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Abstract— The paper significance of logistic regression 

modeling in opencast mine injury investigation addresses the 

problem of open cast mines and related modeling through the 

application of multivariate analysis.  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 8 risk factors were suspected, The findings are 

of two types: variables that show distinct relationship with the 

degree of injury and those, whose significance lies in the fact 

that they do not show any relationship with the degree of 

injury. Of the former, are personal factors, environmental 

condition, machinery condition, job satisfaction and risk 

taking behavior that are significance. The adjusted odds ratios 

are 12.17, 5.26, 6.35, 5.04 and 9.85 respectively for 

significant risk factors in relation to injury vs no injury case. 

Similarly, 9.54, 8.40, 4.86 and 9.28 respectively for 

reportable vs no injury case. On the basis of ordinal logistic 

regression results, we see that for one unit increase in 

personal factors, environmental condition, job satisfaction 

and risk taking behaviors, there are respectively 1.554, 1.243, 

1.440 and 1.613 units increase in log odds of injury. accident–

prevention programs must identify reasons for unsafe 

conditions and/or behaviors and need to redesign the work 

environment and/or unsafe behaviors. Mine management and 

employee’s commitment are vital in achieving good health 

and safety performance. Dumper systems and tires must be 

properly maintained. Dumper cabs must be kept free of loose 

items, such as cleaning rags, or empty oil cans that create 

distractions and footing hazards. Decks must be kept clean of 

slippery oils, tools, and spilled muck. Dumper accessories, 

such as radios, mirrors and safety strobes, must be kept in 

proper working order. Dumper drivers should use seat belts 

during driving. 
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I. INTRODUCTION 

An accident may result in injury, damage to property and 

plant, stoppage of or interference with the work process and 

resultant interruption of business. There may be different 

causes leading to accidents –In major injury or multiple 

accidents, there may be up to twenty factors which contribute 

to the accident [1]. Whatever is the accident situation, almost 

inevitably there will be some form of human involvement, 

however. People are unpredictable, they make mistakes, their 

attitude to safety varies and they forget things. Whilst the 

‘human factor’ features strongly in the majority of accidents, 

it is only part of the process, and many other factors are 

relevant. Principle causes of accidents may be Design and/or 

layout of the working area.  

Bad design and layout of working areas, in many 

cases producing congestion and overcrowding, is one of the 

principle contributory causes of accidents. Structural features 

– The floor is the most  important structural features in any 

work situation, and every year many workers are injured 

through slips, trips, and falls on defective floors, badly 

drained floors or slippery floor finishes, other structurally 

important features are staircases, elevated working platforms, 

all of which need adequate safeguards to prevent workers 

falling from one level to another. Environmental features 

Poor standards of temperature, lighting and noise control 

characterize many accidents. Mechanical or materials failure 

– Machinery break down frequently occur due to a failure to 

undertake regular preventive maintenance. Inadequate m/c 

guarding – with many machines, there is a risk of contact with 

the moving parts, which can result in various forms of injury. 

Bad housekeeping is found to be the cause of many accidents. 

This may take the form of failure to clear spillages, articles 

left on the floor or in gangways, where they can be stopped 

on or tripped over; inadequate systems for storage of refuse; 

or a simple failure to adopt the principle of ‘clear as you go’. 

Inadequate supervision and control. Many accidents are a 

result of a failure of management to do this. Inadequate 

training. Management have a duty to train staff in the general 

and specific areas of health and safety at work. Poorly trained 

workers, or workers who have received no health and safety 

training, are a danger to themselves and others, particularly 

in high-risk situations. Deficiencies in personal protective 

systems – Every year many accidents are associated with 

deficiencies in personal protection. There may be a failure by 

management to provide the protection; alternatively workers 

may refuse to wear or use the protection because it is 

uncomfortable, hinders their working routine. There is a need, 

therefore, to assess individual requirements by consulting the 

workers. Moreover, most types of personal protection need 

regular testing for efficiency and the detection of faults [2]. 

Inadequate or ineffective rules and instructions – The 

occupier has a duty to explain the hazards to workers and the 

precautions necessary to ensure safe working. Most 

organizations undertake this activity and use internal codes of 

practice, working instruction, operating manuals or other 

forms of documentation. In many cases, rules and instructions 

are ambiguous, badly worded or simply not available to the 

people to whom they are directed. Physical disability.  Whilst 

not a significant failure in the outcomes of accidents, there 

are many people who, because of physical limitations or 

disabilities, may be prevented from undertaking certain tasks 

or operations. There is a clearcut need to assess regularly the 

physical limitations of disabled persons to ensure that there 

has not been deterioration in their ability to perform certain 

tasks safely. Poor ergonomic design There is much evidence 
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to support the view that the poor ergonomic design of items 

such as controls and display on plants and machinery, and of 

working positions such as those in crane drivers and lorry 

driver’s cabs, has in the past been a contributory factor in 

accidents. Poor ergonomic design results in stress on the 

operator in terms of general fatigue, eyestrain, discomfort 

muscular strain and cramps. This may, in turn, lead to loss of 

interest, reduced arousal level, reduced perceptual powers 

and altered patterns of thought.  

II. AREA OF INFLUENCE ON PEOPLE AT WORK 

The three area of influence on people at work are: The 

organization , The job; and Personal factors. Human errors 

which can be a significant causative feature of accidents at 

work are - Inadequate information  

People do not make error merely because they are 

careless or inattentive often they have under–standable 

reasons for acting in the way they did. One common reason 

is ignorance of the production processes in which they are 

involved and of the potential consequences of their actions. 

Lack of understanding - This often arises as a result of a 

failure to communicate accurately and fully the stages of a 

process that an item has been through. As a result, people 

make presumptions that certain actions have been taken when 

this is not the case. Inadequate design - Designers of plant, 

processes or systems of work must always take into account 

human fallibility and never presume that those who operate 

or maintain plant or systems have a full and continuous 

appreciation of their essential features. Indeed, failure to 

consider such matters is itself, an aspect of human error. 

Lapses of attention - The individual’s intentions and 

objectives are correct and the proper course of action is 

selected, but a slip occurs in performing it. This may be due 

to competing demands for (limited) attention. Paradoxically, 

highly skilled performers, because they depend upon finely 

funned allocation of their attention, to avoid may be more 

likely to make a slip. Mistaken actions - This is the classic 

situation of doing the wrong thing under the impression that 

it is right. For example, the individual knows what needs to 

be done, but chooses an inappropriate method to achieve it. 

Misperceptions - Misperceptions tend to occur when an 

individual’s limited capacity to give attention to competing 

information under stress produces tunnel vision or when a 

preconceived diagnosis blocks out sources of inconsistent 

information. Mistaken Priorities - An organization’s 

objectives, particularly the relative priorities of different 

goals, may not be clearly conveyed to, or understood by, 

individuals. A crucial area of potential conflict is between 

safety and other objectives, such as output or the saving of 

cost or time.  Misperceptions may then be partly intentional 

as certain events are ignored in the pursuit of competing 

objectives. When top management’s goals are not clear, 

individuals at any level in the organization may superimpose 

their own. Willfulness - Willfully disregarding safety rules is 

rarely on primary cause of accidents.  

For the potential for human error to be eliminated or 

substantially reduced, all the above factors need 

consideration in the design and implementation of safe 

system of work, processing operations, work routines and 

activities. Training and supervision routines should take 

account of these factors and the various features of human 

reliability. The factors affecting the way people behave in a 

potential accident situation are largely associated with 

individual perception of risk. People perceive risk in many 

different ways, all of which are determined by psychological 

factors such as attitude, personality, perception, memory, 

motivation, and training and in many cases, the skills 

available to the individual. Stress in individuals can be an 

immediate cause of accidents.  

       Different safety researchers, insurance companies 

and others have long theorized (and concluded) that 

individual driver characteristics and behaviors are good 

predictors of accidents. Using accident data, it was found that, 

controlling for speed, sober drivers are less likely to be 

injured than nonsober drivers, and the effect is more 

pronounced for more severe injury levels [3]. Simple 

associations between personal characteristics like age or sex 

and the likelihood of accidents are well known in the 

insurance business and have been reported in the safety 

research [4]. Similarly, behaviour such as drinking and 

speeding are well known to be associated with the likelihood 

of accidents. Except for fatalities, linkages between severity 

of injury and driver characteristics and behaviours have not 

been thoroughly investigated. Using accident data combined 

with hospital data, did not find any association between 

alcohol use and injury severity, but they did find males are 

more likely to use alcohol users more likely to fail to use 

safety equipment, to drive at higher speed, and to be ejected 

from the vehicle [5].      

III. RISK ANALYSIS TECHNIQUES 

Risk analysis has been carried out, rather extensively, in the 

nuclear power industry because of the extreme threats posed 

to health and safety by nuclear plant analyzed electrical 

accident data from metal-nonmetal mining using the event 

tree analysis, and recommended proper grounding practices 

for mine power systems. There is a lack of literature on the 

application of risk analysis techniques in mine safety studies, 

particularly on dumper driver’s safety, in India. However, 

there are some studies on miner’s safety related to 

underground mines. Ghosh done a study to evaluate the Role 

of Some Personal and Impersonal Variates in Coal Miners’ 

Injuries. The review shows that though extensive studies have 

been done in nuclear, chemical, and other industries; in 

mining the application of risk analysis technique is rather 

limited. There is lack of study considering the risk of 

individuals, particularly operators in open cast mines. There 

is a need to assess the risk of individuals, for better 

understanding of the safety problems and there elimination. 

The literatures revealed that significant efforts were made to 

understand the causative factors in accidents. In general, the 

studies have found the following common factors: age, total 

mining experience, risk taking behavior, personal factors, 

condition of roadways, condition of haulage etc. Most of the 

studies have quantified accident data based on frequency, 

severity, and incidence rate. No more studies have been done 

on accidents related to dumper drivers in open cast mines; 

however, number of studies is on traffic drivers. There is the 

need for more extensive and rigorous research on the 

variables that may have an impact on accident incidence and 

severity related to above-mentioned population [6]. 



Significance of Logistic Regression Modeling in Open Cast Mine Injury Investigations 

 (IJSRD/Vol. 5/Issue 02/2017/408) 

 

 All rights reserved by www.ijsrd.com 1507 

IV. ORDINAL LOGISTIC REGRESSION MODEL FITTING 

Figure below shows the model fitness information for ordinal 

logistic regression model. Model is giving initial -2 Log 

Likelihood value first, when there is intercept only. Then -2 

Log Likelihood value for final model. Difference is giving 

chi-square value. The value of 65.729 with 10 df is the more 

relevant value here. This is the likelihood ratio test that all 

coefficients for all independent variables are equal to zero. 

This null hypothesis is rejected since the test is highly 

significant. Next is goodness of fit test which is not 

significant, indicating that the model fits the data well. 

However, this test is not informative because of the large 

number of zero frequencies in the three way table of the 

variables in use here. This information is really only relevant 

if a small number of categorical independent variables is 

used. Here PseudoR-square measures indicate that the model 

is performing fairly well. As we know that PseudoR-square 

measures confound goodness of fit and explanatory power of 

the model [7]. 

Model fitting information 

When only intercepts in the model 

-2 Log Likelihood 206.870 

When independents are included in the model 

-2 Log Likelihood 141.141 

 Model chi-square   Chi-square         df                significance 

                                   65.729              10                 .000 

Figure: Ordinal Logistic Regression Model fitting 

information 

V. ADJUSTED ODDS RATIOS FOR INJURY VS NO INJURY CASE 

In a multiple logistic regression model where the response 

variable is the presence or absence of a disease, an odds ratio 

for a binomial exposure variable is an adjusted odds ratio for 

the levels of all other risk factors included in a multivariable 

model. It is also possible to calculate the adjusted odds ratio 

for a continuous exposure variable. An adjusted odds ratio 

results from the comparison of two strata similar at all 

variables except exposure (or the marker of interest). It can 

be calculated when stratified data are available as 

contingency tables by Mantel-Haenszel test. 

Adjusted odds ratios reveal that out of 8 factors 5 

factors are significantly associated with drivers’ injuries.  

They are personal factors, environmental condition, 

machinery condition, job satisfaction, and risk taking 

behavior.  On the other hand, factors like AGE2 (OR 3.93, 

95%CI .624 to 24.64), AGE3(OR 3.19, 95%CI .584 to 17.38), 

EXP1(OR 2.33, 95%CI .438 to 12.46), EXP2(OR 5.55, 

95%CI .699 to 44.06 ), and HRC(OR 2.17, 95%CI .493 to 

9.60), are not associated with injuries.   

VI. ADJUSTED ODDS RATIOS FOR REPORTABLE INJURY VS 

NO INJURY CASE 

In a multiple logistic regression model where the response 

variable is the presence or absence of a disease, an odds ratio 

for a binomial exposure variable is an adjusted odds ratio for 

the levels of all other risk factors included in a multivariable 

model. It is also possible to calculate the adjusted odds ratio 

for a continuous exposure variable. An adjusted odds ratio 

results from the comparison of two strata similar at all 

variables except exposure (or the marker of interest). It can 

be calculated when stratified data are available as 

contingency tables by Mantel-Haenszel test. 

Adjusted odds ratios reveal that out of 8 factors 4 

factors are significantly associated with drivers’ reportable 

injuries.  They are personal factors, machinery condition, job 

satisfaction, and risk taking behavior.  On the other hand, 

factors like AGE2 (OR 4.66, 95%CI .658 – 33.01), 

AGE3(OR 3.85, 95%CI 19.70), EXP1(OR 1.41, 95%CI .244 

– 8.11), EXP2(OR 5.30, 95%CI .665 – 42.20 ), ENVC(OR 

4.31, 95%CI .853 – 21.76) and HRC(OR 1.42, 95%CI .276 – 

7.26), are not associated with reportable injuries.   

VII. FINDINGS AND SIGNIFICANCE OF THE LOGISTIC 

REGRESSION MODEL RESULTS 

The findings are of two types: variables that show distinct 

relationship with the degree of injury and those, whose 

significance lies in the fact that they do not show any 

relationship with the degree of injury. Of the former, are 

personal factors, environmental condition, machinery 

condition, job satisfaction and risk taking behavior that are 

significance. The adjusted odds ratios are 12.17, 5.26, 6.35, 

5.04 and 9.85 respectively for significant risk factors in 

relation to injury vs no injury case. Similarly, 9.54, 8.40, 4.86 

and 9.28 respectively for reportable vs no injury case. On the 

basis of ordinal logistic regression results, we see that for one 

unit increase in personal factors, environmental condition, job 

satisfaction and risk taking behaviors, there are respectively 

1.554, 1.243, 1.440 and 1.613 units increase in log odds of 

injury. The findings of the analyses indicate that personal 

factors are contributory causes of driver’s injury in opencast 

mines. As after consultation of mine management, through 

their responses we have come to the conclusion that drinking 

of alcohols is most significant cause of dumpers accident and 

injury occurrences to driver’s, however number of drivers are 

not in position to accept this truth. Though, drivers accept that 

there are number of situations when accident happens due to 

fault in dumpers. We find that risk taking behavior is major 

cause of accident and subsequently to injury occurrence. 

Main cause of it is fast driving tendency and overtaking.  

Mine management and even, drivers accept it. During the 

summer season, dumper’s cab becomes so hot that operators 

feel too much discomfort. In this study we find that age is not 

a significant factor. As in this study data, no driver is of age 

below 34 years. This age is sufficient to prove maturity of any 

person. Also in this study all drivers had sufficient 

experiences in operating, so proving his full caliber for 

driving. Such an experience is sufficient to neglect the effect 

of this factor. Thus we see that identification of these risk 

factors will provide valuable information in injury prevention 

programmes. Hence, the management should pay due 

attention towards the problems of working environment and 

safety.  Jobs may be safe or unsafe depending on the behavior 

of the individuals. Therefore, accident–prevention programs 

must identify reasons for unsafe conditions and/or behaviors 

and need to redesign the work environment and/or unsafe 

behaviors. Mine management and employee’s commitment 

are vital in achieving good health and safety performance [8]. 

Dumper systems and tires must be properly maintained. 

Dumper cabs must be kept free of loose items, such as 

cleaning rags, or empty oil cans that create distractions and 

footing hazards. Decks must be kept clean of slippery oils, 

tools, and spilled muck. Dumper accessories, such as radios, 
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mirrors and safety strobes, must be kept in proper working 

order. Dumper drivers should use seat belts during driving. 

Training must include knowledge of a dumper’s mechanical 

system and that system’s safe operating ranges, how to 

conduct a thorough preoperational inspection, and how to get 

on and off the equipment. At last we come to conclusion that 

starting from top level of management to drivers all are 

responsible for accident or injury occurrence. It is 

recommended that increased management attention should be 

given at the mine to reduce dumper accidents and thus 

drivers’ injury. 

         In this work effort has been made to highlight the 

effects of personal and organizational factors on dumper 

drivers’ injury and accidents. However, there is need of more 

researches in the field related to dumper drivers’ injuries in 

opencast mines. 

VIII. CONCLUSIONS 

This study 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 applicability of the logistic model for predicting 

group/class differences on accident susceptibility has been 

demonstrated in this project work. The models utilized 

individual records of injured and uninjured drivers. The 

findings are of two types: variables that show distinct 

relationship with the degree of injury and those, whose 

significance lies in the fact that they do not show any 

relationship with the degree of injury. Of the former, are 

personal factors, environmental condition, machinery 

condition, job satisfaction and risk taking behavior that are 

significance. The adjusted odds ratios are 12.17, 5.26, 6.35, 

5.04 and 9.85 respectively for significant risk factors in 

relation to injury vs no injury case. Similarly, 9.54, 8.40, 4.86 

and 9.28 respectively for reportable vs no injury case. On the 

basis of ordinal logistic regression results, we see that for one 

unit increase in personal factors, environmental condition, job 

satisfaction and risk taking behaviors, there are respectively 

1.554, 1.243, 1.440 and 1.613 units increase in log odds of 

injury. The findings of the analyses indicate that personal 

factors are contributory causes of driver’s injury in opencast 

mines. As after consultation of mine management, through 

their responses we have come to the conclusion that drinking 

of alcohols is most significant cause of dumpers accident and 

injury occurrences to driver’s, however number of drivers are 

not in position to accept this truth. Though, drivers accept that 

there are number of situations when accident happens due to 

fault in dumpers. We find that risk taking behavior is major 

cause of accident and subsequently to injury occurrence. 

Main cause of it is fast driving tendency and overtaking.  

Mine management and even, drivers accept it. During the 

summer season, dumper’s cab becomes so hot that operators 

feel too much discomfort. In this study we find that age is not 

a significant factor. As in this study data, no driver is of age 

below 34 years. This age is sufficient to prove maturity of any 

person. Also in this study all drivers had sufficient 

experiences in operating, so proving his full caliber for 

driving. Such an experience is sufficient to neglect the effect 

of this factor. 
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