
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 12, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 281 

Multivariate Analysis for Underground Mine Worker’s Accident 

Investigations 
M. K. Singh1 U. K. Dey2 Sankha Sarkhel3 

1,3Research Scholar 2Assistant Professor 
1,2,3Department of Mining Engineering 

1,2,3BIT Sindri, Dhanbad, Jharkhand, India
Abstract— This paper significantly contributes to address 

the problem of occupational injury prevention and control 

strategies through the investigation and application of 

epidemiological methods to underground mines.  The 

epidemiological methods developed in this work will assist 

the safety management to identify significant risk factors 

and the risk groups which can provide a basis to develop 

prevention strategies including training.  The findings of the 

multivariate statistical analyses indicate that both the 

personal and impersonal factors affect the occurrence of an 

injury. In this study although 12 risk factors were suspected, 

the epidemiological analysis suggested that only 5 factors 

are statistically significant. These are age, perception of 

working condition, emotional stability, job stress and safety 

performance. The structural equation modeling results 

revealed that personality (emotional stability and 

impulsiveness), maturity (age and experience), and job 

characteristic (perception of working condition, safety 

environment, and management and supervision) were 

significant predictors of occupational injury.  The analyses 

indicated that the variables describing personality and job 

characteristic had also indirect and negative effect on 

occupational injury via job stress, job satisfaction, job 

involvement and safety performance. Specifically, the 

management should pay due attention towards the problems 

of working environment and safety of the workers.  

Moreover, workers should be trained to develop the positive 

psychological traits to maintain the balance between rigidity 

and flexibility which is helpful in injury prevention. 

Workers with negative traits like emotionally instable and 

older workers should be employed in less hazardous job.  

The occupational injury research community cannot 

effectively evaluate and implement prevention strategies on 

its own; neither can industries, nor employers, nor workers 

at risk.  They all have to do it together in partnership. 

Key words: Occupational injury, Risk, Epidemiology, Safety 

management, Statistical analysis, Structural equation 

modeling 

I. INTRODUCTION 

Mining is considered one of toughest and most hazardous 

occupations. The underground mine-workers have to work 

in severe working conditions in narrow openings with 

substantial heat and humidity, heavy noise and vibration, 

poor illumination, airborne dust and noxious gases. These 

physical hazards pose a serious problem in managing the 

safety and health risks of mine workers. As a result, 

accidents/injuries are prevalent across all commodities in 

underground mining. In India, the hazardous nature of 

coalmine operations can easily be depicted from the national 

statistics of mine accidents and injuries. In India, in year 

2014 total number of fatal accidents were 119, resulting 

total fatalities of 124. Total number of serious accidents 

were 379, resulting total number of persons injured 404. Out 

of these, 84 fatal accidents were only in coal mines, 

resulting total fatalities of 87 and total number of serious 

accidents 337 resulting total persons injured 353 [1]. The 

basic causes of high injury rates are unsafe conditions, 

unsafe acts, or both. Unsafe behaviour is said to both 

directly and indirectly contribute to 90% of all workplace 

accidents and incidents. Unsafe conditions may arise 

through insufficient mine design, unanticipated geological 

conditions, inadequately maintained equipment, inadequate 

supervision, or a combination of these factors [2]. Unsafe 

acts mainly arise through human behaviour. There is a 

popular notion that employees’ unsafe acts are the primary 

causes of workplace accidents, but a number of authors 

suggest a perspective that highlights influences from 

operating and social systems. Identification of these factors 

may play an important role in accident mitigation. 

II. INJURY EPIDEMIOLOGY  

One special type of epidemiological analysis that plays an 

important role in environmental and occupational health is 

injury epidemiology. The public health approach, based on 

the scientific methods of epidemiology, was applied very 

successfully to infectious diseases around the world for 

centuries. Beginning 1950s, application of epidemiology 

emphasized a broader application to injury prevention, 

although it was not widely applied until several decades 

later [3]. Epidemiological researches examine patterns of 

injury in the population and then try to determine why 

certain groups or individuals develop an injury whereas 

others do not. A few epidemiological studies have addressed 

the role of personal as well as impersonal factors to examine 

whether these factors have significant statistical associations 

with occupational injuries in coal mines.  Special attention 

has been paid to human behavioural factors responsible for 

mine accidents. Epidemiologic studies of occupational 

injuries have largely been descriptive in nature.  These 

studies describe the distribution of injured persons (number 

and rates) usually in terms of person, place, and time 

characteristics and are useful for identifying hazardous 

industries, occupations and work situations. A frequent 

limitation of such studies is lack of information on the total 

population exposed and/or total time of exposure. Although 

epidemiological investigation of occupational injury has 

become popular in USA, France, UK and Canada, during 

the last decade and that there is a growing awareness of it in 

the rest of the world, it is relatively a new area of research in 

India.  So far injury epidemiology has been mainly applied 

in the chemical industry, roadway safety, railway safety, 

nuclear processing plant and construction industry.  No 

extensive research in this area, except few, has been 

undertaken in coal mining industry. It is therefore required 

to study the same in coal mining industry in Indian scenario. 
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A wealth of information is available on the role of human 

elements in injuries and on ways to change unsafe 

behaviour. It is important to determine what factors are 

causing injuries in mines so that appropriate preventive 

measures can be taken.  

A. Design in Epidemiological Study 

There are two principal study designs used in 

epidemiological work. These are a prospective or cohort 

study design and a retrospective or case-control study 

design. A prospective study is a study in which a group of 

accident/injury free individuals is identified at one point in 

time and is divided or classified into an exposure group and 

a control group.  Both groups are followed over a period of 

time until some of them face accident/injury. The 

occurrence of injury is then related to other variables 

measured at baseline, generally referred to as a cohort.  Thus 

another name for this type of study is a cohort study.  If the 

rates of cases of injuries in the exposed group are 

significantly higher than the rates in the control group, then 

the variables measured at baseline are considered to be 

associated with causing the injury. Prospective studies in 

epidemiological research are the most difficult studies to 

conduct and are rare in comparison to other study designs. A 

retrospective study is a study in which two groups of 

individuals are initially identified: (i) a group that has faced 

injury (the cases) and (ii) a group that has not faced injury 

(the controls). An attempt was then made to relate their 

background to their injury status (injury or no injury).  This 

type of study is also sometimes referred to as a case-control 

study.  This design is often the fastest and least expensive.  

Therefore, in this study retrospective study design was 

considered [4]. 

B. Steps in Epidemiological Analysis 

The first step of successful analysis is to lay out an analytic 

strategy in advance.  A thoughtfully planned and carefully 

executed analysis just as critical for a field investigation as it 

is for a protocol-based study.  Planning is necessary to 

assure that the appropriate hypotheses will be considered 

and that the relevant data will be appropriately collected, 

recorded, managed, analyzed, and interpreted to evaluate 

those hypotheses.  Therefore, what and how to analyze the 

data needs to be decided before designing the questionnaire, 

not after collection of the data.  Figure 1 illustrates the steps 

in an analysis starting from hypotheses. Once the hypotheses 

to be evaluated are determined the data need to be collected 

to test the hypotheses must be decided. 

III. MULTIVARIATE ANALYSIS 

Multivariate analysis is based on the statistical principle of 

multivariate statistics, which involves observation and 

analysis of more than one statistical outcome variable at a 

time. This essentially models reality where each situation, 

product, or decision involves more than a single variable. 

Multivariate analysis may be done in two way as Logistic 

regression approach and Structural equation modeling [5]. 

In this study, the variables namely working condition, 

management and supervision, and safety environment were 

considered as impersonal factors.  Personal factors included 

demographic factors and psychological factors. Based on an 

extensive literature review various psychological factors 

considered were the following: risk taking behaviour, 

impulsiveness, emotional stability, job involvement, job 

satisfaction, job stress and safety performance. Age and 

experience were related to demographic factors. Safety 

performance of the workers was administered by the 

supervisors. Hypotheses were formulated to test the 

significance of these factors in coal miners’ injury 

occurrence. Specifically the following areas were explored 

in this thesis: (i) whether all the suspected risk factors as 

considered above have significant role in the occurrence of 

coal miners’ injuries, (ii) which categories of workers are 

the risk groups of workers, (iii) how much times the risk is 

higher for the risk group of workers in comparison to the 

other group of workers, (iv) whether the significant risk 

factors are varying with the occupation of the workers, (v) 

whether there are any causal relationships among the risk 

factors and injury, and (vi) whether there are any indirect 

effects of variables on injury. 

A. Logistic Regression Model 

The logistic model deals directly with the probability 

function.  It treats each individual as a separate observation 

rather than grouping them to estimate the probabilities.  The 

logistic regression analysis examines the influence of 

various risk factors on a dichotomous outcome by 

estimating the probability of the event’s occurrence. It does 

this by examining the relationship between one or more 

independent variables and the log odds of the dichotomous 

outcome by calculating changes in the log odds of the 

dependent variable as opposed to the dependent variable 

itself.  The odds ratio is the ratio of two odds and it is a 

summary measure of the relationship between two variables. 

The use of the odds ratio in logistic regression provides a 

more simplistic description of the probabilistic relationship 

of the variables and the outcome in comparison to a linear 

regression by which linear relationships and more rich 

information can be drawn.  The logistic model deals directly 

with the probability function.  It treats each individual as a 

separate observation rather than grouping them to estimate 

the probabilities. 

If xage, xexp, xwc, xse, xms, xrt, ximp, xes, xji, xjs, xjst, and 

xsp represents the risk factors age, experience, working 

condition, safety environment, management and 

supervision, risk taking behaviour, impulsiveness, emotional 

stability, job involvement, job satisfaction, job stress, and 

safety performance (independent variables) and y is a 

binomial-outcome variable with probability of injury = p, 

then the multivariate logistic-regression model is given by 

 logit(p) = ln p/1-p = 0 + age xage + exp xexp. +…+ rt xrt 

+............ + sp xsp………….(1). 

ln p/1-p is called the logistic transformation and it 

is used as the dependent variable. The term p/1-p is known 

as the odds of risk. 

Structural Equation Modeling 

    In logistic analysis the factors are considered purely 

independent; whereas, they are not so.  For example, it may 

be hypothesized that there are some interrelationships 

among the factors which are considered in this study.  

Specifically, it is required to assess how much of the effect 

of a risk factor A (exposure) on a response C is mediated 

through an intermediate variable B.  Moreover, when 

several variables are taken into account simultaneously 
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without considering their causal relationships multivariate 

analyses are warranted. Structural equation modeling 

appears particularly promising in this situation. There are 

two areas in which structural equation modeling appears 

particularly useful. First, threat to internal validity can be 

incorporated explicitly in the model through latent variables.  

Second, structural equation modeling is useful for 

evaluating causal relationships in which the indirect and 

direct effects of variables specified by theory are taken into 

account. There is not a large literature on this problem; on 

the contrary intermediate variables are the pariah of 

epidemiology textbooks. Causal interpretation of statistical 

analyses has generated an increasing amount of interest over 

the last two decades. In this study the role of behavioural 

factors on injury outcome was investigated. The primary 

contributory factors were ranked in order to establish the 

casual relationships between them. Multivariate analysis 

was used to determine the nature of these relationships 

across all factors. The results provide more specific and 

epidemiological information about the causal interactions 

among human behavioural factors which lead to 

occupational injury. 

IV. RAW DATA COLLECTION AND SCALING 

The case study mines were visited number of times for the 

following purposes: (i) collection of basic information of the 

case study mines, (ii) collection of accident data for the last 

five years to perform statistical analysis, and (iv) perform 

interviews of workers and supervisors based on Worker’s 

Response Device (WRD) and Supervisor’s Response Device 

(SRD).  The SRD was prepared to administer the safety 

performance of the workers.  The WRDs were filled up by 

interviewing the workers separately in a lonely place.  Each 

of the interviews required a time span of 45 minutes.  In this 

way interviews were taken from 404 workers.  Equal 

number of subjects was taken from case group and control 

group of workers. While collecting the samples, number of 

loaders considered was more compared to other types of 

workers as most of the injuries were experienced by loaders.  

The SRDs were filled up by interviewing those supervisors 

who would know the workers very well.  The relevant data 

collection and the interview process required a number of 

visits to the case study mines.  The total time required was 

more than six months to complete this process. The cases 

studied consisted of 202 miners randomly selected among 

the  workers who faced injury at least once during the five-

year period 2006-2010; 140 of them were loaders who were 

engaged in loading coal on mine tubs at the working faces 

from where coal was extracted; the others were trammers, 

timber mistri/majdoor, dressers, haulage workers, drillers, 

etc. (62 workers).   One control with the same job and from 

the same mine was matched to each case. The controls were 

selected among the underground miners who did not 

experience any injury in their career. The management of 

the case study mines were approached for the oral 

questionnaire survey.  An overwhelming response and co-

operation were obtained from them.  Every worker who was 

approached for personal interview participated in the 

study.Univariate and multivariate analyses were conducted 

on the collected data of mines. All the factors were 

measured through questionnaire development based on 

scaling.  Scaling describes the procedure of assigning 

numbers to various degrees of opinion, attitude and other 

concepts.  This can be done in two ways viz. (i) making a 

judgment about some characteristics of an individual and 

then placing him directly on a scale that has been defined in 

terms of those characteristics and (ii) constructing 

questionnaires in such a way that the score of individuals 

responses assigns him a place on a scale.  As it is difficult to 

judge the characteristics of a coal miner unless he is known 

for a period of time, questionnaires were developed to assess 

his characteristics.  As most of the coal miners are illiterate, 

non-preference judgments are accepted over subjective 

personal preference judgments.  In the latter case, the 

respondent is asked to comment on issue or which solutions 

he would like to see employed whereas in the former case he 

is simply asked to choose the correct alternative according 

to him without reflecting any personal preference. 

Variables Name (Number) 

AGE(3) 
AGE0 (<30), AGE1 (30-45), AGE2 

(>45) 

EXE(3) EXP0 (<10), EXP1 (10-25), EXP2 (>25) 

WOCON(2) WC1(low; ≤20),WC0 (high; >20) 

SAENV(2) SE1 (low; ≤25), SE0 (high; >25) 

MA & 

SUPE(2) 
MS1 (low; ≤16), MS0 (high; >16) 

RISTAK(2) RT0 (low; <22), RT1 (high; ≥22) 

EMOSTA(2) ES1 (low; ≤27), ES0 (high; >27) 

IMPUL(2) IMP0 (low; <28), IMP1 (high; ≥28) 

JOBINVO(2) JI1 (low; ≤30), JI0 (high; >30) 

JOBSATIS(2) JS1 (low; ≤29), JS0 (high; >29) 

JOBST(2) JST0(low;<32),JST1(high;≥32) 

SAFPER(2) SP1(low;≤33),SP0(high; >33) 

INJUR(2) INJURY, NO INJURY 

TABLE-1: Description of the Variables on the Basis of their 

Categories VARIABLE TESTS [6] 

A. Normalized Injury Rates 

The NIRs indicate results show that the low score group of 

working condition shows fairly high injury rate (0.60) 

compared to the high score group (0.40).  The NIRs for the 

safety environment categories show that the low score group 

has higher injury rate (0.63) than the high score group 

(0.37). The management and supervision categories show 

that the NIR of the low score workers is higher (0.58) than 

the high score workers (0.42).  The risk taking behaviour, 

impulsiveness and job stress categories show that high score 

workers have higher injury rate (0.58, 0.57 and 0.60 

respectively) than the low score workers (0.42, 0.43 and 

0.40 respectively).  The NIRs for the emotional stability 

categories show that the low score group has higher injury 

rate (0.60) than the high score group (0.40).  The factors job 

involvement, job satisfaction, categories show that low score 

workers have higher injury rates (0.58 and 0.61 

respectively) than the high score workers (0.42 and 0.39 

respectively).  The safety performance categories show that 

the NIR of low score workers is higher (0.63) than the high 

score workers (0.37).  The NIRs indicate that the oldest 

group of miners has high injury rate (0.39) compared to the 

younger miners. The NIR is a useful instrument to identify 

the base line odds.   
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B. T-Test Result 

The independent sample t-test results reveal that all 

individual characteristics such as age, experience, risk 

taking behaviour, emotional stability, impulsiveness, job 

involvement, job satisfaction, and job stress emerged as 

significant factors. The perceptions of workers regarding 

working condition, safety environment, management and 

supervision also have significant effect on occupational 

injury.  The null hypothesis was rejected in each case, which 

means that the risk of one group is significantly higher than 

the other group. Safety performance of the workers 

administered by their respective supervisors also revealed 

that it was a significant factor of occupational injury. 

C. Odds-Ratio results 

The odds ratio provides a measure of the relative risk of 

injury (i.e. relative risk to be in the case group) of a category 

of a variable compared to the reference category.  

Significant crude ORs were found for all factors; the factors 

with the highest values were: poor perception of safety 

environment (3.97, 95% CI 1.56-4.65), poor safety 

performance (3.56, 2.06–6.13), job dissatisfaction (2.92, 

1.74–4.90), job stress (2.77, 1.62–4.73), poor perception of 

working condition (2.69, 1.56–4.65), emotional instability 

(2.44, 1.43 – 4.16), negative job involvement (2.23, 1.29–

3.85), poor perception of management and supervision 

(2.11, 1.18 -3.77), risk taking behaviour (2.11, 1.18 – 3.77), 

impulsiveness (1.93, 1.09 – 3.44), age (>45 vs. <30) (2.07, 

1.17–3.64). The study results based on crude odds ratios 

revealed that older ages, perception of working condition, 

safety environment, management and supervision, risk 

taking behavior, emotional stability, job involvement, job 

satisfaction, job stress, and worker’s safety performance 

played marked role in occupational injuries.  

D. Goodness-of-fit 

For the model with all of the independent variables the value 

of –2LL is 507.608, which is smaller than the –2LL for the 

model containing only the constant (560.063).  Here the 

model chi-square is the difference between –2LL for the 

model with only a constant and –2LL for the current model 

(560.063 - 507.608 = 52.455).  Thus, the model chi-square 

tests the null hypothesis that the coefficients for all the terms 

in the current model, except the constant, are zero. The 

small observed significance level (<0.001) for the model 

chi-square value indicates that the null hypothesis can be 

rejected. Hence it can be inferred that the proposed model is 

a good fit to the data set. 

Goodness-of-fit statistics for model containing only the 

constant 

Dependent Variable..   INJURY 

Beginning Block Number  0.   

Initial Log Likelihood Function 

-2 Log Likelihood   560.06292 

* Constant is included in the model. 

No terms in the model 

Goodness-of-fit statistics for model containing the 

independent variables 

-2 Log Likelihood (-2LL)      507.608 

 Goodness of Fit        413.668 

Chi-Square                         df          Significance 

 Model Chi-Square52.455          14           <0.001 

 Improvement   52.455          14           <0.001 

E. Adjusted odds ratio 

Adjusted odds ratios reveal that out of 12 factors 5 factors 

are significantly associated with occupational injuries.  They 

are age, emotional stability, perception of working 

condition, job stress, and safety performance of workers.  

On the other hand, factors like safety environment (OR 1.66, 

CI 0.67 to 4.08), management and supervision (OR 1.15, CI 

0.57 to 2.34), job involvement (OR 1.29, CI 0.66 to 2.53), 

risk taking behaviour (OR 1.12, CI 0.53 to 2.37), and job 

satisfaction (OR 1.21, CI 0.55 to 2.64), are not associated 

with injuries. Compared with the higher emotional stable 

workers, the lower emotional stable workers have an odds 

ratio (OR) of 2.33 (95% CI 1.04 to 5.22).  The OR is 1.61 

times higher (95% CI 1.00 to 3.18) for those workers who 

perceived working condition as poor compared to those who 

perceived it as good. Workers whose safety performance 

was poor are found to be more susceptible to injuries 

compared to the workers whose safety performance was 

good (OR 3.10, 95% CI 1.45 to 6.63). Compared to the age 

group of less than 30 years, the age groups of 30-45 years 

and more than 45 years had ORs of 1.80 (95% CI 1.02 to 

3.17), and 2.59 (95% CI 1.38 to 4.85) respectively.  The OR 

is 1.83 times higher (95% CI 1.00 to 3.46) for those workers 

who perceived job stress higher compared to those who 

perceived less job stress. 

V. SIGNIFICANCE OF LOGISTIC REGRESSION MODEL 

The present study reported that a higher risk of injuries was 

observed in older workers. This was also reported by other 

researchers [7]. Ageing would result in a decrease in 

physical and mental abilities which may in turn result in 

poor quality of work and increased work environmental 

risks, particularly when the demanding level of the tasks is 

high. However some discrepancies were found by some 

studies. Young age is associated to lack of knowledge, lack 

of experience and contributes to risk taking behavior; this 

hypothesis would explain why the causes of injuries were 

deferred between age groups. It should be noted that, in the 

present study, the values of adjusted odds ratios were 

markedly higher than those of crude relative risks, i.e. the 

role of age was more clear when perception of working 

condition, safety environment, management and 

supervision, risk taking behavior, emotional stability, job 

involvement, job satisfaction, job stress, and worker’s safety 

performance were taken into account. 

VI. STRUCTURAL EQUATION RESULTS AND ITS 

SIGNIFICANCE 

The Linear Structural Relations (LISREL 8.53) computer 

program was used to assess the fit of the model [8]. The 

observed and latent variables used in the model are shown 

and the hypothesized causal order between the latent 

variables. The input data for the structural model run was 

the correlation matrix of the observed variables. Fit statistics 

for the initial model run, as Model A are as follows:  

RMSEA = 0.086, GFI = 0.95, AGFI = 0.87, NFI = 0.94, 

NNFI =0.91, and IFI = 0.96.  The Model A was shown to 

have an adequate fit according to all five fit measures except 

AGFI which is slightly less than 0.90.  The significance of 

the direct effects (γ and β parameters) based on their t-
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values was then tested. In order to identify an alternative 

model, the process suggested by MacCallum was followed 

[9].  Any effect with t-value below 2.0 were dropped from 

the model in the next run. The automatic model 

modification feature of LISREL was used to free any fixed 

parameters in a stepwise manner which had the largest 

modification index and was statistically significant at a p-

value of 0.01 (here the line joining maturity and job 

characteristic was freed as per automatic model modification 

feature). The fit statistics of the Model B are as follows: 

RMSEA = 0.079, GFI = 0.93, AGFI = 0.89, NFI = 0.95, 

NNFI = 0.94, and IFI = 0.96. The fit statistics are adequate 

to accept the model.  As the strategy is to accept a simpler 

model with significant parameter values, inferences have 

been drawn on the basis of Model B. Results show that 

personality (γ =-0.33, p<0.05), job characteristic (β=-0.28, 

p<0.05), and safety performance (β=-0.28 p<0.05) have 

significant and direct negative effect on occupational injury. 

The results indicated that personality has significant positive 

relationship with job characteristic (γ=0.44, p<0.05), job 

satisfaction (γ=0.22, p<0.05), and job commitment (γ=0.45, 

p<0.05) and has significant negative relationship with job 

stress (γ=-0.23, p<0.05) and risk taking behaviour (γ=-0.42, 

p<0.05). These factors play mediating role in developing 

indirect effect of personality on occupational injury. 

Maturity was significantly and positively related with job 

satisfaction (γ=0.13, p<0.05) and negatively with risk taking 

behaviour (γ=-0.27, p<0.05).  Contrary to the general 

expectation it was found that maturity was positively related 

with occupational injury (γ=0.20, p<0.05).  Job 

characteristic significantly influenced job stress (β=-0.82, 

p<0.05), job satisfaction (β=0.50, p<0.05) and risk taking 

behaviour (β=-0.75, p<0.05).  Job satisfaction was 

significantly influenced by job stress (β=-0.48, p<0.05) and 

emerged as a significant predictor of job commitment 

(β=0.39, p<0.05). Job commitment had positive relationship 

with safety performance (β=0.13, p<0.05).  Safety 

performance and occupational injury were significantly and 

negatively related (β=-0.28, p<0.05). The LISREL run of the 

Model B revealed that the factors personality (-0.15, 

p<0.05), perception of job characteristic (-0.12, p<0.05) and 

job commitment (-0.04, p<0.05) had significant indirect 

effects on occupational injury, although job commitment 

showed no direct effect on injury.  31% of total effect of 

personality and 30% of total effect of job characteristic on 

occupational injury are influenced by indirect effects 

through the mediating variables. 

VII. MODEL FINDING 

 In this study 12 risk factors were suspected at the beginning 

of investigation. Those were working condition, safety 

environment, management and supervision, risk taking 

behaviour, impulsiveness, emotional stability, job 

involvement, job satisfaction, job stress, safety performance, 

age and experience of the workers. But the epidemiological 

analysis suggested that only 5 factors are statistically 

significant. These are age, perception of working condition, 

emotional stability, job stress and safety performance. 

Through the logistic model runs, not only the significant risk 

factors were found but also the groups, which were exposed 

to risk, were identified. The workers who are old (more than 

45 years age), less emotionally stable (score ≤25), not 

satisfied with their job (score ≤27), displayed poor safety 

performance (score ≤29), and poor perception of working 

condition (score ≤19) come under the risk group. In this 

study, it was noticed that when all categories of workers 

were combined, the factors with significant odds ratios 

were:  age, emotional stability, safety environment, working 

condition and safety performance of workers.  On the other 

hand when study samples consisted of only underground 

loaders the factors age, emotional stability, job involvement, 

working condition and safety performance emerged as 

significant predictors of injuries; and for other workers the 

significant predictors of occupational injuries were job stress 

and risk taking behaviour. In logistic regression analysis it is 

not convenient to handle the highly correlated factors.  Out 

of these factors only age, emotional stability and perception 

of working condition emerged as significant factors.  In 

structural equation modeling highly correlated variables 

were combined in terms of latent variables like a) maturity, 

b) personality, and c) perception of .job characteristic. The 

analyses indicated that the variables describing personality 

and job characteristic had also indirect and negative effect 

on occupational injury.  This finding substantiates the 

importance of job stress, job satisfaction, commitment and 

safety performance as intervening variables of injury 

occurrence.  Although job commitment had no direct 

influence on injury occurrence, it showed significant 

indirect and negative relationship through safety 

performance.  It is a fact that highly committed workers 

usually display better safety performance which helps them 

to reduce their risk of injury.  Thereby, structural equation 

modeling is useful for evaluating “causal” relations in which 

the direct and indirect effects of variables specified by 

theory are taken into account. 

VIII. CONCLUSIONS 

In this study, the public health prevention methods have 

been applied to occupational injuries.  Epidemiological 

study has not only expanded the scientific basis for 

prevention efforts, it is also critical in the recognition and 

acceptance of occupational injuries as a public health issue.  

The public health approach, based on the scientific methods 

of epidemiology has been applied to find solutions and can 

be considered to be a relatively new field of research in 

mining industry for injury investigation. This work 

significantly contributes to address the problem of 

occupational injury prevention and control strategies 

through the investigation and application of epidemiological 

methods to the case study mines. The epidemiological 

methods developed in this research will assist the safety 

management to identify significant risk factors and the risk 

groups which can provide a basis to develop prevention 

strategies including training. 
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