified into five categories namely 

(i) hazard identification (ii) risk assessment (iii) accident and injury causation 

theories (iv) injury mechanism models and (v) injury intervention methods 

(Khanzode et al., 2012). The following sections summarizes the five categories 

of work injury and accident literature. 

2.3.1 Hazard identification approaches  

Workplace hazard is defined as event or situation with the potential for 

harm. A work place contains hazards in one form or another that contributes to 

an accident leading to human, economic, environment and general loss (Cox 

and Cox, 1993). For assessing work injury risk identifying the hazard is the first 

step, that involves recognizing presence of energy (e.g., rotating machinery, 

high temperature energy interactions etc) and process potentials (e.g., 

mechanical shocks, rapid pressure changes etc). Popular approaches employed 

for identifying hazards found in published literature can be classified into two 

types: formal and informal approach (Kumamoto and Henley, 1996). The 

formal approach employs specific hazard identification techniques while the 

informal approach uses historical data for evaluating the technical details. 

Further these approaches can be categorized into three types namely biased 

reactive approach, biased proactive approach and unbiased proactive approach 

(Sukos, 1988; Wilquist and Torner, 2003). 
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Biased reactive is an informal hazard identification approach that analyzes 

information after the accident has occurred. All the general engineering evaluation 

belongs to this category.  

Biased proactive approach is a formal approach that uses information of the 

similar work system or historic data of the same system. The examples of biased 

proactive approaches are forward tracking example Event Tree Analysis (ETA) 

and backward tracking methods example Fault Tree Analysis (FTA) (Lees, 1980; 

Harms, 1993; Kumamoto and Henley, 1996; Bahr, 1997). 

Apart from ETA and FTA other methods that adopt biased proactive 

approaches are Cause Sequence Analysis (CSA) (Lees, 1980; Henley and 

Kumamoto, 1981; Kumamoto and Henley, 1996), Failure Mode Effect Analysis 

(FMEA) (Harms , 1993; Kumamoto and Henley, 1996; Bahr, 1997; Franceschini 

and Galetto, 2001) and Failure Mode Effect and Criticality Analysis (FMECA) 

(Kumamoto and Henley, 1996). 

Unbiased proactive approach is a formal approach that carries out hazard 

analysis without waiting for events to occur and without any assumptions on 

hazards in the work system. All morphological methods falls under this category. 

These methods concentrate on potentially hazardous elements, for example energy 

concentrations, hazardous material and potential targets for example equipment and 

persons. This approach identifies the critical factors path leading to incidents that 

causes accidents.  

The methods that follow morphological methods are change analysis 

(Ferry, 1988); deviation analysis, hazards and operability analysis, job and work 

safety analysis (Harms, 1993; comparison analysis (Kjellen, 1995); management 

oversight and risk tree (Johnson, 1980), and operation support and hazard 

analysis (Bahr, 1997). Hazards are specific to the work environment that 

requires domain specific knowledge and professional expertise to identify 

hazards (Maiti, 2005). 
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2.3.2 Risk assessment 

The concept of risk quantifies the degree of harm which has likelihood 

and severity in response to workplace hazards (Cox and Cox, 1992). Risk is 

defined as expected damage or loss associated with the occurrence of a probable 

undesired event. Moreover, assessing risk involves recognizing potential threats 

and estimating their likelihood with severity (Kumamoto and Henley, 1996). A 

work injury risk is likelihood of being injured while doing a specific job. 

Assessing work injury risk involves identifying hazard, evaluating the risk and 

scheduling hazards based on the risk index (Maiti, 2005). 

For estimating work injury risk, quantitative and qualitative methods are 

employed (Tixier et al., 2002; Arunraj and Maiti, 2007). Further, these two 

methods are classified into three types of approaches namely deterministic, 

probabilistic and combinatorial. Risk assessment process estimates the risk through 

classification, which solely depends on criterion variable and modeling techniques.  

Quantitative risk assessment is suitable when injury risk is high and 

depends on the availability of relevant data, frequency and its severity expressed 

in quantitative terms and where detailed analysis justifies the cost. The outcome 

is represented in the form of risk profile. Qualitative assessment type of 

assessment is more viable for low risk events containing a small number of 

categories that covers a broad range of consequences and their likelihood. The 

outcome is represented with the aid of risk matrices where occurrence probability 

and severity forms the two axes. Risk assessment process involves two decisions 

(i) selection of criterion variable (ii) selection of a modeling technique. 

The criterion variable is selected based on their suitability and type of risk 

assessment processes envisaged in a study. The more commonly used risk 

measure is injury rate, which is based on descriptive statistics (Pines et al., 1987; 

Jeong, 1999). Some of the studies have used criterion variable indices like lost 
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time due to injury, injury frequency, fatal accident rates, cumulative incidence 

rate, severity rate, severity index, disabling frequency rate and disabling severity 

rate to quantify risk (Kjellen and Sklet, 1995; Boyd and Radson, 1999; Sheu et 

al., 2000). These measures are calculated based incidences during a period of 

time such as a month or year (Kjellen and Sklet, 1995; Duzgun and Einstein, 

2004). The time between incident occurrences is also used as criterion variable 

indices in some studies (Maiti and Khanzode, 2009; Maiti et al., 2001). 

Risk assessment process based on modeling techniques uses an ordinal 

scale for evaluating consequences of an accident/injury incidents (Kejriwal, 

2002). Hazard identification techniques such as FMEA, FMECA, abbreviated 

injury scale and injury severity scale employ different kinds of classification 

schemes to weigh the consequences (Mitchell et al., 1993). Two way priority 

matrix for risk assessment is based on the probability of occurrence and severity 

consequences (Rao Tummala and Leung, 1996). Index of harm is a useful tool to 

compare occupational risk across various industries (Soloman and Alesch, 1989). 

Accident/injury risk is also modeled through appropriate statistical distributions 

by fitting the distribution of occurrence probability or the consequences (Boyd 

and Radson, 1999; Cuny and Lejeune, 2003; Chang, 2004; Maiti and Khanzode, 

2009; Maiti et al., 2001; Khanzode et al., 2011). Beta distribution based model 

employ lost workdays for example, in a consequence model lost workdays is an 

indicator of injury risk (Coleman and Kerkering, 2007). Acute traumatic injuries 

occurring to individuals follows a poisson process and the inter injury periods are 

exponentially distributed (Boyd and Radson, 1999). Injuries modeled using 

mixed Weibull distribution considers them as failures, which is analogus to 

reliability principles. Such models assume differential injury liability across 

individuals. Poisson regression models (Bailer et al., 1997) are used for 

adjustment of injury rates for one or more explanatory variables for example, age, 

experience and occupation. In conditional probability based models risk of injury 
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is captured through three phased mechanism namely, pre-injury, injury and post-

injury phases (Kjellen, 1984b,c). Some studies indicate artificial network based 

models are being used for evaluating an injury risk and to classify accordingly 

(Zurada et al., 1997). A study indicates development of functional block diagram 

model for quantification of occupational risk (Papazoglou and Ale, 2007). Apart 

from injury risk assessment methods, various other techniques found in literature 

to measure injury risk among industrial workers are Rapid Upper Limb 

Assessment (RULA), postural Loading on the Upper Body Assessment (LUBA) 

and Quick Exposure Checklist (QEC) (Kee and Karwowski, 2001, David et al. 

2008, McAtamney and Corlett, 1993). The risk of human errors in a working 

system is evaluated by using techniques like Action Error Analysis (AEA) and 

Cause Consequence Analysis (CCA), Success Likelihood Index Method (SLIM) 

and Human Error Probability Index (HEPI) (Khan et al., 2006, Kirwan, 1990, 

Reason, 1990, Singleton, 1984a). Probabilistic Risk Assessment (PRA) is widely 

used methodology for reliability and risk assessment in chemical, aerospace, 

nuclear and other high risk industries (Kumamoto and Henley, 1996). 

2.3.3 Accident causation theories 

Over years, the researchers have postulated many causation theories. These 

theories can be divided into four generations (Khanzode at al., 2012). The 

classification of first generation theories relate primitive viewpoint towards 

accident causation, which holds that persons trait and unsafe behaviour are 

responsible for the accident (Greenwood and Woods, 1919). The second generation 

referred as domino theories account for a chain of sequential events that leads to an 

accident, and the events were named as dominos (Heinrich, 1932). Removing any 

one of the dominos would halt the chain of accident events. Domino theories are 

employed for accident mitigation among industrial workers (Heinrich et al., 1980). 
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Table 2.1: Accident theory generations 
Generation Theories Features

Generation  I Accident proneness 
theory 

Personality traits responsible for accident, Differential 

involvement in accident, Behavioural interventions 

Generation II Domino theories 
Unsafe act and condition as immediate predecessors 

of accident, Intervention focused on unsafe acts 

Generation  III 
Injury 
epidemiological 
theory 

Uncontrolled energy transfer focused, control at 

pre-injury, injury and post-injury stages 

Generation  IV 

System theories Holistic approach integrated safety systems 

Socio-technical 
system theory 

Interacting social and technical subsystems job 

design based on STS principle 

Macro-ergonomics 
systems 

Holistic approach like system models, Organisation 

centered approach 

A variation of domino theory was proposed by Kjellen (1984 a, b) called 

as deviation theory that identifies possible deviation separately and then evaluates 

quantitatively. Injury epidemiological models represent third generation theory, 

which views that accident prevention efforts do not necessarily lead to injury 

control in the work system. This approach primarily focuses on the energy 

transfer involved in injury incident and attempts to minimizes loss.  The fourth 

generation theories emerged in 1970s as a response to maintain safety in 

increasingly complex work system. An example of such approach is socio-

technical systems and macro-ergonomic approaches (Trist and Bamforth, 1951; 

Hendrick, 1986). The Table 2.1 summarizes the four generation accident theories.  

There is an association among the four generation accident theories, 

accident causation themes and causal factors of work injuries. The premises of 

accident causation relate person, system and system person sequence as the 

causes (Paul and Maiti, 2008). Each premise examines specific causal factors to 

explain accident and work injury events. Causal factors responsible for the 
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accident and work injury event can be individual related, job related and 

organization related (Paul and Maiti, 2007, 2008; Bajpayee et al., 2004). 

Premises between the generations of accident theories and their causation themes 

are shown in Table 2.2. 

Table 2.2: Premises between generation and causation theme 

Generation Causation theme 
Type of factors 

examined 
Generation  I Person as cause (unsafe act) Individual related  

Generation II System as cause (unsafe conditions), 
Person as cause (unsafe acts),  Individual and job related 

Generation III System person sequence (energy 
interactions) 

Job related leading to 
interactions 

Generation IV System as cause, person system 
sequence 

Organization related, job 
related and individual 
related 

The above three factors have been highlighted by researchers in the past 

three decades. These factors and their representative studies affecting work 

injuries are exhibited in the following sections. 

2.3.3.1 Individual related factors affecting work injury 

No Individual related factors Representative studies 

1 Age increases injury risk Fotta and Bockosh, 2000,  
Jeong, 1999 

2 Age is not associated with  work injury risk Bennett and Passmore, 
1984a 

3 Less experience correlates with high work injury 
risk 

Keyserling, 1983, 
Buttani, 1988 

4 

Young worker less than 25 years age  are prone to 
higher injury risk of non-fatal injury and  while 
older workers are prone to  high risk of fatal 
injuries incidents 

Salminen, 2004 

5 Absence of correlation between age, experience 
and work injury  Gun and Ryan, 1994 

6 Age, experience, education correlate well with 
work injury and poor performance Leigh et al., 1990 
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2.3.3.2 Job related factors affecting work injury 

No. Job related factors Representative studies 

1 
Injury risk differs job wise and number job related 

factors are predictors of injury risk 
Ferguson et al., 1985 

2 
Relationship between injury and organization related 

factor is stronger than individual related factor 
McLeod et al., 2003 

3 Occupation is significant with work injury 
Leigh et al., 1990; Maiti 

et al., 2001 

4 Work location is significant with work injury 
Leigh et al., 1990; Maiti 

et al., 2001 

5 Work system hazards are significant with work injury Khanzode et al., 2011 

6 Work factors are significant with work injury Haslam et al., 2005 

7 
More probability of getting injured while performing a 

certain hazardous  job – manual material handling  
Davies et al., 2003 

8 Shift working is significant with work injury 
Levin et al., 1985, 

Frank, 2000 

9 Job stress causes work injuries Paul and Maiti, 2005 

10 Job dissatisfaction associated with injury risk Paul and Maiti, 2005 

11 Job responsibility associated with injury risk 
Ferguson et al., 

1984,1985 

12 Work performance associated with injury risk 
Ferguson et al., 

1984,1985 

13 
Effect of technology, reduces risk in one area and 

increase in another area 
Blank et al., 1996 

14 Mechanization reduces injury numbers Sari et al., 2004 
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2.3.3.3 Organization related factors affecting work injury 

No. Job related factors Representative studies 

1 
Organization factors are important causal factors 

in accident incidents 
Powell et al., 1971 

2 
Safety climate – molar perceptions that employees 

share about their work environment 
Zohar, 1980 

3 
Work group size are related to low injury incidents  

>15 workers 

Guastello and Guastello 

1987;  Maiti et al., 2004, 

4 Support from management reduces injury risk Gillen et al., 2002 

5 
Coworker support and supervisory support 

reduced injury risk 

Gillen et al., 2002; Maiti 

et al., 2004 

6 
Management commitment to safety associated 

with injury risk 
O’ Toole, 2002 

7 Workplace safety status associated with injury risk 
Lindell, 1997;  

Gillen et al, 2002 

8 

Worker’s who perceive work environment as safe, 

perceive management and coworker support as 

high in turn low injury incidents 

Gillen et al., 2002 

9 
Unsafe behavior correlates with high work injury 

risk 

Andriessen, 1978;  

Prussia et al., 2003 

10 Role over load is associated with injury Mullen, 2004 

11 
Organization’s priority to performance over safety 

reduces work injury risk 
Mullen, 2004 

12 Socialization at work is associated with work injury  

13 
Poor safety attitudes (Rundmo and Hale, 2003; 

Mullen, 2004), 
Mullen, 2004 

14 Perceived hazards is associated with injury risk Seo, 2005 

15 
High perceived risk are associated with  low injury 

rate 

Rundmo, 1996; Mullen, 

2004,; Seo, 2005 

16 Low injury rate with tightly coupled systems Perrow, 1984 
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17 
Fair perception in safety climate leads to shared 

understanding of unsafe behavior 
Prussia et al., 2003 

18 
Safety climate and safety performance increases 

attention towards injury risk 

Vinodkumar and Bhasi,  

2009 

19 
Instruments measuring safety climate predict 

injury rates with varying strength and validity.  
Siu et al., 2004   

20 
 Safety attitude and psychological distress affect 

injury rates 
Siu et al., 2004   

21 
Negative affectivity affects safety climate and 

performance, affects injury rate 
Maiti et al., 2004 

22 Poor safety environment is a factor to injury Paul and Maiti, 2008 

23 

Industry specific hazards affect the relationship 

between safety climate and safety performance 

with increased injury rate 

Smith et al., 2006 

2.3.4 Injury mechanism models 

Energy transfer to human body is the key issue in an injury incident. 

Work injury models explain how energy is built into a working system and 

points out the underlying cause that releases the uncontrolled energy. The 

presence of a human in vicinity of uncontrolled energy release is necessary for 

modeling work injury. Many factors come into play in an industrial setting, and 

consideration of energy interactions that occurs at the time of injury incidents is 

important. The entire chain of injury mechanism is not simple, linear rather 

multi-phased, complex and unpredictable (Perrow, 1984). Till 1960s objects 

that carried energy were considered as injury agents. Later mechanical, thermal, 

chemical, electrical energy and ionizing radiation are considered as agents of 

injury (Robertson, 1998). A matrix proposed by Haddon (1972) classified 

injury related event in three phases as pre-injury, injury and post-injury for the 
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host, vehicle and environment. Later the researchers used this classification to 

arrive at a multi-phased structure of injury mechanism. 

Since then, different investigators have examined multiple phased structure 

of injury mechanism. The models that explain injury mechanism in an injury event 

can be classified into two groups namely deviation models and energy models. The 

following sections explains the injury mechanism models: 

2.3.4.1 Deviation models  

The deviation models consider the deviation in system characteristic that 

attains a value which exceeds the prescribed norms (Kjellen, 1984a; Kjellen and 

Hovden, 1993). Injury incident is classified into three namely initial phase, 

concluding phase and injury phase (Kjellen and Larsson, 1981). Also, injury 

mechanism is perceived in the form of three tiers considered as originating 

influences, shaping factors and immediate accident circumstances (Haslam et 

al., 2005). Deviation models account injury due to deviation in the system 

variables that lead to the release of uncontrolled energy (Kjellen, 1984b,c). 

Further, development and reporting of this model are scarce. 

2.3.4.2 Energy models 

Energy models consider energy in different phases of injury mechanism. 

Energy builds up in a work system and human interactions with system energy 

plays a significant role in injury incident (Tuominen and Saari, 1982). These stages 

are divided into three namely: energy build-up phase, energy release phase and 

impact phase (Haddon, 1964).  Investigation of uncontrolled energy transfer as a 

direct cause of injury is the initial step in injury analysis (Storbakken, 2002). 
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2.3.5 Injury severity models 

Injury severity in a work system can be minimized by analyzing the 

factors that cause the severity of the impact based on lost man days in a given 

situation. Factors influencing injury severity are not the same as the factors 

causing injury. Contrasting literature exists for injury severity. Identical 

causation hypothesis perceives major fatal injuries are caused by different 

factors when compared to minor and nonfatal injuries that lack explaining 

injury severity (Heinrich et al., 1980; Lozada et al., 1987). However differential 

causation hypothesis differentiates injuries of varying severity and attempts to 

analyze injuries in light of varying severity (Hale and Hale, 1972; Petersen, 

1989; Salminen et. al., 1992). Validation of differential hypothesis has been 

carried out in certain industries like mining industry and independent 

occupations in Swedish industry ((Petersen, 1989, Salminen et al., 1992). A 

review by Shannon and Manning (1980) reveals injury severity depends on the 

energy interactions that are involved in an injury event than a chance factor. 

Other factors that influence varying injury severity are age, experience, job, 

location and physical workload (Bennett and Passmore, 1984b, 1985).  

Discussion: An injury incident follows a chain of events starting with the 

presence of a hazard and leading to injuries of varying severity. The observation 

from the literature reveals several methodological gaps. 
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Figure 2.1 Gaps in accident and work injury literature 

Hazard identification and risk assessment methodologies are well 

interfaced, for example, ETA, FTA, FMEA and FMECA. However, accident 

causation models are not interfaced with hazard identification and risk 

assessment methodologies. Understanding ‘gap 1’ helps to assess whether the 

accident would occur in a stated condition. On the hand, injury mechanism 

model and injury severity model are well interfaced but not with accident 

causation model. Analyzing ‘gap 2’ helps to understand how risk is transferred 

to an accident event first and then to an injury event. According to fourth 

generation accident causation theories, interactions between three factors: 

individual, job and organizational are responsible for an injury event 

Causation models for a complex level accident are well suited for 

analyzing event chains that lead from component level to system level failures 

and eventually to an accident. These complex event chains lead to less frequent 

highly severe work injury incidents. However given the injury research, highly 

frequent less severe work injury incidents are important in light of manufacturing 

sector (Khanzode et al., 2012). Methodologies available for analyzing the less 



Chapter 2          Literature Review  

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 32 

frequent and highly severe work injury incidents are not suitable for analyzing 

the highly frequent less severe work injury incidents and do not reveal about 

work injury patterns. Higher numerical indicators in work injury databases reflect 

the ineffectiveness of these methodologies. Moreover, injury risk profiles across 

different jobs and work systems are not available nor reported in published 

literature (Khanzode et al., 2012). Further, hazard identification and risk 

assessment techniques are widely employed for assessing chemical, process-

related hazards and accident risks than mechanical industries and traumatic work 

injury risks.  Based on the above facts, it is highly important to address highly 

frequent less severe work injury risks specifically to an industrial setting. 

2.4 LITERATURE ON WELDER WORK INJURIES 

An analysis on south Indian coastal fabrication industry in a sample of 

209 welders in metal fabrication industry by Ganesh and Priya (2014) in a study 

period of one year reports that all the welders experienced a minimum of two 

injury exposures, and 44% had more than ten injury exposures. The common 

injury patterns found among welders were abrasions lacerations, foreign body in 

the eye, flash burns, cut injuries and contusions. A study by Adelani et al. (2014) 

on the usage of safety device by welders in Nigeria, concludes that more the 

knowledge of welders in the art of welding better the use of safety device. The 

study also reported a significant difference between the welders educational 

qualifications, experience and the use of safety devices. A study by Anuradha et 

al. (2014) on welders occupational health, found positive association between 

exposure duration and various hazards in fabrication sector. A survey on 100 

welders employed in local workshops and an industrial center in Palakkad 

revealed health complaints related to arc eye injuries (>90%), followed by burns 

(88%), skin problems (69%), tiredness, sleepiness and muscular weakness (45%), 

hearing impairment (35%) and respiratory ailments (22%) (Biji et al., 2013).  
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A review by Clarice et al. (2013) on apprenticeship welder and 

preventive medicine concluded with concern for respiratory health, genetics, 

neuro psychology and suggested for improvement in welding techniques. It also 

stressed the need for knowledge construction during apprenticeship before the 

placement of trained welder in the labor market. He suggested for assistance in 

work injury and public health area specific to the welder health. A study related 

to risk perception and occupational accidents among apprenticeship welders by 

Marta (2012) reported that apprentice welders realize injury risk when they 

expose themselves to risk factors. The report revealed that frequency of injury 

incidences during apprenticeship training reinforces the perception of injury 

risk factors among apprenticeship welders. 

A comparative survey on the prevalence of work related musculoskeletal 

disorder and risk factors by Ebrahimi (2011) among Iranian welders concluded 

that 88.3% welders suffered from some or other forms of musculoskeletal 

disorder symptoms. The more prominent musculoskeletal disorder symptoms 

associated with welder work were found to be prevalent in neck, wrist and 

hands. The results of the survey revealed that employment duration of  welder 

as a factor was responsible for Work Related Musculoskeletal Disorder 

(WRMSD) in shoulder, lower back, neck, and knee regions. These findings 

suggests for vigilant appropriate intervention in welding workplace. A survey 

on eye injuries by Adelani at al. (2014) among 110 welders in Nigeria, reported 

flying metal chips as the chief source for eye injury experienced by welders. 

Out of the total study sample 68.15% of the welders had history of work related 

eye injury. The other source in their work environment that influenced the eye 

injuries was arc rays which accounted for the 31.85% of the total sample. The 

study also highlighted the high level of awareness among welders for eye injury 

risk from the welding process. The study further reported that only 15.3% of the 

welders were using protective eyewear at the time of an injury. Moreover, he 
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suggested that using safety intervention programs like awareness campaign, 

programs by relevant government agencies, encouragement of locally produced 

eye protectors and involvement of medical practitioners as solutions in 

preventing ocular injury among welders.  

Findings related to radiation from arc welding published by CCOHS (2011) 

specifies a broad range of wavelength from (200 - 1400 nm) from the welding arc 

that include ultraviolet radiation (200 - 1400 nm), visible light (400 - 700 nm) and 

infrared radiation (700 - 1400 nm). Out of these, certain types of radiation cause 

injury to mucous membrane commonly referred as arc eye, welders eye, or arc 

flash. Photo keratitis or arc eye occurs due to a bright ultraviolet light from the high 

temperature arc that causes inflammation in the cornea. On certain occasions due to 

prolonged exposure to ultraviolet rays retina in the eyes is charred or may lead to 

the medical condition termed as cataracts. Further, the visible light produced during 

arching process interferes with iris mechanism in the eye that regulates light 

reaching retina leading to temporary blindness and fatigue. A study on vibrations 

produced during the arcing process in the arc welding machine by Sobaszek et al. 

(2010) revealed vibrations leads to soft tissue damage that causes uneven blood 

flow in the capillary veins in hand that leads to Hand Arm Vibration Syndrome 

(HAVS) or Reynold's Syndrome, for example, blanching of fingers or white 

fingers. A study by Sabitu et al. (2009) on awareness of occupational hazards and 

utilization of safety devices among the 330 welder in a non industrial setting 

revealed that awareness of arc welding hazards were high (83%) in the sample and 

it was influenced positively by age, educational status, marital status, work 

experience, type of training and supervision. The study also reported that use of 

protective gear was minimal among welders. Further, the study reported that 

hazard perception about welding trade was high among Nigerian welders when 

compared to Indian welders, where only few welders perceived their welding trade 

as hazardous. The study suggested for health and safety education for improving 
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safety awareness among welders. A review of literature on hazards associated with 

arc welding process highlights the trauma of physical injury experienced by 

welders. The type of physical injury experienced by manual arc welders are 

physical damage or injury including exposures to excesses heat, noise, vibration, 

electrocution, ionizing radiations and physical trauma (Erdal and Berman, 2008). 

Arc welding produces noise level more than 120 dB during the arching process. 

Any noise level more than 90 dB is likely to damage the human hearing sense due 

to damages in sensory hair cells of the cochlear that results in conditions like 

permanent deafness, fatigue, and nervousness leading to a noise-induced hearing 

loss (Twin et al., 2008). An analysis on noxious fumes and blue light effect on 

welders during an arc welding process reveals carbon dioxide gas and ozone affects 

the welder respiratory system due to the inadequate ventilation system particularly 

in confined spaces, which has a bearing on fatal injury conditions. Blue light causes 

temporary or permanent scarring of the retina, which causes blue light 

insensitiveness in eye that result in blindness. Long terms exposure to radiation 

have a greater probability of mutating malignant changes, genetic changes, damage 

and blood disorders like leukemia, dermatitis, and sterility (Blunt and Balchin, 

2005). Inhalation of dangerous gases that include particulate matter have been 

reported among welders working on joining different metals (Prabhakara, 2002). 

This condition leads to inhalation of iron dust that causes respiratory changes, 

chromium dust causes skin lesions, perforation of the nasal septum and toxicity 

leading to a severe medical condition known as metal fume fever. Lack of adequate 

and confined space in the work bay or site for welding is stated as the prime reason 

for higher likelihood of an injury risk and decreased welder productivity (Stern et 

al., 1986).  

A meta analysis of epidemiologic studies on welders reports the link for the 

presence of confounding factors like presence of asbestos in the welding 

environment to be similar to that of tobacco smokers habit (Moulin et al., 1997). A 
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study on welding works bay design recommends improved tools based on the 

ergonomic research and work shifts as the efficient method for an on-the-site 

activity where welder has to adapt the posture for weld task (Khadefors et al., 

1997). A research finding on Rawalpindi roadside arc welders in Pakistan 

concluded for a call on effective public policy on preventive education and 

effective safety regulation in informal welding sector (Shaikh and Bhojani, 1991). 

A survey conducted on manual metal arc welders’ occupational health revealed 

variety of health and safety hazards. The results suggested for an ergonomic 

knowledge based interventions with emphasis on selecting right process parameters 

and consumables (Hewitt, 1996). Quantitative electromyography analysis on 

shipyard welders revealed that elderly welders who experienced shoulder pain had 

similar muscular fatigue profile to that of an experienced welder. The study also 

found that muscle fatigue was higher for shipyard welders who had worked using 

their arms elevated position (Kadefors et al., 1976). 

Discussion: Examining the available literature, most of the studies relates to 

cumulative trauma disorders based on morphological methods. Majority of the 

welders related work injury studies were analysed in epidemiological 

viewpoint. Few studies address the prevalence of musculoskeletal disorder and 

physical work injuries among welders employed in non industrial setting. Some 

of the injury studies consider welding process parameters, postures adopted by 

the welder during the weldment process, method through which welder trade 

knowledge was acquired as factors that influence work injury experience 

among welders. A gap exist to explore the influence of personal attributes, job 

related and organizational factors influencing pain frequencies due to non 

reported highly frequent less severe work injuries among welders employed in 

industrial fabrication environment. 
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2.5 OVERVIEW OF LITERATURE ON PRESENTEEISM CONCEPTS 

Productivity is a measure, which indicates the economic, social health and 

describes the existence of business opportunities in a society. The traditional way 

of thinking productivity is synonymous with input (e.g., number of hours 

worked) and output (e.g., some units produced) generally discussed in economic 

perspective. This discussion often neglects the workers health and its effect on 

his/her productive state. The state of workers health is thought in concern with 

the state of being away from work due to ill health or being present for work with 

ill health. Worker present for work with ill health inhibits the productive effort, 

this conceptualization has not gained popularity in injury research till recently. At 

present, workers ability to produce goods and deliver services while suffering 

from the work related musculoskeletal disorder and work related physical injuries 

has been an area of interest in work/occupational injury research. Regarding 

worker productivity, absenteeism is defined as the number of days missed by the 

worker due to ill health induced by work related issues. While, Presenteeism is 

defined as worker present for work with ill health (Burton et al., 1999; Boles et 

al., 2004). In developed countries absenteeism is a more common measure for 

evaluating productivity in particular with the countries having high insurance 

coverage (Askildsen et al., 2005). Examining the published literature, researchers 

have shown interest in analyzing the relation between absenteeism and poor 

workplace conditions (Kahya, 2007); peer behavior and absence cultures 

(Bamberger and Biron, 2007) and job satisfaction and involvement (Wegge et al., 

2007). 

Presenteeism is defined as workers turning up to the work despite ill health 

condition or bearable pain that should have prevented from attending the work 

(Aronsson et al., 2000). Presenteeism characteristic is time being not on task, 

reduced quality, quantity of work, poor relationship with co-workers and 
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unsatisfactory work culture (Loeppke et al., 2003). Studies have shown a positive 

correlation between presenteeism and increased morbidity during work; this 

includes musculoskeletal disorder pain and physical work injuries (Grinyer and 

Singleton, 2000; McKevitt et al., 1997; Aronsson et al., 2000; Burton et al., 1999). 

A study on presenteeism among workers employed in USA reports 71% of the 226 

billion dollars worth of lost productive time per year, 88% failure to meet 

productivity standards and 40% productive work lost per week (Stewart et al., 

2003). 

To quantify presenteeism, one has to rely on self reports where the 

respondents have to note when they have turned up when sick (Burton et al., 1999). 

Measuring impact of presenteeism on productivity is difficult as it is neither visible 

nor studied easily. Reviewing the literature shows presenteeism has a bigger drain 

on productivity due to work injury induced morbidity, than absenteeism (Hemp, 

2004). 

Discussions: There have been few research inputs on presenteeism as it is not 

visible or readily studied. The present study attempts to identify factors that 

influence presenteeism in form of factors and pain experienced by welders due 

to non reported highly frequent less severe work. The outcome of the study 

would point out the influential factor (personal attributes, employment and 

work factors) that influence pain frequencies. These influential factors are likely 

to induce presenteeism that affects the welders effective productive effort 

employed in the fabrication industry. 

2.6 OBSERVATION FROM LITERATURE REVIEW AND MOTIVATION 

FOR CURRENT RESEARCH 

2.6.1 Observation from literature review 

Accident causation models are more suitable for analyzing complex 

event chains that lead from component level to system level failures and cause 
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accidents. The complex chains lead to less frequent highly severe work injury 

incidences and not to highly frequent less severe work injuries. The models 

developed to identify these incidences that cause accidents are more suitable to 

assess chemical and process industry related hazards and accident risks, than to 

mechanical and manufacturing industries. As the nature of work and injury 

risks associated with them are different. In this perspective of injury research, 

these models are of limited use to identify work injury patterns to mitigate 

effectively. Moreover, timely availability of relevant, reliable and 

comprehensive data on work injury surveillance from different industrial 

sectors imposes the restriction on work injury research. However, in the area of 

injury research work injury incidents are important for manufacturing sector. 

Any work injury causes pain and any pain in the human body is a deviation 

from a healthy state of a worker irrespective of the variation in its severity. 

Hence, pain has a higher likelihood of causing morbidity that manifests in a 

form of reduced effective effort by the worker which is conceptualized as reason 

for presenteeism in this study.  The study in its endeavor attempts to understand 

how factors like personal attributes, employment and work factors influence 

injury risk which is transferred to an accident and then to an injury incident in an 

industrial fabrication environment. Published literature reveal personal 

attributes, employment factors and work factors influence reported work 

injuries and studies related to the influence of these factors on non reported 

work injuries are scarce especially in welding trade/profession. 

2.6.2 Motivation for current research 

Manual arc welding is a high temperature process that carries inherent 

hazards that involve energy interactions with the welder who performs it. At 

frequent occasions, these energy interactions lead to energy exchange causing 

work injuries for example, an arc eye, musculoskeletal disorder pain due to 
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incongruent prolonged posture that causes pain/morbidity etc to the welder 

employed in fabrication environment. These work injuries are generally treated 

with first aid and are not generally reported. The pain induced due to these work 

injuries is likely to reduce the effective productive effort during the work of a 

welder promoting presenteesim phenomenon.  

Work injury and accident literature indicates personal attributes and 

employment factor are widely studied for their influence on work injuries 

among workers/welders. Further, published literature reveals energy 

interactions between different work factors in the work place leading to highly 

frequent less severe work injury incidents. Moreover, majority of the published 

studies are related to reported work injuries and studies on non reported work 

injuries among welders are scarce. The study in its endeavor attempts to find 

the influential personal attributes, employment and work factors that influence 

pain frequencies due to non reported highly frequent less severe work injuries 

and musculoskeletal disorders among industrial welders. 

……… ……… 
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3.1 INTRODUCTION 

The chapter briefs the 

• Welder trade characteristics 

• Description of the study cluster 

• Design of the survey questionnaire 

• Data preparation and analysis 

• Discussion on relationship between various factors 

3.2 DESCRIPTIVE CHARACTERISTICS OF WELDER TRADE  

3.2.1 Description of welder 

The International Standard Classification of Occupations (ISCO) defines 

welders and flame cutters as persons who performs welding and cutting metal 

parts using gas flame, electric arc and other sources of heat to melt and cut, or 

to melt and fuse metal. The work of a manual metal arc welder employed in 

industrial fabrication industry involves customizing fabrication configurations 

in structural steels, piping or repairing damaged or worn out parts. Manual 
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metal arc welders find employment with industrial fabricators, mechanical 

contractors, platform manufacturers, and transportation contractors. 

Welders are employed in physically demanding work conditions that 

present high injury risk to their professional practice (Herberts et al., 1976). 

Examples of parts fabricated by industrial welders are pressure vessels, 

structural works, heat exchangers and boiler components. The welder trade in 

developing countries involves wide range and varieties of activities that are 

irregular, invisible, non structured and these operations draw parallel with that 

of professionally trained welding professionals (Adelani et al., 2014). 

Sometimes the welder trade overlaps with sheet metal workers, steam fitters 

and metal fabricators (Occupational analysis of welders – 2009).  

Technological advances in metal arc welding process have come up in 

the form of improved electrodes and wire feeders that have resulted in lighter 

welding equipment incorporating ergonomic principles. In some industrial 

fabrication areas, development methods like parallel line and radial line 

methods have moved from shop floor to design office. But, these facilities are 

not available for an average welder in developing countries. In spite of these 

technological developments, the fundamental welding process and work injury 

hazards remains the same irrespective of the geography. 

3.2.2 Task of a welder 

The tasks of a welder involve:  

In addition to the primary task of welding, the associated task of a 

welder include - 

i. Maintaining tools and equipment such as setting trade machinery, 

presses, oxy fuel cutting torches, shears, plasma cutters, grinders, drills, 

and bending, cutting and forming metal components.  
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ii. Organizing work for example, making of safe environment, document, 

drawings communication, compiling the material list and planning 

project task. 

iii. Performing quality control for example, marking materials and parts, 

verifying layout, heat treating material and storing consumables. 

iv. Performing routine activities for example, hazard assessment, starting 

up and shutting down power source equipment.  

v. Handling materials for example, obtaining materials, verifying bill of 

material, organizing material, rigging, hoisting, and operating handling 

equipment.  

vi. Performing layout for example, developing template, transferring 

dimension from drawing to materials etc. 

Despite these main tasks, numerous sub tasks that require knowledge and 

ability by a welder are shown in Appendix Figure AF1 to AF6 (Occupational 

analysis of welders – 2009) 

3.2.3 Welder work hazards and work injuries 

Manual metal arc welding involves high energy interactions above 

10000 K that results in hazards like fire/explosion, electrocution, physical 

trauma and respiratory disorders (Hewitt, 1996). Physical causes that influence 

work injuries are noise, vibration, radiation, ionizing laser rays, excess heat and 

physical trauma (Erdal and Berman, 2008). Some of the other serious damages 

to the welder include radiation injuries, blanching of fingers due to hand arm 

vibration and permanent hearing loss due to noise more than 90 dB (CCOHS, 

2011; Sobaszek et al., 2010; Twin et al., 2008). A review on chronic effects of 

radiation and inhalation of welding fumes concludes blood related disorders and 

respiratory problems as the possible cause for morbidity among welders 
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(Prabhakara, 2002). Inadequate ventilation during weldment leads to respiratory 

morbidity due to direct inhalation of carbon dioxide (Blunt and Balchin, 2005). 

Welding and cutting process produce hazards like sparks, radiation, hot metal 

fumes, gas and electric shock that results in fatal injuries (Adelani et al., 2014). 

Prominent prevalence of Musculoskeletal Disorder (MSD) in the body regions 

of welders are found in the neck, shoulder, elbow, wrist, hands, upper back, 

lower back, thighs, knee and ankle (Ebrahimi et al., 2011). Common physical 

work injuries among welders include burn, cut injuries in hands and fingers, 

fracture, arc eye, hearing impairment, tremor, chest and breathing difficulty 

(HS04 – 044A, 2012). Further, these work injuries vary in their severity that 

can be classified into reported or non reported in nature. 

3.3 DESCRIPTIONS OF THE STUDY CLUSTER 

This study was carried out in the Engineering Fabrication Cluster (EFC) 

situated around Bharat Heavy Electricals Limited (BHEL) Tiruchirappalli. BHEL 

is the largest public sector engineering enterprise in India. To promote 

entrepreneurial talent, the company encourages its own people to take up the 

entrepreneurial venture. The company also supports them by passing off their low 

technology fabrication components and outsources the finished components. This 

patronage by the company has led to the development of ancillary units around the 

periphery of BHEL in the form of an EFC commonly referred as Industrial Estates. 

The EFC houses approximately 400 small and medium scale fabrication units, 100 

machine shops and a good number of micro units engaged in shot blasting, drilling, 

galvanizing, bending, manufacturing of electrodes, grinding wheels and paints. 

Regarding the activity in EFC, the main products fabricated are power 

equipment like boilers, heat exchangers, pressure vessels, windmills, and 

structures. The higher growth trajectory of BHEL in power sector promoted 

large scale outsourcing from these Small and Medium Scaled Enterprise 
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(SMEs) located in this EFC. In last five decades, the number of SMEs has 

grown from 26 to 400 firms, that employs 20000 workers where welders form 

the dominant work group, with almost no women in the workforce. The firms 

located in EFC directly employ around 20% of the work force while 80% of the 

work forces are employed through the man power contractors for contract/ 

adhoc employment (Appendix AF.17).  

Liberalized Indian economy has witnessed many multinational companies 

outsourcing their products from this EFC. With the state government increasing the 

outlay for power production and promoting increased use of non conventional 

energy sources, new products like windmills and rice husk boilers have increased 

the turnover exponentially in this engineering fabrication cluster. Despite the 

higher growth rate, challenges emerge in the form of poor access to transport, poor 

power infrastructure in these industrial estates, unsafe working conditions and poor 

material handling in these industrial estates. Welding and gas cutting operations 

continue to be the leading cause of work injuries in this EFC (CSR perceptions and 

activities of small and medium enterprises in seven geographical clusters, UNDIO 

survey report, 2008). 

3.4 DESIGN OF SURVEY QUESTIONNAIRE 

The survey questionnaire is made of five sections: pain frequencies due 

to Non Reported Highly Frequent Less Severe (NRHFLS) work injuries, 

personal attributes, employment factors, work factor domain and their 

characteristic items and Modified Version Standardized Nordic Questionnaire 

(MVNQ) for measuring musculoskeletal disorder pain (See Questionnaire). In 

addition to the above question regarding the firms’ registration status with 

Small Scale Industry Association (SSIA) and name of the respondent as 

optional response were included in the questionnaire. If the firm had the 

registration with SSIA, the firm was considered as an organized sector firm and 
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otherwise it was considered as an unorganized sector firm. The five sections of 

the questionnaire are described in the following sections. 

3.4.1 Pain frequencies due to non reported highly frequent less severe 

work injuries 

Different indices are used in safety and work injury literature to measure 

work injuries (See sec 2.3.2). The present study considers self reported pain 

frequencies due to non reported highly frequent less severe Khanzode et al. 

(2012) work injuries among welders performing manual arc welding work as 

the criterion variable. 

The meaning of highly frequent in this study refers to painful work 

injury frequencies that are very likely to happen in the period of event that has 

greater than 95% probability while less severe means ‘negligible category, ’ an 

injury pain treated with first aid (Nasibeh Azadeh Fard et al., 2015). Further, 

this type of work injuries are neither recorded nor reported even in developed 

countries (Anne and Ann, 2004. p.8). In Indian context, recording of this type 

of work injuries are scarce and recording of work injuries are not industry 

specific but listed under general medical conditions (Gururaj, 2008). In the 

absence of valid work injury surveillance estimates, self reported work injury 

survey provide means of data on pain, symptoms, perceived exertion, task 

specific tools or equipment that causes pain or discomfort (Wiktorin et al., 

1993). Hence, self reported method of collecting information was selected for 

this study. 

A welding work involves high temperature energy interactions during the 

course of weldment process that makes the welder susceptible to frequent painful 

work injury exposures such as first degree burn, cut injury, MSD pain etc., that 

are not at all reported. Any form of pain in the welder body region is a deviation 

from the healthy state of welder that leads to morbid state promoting 
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presenteeism phenomenon (See sec 1.4) during weldment work. This morbid 

state is likely to interfere with welders effective productive effort. Review of 

work injury studies for selecting recall period (i.e. the length of time between the 

injury and the interview) reveals that for severe injuries a period of one year is 

too long and a period of three months is more appropriate (Warner et al., 2005; 

Harel et al., 1994; Mock et al., 1999). For less severe injuries, a shorter recall 

period of seven days to one month is more appropriate (Warner et al., 2005).  

Based on above discussion, recall period of one month for self reported 

pain frequency due to NRHFLS work injury is envisaged for the study. 

3.4.2 Personal attributes 

3.4.2.1 Age  

Age has been the most widely studied factor for their relationship with work 

injuries. Published literature on work injuries reveal contrasting evidences.  

• Studies on coal mines reported no relationships between age and work 

injury (Maiti and Bhattacherjee, 1999; Breslin et al., 2007). 

• A study in Brazil steel plant by Schoemaker et al. (2000) reported higher 

work injury rate among young workers aged below 25 years. 

• A review on work injury literature reveals that 56% of the work injury 

studies conclude higher non fatal work injury rate for young workers and 

17% studies concludes on lower work injury rate among young workers 

(Salminen, 2004). 

• A study on fatal and non fatal work injuries in Korean manufacturing 

industry concludes that work injury risk increases with age (Fotta and 

Bockosh, 2000). 
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• Comprehensive review on work injuries by Salminen (2004) and Khanzode 

et al. (2012) reveal inconclusiveness in age and work injury relationship. 

• A study on age and work injury relationship observed an inverted U pattern 

where work injury risk increases up to 25 years age, becomes stable during 

middle age and decreases during higher age (Lamme and Menckel, 1995).  

The above evidences suggest the need of investigating the influence of 

age on work place injuries and hence it was decided to include “age” as a factor 

in this study. 

3.4.2.2 Experience 

Experience represents the amount of time an employee is engaged in 

his/her job. It is expected that experienced employees can perceive their jobs 

more accurately than an inexperienced employee. At the same time, 

experienced workers are likely to be exposed to hazardous environment for a 

longer period of time that may increase the chance of meeting with injuries. 

• The concept of familiarity and perception of hazards dictates that 

experience should have negative relation with work injury (Basha, 2012). 

• An exploratory study on safety climate and safety behavior reveals 

significant relationship between experience and work injury (Cooper and 

Philips, 2008). 

• Studies on work injuries in mines report no relationship between 

experience and work injury (Maiti and Bhattacherjee, 1999; Breslin et 

al., 2007).  

It is likely that experienced workers have more safety control as they are 

more familiar with the hazards present and know how to avoid hazardous 

situations than a less experienced worker.  
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Based on above facts ‘experience’ is included as a factor in this research. 

3.4.3 Employment factors 

3.4.3.1 Working hours 

Globalization in the market requires firms to be flexible and ready to 

make rapid changes in its working pattern (Quinlan et al., 2000). For a worker 

in a developing country, changes in working pattern probably refers to an 

increase in shift work or extended working hours that has higher likelihood of  

influence on work injuries. 

• A review on the influence of regular and extended working hours on work 

injuries concludes on elevated risk of work injuries during extended 

working hours in USA, but not in other countries (Salminen, 2010). 

• A study on work injuries on 28 power plant workers employed in regular 

working hours (8 hours) and extended working hours (>8 hours) reported 

no significant difference in work injury experience (Axlesson et al., 1998). 

• Evidences of increased work injury due to extended working hours is 

found in specific occupations like nurses (Macias et al., 1996), miners 

(Duchon and Smith, 1994), anesthetists (Gander et al., 2000), truck 

drivers (Mccart et al., 2000), veterinarians (Trimpop et al., 2000), 

construction workers (Lowery et al., 1998) and nuclear power plant 

operators (Baker et al., 1994) 

Above studies conclude on increased risk of work injuries for workers 

who worked in extended working hours than in regular working hours.  

Based on above facts, ‘working hours’, whether working for 8 hours or 

more than 8 hour (extended working hours) is selected as factor in this study. 
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3.4.3.2 Shift work 

Some of the published studies shows increased work injury during shift work 

• In a review of studies related to work injury and shift work, Salminen 

(2010) revealed that eight out of nineteen studies reported increase in 

frequency of work injuries during night shifts. 

• A study on metallurgical plant in GDR reports that frequencies of work 

injuries reaches maximum during night shifts (Vegaso et al., 2007). 

• An investigation on Dutch bus drivers reported increased work injury 

frequency during night shifts than morning shifts (Pokorny, 1987). 

• A study on Norwegian drilling rig operators reported more injuries 

during the day shift than during the night shift (Laurdisen, 1990). 

Based on above facts, ‘shift work’, whether working in shifts or non 

shift (general shift) is selected as a factor in this study. 

3.4.3.3 Nature of employment 

Global expansions of business have brought new form of conditional 

work arrangement. The arrangement of this kind outsources contract/adhoc 

workers for executing work during peak order of customer demand and lets off 

their role during the lean period. This practice is to offset labour cost during 

lean production period and offers flexibility in employment terms for employers 

(See sec 3.3). These forms of work arrangement characterize features of 

precarious employment like, e.g., lack of formal training, deviating from safety 

practices, higher and unregulated physical workload etc (Quinlan et al., 2001).  

• High prevalence of work injuries is found to be associated with welders 

recruited through adhoc employment (Ganesh and Priya, 2014). 
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• A study on relation between work injuries and workers recruited through 

adhoc employment reveals adhoc workers are more exposed to higher 

work injury risk than regular/permanent workers. The study concludes 

on lack of effective experience combined with job security as reasons for 

higher work injury risk among adhoc workers (Saha et al., 2005). 

Based on above facts ‘nature of employment’ – whether recruited on 

regular rolls or on contract/adhoc rolls is selected as factor in this study. 

3.4.3.4 Mode of apprenticeship training 

The welder population charteristic (See sec 3.3) can be considered as 

similar to that of precarious employment (Quinlan et al., 2001). Welding 

process is a labour intensive trade that attracts young men. Further, it serves as 

an avenue for demonstrating their boldness and dissipating their latent youthful 

energy (Ekpo, 2012). Studies have shown that welding as a vocation provides 

income for unskilled and semiskilled people in the society who could otherwise 

remain jobless (Ekpo, 2012; Nwaka, 2008). Welding, as an informal vocation, 

is a means of livelihood mainly for people of low educational status of the 

society. Analyzing the issue of specific years of formal institutional training 

requirement for welders, it is found that most of the welder apprentices spend 

several years of learning to perfect their skills in an informal setting while few 

learnt it while watching their relations (welders) in their job shop for few 

months (Hamel, 2011). A study on south Indian coastal welders indicate that 

lack of institutional training exposes welder to higher work injury risk (Ganesh 

and Priya, 2014). 

Based on above facts, ‘Mode of apprenticeship training’ – whether a 

welder is trained on-the-job or institution trained is selected as factor in this 

study. 
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3.4.3.5 Physical workload 

A study on hotel room cleaners indicates a strong association between 

physical workload and work injury (Niklas Krause et al., 2005). A comparative 

study of office clerks, fishermen and manual metal arc welders shows welders are 

more prone for dynamic and static physical workload which increases work 

injury risk (Toner et al., 1991). A biomechanical study on welders reveals that 

welders are more prone to physical static and dynamic workload or combined 

loads due to deviation in ergonomic principles. The study concludes with note to 

design tools for welders based on ergonomic principles (Kadefors et al., 1997). A 

study on hospital nurses concludes on higher physical workload as a cause for the 

musculoskeletal work injuries (Josephine et al., 1996). Based on above facts 

‘physical workload’ is selected as a factor in this study. 

For calculating physical workload of welders, the respondents were 

asked to specify the diameter and average number rods used during last one 

month for their welding work. The responses were then converted into 

Kilograms of metal deposit for calculating the physical workload. 

3.4.4 Work factor domains in fabrication environment 

Any production environment comprises of energy interactions among 

various work factor in the workplace. Analyzing standardized instruments 

available in published literature to measure work factors reveal that they are 

either limited in their extent by physical work factors or nonphysical work 

factors in the work environment. 

Work Factors Analysis (WFA) is a methodology that classifies physical 

and nonphysical factors that impacts worker performance in a work 

environment (Genaidy et al., 2000). WFA also provides guidelines for 

classifying physical and nonphysical factors in different types of work 
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environment/workplace. At present, there is scarcity of instrument to measure 

work factors in a fabrication environment. In such situation, it is customary for 

the researcher to design a measuring instrument to capture the variables in line 

with the objectives of the research. Therefore, the WFA methodology is 

adopted in this study for classifying the work factor domains and their 

charteristic items in the fabrication environment. 

The fabrication work environment is classified on the basis of WFA 

methodology (See Appendix Figure AF7 to AF14) into eight work factor domains. 

These domains contain two energy levels: expenditure and replenishment of 

energies.  

• Expenditure energy is the energy expended by a work factor domain 

from the welder. 

• Replenishment energy is the energy through which a work factor domain 

replenishes the welder. 

It is conceptualised that a fabrication work environment contains many 

work factor domains, which have energy interactions between them (Genaidy et 

al., 2000). Work factor domains present in the fabrication work environment 

transfers work injury risk into work injury incident. Energy interactions 

between work factor domains during work injury event dictate how energy 

transfers to welder body in its vicinity and degree of severity. For an injury free 

performance in the fabrication work environment the energy interactions 

between work factor domains should be equal and any mismatch among them 

will lead to work injury of varying frequency and severity. 

Based on WFA classification eight work factor domains were selected 

for the study.  
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• Health perception: welding as a labour intensive vocation serves as an 

avenue for demonstrating boldness and dissipating their latent youthful 

energy for young men which provides income for skilled and unskilled 

people in the society who could other wise remain jobless (Ekpo, 2012; 

Nwaka, 2008). Hence, this vocation in turn depends on the health 

perception of the individual. The low level of education might be one of the 

reasons for their low compliance to the use of safety devices. An illiterate 

person do not usually attach much importance to devices that could 

guarantee their personal safety in dangerous adventures (Karwowski, 2006; 

Genaidy et al., 2000).  

• Safety culture: good safety culture leads to low work injury rates in the 

work environment. Moreover as results of legislative restriction, the 

worker needs to follow certain work practices, which in turn nurtures 

safety culture. But, the safety culture of the firms is influenced by the 

firms polices, peer groups, practical difficulty and attitude of the work 

force (Vinodkumar and Bhasi, 2009). 

• Physical task content: a worker involved in fabrication environment 

repeatedly use gripping force in awkward body postures that include 

standing, squatting, crawling, couching and depends on visual cues to 

execute the work (Genaidy et al., 2000).  

• Mental task content: workers use their senses for cues that include 

visual differentiation, sound differentiation, posture adjustment for 

executing work and quality, interpretation of the given information, on 

the spot decision, intricativeness of the job and planning in par with 

scheduling plans (Genaidy et al., 2000). 

• Physical environment: an industrial fabrication environment comprise of 

noise, vibration, heat generated during weldment process, static and 
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dynamic supports for fabricating structures and splinters from the 

welding process (Genaidy et al., 2000).  

• Social environment: role of social support and its relation to work injuries 

is less understood than work related physical risk factors, such as manual 

welding task, lifting and repetitive movements in fabrication environment. 

In a work environment social support is generally enhanced by the 

supervisor support, relationship with peers together with clarity in their 

communications, general relationship with coworkers at work and these 

measures are frequently assessed in work injury related studies (Woods, 

2005; Genaidy et al., 2000)).  

• Technical environment: welders employed in industrial fabrication units 

generally face issues related to scientific planning due fixed infrastructure 

and varying customer requirements. These issues are related to job 

sequencing, availability of right tools, logical arrangement of layouts, 

learning from technically different configurations and technical demand 

among welders for doing auxiliary work. (Occupational analysis of 

welder, 2009; Genaidy et al., 2000).  

• Perceived benefit: welding trade as vocation provides a means of 

livelihood for many in the region (CSR perceptions and activities of 

small and medium enterprises in seven geographical clusters UNDIO 

survey report, 2008). Hence, income security and wage related to the 

fabrication work were considered in this work factor domain 

(Karwowski, 2006; Genaidy et al., 2000).  

Initially, questionnaire with 100 questions were selected from the 

published literature to suit the eight work factor domains. After consultation with 

the welders, supervisors, safety professionals and academicians, ten questions 

were removed. The questionnaire contained 90 characteristic items identified 
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under eight work factor domains evoking response on five point Likert scale. 

This scale sensitivity ensured welders response included their adjustment for the 

vagueness and variability with fixed facilities in their work place.  

The pilot study was administered to 50 welders employed by firms in the 

EFC during their working hours after assuring anonymity. that results would be 

used only for academic purpose. After collecting data, reliability analysis was 

carried out for all charteristic the items under study in their respective work 

factor domains. The charteristic items having inter item correlation value less 

than 0.3 were excluded from the questionnaire. This resulted in discarding 21 

characteristic items. Confirmatory factor analysis was performed for 69 

characteristic items in their respective work factor domains. A factor loading 

value greater than 0.3 was considered significant (Brown et al., 1986; 

Rahuman, 2000). This resulted in deletion of 25 characteristic items. Thus 

empirical validation resulted in forty four charteristic (See Table A1) items to be 

included under eight work factor domains section of the questionnaire. 

Table 3.1 Work factor domains and their characteristic items before and 
after pilot study 

Sl No Work factor domain 
Number of 

characteristic items 
before pilot study 

Number of 
characteristic items 

after pilot study 
1 Health perception 10 4 

2 Safety culture 20 11 

3 Physical task content 10 4 

4 Mental task content 10 8 

5 Physical environment 10 6 

6 Social environment 10 4 

7 Technical environment 10 5 

8 Perceived benefit 10 2 

  Total 90 44 
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The Table 3.1 shows the number of characteristic item before and after 

pilot study. Eight work factor domains and final characteristic items with their 

reliability values with their sources are shown in (Appendix Table. AT.1).  

3.4.5  Modified version of standardized nordic questionnaire for measuring 

musculoskeletal disorder symptoms 

To measure musculoskeletal disorder symptoms among the welder 

population Modified Standarised Nordic questionnaire (MSNQ) proposed by 

Dickinson et al. (1992) is used for the study. This section of the questionnaire 

contains a sketch of a human marked with nine body regions. The body regions 

are defined and shaded: (neck, shoulder, upper back, elbows, wrist hands. 

hips/thighs /buttock, ankle, and feet), requesting yes or no response on pain for 

each body region during three periods: weekly prevalence annual prevalence and 

annual disability (discomfort).  

3.5 VALIDITY ANALYSIS OF THE QUESTIONNAIRE  

The work factor domain section of the survey questionnaire was 

customized for fabrication industry, hence required empirical validation for 

meaningful analysis. Statistical programs SPSS 16 and AMOS package were 

used for the analyses. The questionnaire was checked for different types of 

validity and reliability and is explained in the following sections. 

• Content validity,  

• Face validity  

• Convergent validity 

• Unidimensionality 
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3.5.1 Content validity 

Content validity of an instrument refers to the degree to which it 

provides an adequate depiction of the conceptual domain that it is designed to 

cover (Hair et al., 1998). In the case of content validity, the evidence is 

subjective and logical, rather than statistical. Establishment of content validity 

warrants sound logic, good intuitive skills and high perseverance on the part of 

the instrument designer (Kaplan and Scauzzo, 1993). Content validity can be 

ensured if the items representing the various constructs of an instrument are 

substantiated by a comprehensive review of the relevant literature (Bohrnstedt, 

1983).The present instrument has been developed on the basis of detailed 

review and analysis of the prescriptive, conceptual, practitioner and empirical 

literature, so as to ensure the content validity. 

3.5.2 Face validity 

Generally, a measure is considered to have 'face validity' if the items are 

reasonably related to the perceived purpose of the measure (Kaplan and 

Scauzzo, 1993). Face validity is the subjective assessment of the 

correspondence between the individual items and the concept through rating by 

expert judges (Hair et al., 1998). In face validity, one looks at the measure and 

judges whether it seems a good translation of the construct under study. Face 

validity is also a subjective and logical measure, similar to content validity. The 

face validity can also be established through review of the instrument by 

experts in the field (Hair et al., 1998). The present questionnaire has been given 

to four supervisors, three fore man and five welders employed by firms in the 

fabrication cluster. They were briefed about the purpose of the study and its 

scope. The welder trade experts have been requested to scrutinize the 

questionnaire and to give their impressions regarding the relevance and contents 

of the checklist questionnaire. They have also been asked to critically examine 
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the questionnaire, and to give objective feedback and suggestions with regard to 

comprehensiveness/coverage, redundancy level, consistency and number of 

items in each variable. After considering each item in detail, necessary changes 

were made by simplifying, rewording, removing and replacing some of them. In 

the initial questionnaire, there were 100 characteristic items. Based on the 

feedback from experts 10 items were dropped and 90 questions were retained in 

the questionnaire for the pilot study. It may be noted that the content validity 

and face validity have been assured in the initial stages of questionnaire 

development itself. 

3.5.3 Convergent validity 

The evidence for 'convergent validity' is obtained when a measure 

correlates well with other measures that are believed to measure the same 

construct (Kaplan and Scauzzo,1993). In other words, convergent validity is the 

degree to which the various approaches to construct measurements are similar 

to (converge on) other approaches that they theoretically should be similar to 

(Sureshchander et aI., 2001). It can also be seen that each item in a scale is 

treated as different approach to measure the construct (Hair et aI., 1998). Using 

confirmatory factor analysis technique, the convergent validity of the 

questionnaire is checked with the help of a coefficient called Bentler Bonett Fit 

Index (NNFI or TLI). A scale with TLI values of 0.9 or above is an indication 

of strong convergent validity (Bender and Bonett, 1980). The values of all the 

measures are summarized in Table 3.2.  
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Table 3.2 Results of confirmatory analysis: unidimensionality, 
convergent validity, and reliability coefficient for work factor 
domains 

Sl No Work factor domain Number
of items CFI Cronbach's   

alpha(α) 
Tucker Lewis 

fit index 
1 Health perception 4 0.881 0.742 0.871 

2 Safety culture 11 0.912 0.713 0.891 

3 Physical task content 4 0.894 0.685 0.893 

4 Mental task content 8 0.879 0.616 0.898 

5 Physical environment 6 0.913 0.692 0.905 

6 Social environment 4 0.891 0.723 0.887 

7 Technical environment 5 0.892 0.686 0.891 

8 Perceived benefit 2 0.913 0.672 0.907 

  Overall fit 44 0.899 0.902 
 

The result of confirmatory factor analysis in Table 3.2 TLI values (0.88-

1.00) (Ory and Mokhtarain, 2012) shows strong convergent validity.  

3.5.4 Unidimensionality analysis 

Unidimensionality is related to single construct /trait underlying a set of 

measures (Hair et al., 1998). The fundamental assumption in measurement theory 

is that a set of items should measure one thing in common. Items related to a 

measure are useful only to the extent they share a common nucleus (Nunnally, 

1978). Computing the comparative fit indices (CFI) indicates a closer value of 

0.9 in Table 3.2 which indicates stronger evidence towards unidimensionality. In 

many occasions, unidimensionality alone cannot substantiate the usefulness of 

the scale. For further validation analysis, reliability has to be computed. 

(Sureshchander et al., 2001).  
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3.5.5 Reliability analysis 

Reliability of an instrument is defined as the extent to which any 

measuring instrument yields the same result on repeated trials (Cannines and 

Zeller, 1990). It is the degree to which the instrument yields a true score of the 

variable (factor) under consideration. The instrument is not considered as reliable 

to the extent to which it contains measurement error (Neale and Liebert, 1986). 

There are several methods to establish the reliability of a measuring instrument. 

These include test retest method, equivalent forms, split halves method, and 

internal consistency method. These methods are based on theories such as true 

and error scores, parallel forms and domain sampling. Of all these methods, the 

internal consistency method is considered to be the most effective method, 

especially in field studies. The advantage of this method is that it requires only 

one administration, and consequently this method is considered to be the most 

general form of reliability estimation (Sureshchandar et al., 2001). In this method, 

reliability is operationalized as 'internal consistency', which is the degree of inter 

correlation among the items that constitute the scale (Nunnally, 1978). Internal 

consistency of a set of items thus refers to the homogeneity of the items in a 

particular scale. The internal consistency is estimated using a reliability 

coefficient called Cronbach's alpha (a) (Cronbach, 1951). An alpha value of 0.70 

or above is considered as the criterion for demonstrating strong internal 

consistency of established scales (Nunnally, 1978). In the case of exploratory 

research, alpha value of 0.60 or above is also considered as significant (Hair et 

al., 1998). The Table 3.2 shows α values above 0.6, which is above the specified 

ranges that ensured reliability and validity measures of work factor domain 

section in the questionnaire. 
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3.6 DATA COLLECTION AND SAMPLING 

Initially, firms in the fabrication cluster were reluctant to allow their 

welders to participate in the survey. The survey was conducted after persuading 

proprietors and welders with the help of small scale industry association 

members and vendor trade associations on anonymity and assuring that survey 

results will be used only for academic purpose. The survey participants were 

explained about the purpose of the survey and informed that their participation 

was voluntary and responses will be kept confidential. The four page 

questionnaire was distributed to randomly selected welder participants in 

different firms located in the EFC. 

 The questionnaire was prepared in English and translated into the local 

dialect. For ensuring clarity, the researcher was present while administering the 

survey in the cluster. The duration of the survey was around 28 months as 

survey participants took their convenient time to mark their responses. Around 

2225 questionnaires were distributed among welders, only 1440 filled in 

questionnaires were collected back, a return ratio of (65%). The sample size and 

return ratio are exhibited in Table 3.3. 
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Table 3.3 Sample size and response rate 

Firm Number of questionnaires
given 

Number of
questionnaires returned  

Return 
ratio% 

1 100 69 69 

2 60 45 75 

3 80 60 75 

4 130 93 72 

5 130 96 74 

6 120 99 83 

7 100 74 74 

8 100 81 81 

9 150 92 61 

10 100 89 89 

11 120 102 85 

12 150 98 65 

13 100 74 74 

14 250 158 63 

15 120 90 75 

16 80 43 54 

17 100 37 37 

18 90 65 72 

19 70 48 69 

20 75 70 93 

Total 2225 1440 64.71 

Analyzing the participant data, only 1075 (74%) questionnaires were 

found to be useful for analysis. 
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3.7 DATA PREPARATION AND ANALYSIS 

The collected data was processed to check the completeness of the filled 
in information. The database in SPSS spreadsheet was created after cleaning 
and coding the data. The coded data was checked for outliers, missing data and 
errors. Finally, the statistical assumptions like independent observation, 
normality and homogeneity of variance required for parametric tests were 
checked in the data. The results showed no abnormal deviations in the 
distribution and hence the data was considered suitable for the analysis. 

3.8 DISCUSSION ON RELATIONSHIP AMONG VARIOUS FACTORS 

Published literature for work injuries reveals dearth of literature related 
to the individual, employment and work factors influencing pain frequencies 
due to NRHFLS work injuries among welders. Most of the welder work injury 
studies relate to epidemiological studies. Manual metal arc welding is a 
traditional process for fabrication industry, only few studies address welding 
process hazards for example, inhaling of fumes, improper usage of safety 
devices, risk communication, musculoskeletal disorder pain and long term 
chronic effect that influences disability which cause harm to the welders. The 
most commonly studied causal factors in accident, safety and work injury 
literature are personal attributes, employment factors and work factors 
considering reported work injuries. Present study attempts to analyze the 
influence of these factors on pain frequencies due to NRHFLS work injuries 
among welders employed by fabrication firms located in an engineering 
fabrication cluster. For a better view of the relationship between factors 
considered in the study and the pain frequencies due to NRHFLS work injuries, 
a bivariate correlation analysis was performed. The results are shown in Table 
3.4 and their interpretation is as follows 
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Personal attributes: NRHFLS work injuries are positively correlated to 
age (r = 0.52, p < .01, N = 1075, R2 = 0.27) and negatively correlated to welder 
experience (r = -0.36, p < .01, N =1075, R2 = .13). The R2 value reveals more 
than 25% of unexplained variance between the variables, which makes them 
appropriate for the study. 

Employment factors: NHRFLS work injuries are positively correlated to 
working hours (r = .0.40, p <. 01, N = 1075, R2 = 0.16), shift work (r = 0.70, p 
<. 01, N = 1075, R2 = 0.49), nature of employment (r = 0.45, p < .01, N = 1075, 
R2 = 0.20), mode of apprenticeship training (r = 0.43, p < .01, N = 1075, R2 = 
0.18) and negatively correlated to physical workload (r = -0.60, p < .01, N = 
1075, R2 = 0.13). The R2 value reveals more than 25% of unexplained variance 
between the variables, which makes them suitable for the study. 

Work factor domains: NHRFLS work injuries are positively correlated 
to heath perception (r = 0.38, p < .01, N = 1075, R2 = 0.14) and negatively 
correlated to safety culture (r = -0.45, p < .01, N =1075, R2 = 0.20), physical 
task content (r = -0.37, p < .01, N = 1075, R2 = 0.14), physical environment (r = 
-0.32, p < .01, N = 1075, R2 = 0.10), social environment (r = -0.44, p < .01, N = 
1075, R2 = 0.19), technical environment (r = -0.15, p < .01, N = 1075, R2 = 
0.02), perceived benefit (r = -0.24, p < .01, N = 1075, R2 = 0.05). The 
correlation between NRHFLS work injuries and mental task content (r = 0.09, p 
> .01, N = 1075) is not significant. The significant r value between variables 
revealed that more than 25% of unexplained variance is present and hence 
considered appropriate for the study. 

3.9 SUMMARY AND CONCLUSIONS 

The study in its endeavor designs an instrument to measure personal 
attributes, employment factors, work factor domains, musculoskeletal disorder and 
welder specific physical work injuries that have influence on NRHFLS work 
injuries.  
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The result of this part of the study: 

• Attempts to measure the pain frequencies due to NRHFLS work injuries 
among welders employed in the fabrication industry. 

• Identifies personal attributes for measuring pain frequencies due to 
NRHFLS work injuries related to welders work in the fabrication industry. 

• Identifies employment factors for measuring pain frequencies due to 
NRHFLS work injuries related to welders work in the fabrication industry.     

• Identifies and empirically validates work factor domains and its 
characteristic items for manual metal arc welders employed in the 
fabrication industry. 

• Attempts to identify and measure work related musculoskeletal disorder 
pain in the nine body regions of welders employed in the fabrication 
industry. 

The factors considered in this study can supplement the resource lean 
welders’ work injury literature. 

……… ……… 
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4.1 INTRODUCTION 

The study presented in this chapter was carried out the with the 

following objectives 

• To analyse the descriptive statistics of welders employed in organized 

and unorganized sector firms in engineering fabrication cluster. 

• To compare the mean pain frequencies due to non reported highly 

frequent less severe work injuries among welders employed in organized 

and unorganized sector firms in the engineering fabrication cluster. 
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• To identify the impact of personal attributes that influence pain 

frequencies due to non reported highly frequent less severe work injuries 

among welders employed in organized and unorganized sector firms in 

engineering fabrication cluster. 

• To identify the employment factors that influence pain frequencies due 

to non reported highly frequent less severe work injuries among welders 

employed in organized and unorganized sector firms in engineering 

fabrication cluster. 

• To compute the effect size for finding the magnitude of difference 

between identified significant employment factor levels for prioritizing 

and targeting intervention initiatives to mitigate pain frequencies due to 

non reported highly frequent less severe work injuries among welders 

employed in organized and unorganized sector firms in engineering 

fabrication cluster. 

4.2 DESCRIPTIVE ANALYSIS OF WELDERS’ DATA 

The welder population employed by firms in Engineering Fabrication 

Cluster (EFC) considered in this study is dichotomized into two sectors – 

Organized Sector Fabrication (OSF) firms and Unorganized Sector Fabrication 

(USF) firms and the analysis is carried out in the following sections.  

4.2.1 Distribution of sector wise welder population  

The Table 4.1 shows the details of the surveyed population.  

Table 4.1 Welders – sector wise classification 

Sector wise 
employment 

OSF USF EFC 
n1 = 692 n2 = 383 N = 1075 

Percentage 64.40 35.60 100 
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Interpretation:  Out of the 1075 welders, who participated in the study, OSF 

firms employed 64.40% of the welders and 35.60% of the welders were 

employed by USF firms. 

4.2.2  Sector wise distribution of pain frequencies due to NRHFLS work 

injuries among the welder population  

The Table 4.2 shows the details of sector wise distribution of mean 

pain frequencies due to NRHFLS work injuries among the welder population 

employed by firms in the EFC:  

Table 4.2  Pain frequencies due to NRHFLS work injuries – sector wise 

NHRFS work 
injury 

exposure 

          OSF 
        n1= 692  

USF 
 n 2= 383  

EFC  
N = 1075  

M2 SD M3 SD M1 SD 
Frequency  3.86 1.13 6.78 1.83 4.90 1.99 

Interpretation:  

• Welder population employed by firms in EFC experience pain 

frequencies due to NRHFLS work injuries in a range of minimum two 

to a maximum of twelve frequencies with a mean and standard 

deviation of (4.90 + 1.99) frequencies. 

• Welders employed by OSF firms experience pain frequencies due to 

NRHFLS work injuries in a range of minimum two frequencies to a 

maximum of eleven frequencies with a mean and standard deviation of 

(3.86 + 1.13) frequencies. 

• Welders employed by USF firms experience pain frequencies due to 

NRHFLS work injuries in a range of minimum of two frequencies to a 

maximum of twelve frequencies with a mean and standard deviation of 

(6.78 + 1.83). 
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On comparison, welders employed by USF firms experience higher 

pain frequencies due to NRHFLS work injuries than welder population 

employed by firms in EFC and welders employed by the OSF firms. 

4.2.3 Sector wise distribution of personal attributes among the welder 

population 

4.2.3.1 Personal attribute: age 

The Table 4.3 shows the details of sector wise distribution of mean age 

in years among the welder population employed by firms in the EFC. 

Table 4.3  Mean age of welders – sector wise 

Personal 
attribute 

          OSF 
        n1= 692  

USF  
n 2= 383  

EFC  
N = 1075  

M SD M SD M SD 
Age 33.60 11.15 37.30 11.31 34.92 11.34 

Interpretation:  

• Welder population employed firms in EFC are aged in the range of 

minimum 16 years to a maximum of 57 years with a mean and standard 

deviation of (34.92 + 11.34) years. 

• Welders employed by OSF firms are aged in the range of minimum 18 

years to a maximum of 54 years with a mean and standard deviation of 

(33.60 + 11.15) years. 

• Welders employed by USF firms are aged in the range of minimum 16 

years to a maximum of 57 years with a mean and standard deviation of 

(37.30 + 11.31) years. 

On comparison, it is seen that the mean age of the welders in USF firms is 

higher than that of the total sample and than in OSF firms. 
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4.2.3.2 Personal attribute: experience as welder 

The Table 4.4 shows the details of sector wise distribution of mean welder 

experience in years among the welder population employed by firms in EFC 

Table 4.4 Experience of welders in years – sector wise 

Personal attributes 
          OSF 
        n1= 692  

USF  
n 2= 383  

EFC  
N = 1075  

M SD M SD M SD 
Experience as welder 12.20 8.29 10.98 7.60 11.77 8.07 

Interpretation:  

• Welders in EFC have experience in the range of minimum 1 year to a 

maximum of 29 years with a mean and standard deviation of (11.77 + 8.07) 

years. 

• Welders employed by OSF firms employ experienced welders in the range 

of 1 to 27 years with a mean and standard deviation of (12.20 + 8.29) years. 

• Welder employed by USF firms employs experienced welders in the range 

of 1 to 29 years with a mean and standard deviation of (10.98 + 7.60) years. 

On comparison, welders in OSF firms are found to have higher mean 

experience than the total sample and welders employed in USF firms. 

4.2.4  Sector wise distribution of employment factors among the welder 

population in EFC 

4.2.4.1 Employment factor: working hours 

The Table 4.5 shows the details of sector wise percentage distribution 

of working hours among the welder population employed by firms in EFC. 
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Table 4.5 Working hours of welders – sector wise 

Working hours 
OSF  

n1 = 692  
USF   

n2 = 383  
EFC  

N= 1075  
Frequency % Frequency % Frequency  % 

=  8 hrs 239 35 360 94 599 55 

> 8 hrs 453 65 23 6 476 45 

Interpretation:  

• Out of the total sample of 1075 welders, 55% work only during regular 

working hours ( 8 hours) and 45% are engaged extended working hours 

(more than 8 hours) during day. 

• Out of 692 welder participants employed by OSF firms, 35% of the welders 

have reported to have engaged in regular eight hours work and 65 % of the 

welders have reported to have engaged in more than eight hours work. 

• Out of 383 welder participants employed by USF firms, 94% of the welders 

have reported to have engaged in regular eight hours work and 6% of the 

welders have reported to have engaged in more than eight hours work. 

Welders in USF firms are more associated with regular eight hours work  

than welders employed by OSF firms. Though welders employed by USF firms 

sparsely work in extended working hours for completing the allocated job, they 

are not entitled to increased pay. Further major percentage of the welders 

employed by OSF firms is engaged in more than eight hours work. 

4.2.4.2 Employment factor: shift work 

The Table 4.6 shows the details of sector wise percentage distribution 

of welders engaged in shift work among the welder population employed by 

firms in EFC. 
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Table 4.6  Shift work of welders – sector wise 

Shift work 
OSF  

n1 = 692  
USF   

n2 = 383  
EFC  

N= 1075  
Frequency % Frequency % Frequency  % 

Work in shifts 692 100 - - 692 64.4 

Non shift work 0 - 383 100 383 35.6 
     

Interpretation:  

• Out of 1075 welders participants, 64.4% of the welders are attached to 

shift work and 35.6% of the welders work in day time during the 

general shift. The shift work is a prevalent only among welders 

employed by OSF firms. 

4.2.4.3 Employment factor: nature of employment 

The Table 4.7 shows the details of sector wise percentage distribution 

of welders for nature of employment among the welder population employed 

by firms in EFC. 

Table 4.7  Nature of employment of welders – sector wise 

Nature of 
employment 

OSF
 n1 = 692  

USF  
n2 = 383  

EFC  
N= 1075  

Frequency % Frequency % Frequency  % 
Regular 258 37.3 9 2.3 267 24.8 

Adhoc 434 62.7 374 97.7 808 75.2 

• Out of 1075 welder participants 24.8% of the welders reported 

recruitment through regular employment rolls and 75.2% have reported 

recruitment through contract/adhoc employment. 

• Out of 692 welder participants employed by the OSF firms, 37.3% of 

the welders have reported recruitment through regular employment 

rolls and 62.7% have reported recruitment through contract/adhoc 

employment. 
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• Out of 383 welder participants employed by the USF firms, 2.3% of the 

welders have reported recruitment through regular employment rolls and 

97.7% have reported recruitment through contract/adhoc employment. 

Majority of the welder population employed by the firms in EFC are 

recruited through contract/adhoc nature of employment. Moreover, only sparse 

percentage of regular employment is prevalent among welders employed by USF 

firms. 

4.2.4.4 Employment factor: mode of apprenticeship training 

The Table 4.8 shows the details of sector wise percentage distribution 

of welders for mode of apprenticeship training among the welder population 

employed by firms in EFC. 

Table 4.8 Mode of apprenticeship training among welders – sector wise 
Mode of  
apprenticeship 
training 

OSF  
n1 = 692  

USF  
 n2 = 383  

EFC  
N= 1075  

Frequency % Frequency % Frequency  % 
Institutional  (ITI 
certificate) 345 49.9 5 1.4 350 32.6 

On-the-job training 347 50.1 378 98.6 725 67.4  

Interpretation:  

• Out of 1075 welder participants employed by the firms in EFC, 67.4% of 

the welders reported to have acquired the welder trade knowledge through 

on-the-job-training methods and 32.6% reported to have acquired the 

welder trade knowledge through institutional methods. 

• Out of 692 welder participants employed by the OSF firms, 50.1% of 

the welders reported to have acquired the welder trade knowledge 

through on-the-job-training methods and 49.9% reported to have 

acquired the welder trade knowledge through institutional methods. 
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• Out of 383 welder participants employed by the USF firms, 98.6% of 

the welders have to have acquired the welder trade knowledge  through 

on-the-job-training methods and only 1.4% reported to have acquired 

the welder trade knowledge through institutional methods. 

Welder trade knowledge acquired by institutional training is sparsely 

associated with welders employed by USF firms. Comparatively a higher 

percentage of welders in the EFC population have acquired the welder trade 

knowledge through on-the-job-training methods.  

4.2.4.5 Employment factor: physical workload 

The Table 4.9 exhibits the descriptive statistics of sector wise 

distribution of physical workload among welders employed in EFC.  

Table 4.9  Physical workload of welders – sector wise 

Employment factors 
          OSF
        n1= 692  

USF  
n 2= 383  

EFC  
N = 1075  

M SD M SD M SD 
Physical work load in Kg 4.76 1.46 0.77 0.68 3.34 2.28 

Interpretation: 

• Welder population employed by firms in EFC execute physical workload 

–‘metal deposit’ in the range of minimum 0.31 Kg to maximum 6.50 Kgs 

with a mean and standard deviation of (3.34 + 2.28) Kgs. 

• Welders employed by OSF firms execute physical workload –‘metal 

deposit’ in the range of minimum 0.31 Kg to maximum 6.50 Kgs with a 

mean and standard deviation of (4.76 + 1.46) Kgs. 

• Welders employed by USF firms execute physical workload –‘metal 

deposit’ in the range of minimum 0.38 Kg to maximum 1.98 Kgs with a 

mean and standard deviation of (0.77 + 0.68) Kgs. 



Chapter 4 Influence of Personal Attributes and Employment Factors on Pain Frequencies due … 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 77 

Higher mean physical workload ‘metal deposit’ is executed by welders 

employed by OSF firms than the welder population employed by firms in EFC.  

4.3 COMPARISON OF PAIN FREQUENCIES DUE TO NRHFLS WORK 

INJURIES AMONG WELDERS SECTOR WISE 

To compare the mean pain frequencies due to NRHFLS work injuries 

experienced by the welder population employed by firms in EFC and the 

welders employed by OSF and USF firms the following null hypothesis are set. 

H04-1: There is no significant difference in mean pain frequencies due to 

NRHFLS work injuries experienced by the welder population employed 

by the firms in EFC (M1) and welders employed by the OSF firms (M2). 

H04-2: There is no significant difference in mean pain frequencies due to 

NRHFLS work injuries experienced by the welder population employed 

by firms in EFC (M1) and welders employed by the USF firms (M3). 

To test the null hypothesis H04-1 and H04-2 mean pain frequencies due to 

NRHFLS work injuries experienced by the welder population is hypothesized from 

Table 4.2 (M = 4.90). The difference in mean pain frequencies due to NRHFLS 

work injuries experienced by welders employed by OSF firms and hypothesized 

mean is tested by one sample t test. The results are shown in Table 4.10. 

Table 4.10   Comparison of mean pain frequencies due to NRHFLS work 
injuries between welder population and sector wise firms - 
Results of one sample t test 

Sample  t df Significance    
(2-tailed) 

Mean 
Difference

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Test Value M1 =  4.90
OSF firms ( n1) M2 -24.22 691 .000** -1.04 -1.12 -.96 

USF firms  (n2) M3 20.03 382 .000** 1.88 1.69 2.06 

**p < 0.01; *p < 0.05 
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Interpretation: 

The one sample t test result t(691) = -24.22, p < 0.01 indicates mean pain 

frequencies due NRHFLS work injuries experienced by welders population 

employed in EFC is statistically significant and different to that of welder 

employed by OSF firms. Hence, null hypothesis H04-1 is rejected and alternate 

hypothesis proposing the difference is accepted at 0.01 significance level. 

The one sample t test result t(382) = 20.03, p < 0.01 indicates mean pain 

frequencies due NRHFLS work injuries experienced by welders population 

employed in EFC is statistically significant and different to that of welder 

employed by USF firms. Hence, null hypothesis H04-2 is rejected and alternate 

hypothesis proposing the difference is accepted at 0.01 significance level. 

The results shows that mean pain frequencies experienced by welders due 

to NRHFLS work injuries in the welder population and pain injury experience 

of welders employed in OSF and USF firms are statistically different. 

4.4 COMPARISON OF PAIN FREQUENCIES DUE TO NRHFLS 

WORK INJURIES BETWEEN WELDERS EMPLOYED BY OSF 

AND USF FIRMS  

To compare the mean pain frequencies due to NRHFLS work injuries 

between welders employed by OSF and USF firms the following null 

hypothesis are set. 

H04-3: There is no significant difference in mean pain frequencies due to 

NRHFLS work injuries between the welders employed by OSF firms 

and USF firms. 

To test the null hypothesis H04-3 Independent sample t test was 

performed. The results are shown in Table 4.11. 
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Table 4.11  Comparison of mean pain frequencies due to NRHFLS work 
injuries between welders employed by OSF and USF firms. 
Results of independent sample t test  

Variable Mean SD t # df # p 
Firms -28.30# 547# .000** 

OSF firms 3.86 1.20 

USF firms  6.78 1.83 
The #t and #df were adjusted because the variance were not equal; **p < 0.0; p < 0.05 

Interpretation: 

• The results in Table 4.11 shows that on an average, welders employed by 

USF firms (M = 6.78, SD = 1.20) experience higher pain frequencies due 

to NRHFLS work injuries than welders employed by OSF firms (M = 

3.86, SD = 1.83). This difference is significant t(547) = -28.30, p < 0.01, d 

= 2.30. Hence, null hypothesis H04-3 is rejected alternate hypothesis 

proposing the difference is accepted at 0.01 significance level 

The effect size d = 2.30 which is greater than 1 shows a very large 

magnitude of difference for pain frequencies due to NRHFLS work injuries 

experienced between welders employed by OSF and USF firms.  

A very large effect size (Cohen, 1988) can be of practical importance to be 

considered for intervention initiatives among welders employed by OSF and 

USF firms. 

4.5 PERSONAL ATTRIBUTES: IMPACT OF AGE ON PAIN 
FREQUENCIES DUE TO NRHFLS WORK INJURIES AMONG 
WELDERS EMPLOYED IN EFC, OSF AND USF FIRMS 

It is generally believed that aged persons possess higher experience, hence 

they are likely to be more familiar with the job and have better control of their 

job that makes them less prone to work injuries. However, conflicting results 

are found in the literature regarding this relationship. For example, Maiti and 
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Bhattacherjee (1999) reported no relationship between age and work injuries 

among mine workers.  A prospective study on the antecedents on work 

disability and absence among young people by Breslin et al. (2007) revealed no 

relationship between age and work injury. A review on the relation between age 

and work injury types reveals that work injury risk increases initially with age 

which remains unaffected in middle age and decreases with age that follows an 

inverted U tube pattern (Laamme and Mecknel, 1995). A review by 

Schoemaker et al. (2000) in Brazil steel plant reported higher work injury rate 

among workers aged below 25 years. An international review on non fatal 

injuries by Salminen (2004) revealed higher work injury rate for young and 

older workers. The study also concluded that young men below 25 years are 

more prone to injury risk. The young workers have higher non fatal injury rate 

than the older workers in 56% of the studies. In 17% of studies lower injury rate 

for young workers were reported and in the remaining 27% of studies, no 

difference between young and older workers were established. In all these 

published studies only reported work injuries have been considered for analysis 

whereas the present study considers NRHFLS work injuries among welders.  

Based on the above discussion the following null hypotheses are set to 

test the age and pain frequencies due to NRHFLS work injury relationship 

among different age groups of the welder population employed by firms in the 

EFC, welders employed by OSF firms and USF firms. 

For testing the relationship between age and pain frequencies, welders 

age is classified into three age groups A1 (< 25 years), A2 (26-35 years) and A3 

(> 35 years). The following null hypotheses are set in the following sections to 

test the above relationship. 
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H04-4:  There is no significant influence of age groups on pain frequencies due 

to NRHFLS work injuries among the welder population employed by 

firms in EFC. 

H04-5: There is no significant influence of age groups on pain frequencies due to 

NRHFLS work injuries among the welders employed by OSF firms. 

H04-6:  There is no significant influence of age groups on pain frequencies due 

to NRHFLS work injuries among the welders employed by USF firms. 

For testing the advanced hypotheses, one way ANOVA is performed and 

the results of the test are shown in Table 4.13.                                                       

The Table 4.12 shows the means and standard deviations of pain frequencies due to 

NRHFLS work injuries of the welder population and different sectors. 

Table 4.12  Mean and standard deviation of A1 A2 and A3 age groups 
employed by firms in EFC, OSF and OSF firms 

Age  
Pain frequencies due to NRHFLS Work injuries 
n M SD 

Welder population in EFC 

A1 < 25 years 296 4.62 1.78 

A2 = 26 -35 years 500 5.15 2.10 

A3 > 35 years 279 4.13 1.93 

Welders employed by OSF firms

A1 < 25 years 219 3.93 1.13 

A2 = 26 -35 years 285 3.83 1.16 

A3 > 35 years 188 3.82 1.10 

Welders employed by USF firms 

A1 < 25 years 77 6.55 1.89 

A2 = 26 -35 years 215 6.93 1.74 

A3 > 35 years 91 6.59 1.95 
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Table 4.13  Influence of age groups on pain frequencies due to NRHFLS 
work injuries among the welder population employed in 
EFC, welders employed by OSF and USF firms. Results of 
one way ANOVA 

SS df MS F Sig. 
Welder population in EFC 

Between Groups 64.16 2 32.08 8.20 .000** 

Within Groups 4195.78 1072 3.91

Total 4259.94 1074   

Welder employed by OSF firms 

Between Groups 1.648 2 .82 .64 .524 

Within Groups 689 689 1.27

Total 881.403 692   

Welder employed by USF firms 

Between Groups 12.55 2 6.27 1.87 .158 

Within Groups 1270.13 380 3034

Total 1282.68 382   

**p < 0.01; *p < 0.05  

Interpretation: 

• The results of ANOVA test in Table 4.13 shows age groups influencing 

pain frequencies due to NRHFLS work injuries among the welder 

population employed by the firms in EFC are significant F(2,1072) = 

8.20, p < 0.01. Hence, null hypothesis H04-4 is rejected and alternate 

hypothesis proposing the influence of age groups on pain frequencies 

due to NRHFLS work injuries is accepted at 0.01 significance level. 

• The results of ANOVA test in Table 4.13 shows influence of age 

groups on pain frequencies due to NRHFLS work injuries among the 

welders employed by OSF firms in EFC is not significant F(2, 689) = 

0.64, p > 0.01. Hence, the results supports null hypothesis H04-5 which 

proposes no influence of age on pain frequencies due to NRHFLS work 

injuries. 
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• The results of ANOVA test in Table 4.13 shows age group influencing pain 

frequencies due to NRHFLS work injuries among the welders employed by 

OSF firms is not  significant F(2, 689) = 1.87, p > 0.01.  Hence, the results 

supports null hypothesis H04-6 which proposes no influence of age on 

influencing pain frequencies due to NRHFLS work injuries. 

The results of ANOVA test indicate that influence of age groups on pain 

frequencies due to NRHFLS work injuries is significant among the welder 

population employed by firms in EFC. However, the influence of age on work 

are not significant among the welders employed by OSF and USF firms. 

4.6 PERSONAL ATTRIBUTE: IMPACT OF EXPERIENCE ON PAIN 
FREQUENCIES DUE TO NRHFLS WORK INJURIES AMONG 
WELDERS EMPLOYED IN EFC, OSF AND USF FIRMS 

Experience represents the amount of time a welder is employed in the 

job. General belief is that an experienced welder perceives his job more 

precisely than an inexperienced welder. Comparatively an experienced welder 

who is exposed to hazardous environment for an extended time has higher 

likelihood of meeting with work injuries. There exists a significant relationship 

between work experience and work injury risk (Cooper and Philip 2004). 

Studies on mine workers (Maiti and Bhattacherjee, 1999) and steel plant 

workers (Basha, 2012) reported no relationship between work experience and 

work injury. A belief is that an experienced welder will have more control as 

they are familiar with the hazards present in the fabrication environment and 

knows how to avoid hazardous situation than a lesser experienced welder. In 

tune with the above discussed facts, the following null hypotheses are set to test 

the relation between welder experience and pain frequencies due to NRHFLS 

work injuries 
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H04-7:  There is no significant influence of welder experience on pain frequencies 
due to NRHFLS work injuries among welders employed by firms in EFC.  

H04-8:  There is no significant influence of welder experience on pain frequencies 
due to NRHFLS work injuries among welders employed by OSF firms.  

H04-9:  There is no significant influence of welder experience on pain frequencies 
due to NRHFLS work injuries among welders employed by USF firms.  

For testing the influence of welder experience on pain frequencies due to 
NRHFLS work injuries welder experience is categorized into three groups among 
the welder  population employed in EFC  E1 (1- 10 years), E2 (11 - 20 years) and 
E3 (21 - 30 years). 

For testing the hypotheses, one way ANOVA test is performed. The results 
are shown in Table 4.15. 

The Table 4.14 shows the means and standard deviations of pain frequencies 
due to NRHFLS work injuries of the welder population and different sectors. 

Table 4.14 Mean and standard deviation of E1 E2 and E3 welder 
experience groups employed by firms in EFC, OSF and OSF 
firms 

Age  Pain frequencies due to NRHFLS Work injuries 
n M SD 

Welder population in EFC 
E1 1-10 years 306 4.98 1.99 
E2 11 - 20 years 481 4.95 2.04 
E3 21 - 30 years 288 4.70 1.87 
Welders employed by OSF firms 
E1: 1-10 years 188 3.82 1.10 
E2: 11 - 20 years 285 3.83 1.16 
E3: 21 - 30 years 219 3.86 1.30 
Welders employed by USF firms 
E1: 1-10 years 118 6.82 1.79 
E2: 11 - 20 years 196 6.69 1.91 
E3: 21 - 30 years 69 6.94 1.67 
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Table 4.15  Influence of experience groups on pain frequencies due to 
NRHFLS work injuries among the welder population 
employed in EFC, welders employed by OSF and USF 
firms. Results of one way ANOVA 

SS df MS F Sig. 
Welder population in EFC 

Between Groups 13.27 2 6.63 1.67 .188 

Within Groups 4246.67 1072 3.96 

Total 4259.94 1074 

Welder employed by OSF firms 
Between Groups 1.64 2 .82 .82 .510 

Within Groups 879.75 689 1.27 

Total 881.40 691     

Welder employed by USF firms 
Between Groups 3.64 2 1.82 .54 .583 

Within Groups 1279.04 380 3.36 

Total 1282.68 382     

**p < 0.01; *p < 0.05  

Interpretation: 

• The results of ANOVA test in Table 4.15 shows influence of 

experience groups on pain frequencies due to NRHFLS work injuries 

among the welders population employed in EFC is not significant F(2, 

1072) = 1.67, p > 0.01. Hence, the results supports the null hypothesis 

H04-7 which proposes no influence of welder experience on pain 

frequencies due to NRHFLS work injuries. 

• The results of ANOVA test in Table 4.15 shows influence of experience 

groups on pain frequencies due to NRHFLS work injuries among the 

welders employed by OSF firms is not significant F(2, 689) = 0.82, p > 

0.01. Hence, the result supports the null hypothesis H04-8 which proposes   



Chapter 4 Influence of Personal Attributes and Employment Factors on Pain Frequencies due … 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 86 

no influence of welder experience on pain frequencies due to NRHFLS 

work injuries.  

• The results of ANOVA test in Table 4.15 shows influence of 

experience group on pain frequencies due to NRHFLS work injuries 

among the welders employed by USF firms is not significant F(2, 380) 

= 0.54, p > 0.01. Hence, the result supports the null hypothesis H04-9 

which proposes no influence of welder experience on pain frequencies 

due to NRHFLS work injuries. 

Hence it is shown that welder experience has no influence on pain 

frequencies due to NRHFLS work injuries among the welder population 

employed in EFC and welders employed by both OSF and USF firms. 

4.7 EMPLOYMENT FACTORS INFLUENCING NRHFLS WORK 

INJURIES  

Some of the common factors related to employment found to be associated 

with work injuries risk by the researchers are, extended working hours (Salminen, 

2004), shift work (Levin et al., 1985; Frank, 2000), and occupation (Leigh et al., 

1990; Maiti and Bhattacherjee, 1999, Maiti et al., 2001).  

Growth of precarious employment in developing countries is a concern 

due to seasonal demand in customer orders, which peak and subside over times. 

Adhoc form of recruitment is convenient for firms in developing countries to 

offset the cost in holding the personnel on permanent basis. A review on 

precarious employment characterizes the work injury risk factors of precarious 

employment forms as extended working hours, shift work, adhoc nature of 

employment, on-the-job-training methods which that lacks safety training, higher 

unregulated physical workload, non compliance of safety device and loading of 

worker beyond their limits have been reported as factors influencing work 
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injuries (Quinlan et al., 2001). Field visits, consultations with welders employed 

in EFC and examination of reports of CSR perceptions and activities of small and 

medium enterprises (SMES) survey report, (2008) reveal that the welder 

population in EFC is similar to that of precarious employment forms described by 

Quinlan et al. (2001). The welder population employed in EFC (See section 4.2) 

can be described as similar to precarious in nature, as the major portion of the 

welder population employed is of adhoc nature, trained on the job and having 

extended working hours, shift work and unregulated physical work load.   

A review by Costa (1996) opined that majority of the studies revealed 

work injuries occurred in night shift. A review by Ducheon and Smith (1993) put 

forth that extended working hours increased the number of work injuries. 

Investigation by Vegso, et al. (1996) on manufacturing sector workers concludes 

on higher frequency of work injuries during extended working hours that are not 

reported. A study by Martin et al. (2007) revealed that needle stick injuries are 

prevalent among trainee surgeons, which are not generally reported. The study 

also revealed that certain types of less severity work injuries are not reported and 

most of these injuries are treated with first aid and accepted as inherent part of the 

work characteristic. 

The employment factors considered in this study are 

• Working hours;  

• Shift work;  

• Nature of employment;  

• Mode of apprenticeship training; 

• Physical workload. 
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4.7.1  Influence of working hours on pain frequencies due to NRHFLS work 
injuries among welders employed in OSF and USF firms. 

Based on the facts discussed in (See Sec 4.7), the following null 
hypotheses are set to find the influence of working hours on pain frequencies 
due to NRHFLS work injuries among the welder population employed in EFC 
and welder employed in OSF and USF firms. 

H04-9:  There is no significant influence of working hours on mean pain 
frequencies due to NRHFLS work injuries among welder population 
employed by firms in EFC.  

H04-10: There is no significant influence of working hours on mean pain 
frequencies due to NRHFLS work injuries among welders employed 
by OSF firms. 

To test the null hypotheses independent sample t test was performed and 
results are shown in Table 4.16. 

Table 4.16  Influence of working hours on mean pain frequencies due to 
NRHFLS work injuries among welder population employed 
in EFC and welders employed in OSF and USF firms. 
Results of independent sample t test 

Variable Mean SD t#  df # p 
Working hours -Welder population employed by 

firms in EFC  -15.29# 1013# .000** 

= 8 hours 3.99 1.31 
> 8 hours+ 5.62 2.14 
Working hours - Welders employed by 

OSF firms   -.106 690 .915 

= 8 hours 3.86 1.12 
> 8 hours+ 3.87 1.14 

The #t and #df were adjusted because the variance were not equal; **p < 0.01; *p < 0.05;  
+greater than 8 hours work was not applicable among welders employed by USF firms as the 
response was less than 10 %. 



Chapter 4 Influence of Personal Attributes and Employment Factors on Pain Frequencies due … 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 89 

• The results in Table 4.16 shows that on an average, welders engaged  in 

more than eight hours work (M = 5.62, SD = 2.14) experience higher 

pain frequencies due to NRHFS work injuries than welders engaged in 

eight hours work (M = 3.99, SD = 1.31) among welder population 

employed in EFC. The difference is significant t(1013) = -15.29, p < 

0.01, d = .91.  Hence the null hypothesis H04-9 is rejected and alternate 

hypothesis proposing the difference is accepted at 0.01 level of 

significance. 

The value of effect size‘d’ indicates a large magnitude of difference 

between levels of working hours for influence on pain frequencies 

due to NRHFLS work injuries among welder population employed in 

EFC. A large effect size (Cohen, 1988) can be of practical importance 

to be considered for intervention initiatives among the welder 

population employed in EFC. 

• The results in Table 4.16 shows that on an average, welders engaged  in 

more than eight hours work (M = 3.87 SD = 1.14) experience higher 

pain frequencies due to NRHFS work injuries than welders employed in 

eight hours work (M = 3.86, SD = 1.12) among the welders employed 

by OSF firms. This difference is not significant t(690) = -0.10, p > 0.01. 

Hence the results supports the null hypothesis H04-10 proposing no 

significant influence of working hours on mean pain frequencies due to 

NRHFLS work injuries among welders employed by OSF firms. 

 The influence of working hours on pain frequencies due to NRHFLS 

work injuries is significant for welder population employed by the firms 

in EFC. However, the result is not significant for welders employed by 

OSF firms. 
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4.7.2 Influence of shift work on pain frequencies due to NRHFLS 

work injuries among welders employed in EFC 

Based on the facts discussed in (See Sec 4.7), the following null 

hypothesis is advanced to find the influence of shift work on pain frequencies 

due to NRHFLS work injuries among the welder population employed in EFC. 

H04-11:  There is no significant influence of shift work on pain frequencies due 

to NRHFLS work injuries among the welder population employed by 

firms in EFC.  

To test the null hypothesis independent sample t test was performed and 

results are shown in Table 4.17. 

Table 4.17  Influence of shift work on pain frequencies due to NRHFLS 
work injuries among the welder population employed in 
EFC. Result of independent sample t test  

Variable: Mean SD t# df # p 
28.30# 564# .000** 

Shift work+ 6.78 1.83 
Non shift work (general shift) 3.86 1.12 
The #t and #df were adjusted because the variance were not equal; **p < 0.01; *p < 
0.05; +shift work is not prevalent among welders employed by USF firms. 

Interpretation 

• The results in Table 4.17 shows that on an average, welders engaged in 

shift work experiences higher pain frequencies due to NRHFS work 

injuries  (M = 6.78, SD = 1.83) than welders employed in no shift work 

(M = 3.86, SD = 1.12). This difference is significant t(564) = 28.30, p < 

0.01, d = 1.43. Hence the null hypothesis H04-11 is rejected, alternate 

hypothesis proposing the difference is accepted at 0.01 level of 

significance. 
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The value of effect size ‘d’ indicates a large magnitude of difference 

between welders working in shift work and non shift work for the 

influence on pain frequencies due to NRHFLS work injuries among 

welder population employed in EFC. A large effect size (Cohen, 1988) 

greater than one can be of practical importance to be considered for 

intervention initiatives among the welder population employed in EFC. 

Therefore it can be concluded that shift work significantly influences 

pain frequencies due to NRHFLS work injuries among welder 

population employed in EFC. 

4.7.3  Influence of nature of employment on pain frequencies due to 

NRHFLS work injuries welders employed in EFC and welders 

employed by OSF firms. 

Based on the facts discussed in (See Sec 4.7), the following null hypothesis 

is advanced to find the influence of nature of employment on pain frequencies due 

to NRHFLS work injuries among the welder population employed in EFC. 

H04-12:  There is no significant influence of nature of employment on pain 

frequencies due to NRHFLS work injuries among the welder 

population employed by firms in EFC.  

H04-13: There is no significant influence of nature of employment on pain 

frequencies due to NRHFLS work injuries among the welders 

employed by OSF firms.  

To test the null hypotheses independent sample t test was performed and 

results are shown in Table 4.18. 
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Table 4.18 Influence of nature of employment on pain frequencies due 
to NRHFLS work injuries among the welder population 
employed in EFC and welders employed by OSF firms. 
Result of independent sample t test 

Variable Mean SD t# df# p 
Nature of employment-Welder 

population in EFC   -10.81# 768# .000** 

Regular 4.03 1.25 
Adhoc/Contract 5.19 2.10 
Nature of employment-Welder 

employed by OSF firms+   -1.75 690 .080 

Regular 3.80 1.08 
Adhoc/Contract 3.96 1.21 
The t# and df# were adjusted because the variance were not equal; **p < 0.01; *p < 
0.05; +less than ten percent of welders were recruited on regular rolls by USF firms. 

Interpretation 

• The results in Table 4.18 shows that on an average, welders recruited 

through adhoc/contract rolls (M = 5.19, SD = 2.10) experiences higher 

pain frequency due to NRHFS work injuries than welders recruited 

through regular rolls (M = 4.03, SD = 1.25) in EFC. This difference is 

significant t(768) = -10.81, p < 0.01, d = 0.67. Hence, the null hypothesis 

H04-12 is rejected alternate hypothesis proposing the difference is 

accepted at p < 0.01. 

The value of effect size‘d’ indicates a medium magnitude of difference 

between welders recruited on adhoc/contract rolls basis and regular rolls 

for their influence on pain frequencies due to NRHFLS work injuries 

among welder population employed in EFC. Though a medium effect 

size of d = 0.67 (Cohen, 1988) can be of practical importance to be 

considered for intervention initiatives among the welder population 

employed in EFC. 
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• The results in Table 4.18 shows that on an average, welders recruited 

through adhoc employment (M = 3.96, SD = 1.12) experiences higher 

pain frequencies due to NRHFS work injuries than welders employed 

in regular rolls (M = 3.80, SD = 1.08) in OSF firms. This difference is 

not significant t(690) = -1.75, p > 0.01. Hence the results supports null 

hypothesis H04-13 proposing no significant influence of nature of 

employment on pain frequencies due to NRHFLS work injuries among 

the welders employed by OSF firms.  

The influence of nature of employment on pain frequencies due to 

NRHFLS work injuries is significant for the welder population 

employed by the firms in EFC. However, the result is not significant for 

welders employed by OSF firms. 

4.7.4  Influence of mode of apprenticeship training on pain frequencies due 

to NRHFLS work injuries among welders employed in EFC and 

welders employed by OSF firms 

Based on the facts discussed in (See Sec 4.7), the following null 

hypothesis is set to find the influence of mode of apprenticeship training on 

pain frequencies due to NRHFLS work injuries among the welder population 

employed in EFC. 

H04-14:  There is no significant influence of mode of apprenticeship training on 

pain frequencies due to NRHFLS work injuries among the welder 

population employed by firms in EFC. 

H04-15:  There is no significant influence of mode of apprenticeship training on 

pain frequencies due to NRHFLS work injuries among the welders 

employed by OSF firms.  

To test the null hypotheses independent sample t test was performed and 

results are shown in Table 4.19. 
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Table 4.19 Influence of mode of apprenticeship training on pain frequencies 
due to NRHFLS work injuries among the welder population 
employed by firms in EFC and welders employed by OSF firms. 
Results of independent sample t test 

Variable Mean SD t# df# p 
Mode of apprenticeship training-Welder 

population in EFC  -14.55# 1054# .000** 

Institutional-ITI welder trade certificate 3.91 1.17 
On-the- job- training-method 5.38 2.12 
Mode of apprenticeship training--Welder employed by 

OSF firms+ -.178 690 .859 

Institutional-ITI welder trade certificate 3.85 1.10 
On-the- job- training-method 3.87 1.20 
The t# and df# were adjusted because the variance were not equal; *p < 0.01; **p < 
0.05 significance level; +less than ten percent of welders employed in USF firms have 
acquired welder trade knowledge through institution training. 

Interpretation 

• The results in Table 4.19 shows that on an average, welders who had 

acquired trade knowledge through on-the-job training (M = 5.38, SD = 

2.12) experiences higher pain frequencies due to NRHFS work injuries 

than welders who had acquired through institutional training (M=3.91, SD 

= 1.17). This difference is significant t(1054) = -14.55, p < 0.01, d = 0.64 

among welders employed in EFC. Hence the null hypothesis H04-14 is 

rejected and alternate hypothesis is proposing the difference is accepted at 

p<0.01. 

The value of effect size‘d’ indicates a medium magnitude of difference 

between welders who had acquired the trade knowledge through 

institutional training and on-the-job-training methods for their 

influence on pain frequencies due to NRHFLS work injuries among 

welder population employed in EFC. A medium effect size d = 0.64 
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(Cohen, 1988) can be of practical importance to be considered for 

intervention initiatives among the welder population employed in EFC.    

• The results in Table 4.19 shows that on an average, welders who had 

acquired trade knowledge through on-the-job training (M = 3.87, SD = 

1.20) experiences higher pain frequencies due to NRHFS work injuries than 

welders who had acquired through institutional training (M=3.85, 

SD=1.10). This difference is not significant t(690) = -0.178, p > 0.01. 

Hence, the result supports the null hypothesis proposing no significant 

influence of mode of apprenticeship training on pain frequencies due to 

NRHFLS work injuries among welders employed by OSF firms.  

Mode of apprenticeship training as factor significantly influences pain 

frequencies due to NRHFLS work injuries among the welder population 

employed in the EFC. The results are not significant for the welders 

employed by the OSF firms. 

4.7.5 Influence of physical workload on pain frequencies due to NRHFLS 

work injuries among welders employed in EFC and welders employed 

by OSF and USF firms. 

Based on the facts discussed in (See Sec 4.7), the following null 

hypothesis is set to find the influence of physical workload on pain frequencies 

due to NRHFLS work injuries among the welder population employed in EFC. 

H04-16: There is no significant influence of physical workload on pain 

frequencies due to NRHFLS work injuries among welder population 

employed firms in EFC. 

H04-17: There is no significant influence of physical workload on pain 

frequencies due to NRHFLS work injuries among the welders 

employed by OSF firms. 
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H04-18:  There is no significant influence of physical workload on pain frequencies 

due to NRHFLS work injuries among the welders employed by USF 

firms. 

To test the null hypotheses independent sample‘t’ test was performed 

and results are shown in Table 4.20. 

Table 4.20 Influence of physical workload on pain frequencies due to 
NRHFLS work injuries among the welder population 
employed by firms in EFC and welders employed by OSF 
and USF firms. Results of independent sample t test 

Variable Mean SD t# df# p 
Mean physical workload – EFC population   23.04# 670# .000** 
<  3.3 Kgs Low 6.32 2.01 
> 3.3 Kgs High  3.88 1.88 
Mean physical workload- OSF firms .636 690 .525 
<  4.76 Kgs Low 3.97 1.18 
> 4.76  Kgs High  3.89 1.97 
Mean physical workload - USF firms 8.01# 154# .000** 
<  .77 Kgs Low 1.13 .95 
> .77  Kgs High  0.51 .09 
**p < 0.01; *p < 0.05; #t and #df were adjusted because the variance were not equal 

• The results in Table 4.20 shows that on an average, welders who had 
executed low physical workload (M = 6.32, SD = 2.01) experiences 
higher pain frequencies due to NRHFS work injuries than welders who 
executed higher physical workload (M = 3.88, SD = 1.88). This 
difference is significant t(670) = 23.04, p < 0.01, d = 0.55. Hence, the 
null hypothesis H04-16 is rejected and alternate hypothesis proposing the 

difference is accepted at p < 0.01. 

The value of effect size‘d’ indicates a medium magnitude of difference 
between welders who executed lower physical workload and higher 
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physical on pain frequencies due to NRHFLS work injuries among 
welder population employed in EFC. A medium effect size of d = 0.55 
(Cohen, 1988) can be of practical importance to be considered for 
intervention initiatives among the welder population employed in EFC. 

• The results in Table 4.20 shows that on an average, welders who had 
executed low physical workload (M = 3.97, SD = 1.18) experiences 
higher pain frequencies due to NRHFS work injuries than welders who 
executed higher physical workload (M = 3.89, SD = 1.97) in OSF firms. 
This difference is not significant t(690) = 0.63, p > 0.01. Hence, the 
result supports the null hypothesis H04-17 proposing no significant 
influence of physical workload on pain frequencies due to NRHFLS 
work injuries among the welders employed by OSF firms. 

• The results in Table 4.20 shows that on an average, welders who had 
executed low physical workload (M = 1.13, SD = 1.18) experiences higher 
pain frequencies due to NRHFS work injuries than welders who executed 
higher physical workload (M = 0.51, SD = 0.09) in USF firms. This 
difference is significant t(154) = 8.01, p < 0.01, d=2.24. Hence, the null 
hypothesis H04-18 is rejected and alternate hypothesis proposing the 
difference is accepted at p < 0.01. 

The value of effect size ‘d’ indicates a very large magnitude of difference 
between welders who executed lower physical workload and higher 

physical workload on pain frequencies due to NRHFLS work injuries 
among welder population employed in EFC. A very large effect size of d 
= 2.24 (Cohen, 1988) can be of practical importance to be considered for 
intervention initiatives among the welder population employed in EFC. 

Lower physical workload significantly influences pain frequencies due 
to NRHFLS work injuries among welder population employed by firms in EFC 
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and welders employed by USF firms. The result is not significant among 
welders employed by OSF firms. 

4.8 SUMMARY OF FINDINGS AND DISCUSSION 

Descriptive analysis was carried out in the data by comparing the welder 
population employed by firms the engineering fabrication cluster and welders 
employed in organised and unorganised sector fabrication firms. 

Table 4.21 Summary of descriptive statistics 

Variables OSF USF EFC 
population 

Sector wise sample distribution 64.4% (n = 692) 35.6% (n = 383) 100% (N = 1075) 

Nature of 
employment  

Regular 37.3% (n = 258) 2.3% (n = 9) 24.8% (n = 267) 

Adhoc/Contract 62.7% (n = 434) 97.7% (n = 374) 75.2% (n = 808) 

Mode of trade 
knowledge 
acquired 
through 

Institution trained 49.9F% (n = 345) 1.4% (n = 5) 32.6%(n = 350) 

On-the-job-
training 50.1% (n = 347) 98.6% (n = 378) 67.4% (n = 725) 

Working 
hours 

< 8 hours 35% (n = 239) 94% (n = 360) 55% (599) 

> 8 hours 65% (n = 453) 6% (n = 23) 45% (476) 

Shift work  
Yes 100% (n = 692) -- 64.4%(n = 692) 

No -- 100% (n = 383) 35.6% (n = 383) 

Mean pain frequencies due to 
NRHFLS work injuries 

M = 3.86 M = 6.78 M  = 4.90 

SD = 1.13 SD = 1.83 SD = 1.99 

 Age 
M = 33.60 M = 37.30 M = 34.92 

SD = 11.15 SD =11.31 SD = 11.77 

Experience as welder 
M = 12.20 M = 10.98 M = 11.77 

SD = 8.29 SD = 7.60 SD = 8.07 

Physical workload 
M = 4.76 M = 0 .77 M = 3.34 

SD = 1.46 SD = 0.68 SD = 2.28 



Chapter 4 Influence of Personal Attributes and Employment Factors on Pain Frequencies due … 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 99 

Descriptive analysis Table 4.21 revealed majority of the welder 
respondents in the collected data were employed in organized sector fabrication 
firms (64.40%). Welders employed in organised sector fabrication firms 
experienced low mean pain frequency (4-frequencies) due to non-reported highly 
frequent less severe work injuries. Lower mean age (33.60 years) and higher total 
experience (12.20 years) as welder was associated this sector. While all the 
welders worked in shifts (100%), worked in extended working hours (65%), 
welders (50%) had acquired  welder trade knowledge through institutional 
training and a substantial portion of welders were recruited through regular 
employment (37.30%) in comparison with the welder population employed in 
EFC. 

The welders employed by unorganised fabrication firms experiences 
higher pain frequency due to non reported highly frequent less severe work 
injuries (6-frequencies). Higher mean age (37.30 years) and lower welder 
experience (10.78 years) is associated with this sector. Lower physical workload 
(.77 Kg), employment in regular working hours (94%), higher proportion of 
adhoc recruitment (97%), and majority of the welders had acquired the trade 
knowledge through on-the-job training methods (99%) in comparison with the 
welder population employed in EFC.  

Personal attributes and employment factors identified from the literature 
was tested for their influence on pain frequencies due to NRHFLS work injuries 
among welder employed in the population and its different sectors. The results 
are summarized in Table 4.22. 
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Interpretation of Table 4.22 findings 

• The mean pain frequencies due to NRHFLS work injuries are different 

between welder population and welders employed by organised and 

unorganised sector fabrication firms. 

• The mean pain frequencies due to NRHFLS work injuries are different 

between welders employed by organised and unorganised sector 

fabrication firms. 

• Age significantly influences pain frequencies due to NRHFLS work 

injuries among welder population employed in EFC. The result 

contradicts the findings of no relation between age and work injury 

(Maiti and Bhattacherjee 1999; Breslin et al., 2007). 

• Middle age group of welders are associated with higher mean 

frequencies due to NRHFLS work injuries. This finding contradicts the 

review findings of Salminen (2004) that young workers below 25 years 

are more likely to be injured during work. 

• The age influencing pain frequencies due to NRHFLS work injuries are 

significant among the welder population employed in EFC. But, when the 

sample is split into organised and unorganised group the age is not found 

to influence pain frequencies due to NRHFLS work injuries in both 

groups. This finding supports the inconclusiveness of age and work injury 

relationship findings by Khanzode et al. (2012) and Salminen (2004). 

• Welder experience do not significantly influence pain frequencies due to 

NRHFLS work injuries among the welder population, welders employed 

by OSF and USF firms. 

• Working hours do not significantly influence pain frequencies due to 

NRHFLS work injuries. The results indicate welders engaged in 
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extended working hours experience more pain frequencies due to 

NRHFLS work injuries. This finding is in tune with increased work 

injury risk during extend working hours (Ducheon and Smith, 1993; 

Vegso et al., 1996). The influence is significant for the welder population 

and insignificant for the welders employed by organised sector firms in 

EFC. The findings indicate an inconclusiveness of increased work injury 

risk among welders employed in extended working hours. 

• Shift work significantly influences pain frequencies due to NRHFLS work 

injuries among welders in EFC population and is in tune with the literature 

findings of increased work injury risk Salminen (2004) due to shift work. 

• Nature of employment influences pain frequencies due to NRHFLS work 

injuries. The results indicate adhoc/contract nature of employment is 

associated with higher pain frequencies due to NRHFLS work injuries 

among welder population employed by firms in EFC. The finding is in 

tune with findings of precarious employment charteristic which reveals 

that adhoc/contract nature of employed workers forgoes basic safety 

training among workers responsible for causing work injuries (Saha et 

al., 2005; Quinlan et al., 2001). However, the influence of nature of 

employment on work injuries is not significant for welders employed by 

OSF firms that indicate an inconclusive relation between nature of 

employment and pain frequencies due to NRHFLS work injuries. 

•  Mode of apprenticeship training influences pain frequencies due to 

NRHFLS work injuries. Welders who had acquired trade knowledge 

through on-the-job-training methods experience more pain frequencies due 

to NRHFLS work injuries which is in tune with findings of Ganesh and 

Priya (2014) of increased work injuries among welders due to lack of 

institutional training. In addition, the finding is in tune with the observation 
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of Quinlan et al. (2001) in his study of general workers that lack of 

institutional training exposes workers to higher work injury risk. The 

influence is found significant for the welder population in EFC and 

insignificant for welders employed by OSF firms, which shows 

inconclusiveness in mode of apprenticeship training and work injury 

relationship. 

• Welders who executed low mean physical workload experience more pain 

frequencies due to NRHFLS work injuries. This association is significant 

among welder population and welders employed by unorganised sector 

fabrication firms. However, the association result is not significant among 

the welders employed by organised sector firms. This finding contradicts 

the finding of higher physical workload (Josephine et al. 2001) as cause of 

work injuries. This significant finding can be used for initiating intervention 

initiatives to mitigate pain frequencies due to non reported highly frequent 

less severe work injuries among welders.  

• Lower mean physical workload is significant in influencing pain 

frequencies due to non reported highly frequent less severe work injuries 

among welder population.  

• The interventions initiatives can be prioritized and targeted on specific 

factors based on the effect size that shows the magnitude of difference 

between employment factor levels  with respect to pain frequencies  due 

to NRHFLS work injuries Table 4.22 as interpreted below    

 Lower physical workload is significant for the welder population (d =.55) 

and welders (d =  2.25) employed by organised sector fabrication firms;  

 Mode of apprenticeship training (d = 1.83);  

 Shift work (d=1.43); 
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 Working hours (d=0.91); 

 Nature of employment (d=0.64). 

Above discussed factors can be prioritized by considering the magnitude 

of effect size greater than one and targeted for intervention initiatives to 

mitigate NRHFLS work injuries among welders employed in the engineering 

fabrication cluster.  

……… ……… 
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5.1 WORK FACTOR DOMAINS IN FABRICATION ENVIRONMENT 

The objective of this chapter is to identify dominant work factor 
domains that influence pain frequencies due to NRHFLS work injuries 

• To identify the dominant work factor domains that influences pain 
frequencies due to NRHFLS work injuries among the welder population 
employed by firms in the engineering fabrication cluster. 

• To identify the dominant work factor domains that influences pain 
frequencies due to NRHFLS work injuries among the welders employed 
by organised sector fabrication firms. 

• To identify the dominant work factor domains that influences pain 
frequencies due to NRHFLS work injuries among the welders employed 
by unorganised sector fabrication firms. 
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The eight work factor domains and their characteristic items (See section 
3.4.4) identified for industrial fabrication environment are: Health Perception 
(HP), Safety Culture (SC), Physical Task Content (PTC), Metal Task Content 
(MTC), Physical Environment (PE), Social Environment (SE), Technical 
Environment (TE) and Perceived Benefit (PB).  

These work factor domains interact in the form of energy interactions 
with the welders present in the fabrication work environment. At certain 
instances due to inadequacies in resources, control over energy interactions is 
lost in the work factor domain that leads to pain frequencies due to NRHFLS 
work injuries. As the study is of exploratory nature, to identify the work factor 
domains that influences pain frequencies due to NRHFLS work injuries among 
the welder population stepwise wise regressions method is performed (Wright, 
1997, p.81). In the following sections, hypotheses are advanced to identify the 
work factor domains that influence pain frequencies due to NRHFLS work 
injuries among the welder population and welders employed by organised and 
unorganised sector fabrication firms. 

5.2 INFLUENCE OF WORK FACTOR DOMAINS ON PAIN 
FREQUENCIES DUE TO NON REPORTED HIGHLY FREQUENT 
LESS SEVERE WORK INJURIES AMONG THE WELDERS 
EMPLOYED BY FIRMS IN ENGINEERING FABRICATION 
CLUSTER 

Based on the above discussion (See sec 5.1) the following null hypothesis is 
advanced to identify the influential work factor domains that cause pain 
frequencies due to NRHFLS work injuries among welder population. 

H05-1: There is no significant influence of work factor domains in causing pain 
frequencies due to NRHFLS work injuries among the welder population.  

To test the null hypothesis H05-1 stepwise multiple regression analysis is 
performed with mean scores of the work factor domains. The descriptive 
statistics of the measures and correlation coefficients of work factor domains 
and pain frequencies are presented in Table 5.1. The results of the regression 
analysis are shown in Tables 5.2 and 5.3. 
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Interpretation 

The Table 5.1 displays the descriptive information of means, standard 

deviation and zero-order correlation values between pain frequencies due to 

NRHFLS work injuries and eight work factors domains. The Table 5.2 shows 

the model summary and Table 5.3 displays the result of the stepwise multiple 

regression analysis.  

The six ANOVA results reported in Table 5.2 corresponds to six models.  

The Table 5.3 shows the stepwise regression procedure that adds one variable at 

a time to the model during the test. Each step results in a model and each 

successive step modifies the older model and replaces it with a new work factor 

domain. Each models are tested for its statistical significance. The df1 column 

in Table 5.2 informs final model built in six steps; each step results in a 

statistically valid model. Examining the df1 column in Table 5.2 shows that one 

variable added during each step (the degrees of freedom tracks regression 

effect, as they are the counts of the number of predictors in the model). In 

model building, it is deduced that two predictors MTC and TE are excluded that 

results in six predictors in work factor domains. 

In Table 5.2, Model summary presents R2 and Adjusted R2 values for 

each step along with the amount of R square change. In the first step Table 5.2, 

footnote refers work factor domain-SC is entered into the Model - 1. The R2 

with that predictor in the model is (0.203) which is the square of the multiple 

correlation coefficient R (0.451) between work factor domain-SC and pain 

frequencies due to NRHFLS work injuries and is the value of R square change.  

On the second step, a positive effect is added to the model by the entry 

of work factor domain - HP. The R2 with both predictors in the Model 2 is 

(0.299); the Model 2 gained 0.096 in the value of R2 (0.299 - 0.203 = 0.096) 

and this reflected in the R2 change for that step.  



Chapter 5  Modelling the Influence of Work Factor Domains on Pain Frequencies Due to …… 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 111 

On the third step, a positive effect is added to the model by the entry of 

work factor domain – SE. The R2 with three predictors in the model is (0.333); 

the Model-3 gained 0.034 in the value of R2 (0.333 - 0.299 = 0.034) and this 

reflected in the R2 change for that step. 

On the fourth step, a positive effect added to the model by the entry of 

work factor domain – PE. The R2 with four predictors in the model is (0.346); 

the Model-4 gained 0.013 in the value of R2 (0.346 - 0.333 = 0.013) and this 

reflected in the R2 change for that step.  

On the fifth step, a positive effect added to the model by the entry of 

work factor domain – PB. The R2 with five predictors in the model is (0.350); 

the Model-5 gained .004 in the value of R2 (0.350 - 0.346 = 0.004) and this 

reflected in the R2 change for that step.  

On the sixth step, a positive effect added to the model by the entry of 

work factor domain – PTC. The R2 with six predictors in the model is (0.353); 

the Model-6 gained .003 in the value of R2 (0.353 - 0.350 = 0.003) and this 

reflected in the R2 change for that step. 

Work factor domains mean scores for  HP, SC, PTC, MTC, PE, SE, TE 

and PB were used in stepwise multiple regression analysis to predict pain 

frequencies due to NRHFLS work injuries. The correlations of the work factor 

domain variables shown in Table 5.1 indicated all the correlation were 

statistically significant, except  the following correlation relation values between 

work factor domains HP and TE, HP and PE, MT and TE and MTC and pain 

frequencies due to NRHFLS work injuries. 

The ‘t’ values and its significance level for ‘Model-6’ in Table 5.3 

revealed work factor domains significantly influenced pain frequencies hence 
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null hypothesis H05-1 is rejected and alternate hypothesis proposing the difference 

at 0.01 level is accepted.  

The Model-6 the final step in Table 5.3 shows six work factor domains 

out of the eight work factor domains. Examining the model for multi-

collinearity the largest variation inflation factors is less than 10 (Myers, 1990) 

and tolerance index is not less than 0.2 (Bower man and O’Connell, 1990). 

Hence, the selected Model-6 is within reasonable limits for multi collinearity 

condition. This is further supported by Durbin-Watson value of 1.823 in Table 

5.2 that suggests the model is free from reasonable errors. The model is 

statistically significant, F (1, 1068) = 97.235, p < 0.01, and approximately accounts 

for 35% of the variance of pain frequencies due to NRHFLS work injuries             

(R2 = .353, Adjusted R2 = .350).  

Regression equation for Model-6 of work factor domains influencing 

pain frequencies due to NRHFLS work injuries for welders employed in EFC: 

Pain frequencies = (7.751+0.239HP-0.124SE-0.078 SC-0.077PE-0.068PB-0.048PTC)* 

* t values are significant at p < 0.01; R2 = 0.353; F (1,1068) = 97.235 p < 0.01. 

The significance of R2 as tested by the F statistic indicates that the 

regression equation is significant. The regression results indicate health 

perception positively influences pain frequencies. This is evident from the 

positive signs of the estimated coefficient of the corresponding variable.  This 

indicated that higher health perception among individual welders increases 

possibilities of experiencing more pain frequencies due to NRHFLS work 

injuries. Further, social environment, safety culture, physical environment, 

perceived benefit and physical task content negatively influences pain 

frequencies due to NRHFLS work injuries. This is evident from the negative 

signs of the estimated coefficients in the corresponding variables.  This revealed 

that if improvement is considered in these six work factor domains can result in 
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reduction of pain frequencies due to NRHFLS work injuries in the welder 

population. Health perception is found to be the most important work factor 

domain influencing pain frequencies due to NRHFLS work injuries followed by 

social environment, safety culture, physical environment, perceived benefit and 

physical task content.  

5.3  INFLUENCE OF WORK FACTOR DOMAINS ON NON REPORTED 

HIGHLY FREQUENT LESS SEVERE WORK INJURIES AMONG 

THE WELDERS EMPLOYED IN ORGANISED SECTOR 

FABRICATION FIRMS  

Based on the discussion in (See sec 5.1), the following null hypothesis is 

set to identify the dominant work factor domains that cause pain frequencies 

due to NRHFLS work injuries among welders employed by OSF firms. 

H05-2: There is no significant influence of work factor domains in causing pain 

frequencies due to NRHFLS work injuries among the welders employed 

by OSF firms.  

To test the null hypothesis H05-2 stepwise multiple regression analysis is 

performed with mean scores of the work factor domains. The descriptive 

statistics of the measures and correlation coefficients of work factor domains 

and pain frequencies are presented in Table 5.4. The results of the regression 

analysis shown in Table 5.5 and Table 5.6. 
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Interpretation: 

The Table 5.4, displays the descriptive information of means, standard 
deviation and correlation values between pain frequencies due to NRHFLS work 
injuries and eight work factors domains among welders employed by OSF firms.  
The Table 5.5shows model summary and Table 5.6 shows the results of stepwise 
multiple regression analysis.  

The three ANOVA results reported in Table 5.5 corresponds to three 
models. The Table 5.6 shows the stepwise procedure that added one variable of 
work factor domain at a time to the model during the test. Each step results in a 
model and each successive step modifies the older model and replaces it with a 
new work factor domain. Each model is tested for its statistical significance. 
The df1 column in Table 5.5informs the final model was built in three steps; each 
step resulted in a statistically significant model. Examining the df1 column in Table 
5.5 shows that one variable was added during each step (the degrees of freedom 
tracks regression effect as they are the counts of the number of predictors in the 
model).  In model building it can be deduced that five work factor domains PTC, 
MTC, PE, TE and PB were excluded resulting in three work factor domains. 

In Table 5.5, the Model summary presents R2and adjusted R2 values for 
each step along with the amount of R2 change. In the first step Table 5.5, 
footnote beneath the model summary refers work factor domain-SE is entered 
into the Model - 1. The R2 with that predictor in the model is (0.199), which is 
square of the multiple correlation coefficient (0.446) between SE and pain 
frequencies due to NRHFLS work injuries and is the value of R2 change.  

On the second step, a positive effect added to the Model 1 by entry of 
work factor domain - HP. The R2 with both predictors in the Model 2 is (0.299); 
the Model 2 gains (0.100) in the value of R2 (0.299 - 0.199 = 0.100) and this 
reflected in the R2 change for that step.  

On the third step, a positive effect added to the model by entry of work 
factor domain – SC. The R2 with three predictors in the model is (0.314); the 
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Model-3 gains (0.015) in the value of R2 (0.314 - 0.299 = 0.015) and this 
reflected in the R2 change for that step.  

Work factor domains HP, SC, PTC, MTC, PE, SE, TE and PB were used 
as predictors in stepwise multiple regression analysis to predict pain frequencies 
due to NRHFLS work injuries. The correlations of the work factor domain 
variables shown in Table 5.4. All the correlations were statistically significant, 
except between work factor domains HP and SC,PE, TE, PB, MTC and SE, TE, 
PB and between pain frequencies due to NRHFLS work injuries and TE, PB.  

The ‘t’ values and its significance level for Model-3 in Table 5.6  revealed 
work factor domains significantly influences pain frequencies hence null 
hypothesis H05-2 to be rejected  and hence alternate hypothesis proposing the 
difference at 0.01 level is accepted.  

The Model-3 in the final step in Table 5.6 contained three work factor 
domains out of the eight work factor domains. Examining the model for multi-
collinearity the largest variation inflation factors is less than 10 (Myers, 1990) 
and tolerance index is not less than 0.2 (Bower man and O’Connell, 1990). 
Hence, the selected Model-3 is within reasonable limits for multi collinearity 
condition. This is further supported by Durbin-Watson value of 1.809 in Table 
5.5 that suggests the model is free from reasonable errors. The model is 
statistically significant, F (1, 1068) = 43.651, p < 0.01, and approximately 
accounted for 30.7% of the variance of pain frequencies due to NRHFLS work 
injuries (R2 = 0.314, Adjusted R2 = 0.307).  

Regression equation for Model-3 of work factor domains influencing 
pain frequencies due to NRHFLS work injuries for welders employed by OSF 
firms: 

Pain frequencies = (4.654+ 0.249HP-0.224SE-0.053SC)* 

* t values are significant at p < 0.05; R2 = 0.314; F (3,688) = 43.651. p < 0.01. 

The significance of R2 as tested by the F statistic indicates that the 
regression equation is significant. The regression results indicate health 
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perception positively influences pain frequencies. This is evident from the 
positive sign of the estimated coefficient of the corresponding variable.  This 
means that higher health perception among individual welders increases 
possibilities of experiencing more pain frequencies due to NRHFLS work 
injuries. Further, social environment, safety culture negatively influences pain 
frequencies due to NRHFLS work injuries. This is evident from the negative 
signs of the estimated coefficients of the corresponding variables.  

This indicated that if improvement is considered in these three work 
factor domains, can result in reduction of pain frequencies due to NRHFLS 
work injuries among welder employed in OSF firms. Health perception is found 
to be the most important work factor domain influencing pain frequencies due 
to NRHFLS work injuries followed by social environment, safety culture.  

5.4 INFLUENCE OF WORK FACTOR DOMAINS ON NON REPORTED 
HIGHLY FREQUENT LESS SEVERE WORK INJURIES AMONG 
THE WELDERS EMPLOYED IN UNORGANISED SECTOR 
FABRICATION FIRMS  

Based on the discussion in (See sec 5.1), the following null hypothesis is 
set to identify the influence of work factor domains that cause pain frequencies 
due to NRHFLS work injuries among welders employed by USF firms. 

H05-3: There is no significant influence of work factor domains in causing pain 
frequencies due to NRHFLS work injuries among the welders employed 
by USF firms.   

To test the null hypothesis H05-3 stepwise multiple regression analysis is 
performed with mean scores of the work factor domains. The Table 5.7, displays 
the descriptive information of means, standard deviation and correlation values 
between pain frequencies due to NRHFLS work injuries and eight work factors 
domains among welders employed by USF firms.  The Table 5.8 shows the model 
summary and Table 5.9 shows the results of stepwise multiple regression analysis.  
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Interpretation 

Work factor domains HP, SC, PTC, MTC, PE, SE, TE and PB were used 

as predictors in stepwise multiple regression analysis to predict pain frequencies 

due to NRHFLS work injuries among welders employed in USF firms.  

The Table 5.7 displays the descriptive information of means, standard 

deviation and correlation matrix between pain frequencies due to NRHFLS 

work injuries and eight work factors domains among welders employed by USF 

firms. Table 5.8 shows the model summary and Table 5.9 shows the result of 

stepwise multiple regression analysis. 

The six ANOVAs result reported corresponds to six models in Table 5.8. 

Examining the  df1 column in Table 5.8 informs the final model was built in six 

steps; each step resulted in a statistically significant model. Examining the df1 

column in Table 5.8 shows that one work factor domain variable was added 

during each step (the degrees of freedom tracks regression effect as they are the 

counts of the number of predictors in the model).  In model building it can be 

deduced that two work factor domains MTC and PB were excluded resulting in 

six-work factor domains. 

In Table 5.8, the Model summary presents R2and Adjusted R2 values for 

each step along with the amount of R square change. In the first step Table 5.8 

footnote beneath the model summary refers work factor domain-SC is entered 

into the Model - 1. The R2 with that predictor in the model is (0.235), which is 

square of the multiple correlation coefficient (0.485) between SC and pain 

frequencies due to NRHFLS work injuries and is the value of R2 square change.  

On the second step, a positive effect added to the model by entry of 

work factor domain - HP. The R2 with both predictors in the Model 2 is 
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(0.332).; the Model 2 gains (0.097) in the value of R2 (0.332 - 0.235 = 0.097) 

and this reflected in the R2 change for that step.  

On the third step, a positive effect added to the model by entry of work 

factor domain – PE. The R2 with three predictors in the model is (0.360) the 

Model-3 gains 0.028 in the value of R2 (0.360- 0.232 = 0.028) and this reflected 

in the R2 change for that step.  

On the fourth step, a positive effect added to the model by the entry of 

the work factor domain – SE. The R2 with four predictors in the model is 

(0.375) the Model-4 gains .015 in the value of R2 (0.375- 0.360 = 0.015) and 

this reflected in the R2 change for that step. 

 On the fifth step positive effect added to the model by the entry of the 

work factor domain – TE. The R2 with five predictors in the model is (0.379). 

The R2 (0.379 - 0.375 = 0.004) and this reflected in the R2 change for that step.  

On the final step positive effect added to the model by the entry of the 

work factor domain – PTC. The R2 with six predictors in the model is (0.384). 

The R2 (0.384 - 0.379 = 0.005) and this reflected in the R2 change for that step.  

The correlations of the work factor domain variables is shown in Table 

5.7, all the correlation were statistically significant, except between HP and 

MTC, PE, TE, PB and MTC and TE.  

The ‘t’ values and its significance level for Model-3 in Table 5.9  revealed 

work factor domains significantly influences pain frequencies hence null 

hypothesis H05-3 to be rejected  and hence alternate hypothesis proposing the 

difference at 0.01 level is accepted 

The Model-6 in the final step in Table 5.9 contain six work factor 

domains out of eight work factor domains. Examining the model for multi 

collinearity in Table 5.9 the largest variation inflation factors is less than 10 
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(Myers, 1990) and tolerance index is not less than 0.2 (Bower man and 

O’Connell, 1990). Hence, the selected Model-6 is within reasonable limits of 

multi collinearity condition. This is further supported by Durbin-Watson value 

of 1.862 in Table 5.8 that suggests the model is free from reasonable errors. The 

model is statistically significant, F (6, 376) = 52.016, p < .01, and accounts for 

approximately 37.7% of the variance of NRHFLS work injury frequency (R2 = 

.384, Adjusted R2 = .377).  

Regression equation for Model-6 of work factor domains influencing 

pain frequencies due to NRHFLS work injuries for welders employed by OSF 

firms: 

Pain frequencies = (8.540+0.263HP - 0.102SE – 0.092SC – 0.089PE – 0.065PTC  -

0.063TE)* 

* t values are significant at p < 0.01; R2 = .384; F (6,376) = 52.016, p < 0.01. 

The significance of R2 as tested by the F statistic indicates that the 

regression equation is significant. The regression results indicated health 

perception positively influences pain frequencies. This is evident from the 

positive signs of the estimated coefficient of the corresponding variable.  This 

means that higher health perception among individual welders increases 

possibilities of experiencing more pain frequencies due to NRHFLS work 

injuries. Further, social environment, safety culture, physical environment, 

perceived benefit and physical task content negatively influences pain 

frequencies due to NRHFLS work injuries. This is evident from the negative 

signs of the estimated coefficients of the corresponding variables.  

This indicated that if improvement is considered in these six work factor 

domains, can result in reduction of pain frequencies due to NRHFLS work 

injuries among welder employed in USF firms. Health perception was found to 

be the most important work factor domain influencing pain frequencies due to 
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NRHFLS work injuries followed by social environment, safety culture, physical 

environment, physical task content and technical environment.  

5.5 SUMMARY AND CONCLUSIONS 

The Table 5.10 shows the summarized descending order of standardized 

β values of regression analysis performed to identify the influential work factor 

domains on pain frequencies due to NRHFLS work injuries.  

Table 5.10 Summary of indexed standardized β values related to work 
factor domains in welder population and welders employed 
by OSF and USF firms.  

Welder population - EFC Welders - OSF firms  Welders        USF -firms 
WFD                     β    WFD             β      WFD                   β 
HP        0.290 SE -.336 HP 0.305 

SC       -0.200 HP .320 SC -0.222 

SE       -0.178 SC -.142 SE -0.140 

PE        -0.108 PE -0.127 

PB       -0.070 PTC -0.086 

PTC       -0.066            TE -0.072 
 

Work factor domains health perception has positive influence and safety 

culture, social environment, physical environment, perceived benefit and 

physical task content has negative influence on pain frequencies due to 

NRHFLS work injuries. 

Indexing and examining the β weights of work factor domains in Table 

5.10 for welder population. Descending order of β weights of work factors 

domain indicate positive sign for health perception followed by negative sign 

for safety culture, social environment, physical environment, perceived benefit 

and physical task content for pain frequencies due to NRHFLS work injuries. 

Indexing and examining the β weights of work factor domains in Table 

5.10 for welders employed by OSF firms. Descending order of β weights 
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indicate negative sign for social environment, safety culture and positive sign 

for health perception. 

Indexing and examining the β weights of work factor domains in Table 

5.10 for welders employed by USF firms indicate positive sign for health 

perception and negative sign for - safety culture, social environment, physical 

environment,  physical task content and technical environment. 

Examining for common work factor domains appearing in Table 5.10   

across welder population and welders employed by OSF and USF firms, health 

perception, safety culture and social environment appear commonly across the 

three groups and hence can be considered for intervention initiatives. 

Health perception β value is high and positive that indicates presence of 

high latent energy among welders. This in turn can be a reason for causing work 

injuries for example, exhibiting bull type attitude by welders. By doing so the 

welder compromises the safety procedures commonly done due to lack of 

training and the reason may be for their sustainability of the job. This finding is 

in tune with the literature findings of higher latent energy among welders as 

cause of work injuries among welders in developing countries (Epko, 2012) and 

its reasons are to be investigated. Negative sign for safety and social 

environment suggests improvement in these work factor domains for 

intervention initiatives among welders employed by firms in the cluster to 

mitigate pain frequencies due to NRHLS work injuries. 

……… ……… 
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6.1 INTRODUCTION 

The study in the chapter was carried out with the following objectives 

• To model and assess influential personal attributes and employment 

factors on musculoskeletal disorder pain in welders body region for 

weekly prevalence. 
• To model and assess influential personal attribute and employment 

factors on musculoskeletal disorder pain in welders body region for 

annual prevalence. 
• To model and assess influential personal attribute and employment 

factors on musculoskeletal disorder pain in welders body region for 

annual disability, which in turn causes presenteeism phenomenon. 
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6.2 MODELING OF MUSCULOSKELETAL DISORDER PAIN IN 

WELDERS BODY REGION IN EFC  

6.2.1 Modeling measures 

6.2.1.1 Criterion variable 

Following the discussions (See sec 3.4.1), the criterion variable 

considered in this part of study is self-reported musculoskeletal disorder pain 

response. The self reported pain is modeled for nine body regions of welders 

employed in EFC for weekly prevalence, annual prevalence and annual 

disability. To measure musculoskeletal disorder pain in nine body regions for 

weekly prevalence, annual prevalence and annual disability (See sec 3.3.2.4) 

standardized version of Modified Nordic Questionnaire (MNQ) by Dickinson et 

al. (1992) was employed. 

6.2.1.2 Predictor variables 

The predictor variables selected for the study are (See sec 3.4.2) personal 

attribute and employment factors.  

Personal Attribute (PA): age and experience are considered as 

continuous variable. Employment Factors (EF) - Working hours as a variable is 

dichotomized, coded as ‘1’ for regular working hours and coded as ‘2’ for 

extended working hours. Shift work as a variable is dichotomized and coded as 

‘1’ for welders employed in shift work and coded as ‘2’ for non-shift (general 

shift) work. Nature of employment as a variable is dichotomized and coded as 

‘1’ for welders employed in regular rolls and coded as ‘2’ for adhoc nature of 

employment. Mode of apprenticeship training dichotomized and coded as ‘1’ 

for welder who had acquired trade knowledge through institutional training (for 
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example, an ITI certificate) and coded as ‘2’ if welder had acquired trade 

knowledge through on-the-job training method. Physical workload is computed 

by converting average number of welding rods used during last one month into 

kilograms of metals deposit and considered as continuous variable. 

6.3  PERCENTAGE ANALYSIS OF MUSCULOSKELETAL DISORDER 

PAIN FOR WEEKLY PREVALENCE, ANNUAL PREVALENCE AND 

ANNUAL DISABILITY 

Percentage wise distribution of MSD pain in welders body region 

measured by MNQ is shown in Table 6.1 for weekly prevalence, annual 

prevalence and annual disability. 

Table 6.1 Percentage distribution of MSD pain in body regions of welder 
for weekly prevalence, annual prevalence and annual disability 
(N = 1075) 

Body region Weekly prevalence Annual prevalence Annual disability 
Yes(%) Yes(%) Yes(%) 

Neck 684(63.6) 887(82.5) 482(44.8) 

Shoulder 637(59.3) 612(56.9) 633(58.9) 

Elbow 819(76.2) 538(50.0) 419(39.0) 

Wrist/Hands 1034(96.2) 762(70.9) 662(61.6) 

Upper back 533(49.6) 519(48.3) 495(46.0) 

Lower back 563(49.9) 561(52.2) 823(76.6) 

Hip/Thigh/Buttock 517(48.1) 552(51.3) 490(45.6) 

Knees  548(51.0) 522(48.6) 526(49.9) 

Ankle/Feet 568(52.87) 544(50.6) 575(53.5) 
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6.4  PERSONAL ATTRIBUTES AND EMPLOYMENT FACTORS 

INFLUENCING MUSCULOSKELETAL DISORDER PAIN AMONG 

WELDERS BODY REGION FOR WEEKLY PREVALENCE 

The pain response ‘absence or presence of MSD pain’ in neck, shoulder,  

elbow, wrist/hands, upper back, lower back, hip/thighs/buttocks, knees and 

ankles/feet for weekly prevalence (during last seven days) is considered as criterion 

variable. The predictor variables considered are PA - age and experience; EF - 

working hours, shift work, nature of employment, mode of apprenticeship training 

and physical workload. The above variables are modeled by binary logistic 

regression and the results are shown in following sections. 

6.4.1 Neck region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the neck region among the welders for 

weekly prevalence. The following hypothesis is advanced. 

H06-1: The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in neck region among the welders in EFC. 

To test the null hypothesis H06-1 binary logistic regression was 

performed. The results are shown in Table 6.2. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain in 

‘neck region’ for weekly prevalence among welders in EFC. The result (χ2 (7, 

1075) = 5.83, p > 0.01) shows no significant influence of predictor variables on 

MSD pain in neck region among welders in EFC for weekly prevalence. This 

result in turn supports the null hypothesis H06-1. 

6.4.2 Shoulder region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in shoulder region among the welders for 

weekly prevalence. The following hypothesis is advanced. 

H06-2: The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in shoulder region among the welders 

in EFC. 

To test the null hypothesis H06-2 binary logistic regression was 

performed. The results are shown in Table 6.3. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables of age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘shoulder region’ for weekly prevalence among welders in EFC. The result of 

binary logistic regression (χ2 (7, 1075) = 147.85, p < 0.01) shows significant 

influence of predictor variables on MSD pain in shoulder region for weekly 

prevalence. Hence, the result in turn rejects the null hypothesis H06-2. 

For validating the relationship, initially the Log Likelihood value (-2 Log 

Likelihood or -2LL) was examined for its significance. In this model the initial -

2LL value is 1432 which is the measure of the model with no independent 

variables, i.e., only with an intercept or a constant. The final -2LL value was 

1284.85 which is the  measure computed after all the predictors have been entered 

into binary logistic regression. The difference between these two measures is the 

model χ2 (1432 - 1284.15 = 147.85) value which is tested for statistical 

significance. The χ2 value of 147.85 is statistically significant at p < 0.01. Hence it 

concluded that significant influence exists between criterion variable and the set of 

.predictor variables.  

To  check  whether  multicollinearity condition is within reasonable limits, 

the values of Variation Inflation Factor (VIF) were examined in Table 6.3. The 

values in VIF columns in the Table 6.3 shows no values above 10 (Myers, 1990). 

The range of values in VIF column in Table 6.3 indicates multi collinearity is 

within reasonable limits hence the model can be considered for interpretation. 

The ‘Wald statistic’ significance column in Table 6.3 shows shift work to 

be  significant at p < 0.01. The significance column of Wald statistic in Table 6.3 
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shows shift work as the significant predictor of MSD pain in shoulder region for 

weekly prevalence among welders in EFC. The Exp (B) column of Table 6.3 

shows a value of 7.055 for shift work which is considerably greater than one, hence 

it is concluded that shift work as a factor influence MSD pain on shoulder region 

among welders employed in EFC.  

The inferential  Goodness-of-fit Hosmer and Lemeshow test yields a χ2 (8) 

value of 5.99 at p > 0.01, which is insignificant. This in turn indicates that the 

model fits the data well and the null hypothesis of a good model fit is acceptable. 

Considering the measures discussed it is concluded that shiftwork as a 

factor influence weekly prevalence of MSD pain in shoulder region of welders 

employed in EFC. 

6.4.3 Elbow region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in elbow region among the welders for 

weekly prevalence. The following hypothesis is advanced. 

H06-3: The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in elbow region among the welders in 

EFC. 

To test the null hypothesis H06-3 binary logistic regression was 

performed. The results are shown in Table 6.4. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘elbow region’ for weekly prevalence among welders in EFC. The result (χ2 (7, 

1075) = 1.12, p > 0.01) shows no significant influence of predictor variables on 

MSD pain in elbow region among welders in EFC for weekly prevalence. 

Hence, the result in turn supports the null hypothesis H06-3.  

6.4.4 Wrist/Hand region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in wrist/hand region among the welders for 

weekly prevalence. The following hypothesis is advanced. 

H06-4: The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in wrist/hand region among the welders 

in EFC 

To test the null hypothesis H06-4 binary logistic regression was 

performed. The results are shown in Table 6.5. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘wrist/hand region’ for weekly prevalence among welders in EFC. The result 

(χ2 (7, 1075) = 13.24, p > 0.01) shows no significant influence of predictor 

variables on MSD pain in wrist/hand region among welders in EFC for weekly 

prevalence. Hence, the result supports the null hypothesis H06-4. 

6.4.5 Upper back region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the upper back region among the welders 

for weekly prevalence. The following hypothesis is advanced. 

H06-5:  The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in upper back region among the 

welders in EFC. 

To test the null hypothesis H06-5 binary logistic regression was 

performed. The results are shown in Table 6.6. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence  MSD pain on 

‘upper back’ for weekly prevalence among welders in EFC. The result (χ2 (7, 

1075) = 9.42, p > 0.01) shows no significant influence of predictor variables on 

MSD pain in upper back region among welders in EFC for weekly prevalence. 

Hence, the result supports the null hypothesis H06-5. 

6.4.6 Lower back region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the lower back region among the welders 

for weekly prevalence. The following hypothesis is advanced. 

H06-6: The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in lower back region among the 

welders in EFC. 

To test the null hypothesis H06-6 binary logistic regression was 

performed. The results are shown in Table 6.7. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘lower back’ region for weekly prevalence among welders in EFC. The result 

(χ2 (7) = 6.69, p > 0.01) shows no significant influence of predictor variables on 

MSD pain in lower back region among welders in EFC for weekly prevalence. 

Hence, the result supports the null hypothesis H06-6. 

6.4.7 Hip/Thighs/Buttock region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the hip/thigh/buttock region among the 

welders for weekly prevalence. The following hypothesis is advanced. 

H06-7: The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in hip/thigh/buttock region among the 

welders in EFC. 

To test the null hypothesis H06-7 binary logistic regression was 

performed. The results are shown in Table 6.8. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘hip/thigh/buttock’ region for weekly prevalence among welders in EFC. The 

result (χ2 (7) = 2.83, p > 0.01) shows no significant influence of predictor 

variables on MSD pain in hip/thigh/buttock region among welders in EFC for 

weekly prevalence. Hence, the result supports the null hypothesis H06-7. 

6.4.8 Knee region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the knee region among the welders for 

weekly prevalence. The following hypothesis is advanced. 

H06-8: The personal attributes and employment factors have no influence on 

weekly prevalence of MSD pain in knee region among the welders in 

EFC. 

To test the null hypothesis H06-8 binary logistic regression was 

performed. The results are shown in Table 6.9. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

knee region for weekly prevalence among welders in EFC. The result (χ2 (7) = 

7.37, p > 0.01) shows no significant influence of predictor variables on MSD 

pain knee region among welders in EFC for weekly prevalence. Hence, the 

result supports the null hypothesis H06-8. 

6.4.9Ankle/Feet region – weekly prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the ankle/feet region among the welders 

for weekly prevalence. The following hypothesis is advanced. 

H06-9: The personal attribute and employment factor have no influence on 

weekly prevalence of MSD pain in ankle/feet region among the welders 

in EFC. 

To test the null hypothesis H06-9, binary logistic regression was 

performed. The results are shown in Table 6.10. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘ankle/feet region for weekly prevalence among welders in EFC. The results 

shows no significant influence of predictor variables on MSD pain in ankle/feet 

region among welders in EFC for weekly prevalence (χ2 (7) = 2.35, p > 0.01). 

Hence, the result supports the null hypothesis H06-9. 

6.5 PERSONAL ATTRIBUTES AND EMPLOYMENT FACTORS 

INFLUENCING MUSCULOSKELETAL DISORDER PAIN AMONG 

WELDERS BODY REGION FOR ANNUAL PREVALENCE 

6.5.1 Neck region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the neck region among the welders for 

annual prevalence. The following hypothesis is advanced. 

H06 -10: The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in neck region among the welders in 

EFC. 

To test the null hypothesis H06-10 binary logistic regression was 

performed. The results are shown in Table 6.11. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

neck region for annual prevalence among welders in EFC. The result (χ2 (7) = 

5.88, p > 0.01) shows no significant influence of predictor variables on MSD 

pain in neck region among welders in EFC for annual prevalence. Hence, the 

result supports the null hypothesis H06-10. 

6.5.2 Shoulder region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the shoulder region among the welders for 

annual prevalence. The following hypothesis is advanced. 

H06-11:  The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in shoulder region among the welders 

in EFC. 

To test the null hypothesis H06-11 binary logistic regression was 

performed. The results are shown in Table 6.12. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables of age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘shoulder region’ for annual  prevalence among welders in EFC. The results of 

binary logistic regression (χ2 (7, 1075) = 19.54, p < 0.01) shows influence of 

predictor variables on MSD pain in shoulder region for annual prevalence. 

Hence, the result reveals to reject the null hypothesis H06-11. 

For validating the relationship, initially the Log Likelihood value (-2 Log 

Likelihood or -2LL) was examined for its significance. In this model the initial -

2LL value is 1431 which is the measure of the model with no independent 

variables, i.e., only with an intercept or a constant. The final -2LL value was 

1411.46 which is the  measure computed after all the predictors have been entered 

into binary logistic regression. The difference between these two measures is the 

model χ2 (1431 – 1411.46 = 19.54) value which is tested for statistical significance. 

The χ2 value of 19.54 is statistically significant at p < 0.01. Hence it is concluded 

that significant influence exists between criterion variable and the set of predictor 

variables.  

To  check  whether  multicollinearity condition is within reasonable limits, 

the values of Variation Inflation Factor (VIF) were examined in Table 6.12. The 

values in VIF columns in the Table 6.12 shows no values above 10 (Myers, 1990) 

which indicates multi collinearity is within reasonable limits hence the model 

can be considered for interpretation. 
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The Wald statistic’ significance column in Table 6.12 shows shift work to 

be  significant at p < 0.05. The significance column of Wald statistic in Table 6.12 

shows shift work as the significant predictor for MSD pain in shoulder region for 

annual prevalence among welders in EFC. The Exp (B) column in Table 6.12 

shows a value of 1.77  for shift work. The value is considerably greater than one, 

hence it is concluded that shift work as factor influence MSD pain in shoulder 

region for annual prevalence among welder employed in EFC.  

The inferential  Goodness-of-fit Hosmer and Lemeshow test yields a χ2 (8) 

value of 5.75  at p > 0 .01, which is insignificant. This in turn indicates that the 

model fits the data well and the null hypothesis of a good model fit is acceptable. 

Considering the measures discussed above it is concluded that shiftwork as 

a factor influence annual prevalence of MSD pain in shoulder region for annual 

prevalence among welders employed in EFC. 

6.5.3 Elbow region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the elbow region among the welders for 

annual prevalence. The following hypothesis is advanced. 

H06-12:  The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in elbow region among the welders in 

EFC. 

To test the null hypothesis H06-12 binary logistic regression was 

performed. The results are shown in Table 6.13. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

elbow region for annual prevalence among welders in EFC. The result (χ2 (7) = 

7.75, p > 0.01) shows no significant influence of predictor variables on MSD 

pain in elbow region among welders in EFC for annual prevalence. Hence, the 

result supports the null hypothesis H06-12. 

6.5.4 Wrist/Hand region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the wrist/hand region among the welders 

for annual prevalence. The following hypothesis is advanced. 

H06-13:  The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in wrist/hand region among the 

welders in EFC. 

To test the null hypothesis H06-13 binary logistic regression was 

performed. The results are shown in Table 6.14. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age and experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

wrist/hand region for annual prevalence among welders in EFC. The result (χ2 

(7, 1075) = 2.66, p > 0.01) shows no significant influence of predictor variables 

on MSD pain in wrist/hand region among welders in EFC for annual 

prevalence. Hence, the result supports the null hypothesis H06-13. 

6.5.5 Upper back region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in the upper back region among the welders 

for annual prevalence. The following hypothesis is advanced. 

H06-14:  The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in upper back region among the 

welders in EFC. 

To test the null hypothesis H06-14 binary logistic regression was 

performed. The results are shown in Table 6.15. 

  



Chapter 6   Modeling the Influence of Personal Attributes and Employment Factors on……….... 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 160 

 T
ab

le
 6

.1
5 

Pa
ra

m
et

er
 e

st
im

at
es

 o
f b

in
ar

y 
lo

gi
st

ic
 re

gr
es

si
on

 fo
r p

er
so

na
l a

ttr
ib

ut
es

 a
nd

 e
m

pl
oy

m
en

t f
ac

to
rs

 o
n 

M
SD

 
pa

in
 in

 u
pp

er
 b

ac
k 

re
gi

on
 a

m
on

g 
w

el
de

rs
 fo

r a
nn

ua
l p

re
va

le
nc

e 
(N

=1
07

5)
 

N
ot

e:
  p

re
se

nc
e 

of
  M

SD
 p

ai
n 

is
  c

od
ed

 a
s '

1'
, a

bs
en

ce
 a

s '
0'

;  
(0

.0
03

C
ox

 a
nd

 S
ne

ll)
 a

nd
 (0

.0
02

) N
ag

el
ke

rk
e)

,  
 M

od
el

 χ
2  (7

, 1
07

5)
 =

 2
.9

1,
 p

 =
 

0.
89

3.
 



Chapter 6   Modeling the Influence of Personal Attributes and Employment Factors on……….... 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 161 

Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

upper back region for annual prevalence among welders in EFC. The result (χ2 

(7, 1075) = 2.91, p > 0.01) shows no significant influence of predictor variables 

on MSD pain in the upper back region among welders in EFC for annual 

prevalence. Hence, the result supports the null hypothesis H06-14. 

6.5.6 Lower back region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in lower back region among the welders for 

annual prevalence. The following hypothesis is advanced. 

H06-15:  The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in lower back region among the 

welders in EFC. 

To test the null hypothesis H06-15 binary logistic regression was 

performed. The results are shown in Table 6.16. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

lower back region for annual prevalence among welders in EFC. The result (χ2 

(7, 1075) = 4.77, p > 0.01) shows no significant influence of predictor variables 

on MSD pain in the lower back region among welders in EFC for annual 

prevalence. Hence, the result supports the null hypothesis H06-15. 

6.5.7 Hip/Thigh/Buttock region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in hip/high/buttock region among the welders 

for annual prevalence. The following hypothesis is advanced. 

H06-16:  The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in hip/thigh/buttock region among the 

welders in EFC. 

To test the null hypothesis H06-16 binary logistic regression was 

performed. The results are shown in Table 6.17. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age and experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘hip/thigh/buttock’ region for annual prevalence among welders in EFC. The 

result (χ2 (7, 1075) = 6.89, p > 0.01) shows no significant influence of predictor 

variables on MSD pain in the hip/thigh/buttock region among welders in EFC 

for annual prevalence. Hence, the result supports the null hypothesis H06-16. 

6.5.8 Knee region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in knee region among the welders for annual 

prevalence. The following hypothesis is advanced. 

H06-17: The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in knee region among the welders in 

EFC. 

To test the null hypothesis H06-17 binary logistic regression was 

performed. The results are shown in Table 6.18. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘knee’ region for annual prevalence among welders in EFC. The result (χ2 (7, 

1075) = 6.32, p > 0.01) shows no significant influence of predictor variables on 

MSD pain in the knee region among welders in EFC for annual prevalence. 

Hence, the result supports the null hypothesis H06-17. 

6.5.9 Ankle/Feet region – annual prevalence 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in ankles/feet region among the welders for 

annual prevalence. The following hypothesis is advanced. 

H06-18:  The personal attributes and employment factors have no influence on 

annual prevalence of MSD pain in ankle/feet region among the welders 

in EFC. 

To test the null hypothesis H06-18 binary logistic regression was 

performed. The results are shown in Table 6.19. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘ankle/feet’ region for annual prevalence among welders in EFC. The result (χ2 

(7, 1075) = 9.59, p > 0.01) shows no significant influence of predictor variables 

on MSD pain in the ankle/feet region among welders in EFC for annual 

prevalence. Hence, the result supports the null hypothesis H06-18. 

6.6  PERSONAL ATTRIBUTES AND EMPLOYMENT FACTORS 

INFLUENCING MUSCULOSKELETAL DISORDER PAIN 

AMONG THE WELDER BODY REGION FOR CAUSING 

ANNUAL DISABILITY 

6.6.1 Neck region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on annual disability caused due to MSD pain in neck 

region among the welders in EFC. The following hypothesis is advanced. 

H06-19:  The personal attributes and employment factors have no influence on 

annual disability caused due to MSD pain in neck region among the 

welders in EFC. 

To test the null hypothesis H06-19 binary logistic regression was 

performed. The results are shown in Table 6.20. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain 

that causes annual disability on neck region among welders in EFC. The results 

of binary logistic regression in Table 6.20 shows χ2 value of 109.84 significant 

at p < 0.01 which  reveals the predictor variables influence MSD pain that 

causes annual disability in neck region among welders in EFC. Hence, the null 

hypothesis H06-19 is rejected. 

For validating the relationship, initially the Log Likelihood value (-2 Log 

Likelihood or -2LL) was examined for its significance. In this model the initial -

2LL value is 1471 which is the measure of the model with no independent 

variables, i.e., only with an intercept or a constant. The final -2LL value was 

1361.15 which is the measure computed after all the predictors have been entered 

into binary logistic regression. The difference between these two measures is the 

model χ2 (1471 – 1361.15 = 109.84) value which is tested for statistical 

significance. The χ2 value of 109.84 is statistically significant at p < 0.01. Hence it 

is concluded that significant influence exists between criterion variable and the set 

of predictor variables.  

To  check  whether  multicollinearity condition is within reasonable limites, 

the values of Variation Inflation Factor (VIF) were examined in Table 6.20. The 

values in VIF columns in the Table 6.20 shows no values above 10 (Myers, 1990) 

which  indicates multi collinearity is within reasonable limits and hence the 

model can be considered for interpretation. 
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The ‘Wald statistic’ significance column in Table 6.20 shows shift work to 

be  significant at p < 0.01.  This shows shift work as the influential  predictor for 

MSD pain in neck region that causes annual disability among welders in EFC. The 

Exp (B) column in Table 6.20 shows a value of 3.19 for shift work which is 

considerably greater than one, hence it is concluded that shift work as a factor 

infuences MSD pain in neck region causing annual disability among welders 

employed in EFC.  

The inferential  Goodness-of-fit Hosmer and Lemeshow test yields a χ2 (8) 

value of 2.61 at p > 0 .01, which is insignificant. This in turn indicates that the 

model fits the data well and the null hypothesis of a good model fit is acceptable. 

Considering the measures discussed it is concluded that shiftwork as a 

factor influence MSD pain in neck  region that causes annual disability among 

welders employed in EFC. 

6.6.2 Shoulder – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on annual disability caused due to MSD pain in shoulder 

region among the welders in EFC. The following hypothesis is advanced. 

H06-20:  The personal attributes and employment factors have no influence on 

annual disability caused due to MSD pain in shoulder region among 

the welders in EFC. 

To test the null hypothesis H06-20 binary logistic regression was 

performed. The results are shown in Table 6.21. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain 

that causes annual disability on shoulder region among welders in EFC. The 

results of binary logistic regression in Table 6.21 shows χ2 value of 64.39 

significant at p < 0.01 which reveals predictor variables influence MSD pain 

that causes annual disability in shoulder region among welders in EFC. Hence, 

the null hypothesis H06-20 is rejected. 

For validating the relationship, initially the Log Likelihood value (-2 Log 

Likelihood or -2LL) was examined for its significance. In this model the initial -

2LL value is 1450 which is the measure of the model with no independent 

variables, i.e., only with an intercept or a constant. The final -2LL value was 

1385.61 which is the  measure computed after all the predictors have been entered 

into binary logistic regression. The difference between these two measures is the 

model χ2 (1450 – 1385.61 = 64.39) value which is tested for statistical significance. 

The χ2 value of 64.39  is statistically significant at p < 0.01. Hence it is concluded 

that significant influence exists between criterion variable and the set of predictor 

variables.  

To  check  whether  multicollinearity condition is within reasonable limites, 

the values of Variation Inflation Factor (VIF) were examined in Table 6.21. The 

values in VIF columns in the Table 6.21 shows no values above 10 (Myers, 1990) 

which indicates multi collinearity is within reasonable limits hence the model 

can be considered for interpretation. 
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The ‘Wald statistic’ significance column in Table 6.21 shows shift work to 

be  significant at p < 0.01. This shows shift work as the influential  predictor for 

MSD pain in shoulder region that causes annual disability among welders in EFC. 

The Exp (B) column in Table 6.21 shows a value of 4.27 for shift work which is 

considerably above greater than one and hence it is concluded that shift work as a 

factor influence MSD pain on shoulder region that causes annual disability  among 

welders employed in EFC.  

The inferential  Goodness-of-fit Hosmer and Lemeshow test yields a χ2 (8) 

value of 5.40  at p > 0 .01, which is insignificant. This in turn indicates that the 

model fits the data well and the null hypothesis of a good model fit is acceptable. 

Considering the measures discussed it is concluded that shiftwork as a 

factor influence MSD pain in shoulder region that causes annual disability among 

welders employed in EFC. 

6.6.3 Elbow region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in elbow region causing annual disability 

among the welders. The following hypothesis is advanced. 

H06-21:  The personal attribute and employment factor have no influence on 

MSD pain in elbow region causing annual disability among welders in 

EFC. 

To test the null hypothesis H06-21 binary logistic regression was 

performed. The results are shown in Table 6.22. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘elbow’ region causing annual disability among welders in EFC. The result (χ2 

(7, 1075) = 14.12, p > 0.01) shows no significant influence of predictor 

variables on MSD pain in the elbow region that causes annual disability among 

welders in EFC. Hence, the result supports the null hypothesis H06-21. 

6.6.4 Wrist/Hand region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in wrist/hand region causing annual disability 

among the welders. The following hypothesis is advanced. 

H06-22:  The personal attributes and employment factors have no influence on 

MSD pain in wrist/hand region that causes annual disability among 

welders in EFC. 

To test the null hypothesis H06-22 binary logistic regression was 

performed. The results are shown in Table 6.23. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables  age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain 

that causes annual disability on wrist/hand region among welders in EFC. The 

results of binary logistic regression in Table 6.23 shows χ2 value of 38.67 

significant at p < 0.01 which reveals predictor variables influence MSD pain 

that causes annual disability in wrist/hand region among welders in EFC. 

Hence, the null hypothesis H06-22 is rejected. 

For validating the relationship, initially the Log Likelihood value (-2 Log 

Likelihood or -2LL) was examined for its significance. In this model the initial -

2LL value is 1426 which is the measure of the model with no independent 

variables, i.e., only with an intercept or a constant. The final -2LL value was 

1387.33 which is the measure computed after all the predictors have been entered 

into binary logistic regression. The difference between these two measures is the 

model χ2 (1426 – 1387.33 = 38.67) value  which is tested for statistical 

significance. The χ2 value of 38.67  is statistically significant at p < 0.01. Hence it 

is concluded that significant influence exists between criterion variable and the set 

of predictor variables.  

To  check  whether  multicollinearity condition is within reasonable limites, 

the values of Variation Inflation Factor (VIF) were examined in Table 6.23. The 

values in VIF columns in the Table 6.23 shows  no values above 10 (Myers, 1990) 

which  indicates multi collinearity is within reasonable limits hence the model 

can be considered for interpretation. 
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The ‘Wald statistic’ significance column in Table 6.23 shows physical work 

load to be  significant at p < 0.05.  This shows physical workload as the influential  

predictor for MSD pain in wrist/hand  region that causes annual disability among 

welders in EFC. The Exp (B) column in Table 6.23 shows a value of 1.13 which is 

considerably greater than one and hence it is concluded that  physical workload as 

factor influence influence MSD pain on wrist/hand region that causes annual 

disability among welders employed in EFC.  

The inferential  Goodness-of-fit Hosmer and Lemeshow test yields a χ2 (8) 

value of 3.51 at p > 0 .01, which is insignificant. This in turn indicates that the 

model fits the data well and the null hypothesis of a good model fit is acceptable. 

Considering the measures discussed it is  concluded that physical workload  

as a factor influence MSD pain in wrist/hand region that causes annual disability 

among welders employed in EFC. 

6.6.5 Upper back region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in upper back region causing annual 

disability among the welders. The following hypothesis is advanced. 

H06-23:  The personal attributes and employment factors have no influence on 

MSD pain in upper back region that causes annual disability among 

welders in EFC. 

To test the null hypothesis H06-23 binary logistic regression was 

performed. The results are shown in Table 6.24. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain 

that causes annual disability in upper back region among welders in EFC. The 

results of binary logistic regression in Table 6.24 shows χ2 value of 33.24 

significant at p < 0.01 which reveals predictor variables influence MSD pain 

that causes annual disability in upper back  region among welders in EFC. 

Hence, the null hypothesis H06-23 is rejected. 

For validating the relationship, initially the Log Likelihood value (-2 Log 

Likelihood or -2LL) was examined for its significance. In this model the initial -

2LL value is 1477 which is the measure of the model with no independent 

variables, i.e., only with an intercept or a constant. The final -2LL value was 

1443.76 which is the  measure computed after all the predictors have been entered 

into binary logistic regression. The difference between these two measures is the 

model χ2 (1477 – 1443.76 = 33.24) value which is tested for statistical significance. 

The χ2 value of 33.24  is statistically significant at p < 0.01. Hence it is concluded 

that significant influence exists between criterion variable and the set of predictor 

variables.  

To check whether multicollinearity condition is within reasonable limites, 

the values of Variation Inflation Factor (VIF) were examined in Table 6.24. The 

values in VIF columns in the Table 6.24 shows no values are above 10 (Myers, 

1990) which  indicates multi collinearity is within reasonable limits hence the 

model can be considered for interpretation. 
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The ‘Wald statistic’ significance column in Table 6.24 shows shift work to 

be  significant at p < 0.01.  This shows shift work as the influential  predictor for 

MSD pain in upper back  region that causes annual disability among welders in 

EFC. The Exp (B) column in Table 6.24 shows a value of 3.03 for the shift work 

which is considerably greater than one and hence it is concluded that shift work 

influence MSD pain on upper back region that causes annual disability among 

welders employed in EFC. 

 The inferential  Goodness-of-fit Hosmer and Lemeshow test yields a χ2 (8) 

value of 9.21 at p > 0 .01, which is insignificant. This in turn indicates that the 

model fits the data well and the null hypothesis of a good model fit is acceptable. 

Considering the measures discussed it is  concluded that shiftwork as a 

factor influence MSD pain in upper back  region that causes annual disability 

among welders employed in EFC. 

6.6.6 Lower back region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in lower back region causing annual 

disability among the welders. The following hypothesis is advanced. 

H06-24:  The personal attributes and employment factors have no influence on 

MSD pain in lower back region that causes annual disability among 

welders in EFC. 

To test the null hypothesis H06-24 binary logistic regression was 

performed. The results are shown in Table 6.25. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age, experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain 

that causes annual disability in upper back region among welders in EFC. The 

results of binary logistic regression in Table 6.25 shows χ2 value of 312.06 

significant at p < 0.01 which reveals predictor variables influence MSD pain 

that causes annual disability in lower back region among welders in EFC. 

Hence, the null hypothesis H06-24 is rejected. 

For validating the relationship, initially the Log Likelihood value (-2 Log 

Likelihood or -2LL) was examined for its significance. In this model the initial -

2LL value is 1164 which is the measure of the model with no independent 

variables, i.e., only with an intercept or a constant. The final -2LL value was 

851.94 which is the measure computed after all the predictors have been entered 

into binary logistic regression. The difference between these two measures is the 

model χ2 (1164 – 851.94 = 312.06) value which is tested for statistical significance. 

The χ2 value of 312.06  is statistically significant at p < 0.01. Hence it is concluded 

that significant influence exists between criterion variable and the set of predictor 

variables.  

To  check  whether  multicollinearity condition is within reasonable limites, 

the values of Variation Inflation Factor (VIF) were examined in Table 6.25. The 

values in VIF columns in the Table 6.25 shows no values above 10 (Myers, 1990) 

which indicates multi collinearity is within reasonable limits hence the model 

can be considered for interpretation. 



Chapter 6   Modeling the Influence of Personal Attributes and Employment Factors on……….... 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 186 

The ‘Wald statistic’ significance column in Table 6.25 shows working 

hours as a factor is significant at  p < 0.05. While  shift work and physical work 

load as factors are  significant at p < 0.01. The Exp (B) column in Table 6.25 

shows a value of 1.94 for working hours, 230.5 for shift work and 1.78 for physical 

work load. The values  are considerably greater than one and hence it is concluded 

that working hours, shift work and physical work load influence MSD pain on 

lower back region that causes annual disability among welders employed in EFC.  

The inferential  Goodness-of-fit Hosmer and Lemeshow test yields a χ2 (8) 

value of 7.63 at p > 0 .01, which is insignificant. This in turn indicates that the 

model fits the data well and the null hypothesis of a good model fit is acceptable. 

Considering the measures discussed it is concluded that working hours,  

shiftwork and physical work load as influential factors for MSD pain in lower back 

region that causes annual disability among welders employed in EFC. 

6.6.7 Hip/Thigh/Buttock region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in hip/thigh/buttock region causing annual 

disability among the welders. The following hypothesis is advanced. 

H06-25:  The personal attributes and employment factors have no influence on 

MSD pain hip/thigh/buttock region that causes annual disability among 

welders in EFC. 

To test the null hypothesis H06-25 binary logistic regression was 

performed. The results are shown in Table 6.26. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age and experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘elbow’ region causing annual disability among welders in EFC. The result (χ2 

(7, 1075) = 13.73, p > 0.01) in Table 6.26 shows no significant influence of 

predictor variables on MSD pain in the hip/thigh/buttock region that causes 

annual disability among welders in EFC. Hence, the result supports the null 

hypothesis H06-25. 

6.6.8 Knee region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in knee region causing annual disability 

among the welders. The following hypothesis is advanced. 

H06-26: The personal attributes and employment factors have no influence on 

MSD pain in knee region that causes annual disability among welders in 

EFC. 

To test the null hypothesis H06-26 binary logistic regression was 

performed. The results are shown in Table 6.27. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor 

variables age and experience, working hours, shift work, nature of employment, 

mode of apprenticeship training and physical workload influence MSD pain on 

‘knee’ region causing annual disability among welders in EFC. The result (χ2 

(7, 1075) = 4.15, p > 0.01) in Table 6.27 shows no significant influence of 

predictor variables on MSD pain in the knee region that causes annual disability 

among welders in EFC. Hence, the result supports the null hypothesis H06-26. 

6.6.9 Ankles/Feet region – annual disability 

This section is on modeling the influence of personal attributes and 

employment factors on MSD pain in ankle/feet region causing annual disability 

among the welders. The following hypothesis is advanced. 

H06-27:  The personal attributes and employment factors have no influence on 

MSD pain in ankle/feet region that causes annual disability among 

welders in EFC. 

To test the null hypothesis H06-27 binary logistic regression was 

performed. The results are shown in Table 6.28. 
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Interpretation 

Binary logistic regression was modeled to assess whether predictor variables 

age and experience, working hours, shift work, nature of employment, mode of 

apprenticeship training and physical workload influence MSD pain on ‘ankles/feet’ 

region causing annual disability among welders in EFC. The result (χ2 (7, 1075) = 

6.46, p > 0.01) in Table 6.28 shows no significant influence of predictor variables on 

MSD pain in the ankles/feet region that causes annual disability among welders in 

EFC. Hence, the result supports the null hypothesis H06-27. 

6.7 SUMMARY AND FINDINGS 

The summary of binary logistic regression modeling results for personal 

attributes and employment factors influencing musculoskeletal disorder pain in 

welders body region are shown in Table 6.29.  

Table 6.29  Summary of binary logistic model results for the influence 
of personal attributes and employment factors on MSD pain 
among welders in EFC - Exp (B)(95% CI)  

Body regions Weekly 
prevalence 

Annual 
prevalence Annual disability 

Neck n.s n.s shift work 
3.19(1.80 – 5.64)* 

Shoulder shift work
7 (3.94 -12.64)** 

shift work 
1.76 (1.02 – 3.06)** 

shift work 
4.27(2.36 – 7.17)** 

Elbow n.s n.s n.s 
Wrist/Hands n.s n.s physical work load 

1.13(0.88 -1.68)** 

Upper back n.s n.s shift work 
3.03(1.72 – 5.364)** 

Lower back n.s n.s 

working hours 
1.94(1.13 – 3.32)* 

shift work 
230 (57.69 -921.28)** 

physical work load 
1.78(1.37 – 2.30)** 

Hip/Thigh/Buttock n.s n.s n.s 
Knees n.s n.s n.s 
Ankles/feet n.s n.s n.s 
**p < 0.01; *p < 0.05; n.s – not significant
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• The binary logistic regression modeling results in weekly prevalence 

column in Table 6.29 shows an Exp(B) value of seven for MSD pain in 

shoulder. This value is considerably greater than one, which indicates 

that “shift work” as a factor induces MSD pain in welders’ shoulder 

region. A finding that can be used as a point for intervention initiatives. 

• The binary logistic regression modeling results in annual prevalence 

column in Table 6.29 shows an Exp(B) value of 1.76 for MSD pain in 

shoulder region. This value is considerably greater than one which 

indicates that “shift work” as a factor induces MSD pain in welders’ 

shoulder region. A finding that can be used as a point for intervention 

initiatives. 

• The binary logistic regression modeling results in annual disability 

column in Table 6.29 shows an Exp(B) value of 3.19  for neck region. 

This value is considerably greater than one which indicates that “shift 

work” as a factor induces MSD pain in welders’ neck region. This MSD 

pain prevents normal activities thereby inducing disability that causes 

presenteeism phenomenon during work. A finding that can be used as a 

point for intervention initiatives. 

• The binary logistic regression modeling results in annual disability 

column in Table 6.29 shows an Exp(B) value of 4.27 for shoulder 

region. This value is considerably greater than one which indicates that 

“shift work” as a factor induces MSD pain in welders shoulder region. 

This MSD pain prevents normal activities thereby inducing disability 

that causes presenteeism during work. A finding that can be used as a 

point for intervention initiatives. 

• The binary logistic regression modeling results in annual disability 

column in Table 6.29 shows an Exp(B) value of 1.13 for wrist/hand 
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region. This value is considerably greater than one which indicates that 

“physical workload” as a factor induces MSD pain in welders 

wrist/hands region. This MSD pain prevents normal activities thereby 

inducing disability that causes presenteeism during work. A finding that 

can be used as a point for intervention initiatives. 

•  The binary logistic regression modeling results in annual disability 

column in Table 6.29 shows an Exp(B) value of 3.03 for MSD pain in 

upper back region This value is considerably greater than one which 

indicates that “shift work” as a factor induces MSD pain in welders 

upper back region. This MSD pain prevents normal activities thereby 

inducing disability that causes presenteeism during work. A finding that 

can be used as a point for intervention initiatives. 

• The binary logistic regression modeling results in annual disability 

column in Table 6.29 shows an Exp(B) value of 1.94 for MSD pain in 

lower back region. This value is considerably greater than one, which 

indicates that “working hours” as a factor induces MSD pain in welders 

lower back region. This MSD pain prevents normal activities thereby 

inducing disability that causes presenteeism during work. A finding that 

can be used as a point for intervention initiatives. 

• The binary logistic regression modeling results in annual disability 

column in Table 6.29 shows an Exp(B) value of 2.30 for MSD pain in 

lower back region. This value is considerably greater than one, which 

indicates that “shift work” as a factor induces MSD pain in welders 

lower back region. This MSD pain prevents normal activities thereby 

inducing disability that causes presenteeism during work. A finding that 

can be used as a point for intervention initiatives. 
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• The binary logistic regression modeling results in annual disability 

column in Table 6.29 shows an Exp (B) value of 1.78 for MSD pain in 

lower back region. This value is considerably greater than one, which 

indicates that “physical workload” as a factor induces MSD pain in 

welders lower back region. This MSD pain prevents normal activities 

thereby inducing disability that causes presenteeism during work. A 

finding that can be used as a point for intervention initiatives. 

• Examining the Table 6.29 Exp (B) value is significant for MSD pain in 

shoulder region among welders for weekly prevalence, annual 

prevalence and annual disability. This is a significant finding which is in 

tune with the findings of Herbert et al. (1976) that manual arc welders 

are prone for MSD pain in shoulders due to static and dynamic loading 

during a welding process. 

• The employment factors shift work, working hours and physical 

workload are significant risk factors, which have higher likelihood of 

inducing musculoskeletal disorder pain among the welders in EFC. 

These factors can be considered for mitigating MSD pain among 

welders in EFC for intervention initiatives to address presenteeism 

phenomenon. 

……… ……… 
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7.1 Introduction 

Work injuries are potentially preventable health issues among workers 

employed in an industrial setting. These work injuries are of two types namely 

reported and non reported work injuries. Reported work injuries are commonly 

found in work injury databases. However, non reported work injuries are the 

ones that cause morbidity, which is suffered in silence by the working 

communities which deters their efficient productive effort and ‘presenteeism’ 

phenomenon. Moreover, for these work injury types, recording system is not in 

place even in developed countries. Further, review of published literature 

related to work injuries reveals causal factors that have higher likelihood of 

influencing work injuries which is based on reported work injuries. Last four 

decades of research provides indisputable evidence that work injuries are 

predictable, preventable and treatable. 

Flourishing growth in all spheres of human life parallel to technology 

has isolated work injury research by invisible boundaries that limit scientific 

advances by limited understanding and collaboration across various branches of 

study. Going by the work injury complexity, its causation and prevention needs 

an interdisciplinary approach in work injury studies.  

Accident and work injury literature developed for causation models 

considers only less frequent highly severe work injuries particularly applicable 
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for process industries. However, in the case of manufacturing industries, highly 

frequent less severe work injuries are critical due to the repetitive nature of the 

job. Depending on the severity, certain types work injuries with bearable pain 

are accepted as integral part of work and are not reported. The present study 

considers highly frequent less severe work injuries, that are treated with first aid 

or left for self healing, for their influence among welders employed by firms in 

this engineering fabrication cluster. Published studies indicate work injuries are 

characteristics of a work place that serves as lead indicators. If these work 

injuries symptoms are addressed it is expected to bring improvement in work 

place and hence reduced severe work injuries. Further, factors like personal 

attributes, employment factors and work factors shows high potential 

characteristic for work injury risk. 

A work system contains many energy interactions between work factor 

domains. These work factor domains contain many characteristic components that 

varies across different occupations and industrial settings. Macro ergonomic 

concepts and approaches consider each work factor domains and its characteristic 

in the form of energy interactions in a industry specific setting. For a worker 

employed in injury free work system, the energy interaction between work factor 

domains and its characteristics should be optimum. Any mismatch in the energy 

interactions between work factor domains and its characteristic components lead to 

the work injury. Survey of literature reveals that interactions between personal 

attribute, employment factors and work factor domain have higher likelihood of 

causing non reported highly frequent less severe work injuries.  

Welding, as a process is potentially hazardous that manifests non 

reported highly frequent less severe work injuries due to high temperature 

interactions among welders practicing the trade. Further, these interactions 

aggravate between different work factors domains due to customized job orders 
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in industrial fabrication environment due to fixed layout facilities. The present 

study brings forth the personal attributes, employment factors and work factor 

domains that influence pain frequencies due to non reported highly frequent less 

severe work injuries and musculoskeletal disorder pain among welders 

employed in fabrication industry.  

7.2 RESEARCH CONTRIBUTIONS 

The contribution of research work are summarized as follows 

• The study identified the gap in the accident and work injury studies 

through literature survey.  

• The study identified the presenteeism phenomenon that is likely to cause 

morbidity due to non reported highly frequent less severe work injuries 

among welders. The presenteeism phenomenon has higher likelihood of 

deteriorating welders effective productive effort. 

• Identified personal attributes, employment factors and work factors from 

literature survey. 

• Developed an instrument for measuring welder related non reported 

highly frequent less severe work injuries, personal attributes, 

employment factors, welder specific work factor domains with their 

charteristic items and musculoskeletal disorder pain. The instrument was 

validated through extensive empirical tests for validity and reliability. 

• Practitioners can use the instrument to measure the influence of personal 

attributes, employment factors, and work factor domains on related non 

reported highly frequent less severe work injures. Further, the 

instrument can be used to measure the influence of personal attributes 

and employment factors on musculoskeletal disorder pain among 

welders. This could provide as a useful tool to the decision makers for 
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designing and developing intervention initiatives for alleviating the 

morbidity among welder for effective productive effort in fabrication 

industries.  

• The pain frequencies due to non reported highly frequent less severe 

work injuries are different between welder population employed by 

firms in engineering fabrication cluster and welders employed by 

organised and unorganised sector fabrication firms. 

• Age significantly influences pain frequencies due to non reported highly 

frequent less severe work injuries among welder population employed in 

engineering fabrication cluster. The result contradicts the findings of no 

relation between age and work injury in work injury literature. 

• Middle age group welders are associated with higher levels of non 

reported highly frequent less severe work injuries. This finding 

contradicts the literature finding that young workers below 25 years are 

more likely to be injured during work. 

• The age influencing pain frequencies due to non reported highly 

frequent less severe work injuries are significant among the welder 

population employed in engineering fabrication cluster. But, the 

relationship is insignificant among the welders employed by organised 

and unorganised sector fabrication firms. This finding that supports the 

inconclusiveness of age and work injury relationship in work injury 

literature. 

• Experience of the welder has no significant influence on non reported 

highly frequent less severe work injuries among welders. 

• Welders employed in extended working hours experience more pain 

frequencies due to non reported highly frequent less severe work 
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injuries. This finding is in tune with literature finding of increased work 

injury risk during extended working hours. The result is significant for 

the welder population and insignificant for the welders employed by 

organised sector firms. This finding indicates an inconclusiveness of 

increased work injury risk among welders employed in extended 

working hours. 

• Shift work significantly influences pain frequencies due to non reported 

highly frequent less severe work injuries among welders in EFC 

population, which is in tune with the literature findings of increased 

work injury risk due to shift work. 

• Nature of employment (regular and adhoc/contract) influence pain 

frequencies due to non reported highly frequent less severe work 

injuries. This finding is in tune with the literature findings that welders 

employed in contract/adhoc basis experience more work injuries. 

• Mode of apprenticeship influences pain frequencies due to non reported 

highly frequent less severe work injuries. Welders who had acquired 

trade knowledge through on-the-job-training methods experience more 

pain frequencies. This finding supports the literature finding that 

welders who lack institutional training, experience increased work 

injury risk. 

• Welders who executed low mean physical workload experience more 

pain frequencies due to non reported highly frequent less severe work 

injuries. This result is significant among welder population employed in 

engineering fabrication cluster and welders employed by unorganised 

sector fabrication firms. However, the result is not significant among the 

welders employed by organised sector firms. This significant finding 

contradicts higher physical workload as the cause of work injuries. 
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• Identified shift work as a factor, which influence musculoskeletal 

disorder pain, which is commonly prevalent in shoulder region among 

the welder population. This pain can continue and cause disability by 

preventing welders in doing their normal activities. This in turn 

promotes presenteeism phenomenon among welder population that leads 

to reduced productive effort during work. 

• Identified shift work as a factor that influences musculoskeletal disorder 

pain in neck, upper and lower back regions among welders, which 

prevents them from doing their normal activities, which reflect in the 

form of morbidity in their work place. This morbidity induced by shift 

work promotes presenteeism phenomenon among welder population 

leading to reduced productive effort during work. 

• Identified physical workload as the factor that influences 

musculoskeletal disorder pain in wrist/hand regions among welders 

which prevents normal activities. This morbidity induced by physical 

workload promotes presenteeism phenomenon among welder population 

leading to deteriorated productive effort during work. 

• Identified working hours as the factor, which influences musculoskeletal 

disorder pain on lower back regions among welders by preventing 

normal activities. This morbidity induced by working hours promotes 

presenteeism phenomenon among welder population leading to 

deteriorated productive effort during work. 

7.3 LIMITATIONS OF THE PRESENT WORK 

Published literatures on the factors influencing welder work injuries are 

scarce. The available literature on welder work injuries are based on 

epidemiological studies, which are based on reported injuries. The factors that 
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influence work injuries are identified from accident and work injury literature, 

which are based on reported injury episodes. This can be considered as a 

limitation of the study. The injury data was collected from the respondent using a 

questionnaire .There is no means of recording work injuries treated with first aid 

for inter observable reference in the work place hence the reliability of the 

response is a matter of concern and can be considered as another limitation of 

the study. Many times the survey was looked upon by the respondents with 

apprehensions as they feared it might interfere with sustainability of their job, 

this may have some bias in the survey response hence considered as limitation 

of the study. The seasonal business cycle promotes welder recruitment on 

adhoc/contract basis this recruitment may have a bearing on the true responses 

and can serve as limitation for the study. 

7.4 SCOPE FOR FUTURE WORK 

This work is an attempt to study the influence of personal attributes, 

employment factors and work factors on non reported work injuries. Majority 

of the accident models and work injury studies are related to process industries 

where accident/injuries are of less frequent highly severe in nature. Generally, 

the job characteristic in a manufacturing environment is of repetitive and highly 

frequent less severe in its character which is likely to cause work injuries that 

interferes with workers productive effort. An immediate need that has to be 

addressed is to prevent acute and chronic work injuries influenced by the 

personal attributes, employment factors, work factors and musculoskeletal 

disorders. This work identifies the acute and chronic nature of work injuries and 

its influential factors that demonstrate the research ability and usefulness of this 

important area of research. The emphasis was given to manufacturing units in 

this research for the reasons stated. The survey instrument developed can also 
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be extended to other manufacturing areas to capture the factors that influence 

non reported work injuries which can be targeted for intervention initiatives 

7.5 CONCLUSION OF THE THESIS 

• Age significantly influences pain frequencies due to non reported highly 

frequent less severe work injuries among welders employed in 

fabrication industry. 

• Experience is not significant in influencing pain frequencies due to non 

reported highly frequent less severe work injuries among welders 

employed in fabrication firms.  

• Working hours influence pain frequencies due to non reported highly 

frequent less severe work injuries among welders employed by 

fabrication firms. 

• Shift work influences pain frequencies due to non reported highly 

frequent less severe work injuries among welders employed in 

fabrication firms. 

• Lower physical workload significantly influences pain frequencies due 

to non reported highly frequent less severe work injuries among welders 

employed by fabrication firms. 

• Nature of employment influences pain frequencies due to non reported 

highly frequent less severe work injuries among welders employed by 

fabrication firms. 

• Mode of apprenticeship training influences pain frequencies due to non 

reported highly frequent less severe work injuries among welders 

employed by fabrication firms. 
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• Health perception, safety culture and social environment work factor 

domains predict pain frequencies due to non reported highly frequent 

less severe work injuries among welders employed in engineering 

fabrication cluster. 

• Shift work, working hours and physical workload influence musculoskeletal 

disorder pain among welders causing morbidity that promotes presenteeism 

reflected in the form of reduced productive effort among welders employed 

in fabrication firms. 

The above identified body regions along with their influencing factors 

can be used for directing interventions to alleviate MSD pain. Further, these 

results can used for work intervention studies to reduce pain due to MSD 

injuries. 

……… ……… 
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Figure AF.1 - Analysis of welder task I 
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Figure AF.2 - Analysis of welder task II 
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Figure AF.3 - Analysis of welder task III 

 



Appendix 

Influence of Personal Attributes and Employment and Work Factors on Work Injuries Among Welders 235 

Figure AF.4 - Analysis of welder task IV 
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Figure AF.5 - Analysis of welder task V 
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Figure AF.6 - Analysis of welder task VI 
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Figure AF.7 Overall classification of energy expenditure factors 
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Figure AF.8 Overall classification of energy replenishment factors 
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Figure AF.9 Classification of physical task demands  

(Energy expenditure loads) 
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Figure AF.10 Classification of mental task demands  

(Energy expenditure loads) 
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Figure AF.11 Classification of physical environment conditions  

(Energy expenditure loads) 
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Figure AF. 12 Classification of social environments  

(Energy expenditure loads) 
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Figure AF.13 Classification of organizational environmental conditions 
(Energy expenditure loads) 
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Figure AF.14 Classification of technical environment conditions  

(Energy expenditure loads) 
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Figure AF.15 Classification of organizational environment condition  

(Energy replenishment loads) 
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Figure AF.16 Classification of social environment conditions  

(Energy replenishment loads) 
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Questionnaire 

0 – Not Applicable 1- Strongly disagree 2- disagree 3-Undecided 4- Agree 5-Strongly agree 

 

 

1] Name:  

Optional 

2] Company you work has SSI registration           

         1. Registered               2. Not registered 

3]  Have you been injured during weldment 

work? 

        1. Yes*              2 No                 

IF YES* 

* State the number of times you used first aid 

to treat your injuries during last one month 

during continued welding work……………… 

4] Age:  

5] How long are you working as a welder 

specify in ___________years. 

6] How long do you work in a day? 

1. 8 hours       2.  More than 8 hours 

7] Do you work in shifts?   

1 Yes        2. No 

8]  Select the type of employment that suits 

you:      

     1. Regular     2. Contract 

9] Mode of Apprenticeship training for 

welder trade knowledge 

1. ITI welder certification 

2. On the job training 

10] Specify the amount of average number of 

welding rods you used frequently during 

weldment work during last one month. 

      Frequently used rod diameter:_________ 

     Average number of rods of Rods:______ 

 

HEALTH PERCEPTION 
1]. I have good health for welding work 

0 1 2 3 4 5 

2]. I have physical fitness to do welding work. 

0 1 2 3 4 5 

3]. I have good physical strength to do 
welding work. 

0 1 2 3 4 5 

4]. I work long hours to complete scheduled 
welding task. 

0 1 2 3 4 5 

SAFETY CULTURE 
5]. Company provides training on health and 

safety. 

0 1 2 3 4 5 

6]. Company has openness on safety policy  

0 1 2 3 4 5 

7]. Company provides adequate training to 
recognize hazards. 

0 1 2 3 4 5 

 8] To complete welding task in time, I 
deviate from safe welding practices. 

0 1 2 3 4 5 

 9].There is significant danger in my work 
place. 

0 1 2 3 4 5 

10]. Job familiarity makes me deviate from 
the safe welding procedures. 

0 1 2 3 4 5 

11]. Practical difficulty is always present in 
following the safety practices.   

0 1 2 3 4 5 

12]. I work consciously to execute safe work 

0 1 2 3 4 5 



Questionnaire 

0 – Not Applicable 1- Strongly disagree 2- disagree 3-Undecided 4- Agree 5-Strongly agree 

13].  I personally ensure safety to execute safe 
work. 

0 ,1 2 3 4 5

14].  I have adequate knowledge in executing 
safe work 

0 1 2 3 4 5

15].  Work injury rate is high in my welding 
trade Practice. 

0 1 2 3 4 5

PHYSICAL TASK CONTENT 
16].  I repeatedly weld by using finger, hands, 

lower arm, Knees, lower back for 
moderate and heavy welding. 

0 1 2 3 4 5

17]. The posture which I use to weld, hurts 
my body.  

0 1 2 3 4 5

18]. I exert reasonable force, on hand and leg 
during welding.  

0 1 2 3 4 5

19]. My daily activities involve standing, 
squatting, crouching, walking climbing, 
crawling. 

0 1 2 3 4 5

20]. I use eyes to recognize flame colour, to 
infer weld quality.  

0 1 2 3 4 5

MENTAL TASK CONTENT 
21]. I use eyes to determine the weld run for 

depositing metal. 

0 1 2 3 4 5

22]. I relate sound for inferring quantity and 
quality of weld. 

0 1 2 3 4 5

23]. My posture has relation in the weld 
quality. 

0 1 2 3 4 5

 

24]. Drawing supplied, makes me to 
understand and do a effective welding,  

0 1 2 3 4 5 

25]. I usually decide on spot to perform  
welding. 

0 1 2 3 4 5 

26].  Welding a intricate job, consumes more 
time for planning and welding.  

0 1 2 3 4 5 

27]. Planning and scheduling followed by 
the firm makes more effective for 
welding work. 

0 1 2 3 4 5 

PHYSICAL ENVIRONMENT 
28]. Noise in welding bay affects my work 

effectiveness. 

0 1 2 3 4 5 

29]. Vibration during welding a job affects 
my weldment effectiveness. 

0 1 2 3 4 5 

30]. Heat generated during welding makes 
me more stressed. 

0 1 2 3 4 5 

31 Work handling equipment (crane) helps 
me to make effective weldment 

0 1 2 3 4 5 

32].  Consistent threat from splinters from 
the weldment affects my job 
effectiveness hence I adjust my posture. 

0 1 2 3 4 5 

33]. Scaffoldings & Supports helps me to 
increase my welding effectiveness. 

0 1 2 3 4 5 

SOCIAL ENVIRONMENT 
34]. Supervisor helps in complicated 

welding job. This makes easier for me 
to weld. 

0 1 2 3 4 5 



Questionnaire 

0 – Not Applicable 1- Strongly disagree 2- disagree 3-Undecided 4- Agree 5-Strongly agree 

35].  Conflict with fellow workers affects 
my job performance. 

0 1 2 3 4 5

36]. Harmonious relation with workers 
increases my work effectiveness. 

0 1 2 3 4 5

37]. Does your coworker help you to solve 
the help to solve problem at work 

0 1 2 3 4 5

TECHNICAL ENVIRONMENT 
38]. Welding jobs are arranged in sequence, 

that aids me for effective weldment.. 

0 1 2 3 4 5

39]. Right tools are available at right place 
for me to weld effectively. 

0 1 2 3 4 5

40]. Logically arranged work layout helps 
me to perform better. 

0 1 2 3 4 5 

41]. I learn from, technically difficult 
situations. 

0 1 2 3 4 5 

42].  I face high demand on doing technical 
auxiliary work as welder 

0 1 2 3 4 5 

PERCEIVED BENEFIT 
43]. I have income security in the as welder 

0 1 2 3 4 5 

44].  Wage I get for my welding job relates 
to my productivity 

0 1 2 3 4 5 

 

 
Kindly Answer for the questions after referring the sketch  

  



Questionnaire 

0 – Not Applicable 1- Strongly disagree 2- disagree 3-Undecided 4- Agree 5-Strongly agree 

Nordic Questionnaire For Musculoskeletal Disorder  

Have you had 
trouble/pain during last 
7 days 

 

Have you at any times 
during last 12 months 
had trouble – (ache, 

pain, discomfort, 
dumbness )  

put a tick mark 

During last 12 months have you 
been prevented for carrying 
normal activities ( eg: work 

,house work, hobbies) 

1.Neck 2.Neck 3.Neck 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

4.Shoulder 5.Shoulder 6.Shoulder 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

7. Elbow 8.Elbow 9.Elbow 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

10.Wrist/Hands 11.Wrist/Hands 12.Wrist Hands 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

13.Upper Back 14.Upper Back 15.Upper Back 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

16.Lower Back 17.Lower Back 18.Lower Back 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

19.Hip/Thigh/Buttock 20.Hip/Thigh/Buttock 21.Hip/Thigh/Buttock 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

22.Knees 23.Knees 24.Knees 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 

25.Ankles/Feet 26.Ankles/Feet 27.Ankles/Feet 

1.No 2.Yes 1.No 2.Yes 1.No 2.Yes 
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