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ABSTRACT 

In this modern complex world, stress at work is found to be 

increasingly a common feature in day to day life. For the same reason, job 

stress is one of the active areas in occupational health and safety research for 

over last four decades and is continuing to attract researchers in academia and 

industry. Job stress in process industries is of concern due to its influence on 

process safety, and worker‘s safety and health. Safety in process (chemical and 

nuclear material) industry is of paramount importance, especially in a thickly 

populated country like India. Stress at job is the main vector in inducing work 

related musculoskeletal disorders which in turn can affect the worker health 

and safety in process industries. In view of the above, the process industries 

should try to minimize the job stress in workers to ensure a safe and healthy 

working climate for the industry and the worker. This research is mainly aimed 

at assessing the influence of job stress in inducing work related musculoskeletal 

disorders in chemical process industries in India.  

Initially a multivariate statistical analysis was carried out utilizing 

exploratory and confirmatory factor analysis with the help of a questionnaire 

survey conducted in chemical process industries in the state of Kerala, India. 

The purpose of this study is to bring to light the determinants of job stress and 

to propose a comprehensive model and an instrument framework for 

measuring job stress in chemical process industries. The analysis revealed four 

factors that influence the job stress in chemical process industries. The analysis 

showed that the physical work factors to be the most and working 

environment to be the least influential factors in inducing the job stress in 

process industries in the country. 



Based on the outcomes of confirmatory factor analysis and the insights 

from the job stress literature, a detailed feedback loop study was carried out for 

the influence of job stress in inducing work related musculoskeletal disorders 

in chemical process industries in India. The causal relationships developed in 

the feedback loop model were based on the available knowledge about the real 

system, outcomes of the confirmatory factor modeling efforts and the insights 

from the literature reviewed. The developed feedback loop model captures the 

dynamic interactions between variables in the system considered which include 

the job stress, its factors of role ambiguity, role conflict, physical work factors, 

work environment, absenteeism and job involvement. All these causal 

mechanisms are combined into a system dynamics model. The two policies of 

improved physical work factors and work environment are clubbed and 

experimented towards the mitigation of job stress induced work related 

musculoskeletal disorders in chemical process industries in India. It has been 

found that this combined policy performs the best towards mitigating the work 

related musculoskeletal disorders in chemical process industries in the country. 

 

Keywords:Job stress, Chemical process industry, Exploratory factor analysis, 
Confirmatory factor analysis,System dynamics modeling, Policy 
experimentation. 
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1.1 Introduction 

This research falls into the broad category of safety system modeling 

and management, and specifically into the assessment of job stress influence 

on work-related musculoskeletal disorders. The job stress in organisations is 

considered as an issue that needs to be addressed. The job stress is in turn a 

vector in inducing the musculoskeletal disorders in the work place. For the 

same reason the assessment of the effect of job stress on work-related 

musculoskeletal disorders is also important from a research point of view. 

The present research work considers the work-related musculoskeletal 

disorders - job stress system in the chemical process industries in India. 

Keeping this in mind, the objectives of the thesis have been framed, and a 

detailed methodology is laid out to attain these objectives. A brief overview 

of the chapters of the thesis is also presented.  

1.2 The Theme 

For most people work is the central part of their lives. It's the place 

where they spend most of their waking hours and most of their energy. 
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2.1 Introduction 

This chapter provides a comprehensive review of literature related to 

the job stress and its influence on work-related musculoskeletal disorders 

research. Research on the job stress and musculoskeletal disorders in 

workers in various industries is carried out widely around the world. Even 

though the research on job stress and its relation to work-related 

musculoskeletal disorders is in plenty, this research in chemical process 

industries in India is sparse. Thus the intent of conducting this review is 

twofold. First, it is aimed to introduce thejob stress and work-related 

musculoskeletal disorders in organisations. Secondly, to understand the 

status of job stress and work-related musculoskeletal disorder research. To 

accomplish these aims, the review of literature is presented in the following 

two sections. 

a) The literature on job stress and work-related musculoskeletal 

disorders; 

b) The job stress and work-related musculoskeletal disorders research 
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3.1 Introduction 

This chapter provides a detailed methodology followed in this 

research on job stress and its influence on work-related musculoskeletal 

disorders in chemical process industries in Kerala, India. This chapter is 

aimed to present the current methods adopted in the present research.  

3.2 Methods Adopted in the Present Research 

The present research work includes methods like questionnaire 

surveys, multivariate statistical modeling which includes exploratory factor 

analysis and confirmatory factor analysis, system dynamics modeling and 

policy planning. These methods are discussed in detailed in the following 

sections. 

3.2.1 Conducting Questionnaire Surveys 

A survey is defined as the systematic procedure of collecting data 

from the population of interest. The aim of the survey is to collect 

quantitative data from a sample which is the true representation of the 
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population. This aim is accomplished through the use of a structured 

questionnaire survey.  

The data can be categorized into primary, secondary and tertiary 

data. The primary data is the most important and indispensable in doing 

successful research. Acquiring of primary data is costly and time consuming 

in nature, whereas secondary and tertiary data are easily procurable but may 

not meet the research purpose. A questionnaire survey is the method of 

collecting primary data in its most reliable manner (Janes, 1999; Menon and 

Mahanty, 2013). 

The questions for the survey have to be carefully designed and hence it 

is a meticulous process. The questionnaire should also be tested for ensuring 

that they meet the purpose. Standard questionnaires are usually available from 

institutes, published articles and research organizations, and which are found 

to be directly utilized for surveying. In such situations, care should be made to 

ensure that the standard questions used are valid in the context of a particular 

country and the related issue addressed. To ensure the same, a pilot survey is 

initially carried out to find out whether the survey questionnaire is rightly 

responding to the research purpose for which it is used.  

There exist three different methods of administering the 

questionnaire which are classified as closed-ended, open-ended and a 

combination of the two (McClelland, 1994). Closed-ended questionnaires 

are used when the responses are known or certain. The respondents are to 

choose from the set of known alternatives provided to them. This type of 

questionnaire consists of questions of the nature of yes or no type, filling the 

blank type, ranking type, or multiple choice types.  Open-ended 
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questionnaire involves collecting the information that is otherwise missed in 

closed-ended type questions (Geer, 1991). In this type, the respondents are 

to answer the questions in their own words, which are in turn intended to 

capture the information in the minds of the respondents. These are usually 

utilized when there is no known hypothesis existing regarding the research 

issue addressed (Menon and Mahanty, 2013). For the present research work, 

a closed-ended questionnaire is utilized.   
 

3.2.2 Multivariate Statistical Modeling  

The generic tool of multivariate statistical analysis has wide 

applications in the broad fields of sociology, psychology, heath care, 

tourism, management science, and various systems modeling. Factor 

analysis is a set of statistical techniques that are used to explore and confirm 

the underlying structure of the data corresponding to a set of 

variables/items. In doing so, they determine those variables/items that tap a 

factor or latent construct (Dyer et al., 2005; Hair et al., 1998). Factor 

analysis is divided into two parts namely, exploratory factor analysis and 

structural equations modeling. The latter is further divided into the statistical 

methods of path analysis and confirmatory factor analysis. The exploratory 

factor analysis brings out the underlying structure of the data thereby 

exploring the factors that are explained by the variables/items. The 

underlying structure identified through the exploratory modeling is 

confirmed through structural equations modeling technique of confirmatory 

factor analysis (Nunnally and Bernstein, 1994). Software like SPSS, 

MINITAB and AMOS are utilized to perform the factor analysis techniques.  
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3.2.2.1 Exploratory Factor Analysis 

Exploratory factor analysis (EFA) is widely utilized to explore the 

underlying structure of a set of observed variables (Child, 1990). EFA is 

basically a data reduction technique. The objective is to condense the 

information contained in a number of original variables into a small set of 

factors with a minimal loss of information (Hair et al., 1998). 

The unobservable characteristics are not directly measurable, but are 

instead latent variables, with observed measures being their indicators in 

concealed behaviour (Raykov and Marcoulides, 2008). These unobservable 

characteristics factors can be measured through some observable variables 

which can be tapped through the questionnaire surveys. Thus, the purpose of 

EFA is to identify the underlying factor structure of the data. This involves 

the factor extraction and factor loadings of each attributes on to a factor.  

3.2.2.2 Confirmatory Factor Analysis  

Structural equation modeling (SEM) is a technique to estimate, and 

evaluate models of linear relationships among a set of observed variables in 

terms of a generally smaller number of unobserved variables (Shah and 

Goldstein, 2006). SEM models consist of observed variables and 

unobserved variables (latent variable) that can be independent (exogenous) 

or dependent (endogenous) in nature. Structural equation modeling is useful 

in inferential data analysis and hypothesis testing where the pattern of 

interrelationships among the study constructs are specified a priori and are 

grounded in established theory (Hoe, 2008). 

Confirmatory factor analysis (CFA) is a special case of structural 

equation modeling. In confirmatory factor analysis, one is not concerned 
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with discovering the underlying factors as in EFA, but instead with 

quantifying, testing, and confirming an a priori proposed or hypothetical 

structure of the relationships among a set of considered measures (Raykov 

and Marcoulides, 2008). To accomplish this aim, CFA requires that 

unobserved variables (or factors or latent variables) and their associated 

observed variables (or manifest variables) be specified before analyzing the 

data (Hair et al., 1998; Shah and Goldstein, 2006). The outcome of 

confirmatory factor analysis is used to examine the fit of the proposed 

measurement model (Torkzadeha et al., 2005). To sum up, CFA is a theory 

or hypothesis testing procedure (Menon and Mahanty, 2013). 

The exploratory factor analysis and structural equation modeling 

have been utilized by some researchers in modeling job stress all over the 

world. Hamel and Bracken (1986) used factor analysis to analyze the 

internal consistency and factorial composition of the job stress questionnaire 

and to compare its factor structure across three occupational groups. The 

factorial composition of the job stress questionnaire and its internal 

consistency were examined using structural equations modeling by Harris et 

al. (1999). Sager (1994) developed and tested a model of sales people’s job 

stress relative to its proposed determinants and outcomes. Jonge et al. 

(2001) examined the reciprocal relationships between job characteristics and 

work-related psychological well-being of health care professionals using 

structural equation modeling. Van Dick and Wagner (2001) tested the 

theoretical model of teacher stress on a large sample using structural 

equation statistics. Elangovan (2001) studied the confusion prevailing over 

the nature of the relationship between satisfaction and commitment in regard 

to employee turnover based on the causal pattern of relationships among 
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stress, satisfaction, commitment, and turnover intentions by employing a 

structural equations analysis approach. Lange et al. (2004) tested their 

hypotheses concerning the causal relationships between job demands, job 

control and supervisor support among a heterogeneous sample of Dutch 

employees using structural equation modeling. Still there exists a vast pool 

of literature on the utilization of factor analysis techniques in developing 

and testing models concerning job stress. This vast literature shows the 

suitability of factor analysis techniques in safety systems and job stress 

modeling. 

3.2.3 System Dynamics Modeling 

System dynamics is a method of analyzing system related problems 

in which time is an important factor and involves the study of how a system 

can be defended against or benefited from the shocks that falls upon it from 

the external world (Coyle, 1977). It is rooted in feedback control theory and 

nonlinear dynamics. System dynamics is used to capture the feedback 

structure of the system which gives rise to the behaviour of the system over 

time and aids in carrying out policy experimentation. 

System dynamics, as a methodology, has the capability to capture the 

delays, non-linearities and the soft components present in the system. 

System dynamics is an approach, which considers the causal mechanisms of 

reality and uses quantitative means to investigate the dynamic behaviour of 

the real world system and its responses to policy decisions. Policy 

experimentation can be carried out by making appropriate changes in the 

structure, model parameters, or in the policies of the management. The 

dynamic behaviour generated through simulation reveals the changes in the 
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key variables over a period of time. Thus, system dynamics helps in 

scenario-generation and in identifying suitable policies for the problem 

considered (Menon and Mahanty, 2013; Sterman, 2000).   

The methodological frame work followed in system dynamics 

modeling in the present research is given in Table 3.1 below. 

Table 3.1: Methodological Framework for System Dynamics Modeling (Adopted 
from Elias, 2012; Menon and Mahanty, 2013) 

Phases Steps 

 

System dynamics modeling 

Developing a causal loop diagram 

Defining variable types 

Constructing a stock and flow diagram 

Developing the simulation model 

Reproducing reference mode behaviour 

Validating the model 

Model experimentation 

Conducting the base run 

Modelling scenarios using the model 

Conducting policy experiments on the model 
 

A causal loop diagram forms the initial step in system dynamics 

modeling. CLDs show the causal relations between the system entities 

through the use of text, arrows and symbols (Stepp et al., 2009). An arrow 

having its tail at the cause variable and its head at the affected variable 

represents the relations between them. The arrow head bears the causal link 

polarity. A positive polarity indicates that the perturbation in the causal 

variable is transmitted in the same direction to the effect variable and a 

negative polarity indicates that the perturbation in the causal variable is 

transmitted in the opposite direction to the effect variable provided ceteris 

paribus. The causal relations finally form feedback loops that are either 
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reinforcing (R) or balancing (B) in nature. Thus a feedback loop or a causal 

loop can be positive or negative in nature. A positive loop, denoted as R-

loop, reinforces the behaviour thereby reinforcing either growth or decline 

of the system. A negative loop, denoted as B-loop, is of balancing nature 

and tries to bring back the system to a desired state (Sterman, 2000).  

Causal loop models are developed heuristically involving iterations. 

The adjacency matrix method is a way to develop the causal loop diagrams. 

The available literature is studied initially and is decomposed into a 

sequence of inferences. Nouns and adjective/noun forms in every inference 

are identified and integrated into a matrix to facilitate selection of variables 

and polarized relationships. This adjacency matrix is finally translated into 

the causal loop diagram (Ali and Ramaswamy, 1993; Camara, 1991; Menon 

and Mahanty, 2013). Thus developed causal loop diagram forms the input to 

the quantitative modeling that involves stock and flow diagrams which are 

in turn utilized to simulate the behaviour over time of the system under 

study.  

3.2.4 Reference Mode Behaviour 

The first step in the system dynamics modeling is to define the 

problem. This problem definition is named reference mode or behaviour 

over time chart. Therefore, a reference mode is a process of defining a 

problem for building a system dynamics model. Reference mode is based on 

historical information and is often described in a graphical form (Menon and 

Mahanty, 2013; Saeed, 1998; Sterman, 2000). 

The reference mode behaviour is a tool used in systems thinking to 

depict the patterns of the key variables in a system over an extended period 
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of time which usually spans from several months to years. The reference 

mode indicates the systemic behaviours of growth, decline, oscillations, or a 

combination of these behaviours (Elias, 2008). The reference mode is to 

capture the trends, directions and variations of key variables considered and 

are not supposed to be based on the numerical value of the variables. 

Therefore, these charts are drawn in a rough sense without any numerical 

values utilized (Elias, 2008; Maani and Cavana, 2000; Menon and Mahanty, 

2013). 

3.2.5 System Dynamics Model Validation 

The appeal of SD models rests in its ability to capture the feedbacks 

in the systems which in turn forms the structure of the system. The system 

structure generates the systemic behaviour. Thus, it is important to ensure 

the capture of a correct system structure before the start of quantitative 

modeling (Gass, 1983; Menon and Mahanty, 2013; Sterman, 2000). 

The work-related musculoskeletal disorders – job stress system is to 

have a direct impact on the day to day working of the chemical process 

industries in any country. For the same reason, the confidence in system 

dynamics model developed for simulating the work-related musculoskeletal 

disorders – job stress system becomes an important issue. System dynamics 

models are mainly built with an aim towards analyzing policies that can 

improve the behaviour of the system in the long run. The policies taken 

towards mitigating the concerned issues are of much importance as wrong 

policies can even result in a further deterioration of the system leaving 

observable negative impacts on the industry under study. Hence these policy 

outcomes should generate confidence in the stakeholders for them to accept 
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those policies before implementation. Validation of the SD models can aid 

in this purpose (Menon and Mahanty, 2013).  

3.3 Conclusions 

This chapter has detailed on the research methodology followed in 

this thesis. The following chapters present the details of the research work 

carried out on the work-related musculoskeletal disorders – job stress 

system in chemical process industries in India. 

 

 
…………. …………. 

 



 

 

 

4.1 Introduction 

In this modern complex world, stress at work/job is found to be 

increasingly a common feature in day to day life. For the same reason, job 

stress is one of the active areas in occupational health and safety research 

for over last four decades and is continuing to attract researchers in 

academia and industry (Edwards, 1992; Lamontagne et al., 2007; Zohar, 

1994). Job stress is found to influence the workplace safety (Hayes et al., 

1998; Noblet and Lamontagne, 2006; Rundmo, 1992), and effect the work-

related musculoskeletal disorders (Caruso and Waters, 2008; Cox et al., 

2000; Haukka et al., 2011; Jones et al., 1998; Lipscomb et al., 2002). 

Previous studies have shown that high job stress leads to low job 

performance (Jamal, 1984; Motowidlo et al., 1986; Westman and Eden, 

1996); low job stress leads to high job performance (Keijsers et al., 1995); 
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Table

Organisation Owned by 
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Table 4.4: In

Variables (Vi) 1 
Q3 .863 

Q2 .846 

Q1 .810 

Q14 -.635

Q6 -.521

Q8 .237 

Q10 .306 

Q4 -.175

Q7 -.358

Q9 -.041

Q12 -.145

Q11 -.146

Q16 .084 

Q17 .108 

Q5 -.298

Q15 .060 

Q19 .202 

Q20 -.045

Q13 -.510

Q18 .148 
 

Extraction Method: Princ
Components Extracted: 8 
 

The present factor e

values. Here the num

equal to or greater t

factor interpretability

interpretability, and 
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nitial Component Matrix (Eight Factors, without Rotation) 

Component (Fj) 
2 3 4 5 6 7 

 .055 .015 .269 -.028 .035 .07

 .081 -.023 .278 -.034 .051 .16

 .115 -.162 .283 -.041 .016 .08

5 -.072 .044 .127 .029 -.022 .47

 .345 .123 .109 -.048 .191 -.19

 .544 .136 -.463 .143 -.086 .01

 .514 .094 -.438 .120 -.108 .04

5 .477 .076 .288 -.100 .235 -.32

8 .414 .167 .326 -.090 .056 -.03

 .392 .088 -.385 .066 -.196 -.02

5 .269 -.548 .138 .531 -.052 -.05

6 .195 -.540 .250 .521 -.122 .09

 -.223 .524 .069 .480 .249 -.19

 .333 .432 .307 .080 -.364 .07

8 .280 -.067 .334 -.172 .143 -.26

 -.213 .401 .007 .582 .359 .03

 .182 -.167 -.028 -.108 .552 .18

5 .343 -.003 -.195 -.079 .499 .45

0 .033 .140 .187 .008 -.131 .51

 .193 .394 .306 .015 -.247 .16

ipal Component Analysis. 
components extracted. 

extraction is carried out using the method

mber of factors extracted is based on the Eig

than one. The solution depicted in Table 4.

y. A varimax rotation was carried out to enha

the rotation converged in 6 iterations. T

neering, CUSAT 

 8 
5 .228 

1 .240 

6 .200 

5 .152 

97 .095 

0 .049 

2 .066 

23 .105 

31 .092 

28 .254 

54 -.111 

0 -.046 

95 .118 

1 -.288 

64 .145 

7 .061 

2 -.444 

6 -.064 

6 .362 

3 -.522 

d of Eigen 

gen values 

.4 has low 

ance factor 

The factor 
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loading cut-off was f

and confirmatory rese

The final rotated and 

an 8 factor structure 

which explained 64

questionnaire items th

under each factor. T

supposed to measure 

Table 4.5: Fin

Variables 1 
Q2 .922 
Q3 .907 
Q1 .883 
Q4  
Q5  
Q6  
Q7  
Q8  

Q10  
Q9  

Q13  
Q14  
Q11  
Q12  
Q15  
Q16  
Q18  
Q17  
Q19  
Q20  

Extraction Method: Prin
Rotation Method: Varim
Rotation converged in 6

Total of 8 fact

conflict (F2), working

ment of an Instrument Framework for Measuring Job St

gineering, School of Engineering, CUSAT   

fixed at 0.4 which is an accepted cut-off in e

earch (Hair et al., 2005; Vinodkumar and Bh

sorted component matrix is given in Table 3

was extracted out with an Eigen value grea

4.465 per cent of the total variance. 

hat measures similar characteristics are loade

Thus a factor represents correlated variable

it indirectly. 

nal Sorted Component Matrix (Eight Factors, with Rotation

Component 
2 3 4 5 6 7 
      
      
      

.714      

.622      

.606      

.590      
 .758     
 .732     
 .617     
  .832    
  .724    
   .833   
   .832   
    .812  
    .803  
     .808
     .758
      
      

ncipal Component Analysis.   
max with Kaiser Normalization. 
6 iterations. 

tors were extracted which were role ambiguity

g environment (F3), physical work factors (F4
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latitude (F5), threat o

responsibilities (F8). T

corresponding questio

(F1: Q1-Q3, F2: Q4-Q

Q16, F7: Q17-Q18 an

Table 4.6: EFA Resu

F1. Role Ambiguity (RA) 
Q1.  I know clearly how mu
Q2.  There are clear, planne
Q3.  I know clearly what is 

F2. Role Conflict (RC) 
Q4.  I have to bend or brea
Q5.  I work with two or mo
Q6.  I receive incompatible 
Q7.  I receive an assignmen

F3. Working Environment
Q8.   The level of noise in t
Q9.   The level of lighting in
Q10. The temperature of m

F4. Physical Work Factors
Q11. Do you have to sit on 
Q12. Do you use keyboard 

F5. Decision Latitude (DL)
Q13. How often your job do
Q14. How often does your j

F6. Threat of Physical Har
Q15. Within the past 12 mo
Q16. Was this disability cau

F7. Social Support (SS) 
Q17. How much can your im
Q18. How much can your sp

F8. Additional Responsibi
Q19.I have to do child care 
Q20.I have the primary res
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f physical harm (F6), social support (F7) and

The extracted 8 factors with their names (F1-F

onnaire items (20 items) along with the item

Q7, F3: Q8-Q10, F4: Q11-Q12, F5: Q13-Q14

nd F8: Q19-Q20) are given in Table 3.6.  

ults Showing Factor Name and Loaded Items with Item Ind
 

uch authority I have. 
ed goals and objectives for my job. 
 expected of me. 

ak a rule or policy in order to carry out an assignment. 
re groups who operate quite differently. 
 requests from two or more people. 
nt without the help I need to complete it. 

t (WE) 
he area(s) in which I work is high. 
n the area(s) in which I work is low. 

my work area (s) is high. 

s (PWF) 
 a chair or stool for one hour or more without a break? 
 for more than one hour a day? 

) 
oes require you to work very fast? 
job require you to work very hard? 

rm (TPH) 
onths, has the kind or amount of work you can do been limited by d
used by your job? 

mmediate supervisor (boss) be relied on when things get tough at 
pouse, friends and relatives be relied on when things get toughat 

ilities (AR) 
 duties apart from my routine job. 
ponsibility for the care of elderly parents or disabled person on a reg

neering, CUSAT 

d additional 

F8) and the 

m indicators 

4, F6: Q15-

icators 

disability? 

work? 
work? 

gular basis. 
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From the deve
(F1: RA) and “role c
floor. The factors “w
factors” (F4: PWF) 
process industry. Th
physical harm” (F6:
industry workers. Fi
“additional responsib
responsibilities of the
items loaded under ea
variance explained an

4.3.2.3 Reliability of

Reliability of a
the instrument measu
designed to measure t
and Mallery, 2009). O
the internal consiste
method, especially i
Cronbach alpha (α )
for demonstrating 
(Nunnally, 1978). In 
above is also conside
Bhasi, 2010). The C
exploratory analysis 
factors to be more t
acceptable limit of 0
developed exhibits a 

ment of an Instrument Framework for Measuring Job St

gineering, School of Engineering, CUSAT   

eloped 8 factor structure, the factors “role a
conflict” (F2: RC) captures the role of work
working environment” (F3: WE) and “phys

captures the working environment in the
he factors “decision latitude” (F5: DL) and 
: TPH) captures the safety concerns of th
inally the factors of “social support” (F7
bilities” (F8: AR) captures the support fo
e workers in chemical process industries in 
ach factor (item indicators), their factor loadi
nd reliability coefficients are depicted in Tabl

f the Scale Developed Through Exploratory

an instrument is the extent to which all the ite
ure the same on repeated trials; and Cronbach
the same internal consistency (Cronbach, 195
Out of various methods used for measuring 

ency method is considered to be the most
in field studies (Vinodkumar and Bhasi, 
value of 0.70 or above is considered to be th
strong internal consistency of establish
the case of exploratory research, ‘α ’value 

ered as significant (Hair et al., 1998; Vinodk
Cronbach’s alpha for internal scale reliabili

was estimated as 0.70; and that for eight 
than a value of 0.65 (Table 4.7) which is 
.6 for exploratory research. Hence, the job s
good degree of reliability. 
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Table 4.7: Results of 
Standardiz

Factors 
(F1-F8) 

Qu

F1: Role Ambiguity (RA) 

F2: Role Conflict (RC) 

F3: Working Environment 
(WE) 

F4: Physical Work Factors 
(PWF) 

F5: Decision Latitude (DL) 

F6: Threat of Physical 
Harm (TPH) 

F7: Social Support (SS) 

F8: Additional 
Responsibilities (AR) 

4.3.3 Development

The study util
underlying data stru
AMOS software pack
this purpose. The aim
obtained in the explor
thereby confirming th

For the structu
technique of maxim
method requires the e
distributed and, ther
AMOS software hel
kurtosis for variable
(Mardia, 1970). The
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 Factor Analysis Showing Factor Name, Loaded Item I
zed Factor Loadings, % Variance Explained and Cronbach Alp
uestionnaire 

items 
Item 

indicators 
Standardized 

factor loadings 
% variance 
explained 

Q1 
Q2 
Q3 

RA1 
RA2 
RA3 

0.883 
0.922 
0.907 

17.899 % 

Q4 
Q5 
Q6 
Q7 

RC1 
RC2 
RC3 
RC4 

0.714 
0.622 
0.606 
0.590 

9.210 % 

Q8 
Q9 
Q10 

WE1 
WE2 
WE3 

0.758 
0.617 
0.732 

7.675 % 

Q11 
Q12 

PWF1 
PWF2 

0.833 
0.832 

 
6.206 % 

Q13 
Q14 

DL1 
DL2 

0.832 
0.724 

 
7.297 % 

Q15 
Q16 

TPH1 
TPH2 

0.812 
0.803 5.752 % 

Q17 
Q18 

SS1 
SS2 

0.758 
0.808 5.359 % 

Q19 
Q20 

AR1 
AR2 

0.752 
0.715 5.065 % 

 

t of Structural Equation Model 

lized structural equation modeling for conf
ucture obtained through exploratory mode
kage for structural equations modeling was u

m of this analysis was to test whether the facto
ratory factor analysis was reflected in the col
he obtained structure.  

ural equations modeling, the most common 
mum likelihood estimation (MLE) was us
endogenous variables to be jointly multivari
refore, distributed normal individually. A 
lps to calculate the critical ratio of the m
es and which is also known as Mardia’s 
e multivariate kurtosis values less than on

neering, CUSAT 

Indicators, 
pha (α ) 

Cronbach 

Alpha (α ) 

0.628 

0.676 

0.689 

0.658 

0.693 

0.691 

0.706 

0.692 

firming the 
eling. The 
utilized for 
or structure 
lected data 

estimation 
sed. MLE 
ate normal 

utility in 
multivariate 

coefficient 
ne indicate 
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negligible non-norma
greater values indicat
this study, the variab
between -1.3 and 5 w

The developed
The observed variabl
are shown as boxes w
as ovals in the model
degree of error associ
not shown in the Figu

To assess the
goodness of fit indice
error of approximatio
index (NFI), relative
RMSEA and CFI ind
because of their sens
and Bentler, 1999). T
from Ory andMokht
model fitted the data 

Table 4.8: Go

Goodness-of-fi

Chi-square/degrees of freedo
Root mean square error of ap
Comparative fit index (CFI) 
Normed fit index (NFI) 
Relative fit index (RFI) 
Incremental fit index (IFI) 

ment of an Instrument Framework for Measuring Job St

gineering, School of Engineering, CUSAT   

ality, 1 to 10 indicates moderate non-norm
te severe non-normality (Ory and Mokhtarian
bles of study had a critical ratio of the kurto
which shows the data to be multivariate norma

d structural equations model is depicted in F
les, which are the questionnaire items (item i
while the latent variables, which are factors, 
. Each latent and observed variable are havin
iated with it which was included in the analy
ure 4.1.  

e quality of model specification, we have c
es like chi-square/degrees of freedom, root m
on (RMSEA), comparative fit index (CFI), n
e fit index (RFI) and incremental fit index 
dices were used as these two indices were reco
sitivity to model misspecification (Bandalos,
The acceptable ranges for the indices used a
tarian (2009). From Table 4.8, it is eviden
well. 

odness-of-Fit Measures for the Structural Equations Mode

it measures Goodness-of-fit for 
the proposed model Accep

om, df/2χ  3.216 0.

pproximation (RMSEA) 0.046 0.
0.922 0.
0.892 0.
0.890 0.
0.923 0.
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mality, and 
n, 2009). In 
sis to vary 

al.   

Figure 4.1. 
indicators), 
are shown 

ng a certain 
ysis but are 

considered 
mean square 

normed fit 
(IFI). The 

ommended 
, 2002; Hu 

are adopted 
nt that the 

el 

ptable limits 

02 – 4.80 

00 – 0.13 
88 – 1.00 
72 – 0.99 
78 – 0.91 
88 – 0.98 
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4.1: Complete Structural Equations Model Developed 

RA 

RC 

WE 

AR 

PWF 

DL 

TPH 

SS 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 

Q18 

Q19 

Q20 

0.84 

0.93 

0.92 

0.41 

0.65 

0.48 

0.74 

0.26 

0.61 

0.39 

0.59 

0.82 

0.65 

0.65 

0.81 

0.48 

0.49 

0.59 

0.40 

0.39 

0.17 

 

0.71 

55 

0.33 

-0.21 

0.10 

neering, CUSAT 
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4.4 Conclusions  
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as conducted in the developing country In

tifying the determinants of job stress and to d

ork for measuring job stress in chemica

ntry. The study uncovered eight factors (or di

RA), role conflict (RC), working environm

s (PWF), decision latitude (DL), threat of phy

t (SS) and additional responsibilities (AR) to

al process industries in India. It was also rev

ole ambiguity, role conflict, working environ

s as the main inducers of job stress in chemic

ntry. From our study, it is found that the jo

chemical process industries is most influenc

the least by threat of physical harm (TPH

hysical work factors and working environme

ence the job stress in chemical process indus

ob stress in Indian chemical process industr

n eight dimension structure composed of th

nsions.  

d instrument thus standardised can be used t

ss in chemical process industries in India. A

with respect to each dimension can be com

ess industries in India. The job stress level in

emical process industry with respect to a 

rage value of that dimension score per item. T
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an indication of the 
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that the management 
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management activiti
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4.5 Summary of t
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job stress level in a chemical process ind

ar dimension. These can be the reference poi

he chemical process industry upon which the

ould be targeted.  

ment implication of this study is straight for

entified in chemical process plants through t

ed through management activities. This in tu

can take actions that can effectively bring d

ds this, the management should find time and

hese identified eight dimensions could be re

er’s job stress related health problems. The 

t can be used to evaluate the level of job

dustries in India at any point of time and

ies towards mitigating the same. More

sed as a benchmark tool for different chemic

for departments in a chemical process in

job stress prevailing. 

this Study 

study are given below. 

factor analysis revealed the underlying struct

the extraction of eight factors characterizin

mical process industries in India. They ar

) role conflict, 3) physical work factors,

5) decision latitude, 6) threat of physical

t, and 8) additional responsibilities. 

neering, CUSAT 
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factor analysis has confirmed the data

rough exploratory analysis that has incr

n the dimensions extracted out. Thus, these

re distinct and have practical significance.   

role ambiguity was found to be the most influ

sical harm to be the least influential on the jo

cess industries in the country.  

of role conflict, physical work factors 

were also found to have considerable inf

stress in chemical process industries in India. 
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5.1 Introduction 

The job stress is discussed widely as it is of concern over increasing 

work-related musculoskeletal disorders in workers in chemical process 

industries in India. The penalties of stress include health harms and 

reduction in work success. It pressure negatively on the organization and the 

individual’s physical and mental system. This could result in summary 

performance, absenteeism, accidents, unprincipled behaviour, displeasure 

and sickness. Continued high levels of stress can direct to serious health 

circumstances including hypertension cancer, and psychological illnesses 

such as sadness or collapse (Palmer et al., 2003). According to Kyriacou 

(1989), symptoms of stress in workers are manifested in frustration, damage 

performance, and split relationships at work and at home. Researchers agree 

that a certain extent of stress is a usual part of life, but prolonged stressors 
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could lead to sign

(O’Driscoll and Beeh

The studies of
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ymakers understand these feedback effect
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Table 5.6: D
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6.1Introduction 

A causal loop diagram is used to understand the system considered 

and the interrelations between the system variables. But causal loop 

diagrams have several limitations, one of which is their inability to capture 

the stock and flow structure of systems. Thus, the causal loop diagrams 

along with the stock and flow diagram completes the means for 

communicating the system structure (Morecroft, 1982; Richardson, 1985). 

The variable of job stress is influenced by various factors like role 

ambiguity, role conflict, neuroticism and rumination, all of which in turn 

induces and influence the work-related musculoskeletal disorders in 

chemical process industries in India. The dynamic interaction between these 

systemic variables can be effectively captured utilizing the system dynamics 

modeling. 
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6.6 Discussion on
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2 0.17 0.5 

3 0.15 0.5 

4 0.23 0.68 

5 0.35 1.0 

6 0.51 1.5 
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8 1.08 3.0 

9 1.61 5.0 

10 2.28 7.0 
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0.17 0.50 1.14 3.41 1.13 

0.17 0.51 1.05 3.15 0.67 

0.17 0.52 0.92 2.75 0.40 

0.18 0.53 0.73 2.20 0.23 

0.18 0.55 0.55 1.65 0.13 

0.17 0.52 0.40 1.19 0.06 

0.14 0.43 0.27 0.81 0.03 
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7.1 Introduction 

This chapter gives the summary of the work done in the thesis 

followed by the conclusions of the research work undertaken and the 

contributions of the research work in the area of work-related 

musculoskeletal disorders – job stress system. The chapter also gives the 

scope for future work in the present line of research and finally the 

conclusion is laid out.   

7.2 Summary of Work Done in the Thesis   

The research work done in the thesis is summarized below: 

1. The present research has considered the issues of increasing work-

related musculoskeletal disorders in relation to job stress in chemical 

process industries in India.  

2. A literature survey is carried out on job stress and its related factors 

on musculoskeletal disorders in India. 
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Appendix A – The Questionnaire 

 
Name of the Company :   

Designation : 

Work Experience : 

Educational Qualification : 

Age : 

What is your gender? 

1. Male   2.Female  

What is your marital status? 

1. Married   2.Unmarried  3.Single, divorced  4.Single, widowed  

Please  against only one appropriate answer for each question in the box provided 

Q 1. I know clearly how much authority I have. 

1. Very clear  2. Mostly clear  3. Slightly clear   4. Not clear  

Q 2. There are clear, planned goals and objectives for my job. 

1. Very clear  2. Mostly clear  3. Slightly clear   4. Not clear  

Q 3. I know clearly what is expected of me. 

1. Very clear   2. Mostly clear  3. Slightly clear   4. Not clear  

Q4. I have to bend or break a rule or policy in order to carry out an assignment. 

1. Never      2. Occasionally    3. Sometimes  4. Fairly often  

5. Very often  
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Q5. I work with two or mor

1. Never     2. Occ

5. Very often  

Q6. I receive incompatible r

1. Never     2. Occ

5. Very often  

Q7. I receive an assignment

1. Never     2. Occ

5. Very often   

Q8. The level of noise in the

1. Strongly disagree 

5. Strongly Agree  

Q9. The level of lighting in t

1. Strongly disagree 

5. Strongly Agree  

Q10. The temperature of m

1. Strongly disagree 

5. Strongly Agree  

Q11. How often does your j

1. Rarely      

5. Very often  

Q12. How often does your j

1. Rarely      

5. Very often  

Q13. Do you have to sit on 

1. Never     2. Occ

5. Very often  

        Division of Safety and Fire Engineering, School of Engin

re groups who operate quite differently. 

casionally   3. Sometimes  4. Fairly

equests from two or more people. 

casionally   3. Sometimes  4. Fairly

t without the help I need to complete it. 

casionally   3. Sometimes  4. Fairly

e area (s) in which I work is high. 

  2. Disagree   3. Neutral  4. Agree

the area (s) in which I work is low. 

  2. Disagree   3. Neutral  4. Agree

y work area (s) is high. 

  2. Disagree   3. Neutral  4. Agree

job require you to work very fast? 

2. Occasionally  3. Sometimes   4. Fairly

job require you to work very hard? 

2. Occasionally   3. Sometimes  4. Fairly

 a chair or stool for one hour or more without a break? 

casionally   3. Sometimes  4. Fairly

neering, CUSAT 

y often  

y often  

y often  

e  

e  

e  

y often  

y often  

y often  



 Division of Safety and Fire En

Q14. Do you use keyboard f

1. Never     2. Occ

5. Very often  

Q15. In the past twelve mo

to some disabilities.  

1. Strongly disagree 

5. Strongly Agree  

Q16. In the past twelve mo

1. Strongly disagree 

5. Strongly Agree  

Q 17. How much can you
work? 

1. Very much  

5. Don’t have any such

Q18. How much can your 

work? 

1. Very much  

5. Don’t have any such

Q19. I have to do child care

1. Strongly disagree 

5. Strongly Agree  

Q20. I have the primary r

regular basis.  

1. Strongly disagree 

5. Strongly Agree  

T

 

Q

gineering, School of Engineering, CUSAT   

for more than one hour a day? 

casionally  3. Sometimes   4. Fairly

onths, I have been restricted from doing my routine job at l

  2. Disagree   3. Neutral  4. Agree

nths, my job has been a vector for my disability/disabilities

  2. Disagree   3. Neutral  4. Agree

r immediate supervisor (boss) be relied on when things 

2. Somewhat  3. A little   4. Not at all  

h person   

 spouse, friends and relatives be relied on when things 

2. Somewhat   3. A little  4. Not at all  

h person  

e duties apart from my routine job. 

  2. Disagree   3. Neutral  4. Agree

responsibility for the care of elderly parents or disabled

  2. Disagree   3. Neutral  4. Agree

 

Thank you for completing the questionnaire  
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y often  

east once due 
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 get tough at 

 get tough at 
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d person on a 

e  
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Have you at any times duri

in the figure below? If your 

        Division of Safety and Fire Engineering, School of Engin

ng last 12 months had trouble on any of the parts of you

 answer is “YES”, please put a  mark in the correspondin

 
…………. …………. 

neering, CUSAT 

ur body shown 

ng boxes. 

 



 
Appendix B - System Dynamics Model Equations 

Job_Stress(t) = Job_Stress(t - dt) + (Stress_Increase_Rate - 

Stress_Release_Rate) * dt 

 

INIT Job_Stress = 1 

 

INFLOWS: 

Stress_Increase_Rate = 

Job_Induced_Anxiety*Job_Involvement*Physical_Work_Factors*Work_E

nvironment* 

2.5 

 

OUTFLOWS: 

Stress_Release_Rate = Job_Stress 

Absenteesm = Job_Stress*WRMSD_Fraction 

Job_Induced_Anxiety = Neuroticism*Rumination 

Job_Involvement = Job_Satisfaction/Absenteesm 

Job_Satisfaction = (Job_Security/Job_Induced_Anxiety)*3.5 

Job_Security = Absenteesm/1.25 

Neuroticism = Role_Ambiguity/Role_Conflict 

Rumination = Neuroticism/Job_Security 

Structure = Supervisor's_Performance/0.3 
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WRMSD_Fraction = 

Physical_Work_Facto

(0.00, 0.00), (1.00, 0

0.595), (6.00, 0.655),

(11.0, 0.915), (12.0, 0

 

Role_Ambiguity = G

(0.00, 0.035), (20.0, 

5.32), (120, 6.06), (14

 

Role_Conflict = GRA

(0.00, 0.01), (20.0, 0

0.785), (120, 0.84), (1

 

Supervisor's_Perform

(0.00, 0.00), (1.00, 

15.5), (6.00, 22.5), 

(11.0, 83.0), (12.0, 95

 

Work_Environment =

(0.00, 0.005), (1.00, 
0.12), (6.00, 0.145), 
(11.0, 0.66), (12.0, 0.

           Division of Safety and Fire Engineering, School of Engi

3 

ors = GRAPH(TIME) 

0.195), (2.00, 0.325), (3.00, 0.445), (4.00, 0.

 (7.00, 0.715), (8.00, 0.77), (9.00, 0.815), (10

0.975) 

GRAPH(Structure) 

1.09), (40.0, 2.38), (60.0, 3.61), (80.0, 4.

40, 6.51), (160, 6.83), (180, 6.93), (200, 7.00)

APH(Structure) 

0.175), (40.0, 0.44), (60.0, 0.595), (80.0, 0

140, 0.89), (160, 0.94), (180, 0.98), (200, 0.99

mance = GRAPH(TIME) 

1.00), (2.00, 4.00), (3.00, 6.00), (4.00, 10

(7.00, 31.5), (8.00, 42.5), (9.00, 52.0), (10

5.5) 

= GRAPH(TIME) 

0.02), (2.00, 0.04), (3.00, 0.06), (4.00, 0.0
(7.00, 0.19), (8.00, 0.29), (9.00, 0.385), (

985 

neering, CUSAT 

53), (5.00, 

0.0, 0.865), 

.52), (100, 

) 

0.7), (100, 

95) 

0.5), (5.00, 

0.0, 68.0), 

09), (5.00, 
10.0, 0.5), 
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