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SUMMARY

Improving coal mine safety has become one of the main objectives for policymakers and the Indian government in
the past years. It is beneficial for the Indian government to ensure the proper functionality of the current safety
interventions by assessing their impact on occupational safety. Comparing the number of fatal accidents in other major
coal producing countries like Australia and USA (Figure 1), India still has a large number of fatal accidents. By the
year 2017, where west Australia manages to reach 0 fatal accidents per year, USA had 8 fatal accidents per year, in
the same year, India records 22 fatal accidents in the year 2017. Coal production in India is estimated to grow in the
coming years. Having an extensive use of coal for commercial and domestic purposes, occupational safety gained
importance in Indian coal mines. “Occupational safety” has gained immense attention from the early *90s when
accident rates grew high in the coal industries nationwide. Even though occupational safety is used with occupational
health, there is a thin line between the two concepts. "Occupational safety is primarily concerned with preventing
injuries to employees as a result of occurrences related to the task they do in the workplace.” This particular research
is focused on the impacts of the intervention on “occupational safety” in the Indian coal mines. There was no evident
scientific literature found on the impacts of interventions on occupational safety in the Indian coal mines. Therefore,
this research aims to analyze the impacts of current Indian coal mining interventions on occupational safety. The
central question of this research is: “What impact do the safety interventions have on the occupational safety in the

Indian coal mines?”’

Research methods: To approach the aim of the research, the proposed methodology comprises Literature review and
ten semi-structured interviews. Literature review was aimed to gather information about the context of Indian coal
mine safety. As limited resources are available on Indian coal mine safety, the approach was shifted to a general
mining safety context for other major coal-producing countries like the USA, China and Australia. Per sub-question

the methods will now be explained.

Method sub-question 01 “what are the various safety interventions practiced by major coal producing countries?
What are their impacts on occupational safety?” The research method used to answer the first sub-question is the
literature review. The literature review is done with the help of scientific data bases like Scopus, Google scholar and

LEINT3

web science & using keywords such as “Factors affecting occupational safety”, “types of safety intervention”,

“Impacts of safety intervention in China”, “factors affecting occupational safety in coal mines” “impacts of language

and culture on occupational safety” etc.

Method sub-question 02 “Which of the interventions practiced by major coal producing countries are practiced by
India? What are the impacts of those interventions on occupational safety in Indian coal mines?” The second question
is divided into two parts. The first part concerns with identifying which of the 14 globally practiced interventions are

implemented by the Indian coal mines. To find this, data gathered from 10 semi-structured interviews is used. The
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interviews were conducted with people working in the Indian coal mines with suitable experience. To find relevant
audience for interviews, the preliminary research is used. The questions framed for the interviews are based on the
theoretical model. The interviewees are selected based on their experience in management, technical/engineering and
HR. Having people from diverse groups will increase the reliability of the findings. Digital platform was used to
conduct interviews. The interviews are conducted with due consent from the interviewee and following the ethical
guidelines. The audio recordings of the interviews are then processed into transcripts using “Otter.ai.” The generated
transcripts are then summarized into drafts and send to the respective interviewees to sign. With this process of
verifying drafts, manipulation if the input is avoided. These approved drafts from the interviewees are then used for
content analysis.

To answer the second part of the sub-question i.e. the impacts of the implemented interventions in the Indian coal
mines, content analysis was used. By methodically finding specific properties of messages, content analysis is exposed
to the methodology of making inferences. For content analysis, selective reduction is conducted to focus on the specific
patters that answer the research sub-question.

Answering sub-question 03 “What are the impact of unimplemented interventions, if implemented, on occupational
safety in Indian coal mines?” Using the theoretical model, interview questions are framed to find data regarding the
impacts of the interventions that are not implemented in all the coal mines i.e. interventions with lower significance
in India or the interventions that are not implemented at all. The interview responses (the approved drafts) were
analyzed using content analysis to find the impact of unimplemented intervention on occupational safety in the Indian

coal mines.

Results: Theoretical findings- The study has identified effective safety interventions practiced by major coal

producing countries. In all there are fourteen safety interventions that contributes to the occupational safety positively.

Empirical findings- Referring to the table the results show that eight out of fourteen interventions are significantly
practiced in the Indian coal mine. To find the impact of the eight interventions that are in practice, another content

analysis is performed as per the code categories. Results for management interventions shows that:

Sr. No. Intervention Subject No. of positive responses

1. Management safety Maintenance of the equipment
intervention Management practices
Safety audits and safety ratings
Safety supervision

2. Use Of loT
Emergency response system

o o o1 w o1
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Technical safety Risk management system and warning control 5
intervention system
Use of Virtual reality simulators 6
3. Societal safety Safety awareness and knowledge 5
interventions Safety training and education 6
Safety awards and promotions 6
4, Behavior safety Sharing of safety concerns 0
intervention Safety behavior norms )
3

Behavior based safety programs

The table represents the interview responses. 1. Maintenances of the equipment and machineries have a positive impact
on the occupational safety. The reason why it leaves a positive impact is the maintenance schedule. Every week,
maintenance is scheduled to ensure proper functioning of the machineries and required equipment. However, it is also
known that sometimes the maintenance schedule is only followed for the machineries that urgently needs repair or
maintenance. This loop hole in the system at times lessen the positive impact on occupational safety. 2. The
respondents believe that the management practices in the Indian coal mine has a positive impact on the occupational
safety. An effective worker — supervisor (mine sardar) communication is established in the Indian coal mines. This is
done regularly before mine workers are deployed on field 3. The supervisors keep in touch with the mine workers to
supervise risky operations. From the research it is also confirmed that the mines, where safety supervision is not
impactful, is due to lack of facilities for supervisor. There are no proper safety shelter for the mine supervisors which

slightly impacts the occupational safety adversely.

The results of technical safety intervention shows that 1. The emergency response systems in the Indian coal mine is
effective and impacts occupational safety positively. Even though the emergency response system is outdated and
traditional, it shows positive impact due to it compatibility with the old coal mine infrastructure. It is also known that
the emergency response time can be improved as compared to other countries. This can be achieved by installing
emergency response system in regular distances. There are a few patches where there is no response system available.
2. Respondents say that the risk control and warning systems contributes to occupational safety positively in the Indian
coal mines. There was a disagreement with the positive impact saying that there is a scope of technological
advancement like use of artificial intelligence. Unfortunately, this is not achievable in recent times due to old mine
infra-structure of the Indian coal mines. 3. Use of virtual reality simulators is very popular in Indian coal mines. The
study shows that the use of virtual reality simulators has a huge positive impact on occupational safety. However,
some of them believed that more VR simulators should be assembled as they are not sufficient.

The results of human safety interventions shows that 1.The safety awareness and knowledge leave a positive impacts
on the occupational safety. Interviewee | also said that there is a scope of improvement with the awareness of safety
regulations amongst the contract based workers. A more rigors measures needs to be taken for contract based workers.

The safety awareness and knowledge can be enhanced by using multiple languages and interactive methods for safety
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motivation like wages based on safety awareness and knowledge of the worker. 2. Safety trainings have positive
impact on the occupational safety. In addition to this interviewees said that the safety assessments and mine inspections

can be improved. This can be done by implementing surprise visits for mine safety inspections and audits.

It is noticeable that there are no behavior safety interventions that are significant in the Indian coal mines. This is
explicitly observed from the analysis. All the behavior intervention that are implemented by the major coal producing
countries, is not effectively implemented in India. According to the list of fourteen global interventions, there are
seven safety intervention that are either not practiced in the Indian coal mine at all or have a very less significance.
The result of content analysis shows that, when interviewees are asked about the impacts of the interventions that are
not effectively in practice, what researcher finds is 1. The interviewees believed that safety audits and safety
awards/promotion will impact occupational safety positively if they are implemented on a large scale. It is interesting
to know that the safety awards and promotions also have negative impacts in some cases. For example, it is noticed
on field that workers carry stress knowing that they might not get promoted and the stress impacts the occupational
safety adversely. 2. Respondents believe that following safety behavior norms and implementing loT technology in
the Indian coal mines will impact occupational safety positively. It is also confirmed from the interview findings that
implementing inter net of things is not possible anytime soon as the mine infrastructure is not compatible and needs a
lot of advanced settings. 3. Sharing of safety concerns is another effective intervention that is not yet practiced in the
Indian coal mines. Interviewee A, D and G strongly recommend the implementations of the intervention. Sharing of

safety concerns helps to reduce risks and releases stress amongst workers impacting occupational safety positively.

Additional findings: Another interesting findings of the research explicitly concludes that 1. Not only safety
education, but basic school education also impacts occupational safety. The respondents strongly believed that lack
of education amongst mine workers impacts occupational safety adversely. Two of the respondents said that with their
experience, basic education is not that necessary and does not create any major impact on the occupational safety as
the training guides are in regional languages. 2. When the interviewees are asked the reason behind ineffectiveness
of the interventions, the respondents raised a concern with the implementation of the interventions. The study also
identified interesting ways of intervention implementation in Indian coal mines for more effective results such as video

aids for training, methods to be implemented in multiple languages, more interactive way of implementation.

Conclusion & reflection: Occupational safety is related to injury causing situations. In past decade, occupational
safety has gained a lot of attention and constant efforts are being made by the Indian government to improve
occupational safety and reduce the risk of injuries in the coal mines. From the research conducted, the current
interventions that are implemented in the Indian coal mines, impacts occupational safety positively. The interventions
in practice can be further improved by providing proper mine infrastructure, adequate facilities for mine supervisors,
availability of equipment and provision of basic school education. Similarly, the interventions that are not yet in
practice can create a positive impact on the occupational safety if implemented in appropriate manner. It is important
to focus on the current practices and enhance them by reducing the effect of moderating variables such as the basic

education amongst the coal mine workers and method of implementation of the intervention. The main reason to
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improve current safety interventions is that, the mine infrastructure of the Indian coal mines cannot be changed

anytime soon due to lack of investments.

This paper has identified the interventions that are practiced in Indian coal mines and also analyzed their impacts on
occupational safety. This study of Indian coal mine can be used to analyze the impacts of other possible factors such
as culture, region, worker characteristics, technological progress and types of mine on occupational safety. A similar
analysis framework can be implemented to analyze the impacts of interventions on occupational safety in other

industries like construction.

The research contributes to safety of the workers. The study also provides insights for policymakers and the directorate
general of mine safety to improve occupational safety, such as considering education, adequate facilities for mine
supervisors and mine visits before framing policies to understand the real-life issues a worker deals with regards to

occupational safety.

The study, on management level, recommends to ensure systematic training methods in different languages and
simulators for training workers. To ensure the integrity of the research processes the study recommends research
institutes to fundamental values to foster responsible research. This study identifies the impact of intervention on
occupational safety with lack of basic school education and method of implementations as the significant moderating
factors. It will be useful to research the impacts of other moderating factors like region, culture, worker characteristics,

types of coal mines and technological advancement on occupational safety in the Indian coal mines.
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CHAPTER 01 INTRODUCTION

This report explains the impacts of implemented policies and measures to improve mine safety (an ex-post analysis)
in Indian coal mines. India, "The coal nation™, has a rich history of commercial coal mining, covering approximately
220 years. Coal mines are the source of 60% (approximately) of total energy consumed across the country for domestic
and industrial purposes. Considering the news article issued by PTI in “The Hindu." "It is found that Indian mines
have a considerably more accident and fatality rates than those in the USA and South Africa, respectively.” Union
Coal and Parliamentary Affairs Minister Pralhad Joshi said in Lok Sabha, "Raw coal production in the country has
increased from 567.77 MT in 2013-14 to 730.35 MT in 2018-19 (PTI, 2019).” Increasing coal production cannot be

accomplished without increase in safety.

Coal mining is a dangerous profession and unfolds within an ambiguous environment (Verma & Chaudhari, 2017).
Several factors add to an unreliable mining environment most critical contributing factors are pressure, heat and
worker fatigue. It is, therefore, essential to build a safe working environment that will lessen the hazards and risks at
workplace so that mining can continue with an assurance that the workers are working in a safe and hazard free
environment. Does the mining laws, acts, safety methods, interventions and policies by the Indian government fulfil
the intent of the implementation? This report leaves a reflection on the impacts of mining laws/policies/acts on worker
safety.

It is important to realize the impacts of the implemented interventions. By conducting the impact analysis, it is clear
to policymakers to consider potential changes in coming years to improve coal mine safety. A highly believed
hypothesis is that open cast mines are safer than underground mines as chances of explosion are low due to
accumulation of methane. This is one of the reason why most of the mines in India are now open cast. (Mandal &
Sengupta, 2000 pg. 03).

Looking at the analysis records of India, it is evident that there was no Ex-post analysis performed to analyze the
impact of executed laws, policies and safety interventions in practice to improve mine safety in recent years. Therefore,
this research provides input to the safety analysis of Indian coal mines. “*'Because mining is an ambiguous profession,
our efforts to reduce hazards to an acceptable level by all available means must continue," says the Indian government.
(PTI, 2019).

1.1 Research objective

India is the second-highest producer of coal crosswise the globe after China (Unwin, 2020). There are particular
interventions to ensure mining safety that India regulates. What are the different levels of interventions, and how are
these interventions executed? Are there any positive impacts of the interventions that are already in practice? All these

types of questions need to be answered to ensure occupational safety in the Indian coal mines. The research includes
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a study of various safety interventions practiced by other major coal producing countries with their impacts on
occupational safety. Consequently, the main objective is “to analyze the impacts of governmental safety policies
and interventions on the occupational safety in Indian coal mines.” After the recent amendments by the
government of Indian, risk assessments is now compulsory for every coal mine across India. Even though India has
reduced the fatalities over the years, it is still a lot compared to other major coal-producing countries. Figure 1 shows
the accidents in India as compared to the USA and Australia. It is clear that the number of fatal accidents in Indian
coal mines is higher than in other coal-producing countries.

”
z

Figure 1: Number of fatal accidents
Source: (D. Tripathy & C. Ala, 2018)

Looking at the figure 1 it can be observed that by 2017 west Australia managed to attain O accidents in a year and
USA managed to achieve a manageable situation by reducing the number to 8. However, India, managed to improve
safety but still hold a large number of fatal accidents as compared to west Australia and USA. Therefore, to answer
the research question, a preliminary research will be conducted to find interventions practiced by USA, China and
Australia with proven positive impacts on the coal mine safety. So, by answering the research objective, the
policymakers can consider the evaluation results to make amendments to the current safety measures and policies to
improve occupational safety. The information gathered will benefit the government (DGMS) and the health ministry
to understand the policy after its effects. This research will open a broad scope for further research in the safety
interventions that are yet not practiced in Indian mines but have a proven positive impact.

1.2 Research question

Research questions are a systematic way to approach research problem. To reach the desired analysis, the research
will follow one main research question and three sub-question. The main aim of the research will be achieved by

answering the main question which is:
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“What impact do the mining policies/ safety intervention methods have on the occupational safety in Indian coal

mines?”

This report develops three sub-questions. These three sub-questions will aid the researcher to answer the main

research question.

Q1: What is occupational safety? What are the safety intervention methods used by other major coal producing

countries? What are their impacts (theoretically) on occupational safety?
Q2: What are the safety interventions adapted by the Indian coal mines? What are their impacts on mine safety?

Q3: What impact will the unimplemented interventions will have on the occupational safety if those practices are

implemented in the Indian coal mines?

The first sub-question intends to collect information about the various interventions that are practiced across the globe
to increase coal mine safety/occupational safety. Once, all the data is gathered, it will be a foundation to the second
sub-question. With the help of data gathered by the preliminary research, questions will be constructed to gather data

for sub-question 02.

The second sub-question directs the research to the actual case object on which the research is focused, i.e. Indian coal
mines. The safety intervention identified in the previous section will now be analyzed for Indian mines to see which
of the interventions listed in the literature are implemented in Indian mines with their overall impact on occupational
safety. The third sub-question will open scope for further research and sum up the overall impact that is created due

to the absence of safety interventions on occupational safety in the Indian coal mines.

1.3 Research relevance

Societal relevance

Coal mines are a huge source of employment in India. Every year lakhs of workers get employed in coal mines.
Knowing that Mining is a risky profession, people work to feed their families. This research contributes to finding the
reason behind the impacts of safety in Indian coal mines and improving occupational safety. The societal relevance is

to improve safety and reduce fatalities in the Indian coal mines.

Scientific Relevance
With its increasing coal production, India has made much difference in the Indian economy, imports and exports and
technological headway in the mining business. Many researchers have shown several reasons for accidents in the

Indian coal mines. No one explicitly reflected policies in force and their consequences on worker safety. There is a

]
TUDelft

Delft University of Technology



20

gap to be covered to reach the desired goal of safer work environments. The researcher fills in the knowledge gap by

doing an Ex-post analysis and unrolls a broad scope for new research.

Management of Technology relevance
Mining is a popular and traditional business in India, and an MOT outlook helps build vital research and provide
critical suggestions to policymakers. Throughout the entire course, several subjects have been learnt that helps to keep

the research on track.

Subjects like Social and scientific values (MOT 1442) - helps to identify critical values of stakeholders and keep a
scientific approach towards the research. Inter and Intra organizational decision making (MOT 1451) - This course
helps the researcher understand why (in this particular case of worker safety in Indian coal mines) the Indian
government made specific decisions/laws/policies and helps to make proper recommendations to policymakers.
Research methods(MOT 2312) This is one of the essential subjects as it provides knowledge of structuring reports,
clear research objectives, the appropriate approach to research questions and selection of methodological framework
to answer the research question. The last one is preparing the master thesis (MOT2004) - Learnt a proper way of

preparing a literature review. All these aspects are the essence of research.
1.4 Report structure

The researcher follows an IMRaD method for writing the research report (Sollaci & Pereira, 2011). This method
assures a well-organized flow of research and simplifies revisiting any data within the paper. This method is also
suitable if the researcher wants to publish the paper as this is a universally accepted format for presenting scientific

findings. In all, the report contains six chapters. Figure 4.1 lays a plan on which the chapters connect.

Chapter 01- Introduction. In this chapter, the reader will come across the background of the subject, the problem

statement approaching the case, the research question clarifying the aim of the research and the report design.

Chapter 02 - The literature review. This chapter highlights the existing literature and findings related to the case. With

the help of a literature review, a research/knowledge gap is identified.

Chapter 03- Methods. The chapter will develop a well-organized research approach for the reader. The researcher will
use pre available literature such as news articles, scientific papers, Book articles, journals to collect relevant data on
labor safety in Indian coal mines. Nevertheless, data from ten interviews using quota sampling, in addition to the paper

literature, is used.
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Chapter 04- Analysis. The researcher will analyze the data collected from news articles, research/scientific papers,

Book articles, journals, pre-conducted interviews and the ten interviews for conclusions on the impacts of the policies.

Chapter 05- Results. This chapter will reflect on the analysis performed in chapter 04 by answering the main research

question and the relevant arguments.

Chapter 06- Discussion & Conclusion. With a discussion on the decision made to conclude from the findings. A quick
highlight on the strengths and limitations of the research with future scope of ten years of exploration. This chapter

also includes the discussion on the recommendations by the interviewees.

IMIETHODS
Chapter 02- Methods

Chapter 03- Literature

DISCUSSION

Chapter 06- Discussion and
reflection

Figure 2: the report structure and content flow (IMRaD).
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CHAPTER 02 RESEARCH METHODS

This section of the report emphasis on the research method that will be used to carry out the research. The methods
used to will be elaborated sub-question wise. The research was conducted through a qualitative methodology using
10 semi-structured. The research started with a general idea of occupational safety and impacts of safety interventions
on occupational safety for major coal producing countries. The interviews were conducted with the experienced people
in the field of mine engineering, human resources and Manager from Indian coal industry. Interviews are the best way
to understand people’s experience and day-to-day observations. The Interviewer used funnel approach to design
questions i.e. from general question to specific questions.

2.1 Method Sub-question 01

The method used to answer sub-question one is the literature review. Secondary sources of data collection provide
second-hand information and commentary from other researchers, articles, journals, books, or citations. A pre
conducted interviews/ Interview transcript also works as second-hand data for the research. As a part of the research,
the researcher is supposed to collect data to address a particular research problem identified. The collection of data
can be for qualitative analysis or quantitative analysis. Quantitative analysis is mainly done where a lot of numerical

pieces of evidence are preserved. For this particular research, the data collection is restricted to more qualitative.

Literature review is conducted using scientific data bases like Scopus, science direct, web-science and Google scholar.
The relevant information is filtered using keywords such as: concept of occupational safety, what is occupational
safety, what are the factors affecting occupational safety, what are the impacts of safety interventions on occupational
safety, what are the safety interventions used by Chinese coal mines, impacts of behavior based programs on
occupational safety etc. Using the keywords like “types of safety interventions”, resulted in many papers. To sort
relevant papers abstracts were used. The researcher read the abstracts and conclusion of the papers to see if the paper
yield required content. After selecting suitable papers, snowballing effect was used. References were picked from the

previous paper. Doing so was less time consuming and scientifically relevant.
2.1.1 Method of choice of interventions

To consider relevant interventions for this research, the following methods were used. A list of interventions was
generated from the literature review. Similar terms or concepts were merged and listed as one. For example, safety
audits and safety inspections are considered safety audits. The second method used for filtration of relevant
interventions is the scope of research. For example, all the interventions aligned with health are excluded, like health
checkups. And more safety-oriented interventions are included, such as equipment safety behavior interventions. The

third method used for the inclusion of the interventions is based on the insights from the interviewees. After the
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interviews, the interviewees confirmed that no other intervention is to be considered for the study, and the list of
interventions is complete. And at last, the interventions for which enough empirical literature was found were

considered for the study purpose.

The table below summarizes the global intervention selection and exclusion criteria for the study of impacts of the

intervention on occupational safety in the Indian coal mines.

Table 1: Summary of the selection criteria for global interventions

Inclusion criteria Exclusion criteria
Unique terms Similar terms
Enough empirical evidence Lack of empirical evidence
Factors confirmed by the interviewees Factors not confirmed by the interviewees
Factors closely aligned with safety Factors closely aligned with health or not closely

aligned with safety

2.2 Method: sub-question 02

To answer the sub-question 02, interviews are used for data collection and those interviews are used to perform content

analysis. The interview questions are framed using the literature review to answer sub-question 01.
2.2.1 Data collection method

A primary source gives you direct access to people closely associated with the Indian coal mines, either it is a worker
or management or any political/government representative, i.e. the subject of your research (Mc leod, 2018). The
nature of the specific events under study is discovered through data collection in qualitative descriptive studies. Thus,
data collection entails semi-structured, open-ended, individual or focus group interviews that are minimal to moderate
in length. (Hox & Boeije, 2005).

Primary sources are more trustworthy and convincible as evidence, but good research uses primary and secondary
sources altogether (Mc leod, 2018). Therefore, the researcher will use both primary data collection and secondary data

collection methods to answer the sub-question.

2.2.2 Interview structure
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For this study researcher preferred semi-structured interviews. The questions for semi-structured interviews will be
based on the literature review. The structure of the interview questions will follow the hierarchy of more generalized
to specific. No questions will offend the interviewee or force the interviewee to answer personal questions. The
interview questions are framed such that they are closely aligned with the purpose of research. The questions are
mostly observational and experience based. Interviewer is flexible on the order of questions so as to extract more
valuable information from the interviewee (Turner, 2016).

To study the impacts of interventions on occupational safety in the Indian coal mines. To maintain the confidentiality
of the participants, the names are not revealed. The table below shows the list of participants with their designation.
Different designations were selected to gather an overall perspective about the impacts of practiced and non-practiced
interventions in the Indian coal mines.

Table 2: An over view of Respondents’ Information

SR.NO RESPONDENT DESIGNATIONS COMPANY SECTOR
CODES
1. A Deputy Manager Coal India Ltd. Public
2. B General Manager Eastern Coal Field Public
3. o Deputy Manager Takrat India Pvt. Ltd Private
4. D Personnel Manager Central coal Field Public
5. E Mine Engineer Coal India Ltd. Public
6. F Mine Engineer Coal India Ltd. Public
7. G Mine Engineer Bharat cooking coal Ltd. Public
8. H Human Resource BHR Pvt. Ltd. Private
Manager
9. | Human Resource Hindalco Private
Manager
10. J Mine consultant MCD coal Pvt. Ltd. Private

The respondents are coded as A, B, C, and D etc. By doing this, complete confidentiality with interviewees’ name is
achieved. The list of potential interviewees was generated before conducting interviews. In total 13 participants were
shortlisted based on their designation and experience. Out of 13 participants, 3 participants did not show-up at the

time of interview. The average time of interviews were ~ 32 minutes.

After conducting interviews with 10 participants, it was realized that no new information is needed, as a result, no

interviews were conducted further for the study. After assigning the codes to the respondents, it works in the following
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manner: There are four types of interventions that affects occupational safety. Some practices within the interventions

might hold more significance than other.

The questions were asked in three phases depending on the designation the interviewee holds. Having diverse
designation will enhance the generalizability of the data collected. The interviewees are not forced to answer any
questions and have a complete right to deny answering at any point of the interview. The researcher picks to focus on

the ‘General interview guide’ approach, which takes a mean spot and is moderately structured (Silverman, 2013).
2.2.3 Data processing method

The collected data needs to be processed before using it for analysis. The collected data from interviews will be
processed in following manner: The interview recording (Only audio) will be transcribed using a software”Otter.ai”.
The transcripts generated are then drafted using the key points from the interview. This is done to remove
inconsistencies from the data. The draft were sent to the respective interviewee’s to read and sign the draft. By signing
the draft, interviewee confirms the correctness of the data and authorizes the use of information for research. By doing
this, the manipulation of the data is avoided. However the drafts are used for the sake of convenience of the researcher,

it is equally important to make sure that the drafts are not prematurely reduced (McLellan et al., 2003).
2.2.4 Data analysis method

The method used is the content analysis. Content analysis is a suitable method of interpreting qualitative data and
presenting it in quantitative manner. The main characteristic of the content analysis is the coding. The participants are
assigned codes like A, B, C etc. The responses from the interviewees were coded into manageable content categories
namely: management, technical, human & behavioral. After successfully coding the available data, selective reduction
was conducted to focus on specific codes and patterns. The frequency of the repeated word and practices that were

delivered by the participants were identified implicitly and explicitly.
2.3 Method: sub question 03

To answer sub-question 03, the similar method as of sub-question is used. First the data is collected using 10 semi-

structured interviews. The data is processed and later analyzed using content (of the approved drafts) analysis method.
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CHAPTER 03 - LITERATURE REVIEW

This chapter focuses primarily on the research's theoretical foundation. Some previously conducted comparable
studies are examined by comparing them to the actual case of Indian coal mines. The following sections will be
discussed further down the road: 1.Different interventions used in other countries and their effects on occupational
safety (theoretically). 2. A thorough examination of the safety interventions, including a hypothesis-based impact
assessment. 3. Following the discussion of the significance of the Indian mines, a reflection on the robust framework
of hypotheses and theoretical concepts will be presented. 4. A conceptual model, as well as its relationship to the

research objective.

3.1 Safety interventions implemented by major coal producing countries

Occupational safety: Before going further to the safety interventions, it is necessary to understand the term
occupational safety. In past years this term “occupational safety” is been defined by various scholars. Occupational
Safety and occupational health are closely related but not the same. Occupational safety is concerned with the injury
causing situations (Goetsch, 2019| Pg. 11). Therefore, for this particular research, the intervention that directly or
indirectly affect the “injury - causing situations” will be chosen and the interventions closely related to the

occupational health will not be taken into consideration.

Accidents in the workplaces, notably in the mining industry, are high (Bennett & Passmore, 1984). Constant efforts
are taken globally to lessen the rate to zero. Accomplishing zero accidents is almost a utopia, but reaching a tolerable
level of casualties is the goal of nearly every industry across the globe. A lot of safety practices and methods are
adapted to increase Occupational safety. As observed in figure 1, countries like West Australia and USA managed to
reduce the accident rates with increasing production. Therefore, it will be highly beneficial to find the interventions

practiced by the other major coal producing countries.
3.2 Types of safety interventions

In this section, the researcher focuses on the types of safety interventions that are practiced within other coal producing

countries.
Safety interventions

“Safety is a pre-condition for high productivity”(Swuste et al., 2010). Pg.03. A safety intervention is defined as an
effort to transform how things are done to enhance safety. It could be any different plan, system, or initiative within
the workplace designed to advance safety (Mazlina Zaira & Hadikusumo, 2017) pg.08. In this paper, four different

interventions that are currently practiced by major coal producing countries are presented using figure 2.1. 1.
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Management safety interventions. 2. Technology safety interventions. 3. Human safety interventions. 4. Human
behavior safety interventions (Shakioye & Haight, 2010) pg.48.

: SAFETY
LEVEL : MANAGEMENT
01 5 INTERVENTION

e e

TECHNICAL
: HUMAN SAFETY
LEVEL . SAFETY INTERVENTIONS

02 . | INTERVENTIONS

h 4

BEHAVIOUR
= SAFETY
INTERVENTIONS

SAFETY
OUTCOME .

OCCUPATIONAL
SAFETY

Figure 3: Integrated safety interventions.

The four interventions mentioned above can be categorized into 2 levels, level 0 and level 1 (refer figure 2.1). The
levels are the indicators of the intra interventions impacts. Management safety interventions are categorized as level
01 intervention as management safety interventions leave a direct impact on the other three types of safety

interventions. The arrows signify the impacts of these interventions on other interventions.
3.2.1Management safety interventions

All the interventions, laws and policies are written/initiated by the central government (DGMS in the case of Indian

coal mines). “Safety management is the backbone of worker/ occupational safety.” (Teo & Ling, 2006).

Organization of Safety Management

Human System Technical System
Figure 4: Safety management organization

Source: (Mazlina Zaira & Hadikusumo, 2017)
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The figure 2.2 represents the organization of safety management systems. Organization of safety management holds
equal portions of human safety and technology safety (Shakioye & Haight, 2010).

1. The necessary upgrades and maintenance of technology

Management has the requisite duty to look after the technological upgrades in the industry. Management should ensure
that all demanded machines and equipment are up to the prevailing market bents and most suitable for the workplace
(Garetti & Taisch, 2012). The reason why technological upgrades are regulated by the management (Hale et al., 2010)
and not been governed under technical intervention is that it is managements responsibility to ensure if the instruments

and machinery that is being used in mines is delivering required output.

In many countries several safety technologies are being adapted such as coal dust mitigations, methane control
practices and proper planning for ventilation systems. Adapting the technology will increase worker safety and reduce
unwanted incidences. Many of the countries are now using IoT to reduce manpower. Reduction of manpower results

in reduction of accidents (LO6w & Nygren, 2019).

Impact: Implementation of upgraded technology provides advanced systems that reduces men power on field and
hazardous places. Periodic maintenances of the equipment and systems reduces the risk of mishaps in workplace.
Adapting advanced technologies have proven positive results in Chinese coal mines (Wang et al., 2012). Ex-ante
studies have proven, based on the triple bottom line principle (People, Profits, Planet), that technology upgrade leaves

a positive impact on occupational safety (Amponsah-Tawiah, 2013).

1. Management practices

Management needs to interact with their workers regularly. The interaction helps to prevent hazards due to worker
negligence and uncertain responses. Accident prevention and safety performance also depend on worker engagement
in the field (Wachter & Yorio, 2013).

.«-“_ B ™
IMPROVED \
\ SAFETY \
A SYSTEM OF . PERFORMANCE
SAFETY —> WORKER (LOWER ACCIDENT ]
| ENGAGEMENT | RATESOR NUMBER

MANAGEMENT II

\/ /) =

Figure 5: Worker management practices for safety.
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Source:(Wachter & Yorio, 2014)

Worker engagement in safety will systematically lessen the chance of hazards from happening by spreading awareness
amongst workers of their responsibilities and involved risks. Consequently, raised levels of worker engagement and a

good rapport with the management/supervisor could be associated with improved safety performance (Ficher, 2012).

Impact: Based on a study by standards safety outcome (These are the safety standards pre-defined for a safety study
in the USA mines), it can be said that the relation of worker and management i.e. a regular interaction of worker and
management leaves a positive impact on occupational safety (Wachter & Yorio, 2014). An experiment conducted by
the Gaertner serve as an evidence to the hypothetical assumptions that worker-management relations impact
occupational safety. Gaertner compared five large coal mines where the worker-management relation are good with
another five large coal mines where the worker-management relations are poor. Base on the annual average rates of
Mine safety administration, the accident rates of the mines with good management —worker relations is almost half to

that with poor worker-management relations (Wachter & Yorio, 2014| Pg.03).

Another experiment conducted by H. Peters also supports the hypothesis. Interviews of miners were conducted from
12 major coal mines. Out of 12 mines, 07 mines had a very low injury rate and 05 had very high injury rates. In the
experiment, it was noted that the mines with low injury rates had a good management — worker relations. The

management and workers shared a cooperative attitude (Peters, 1990).
3. Safety audits and safety rating

Safety audits are conducted regularly to avoid catastrophic losses at the workplace. In any industry, safety audits are
conducted to analyze the current safety situation. The Hartford Loss Control Department (1998) demonstrated that an
efficient safety audit is a medium that management can use to uncover safety and health issues when incidents happen
(Brahmasrene & Smith, 2009). To be efficient, the audit must be supported by a responsible authority. Audits should
be consecutive and regulated with the day-to-day procedures. An open-ended audit method is a tool by which
management can achieve assessable data about the organization’s safety and health programs. Regular safety audits
help to identify the risk and streamlines the required actions which reduces the on field hazards. Even though audits
are used to make safety evaluations, research has proven that too many audits affect safety adversely (Brahmasrene &
Smith, 2009b).

On the other hand, the safety rating system i.e. international safety rating is not considered efficient in reducing the
occupational risks. The main objective of the international safety rating is to identify the management work that has

to be done to control injuries on field (Eisner & Leger, 1988| Pg. 06).

Impact: To observe the significant impact, the audit process should be continuous and not done just once. Similarly,
too many audits in a time span shows relatively poor results on occupational safety (Brahmasrene & Smith, 2009).

The impact of regular safety audits is considered positive on the worker and the occupational safety of the industry if
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conducted in a proper scheduled manner. On the other hand, the international safety ratings (ISR) system is not

effective with the occupational safety.
4. Safety supervision

Typically, a supervision system is implemented in response to accidents. Hazardous jobs like mining could be done
under proper supervision. Every team of workers have supervisors allotted that monitors to only work but also workers
safety behavior. In major coal producing countries like China where the death rate due to mine accidents was very
high, implemented a supervision system policy to check impact on safety (Zohar, 2003). Not just the presence of a

supervisor but the relation of mine supervisor with the workers also affects the safety (Su et al., 2019).

Supervision
agent

Figure 6: Information interaction between supervisor and workers
Source: (Nie et al., 2019)

In the figure 2.6, the interaction between the worker and supervisor is explained. This model is known as the interaction
model. From supervisor agent the information is conveyed to the miner and the feedback goes from mine to supervisor
(Nie et al., 2019). Even though the supervisor systems can be technology based, it is still classified as the human
intervention as this Computable Miner Safety Supervision Model i.e. (CSMM) model is based on the thoughts the
miner has while working like the salary that is paid, fear of encountering a risk while working etc. (H. Chen et al.,
2016).

Impact: The supervision system is successfully implemented in Chinese coal fields. Referring to figure 2.8 below,
China’s Death rate per million tons was much higher till year 1999. After 1999 a considerable decrease in the China’s

death rate per million tons. The impact of supervision is dependent on the worker-management relationship. The
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impact of supervision is positive on the worker safety as long as the relation between the supervisor and workers is
good (Wachter & Yorio, 2014).

— Death rate per million tons

(2000-2009)

Figure 7: Death rate per million tons (DRPMT) of coal from 1984 to 2013 in China
Source: (S.-S. Chen et al., 2015)

These are the factors that are a part of human interventions on safety. Practicing these interventions will enhance
safety and contribute to positive work environment. The hypothesis that are based on the Human safety interventions

is: Human safety intervention has an impact on the occupational safety (Mazlina Zaira & Hadikusumo, 2017).

3.2.2 Societal safety interventions

The second type of intervention is the human safety intervention. This safety intervention is essential to the workers
as it is designed to enhance their knowledge of workplace safety, motivate them, and develop a safe attitude while
working in the field (Robson et al., n.d.). Human safety interventions are designed and implementation of interventions

in social settings
1. Safety awareness & knowledge

Having safety rules and policies is not enough. It is very important to spread awareness amongst the workers about
safety rules, regulations, habits and safety attitude while they work. Increasing employee safety conditions needs an
awareness program to positive attitudes and behavior modification (Unal et al., 2021). Safety can be promoted to
workers (and production) via safety awareness, modifying risk behavior, safety and thinking, personal responsibility,

leadership role, and personal commitment and values. Since safety is a people-intensive endeavor, "people-handling’

skills must be improved. Employees follow management's stand (or what they perceive that attitude to be). Therefore,
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supervisors set the safety tone and standards. They drive performance and are a crucial determinant of safety.

Attitudes also reflect personal values (Kelley, 1996).

Education is a crucial aspect as it helps the workers to enhance the understanding of risks and safety requirements.

Safety knowledge holds importance when occupational safety is considered (Fei & Anbi, 2011).

Impact: Workers on field when fully aware of the risk and safety rules, automatically reduces the risk of injuries and
increases the occupational safety (Robson et al., n.d.). The impact of safety awareness, education and safety knowledge
play a positive role in worker safety. A study has proven that the knowledge, education and awareness impacts safety
in a positive way. (Nielsen, 2014).

14 000

E_ Coal Fatalities
CTNoncoal Fatalities
—®— Coal Rate

—— Noncoal Rate

Federal Coal Mine
Health and Safety

10.00( Act of 1969
NOTE Noncoa nchudes
1 metal nonmetal stone end
g sand and gravel cperations
_(_3 8.00( =2 s
' &
o 5
5 £3
—
_S 00 14 B . 4
©
Federal Mine o3
§ Safety and Health §
Act of 1977 b=
4.00 1 p
-4

!

Figure 8: USA safety achievement — improving safety awareness

Source: (2005 Home, n.d.)

After improving mine safety awareness, safety education and training impacted USA mine safety positively. The
fatalities in USA amongst the labor workers. However, the coal fatalities are higher than other fatalities. This also

shows that coal mining is a more hazardous and risk profession than other mining industries.
2. Safety training

Training new workers as well as periodic training for regular workers will impact the accident figures and safety in

mines. There are various methods that can be used for training workers.

Safety and health training techniques vary from passive, information-based techniques (such as lectures) to computer-

based, programmed guidance and learner-centered, performance-based methodologies (e.g., hands-on
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demonstrations). Lectures, which are among the least engaging methods of health and safety practices, are commonly
used to present health and safety information. Other common passive techniques include videos and pamphlets, and

also numerous types of written materials.(Burke et al., 2006).

The most engaging methods of safety and health training emphasize progressive knowledge development in various
stages (Anderson, 1985) and the emphasizing principles of behavioral modelling. Observing a good example,
modeling or practice, and feedback designed to modify behavior are all part of behavioral modeling. Hands-on
demonstrations associated with behavioral simulations, which require active participation from the trainee, are also
included in these methods. (Schofield & Dasys, 2010).

Impact: A significant reduction in the risk rate was observed after a time series experiment conducted by the
implementation of safety training regulation by the US labor’s mine safety department that if correct methods of
training programs are scheduled and organized, it leaves a positive impact on the safety of workers and also enhances

occupational safety and safety knowledge (Monforton & Windsor, 2010).

3. Safety awards, promotions and incentives

As mentioned in the previous sections, motivation is must for the workers to behave safely and adapt safety rules.
This motivation can be given through various forms such as awarding the safety behaviors or money compensations

and providing incentives for workers so they can work safely.

Money compensations cannot always be motivating. Digging deeper into the different aspects in which the monetary
bonuses and awards affect safety will be a broader topic to cover for this research, hence, theoretical speaking, the

bonuses and promotions are practiced to motivate workers and to develop a positive attitude towards safety.

Safety motivation and rewards improve working conditions and positively influence employees' attitudes and
behaviors toward safety, resulting in fewer workplace accidents. The study used a questionnaire to conduct a survey
among workers and employees to assess their perceptions of practices and self-reported safety knowledge, safety

motivation, safety compliance, and safety participation.(Vinodkumar & Bhasi, 2010).
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Safety management practices
Management commitment

Safety training

Workers’ involvement in safety
Safety communication and feedback
Safety rules and procedures

Safety promotion policies

Determinants of safety performance Components of safety performance
Safety knowledge .| Safety compliance
Safety motivation Safety participation

Figure 9: a hypothetical safety motivation model.
Source (Teo & Ling, 2006)

Impact: Referring to the figure 2.5, safety motivation is the determinants of safety performance. Studies have shown
that safety motivation, awards and promotions influences work safety positively and also impacts the safety awareness
and behavior positively (Teo & Ling, 2006).

Promoting workers so they attain peace of mind and work safely. China says a “win-win promotion.” The figure below

shows the decrease in fatalities and decreased injury rate in the city of Changzhi (S. Sun & Gai, 2014).
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Figure 10: Decrease in injury rate after using promotion model- China

Another study by Psychology research shows that job satisfaction and commitment towards work are sign of worker
motivations which can be achieved by awarding workers. The job satisfaction will indirectly affect the occupational
safety (Sanjiv K. Nimbalkar, 2017).
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3.2.3 Technical safety interventions

So far, the human safety interventions and management safety interventions have been discussed with hypothetical
theories. The technical safety interventions affected by the management safety interventions will be discussed with
theories contributing to occupational safety. The technical safety intervention includes making some
organizational/infrastructural change (Robson et al., n.d.). A technical system forms a big part of the management
intervention system that contributes to reducing occupational hazards (Shakioye & Haight, 2010). Following are the

possible and impactful safety interventions that can be performed on the technical level.
1. Use virtual reality simulators

The working conditions of underground mines is usually complicated, and many mine works involve the operations
of machinery. New miners with insufficient experience are vulnerable to work-related injuries (Yang et al., 2018).
Virtual reality (VR) simulators is a new safety practice (Technology wise) that has proven positive impacts in Chinese
coal mines (van Wyk & de Villiers, 2009). VR simulators were used in mines because there is a low chance of workers
being educated or literature. To avoid hazards due to illiteracy or being uneducated (Squelch, 2001). Using simulators

also affects the worker attitude and increases the worker safety behavior.

Impact: Installation of simulators have impacted safety positively for China and Africa. Simulators give easy practice
to workers and boost their confidence. This in turn impacted positively on occupational safety/worker safety. Effective
safety training is a must for ensuring mine safety. Virtual reality (VR) technology has the potential to improve training
efficiency. (H. Zhang et al., 2019). In china, previously, only classroom trainings were provided. The results obtained
from the classroom and had on field training did not give good results with respect to occupational safety (He & Song,
2012) . After implementation of VR Simulators for safety training, Chinese coal mines observed drastic dip in death
rate per million ton of coal output even though the coal production kept increasing. The figure 11 shows the decrease
of the death rate for one million tons of coal output after VR Simulator implementation in coal mines. It is also

observable that with decrease of accident rate there is sharp increase in productivity of coal.
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Figure 11: Chinese coal output death rate per million ton
2. Emergency response system
Self - escape issues

It is generally observed in mines that the rescue teams arrive in case of an accident but, the incentive for workers to
escape from the mine themselves is the issue. l.e. the workers wait till the help arrives instead of moving out of the
location themselves. This can be improved by training and education and well preparedness for emergencies
(Nottinghamshire, n.d.).

Effective emergency response includes emergency measures, emergency capacities and contingency plans.
Emergency measures. This process aims to eliminate or control the disaster at the early stage and prevent disaster
from spreading to other nearby areas (Bing et al., 2014). We should set up emergency measures in coal mine
enterprises based on the characteristics of the workplaces and organize relevant personnel to exercise emergency
capacities on a regular basis. Emergency capacities provide trapped personnel with material support and self-rescue
skills, which is extremely important in emergency rescue. Personnel emergency response development Training and
education can help with this process. A contingency plan is a plan of action for potential accidents that includes a
comprehensive contingency plan, a specific contingency plan, and a field disposal plan. (Onifade, 2021). Coal mining
companies should develop specific contingency plans and field disposal plans for all types of potential accidents, as
well as identify a responsible person throughout the accident process. Furthermore, coal mining companies must
organize workers on a regular basis to learn and practice plans, as well as ensure that workers can move ahead normally

when accidents occur.
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Impacts: Researcher from the National Institute of occupational safety conducted interviews with 10 focus groups
and individuals to gather data on effectiveness of response systems. They interviewed diverse groups and analyzed
various situations such as mine fires, explosion and inundations. The study was conducted in south and east part of
United States (Kowalski-Trakofler et al., 2010).

In 2007, the accident rate went up in the mine of US. When analyzed, it was identified that the emergency response
systems had reoccurring issues. Later the framework of the emergency response system was rectified and a study was
conducted to realize the impact of improved emergency response systems. From the interviews it was evident that
accident and on field injuries have lowered to a considerable level (Kowalski-Trakofler et al., 2010). Interestingly, it
was also realized that the worker training and trust impacts the emergency response systems and their impacts on

occupational safety.

Another study conducted in Australian coal mines revealed that the lack of proper emergency response system was th
e reason behind increased number of fatal accidents (Cliff & Grieves, 2010). Improving emergency response systems

will impact the occupational safety in a desired way.
3. Risk management systems and warning control

The emergency response systems are used when an unwanted incidence has occurred. On the other hand Risk
management systems and warning controls are digital equipment installed in mines to detect risks. According to the
risk supervision features and the actual needs of safety products in the coal mine, the risk assessment systems are
implemented. The system manages and controls the potential accident risks, hazard sources and human behavior risks
(Qing-gui et al., 2012).

Risk management is the pre-analysis, clarity of vision, and restriction of risk, and also an administrative task of
lowering the risk damage, which typically includes risk identification, risk assessment, risk control, and risk
transference. (Liu & Luo, 2012). The purpose of risk identification is to determine the most likely risk type. Risk
assessment primarily refers to the qualitative and quantitative analysis and information of various risk types; risk
control is to reduce the occurrence likelihood and loss of risk, while the critical point is to redesign all criteria involving

the output of risk mishap and increasing damage. (Ding & Zhou, 2013).

Impact: Based on a multi-level fuzzy general evaluation method, the study was conducted by an MPO (risk
management research in China) specialized services risk evaluation model. For coal enterprises, a professional service
risk management index system was established. (He & Song, 2012). The weights were determined using the Delphi
and set-valued statistics-triangular undefined number methods, with the Jinjie Coal Mine in China serving as an
example.

The nature of qualitative methods ensured the trustworthiness of the evaluation results. It was revealed that safety
risks were the most critical, and that there were newly emerging risks such as contract risk and financial risk. Several
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preventative measures were proposed based on the results of the Jinjie Coal Mine risk analysis: establishing and
expanding risk management and warning control systems to improve occupational safety(Luo et al., 2019).

4. Use of 10T (Internet of Things)

By implementing 10T technology for adequate distant supervision, mine supervising trends, emergency response and
accident investigation capabilities, and the situation of ensuring safety can all be improved. The term "intelligent
safety supervision of coal mine" refers to using loT technology by coal mines to communicate with mining workers
and establish effective tracking systems and database systems, to achieve adaptive and early warning against accident
risks through remote investigation, and to use data collected by sensors to aid in urgent situation rescue and accident
investigative process.(Yinghua et al., 2012).

Impact: The figure below shows the 10T work flow to improve coal mine safety by reducing the risk of accidents in
the underground coal mines.
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Figure 12: Flow chart of 10T in mining

Source (Internet of Things (IoT) in Mining Industry | Infosys BPM, n.d.)
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loT systems operate remotely and store data in big data units. The implementation has resulted into positive impacts
on occupational safety. It is highly recommended to use 10T for smart supervision to avoid risk of accidents especially
in underground coal mines. Internet of things allows for the prediction of potential risks in the mining industry. (E.
Sun et al., 2012). The Brumadinho Dam disaster, a tailings dam of an iron ore mine in Brazil, occurred in January
2019 and resulted in a significant number of fatalities, is a recent example demonstrating the importance of 1oT's use
to increase mine safety.(Almeida et al., 2019). Use of Internet of Things offer sufficient assurance to enhance mine

safety and is currently researched by many nations and implemented by Chinese coal mines (Molaei et al., 2020).

3.2.4 Behavioral safety interventions

Safety interventions are necessary to improve safety behavior and especially worker safety behavior (Zohar, 2003).
Behavioral interventions are interventions that are intended to influence people's actions regarding their own safety.
Studies have mentioned that inducing safety behavior interventions amongst all the other interventions, reduces
accidents at the workplace and increases safety-related experiences (Cooper Ph.D., 2000). There are bases of scientific

studies that show the positive impacts of safety behavior interventions on occupational safety.
1. Sharing of safety concerns

Sharing of safety concerns or previous experiences on local I.e., with the work force or on global level i.e. amongst
the countries. The method of safety concerns is currently practiced in many other sectors like health care, mining and
construction industries. Previous research has shown that nations are trying to share safety data across globe to foster
occupational safety. It is shown by the researcher that sharing of safety concerns encourages safety leadership actions

and hence, increases the occupational safety (Schulte, 2002).

Impact: In a time-lag study conducted in the United States nursing department with 586 nurses, reported that sharing
of safety concerns and safety experiences resulted in lower injury rate in workplace and the nurses also reported overall

improvement in the safety (Halbesleben et al., 2013).
2. Safety behavior norms

Safety behavior norms are directly associated with the safety leadership and actions. To find impact of safety behavior
norms on the occupational safety, the most common method used by the researcher is the questionnaire. Safety norms

have become an important contextual influence on the occupational safety (Fugas et al., 2021).

Impact: After conducting experiments to find impact of behavior norms on occupational safety, a major problem was
noticed with behavior norms is that, after interventions are removed, the norms do not last for a long time. Constant

attention and monitoring is required (Howe, 2017). In a questionnaire experiment conducted by the coal mining
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industry in China, has proven impact of the behavior norms on occupational safety. The results also show that safety

behavior is a favorable measure to promote worker safety (S. Zhang et al., 2017).

3. Behavior based safety programs

In the section above, it is theoretical evident that behavior norms play a vital role in safety. When accident rates were
at peak, at first, engineering changes were adapted to reduce the occupational injuries. Later in time system changes
were adapted to increase occupational safety. Still accident rate continues to grow. As the potential of other practices

to increase occupational safety has exhausted, the focus has recently shifted to behavior based programs to reduce

accidents at workplace (Hopkins, 2006).

\\\ Systems

Accident/Incident rates

~ Behaviours

Time

Figure 13: Focus on Behavior safety programs to reduce accident rates

A behavior based safety program to approach occupational safety is proposed by many researcher and has been found

effectively improve occupational safety in different industry setting (Jasiulewicz-Kaczmarek et al., 2015).

Impact: A case study was conducted in Australian Manufacturing industry with high injury rate. After successful

implementation of safety behavior program, it was noticed that many problems associated with the occupational safety

were resolved as compared to other traditional methods_(Clancy, n.d.).

The advancement of BBS (Behavior Based Safety) applications has been observed in a wide range of industries. The
required appraisals of the BBS approach, as well as studies evaluating BBS interventions involving a cross-section of
industrial sectors, provide evidence of this. (McAfee & Winn, 1989) 24 studies on the effectiveness of behavioral
strategies were examined. They confirmed that all studies, without exception, demonstrated an improvement in safety

performance by lowering injury rates and improving safety-related conditions. Similarly, Guastello investigated the
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effectiveness of 53 accident prevention programmers, concluding, "Behavior safety techniques have the potential to
be useful in a wide range of industries." (McAfee & Winn, 1989).”

3.3 The moderating effect

The literature review shows impacts of the interventions on occupational safety in major cola producing countries.
The impacts are subjected to various moderating effects such as technological advancement (Chu et al., 2016),
language and culture (De Jesus-Rivas et al., 2016), worker stress (Roberts & Grubb, 2014), type of coal mine
(Kulshreshtha & Parikh, 2002). This study is focused on the impacts of safety interventions on occupational safety in
the Indian coal mines. Therefore, the impact of moderating factors that influence the direct impact on occupational

safety are not considered as the subject of study.
3.4 Conceptual model

Conceptual model is used to represent the concept reflected in the literature. In the figure below, the conceptual
model represents the theoretical idea behind the impacts of safety interventions on occupational safety. It is evident
the safety intervention 1. Management safety interventions 2. Technical safety interventions 3. Human safety
interventions and 4. Behavior safety intervention have a direct and positive impact on occupational safety. The other
factors, such as Implementation method, region/language & culture, worker characteristics (like worker stress), type

of coal mine and technological progress moderates the effects of interventions on the occupational safety.

The conceptual model

The figure below presents the conceptual model. The model shows that the safety intervention have a direct and
positive impact on occupational safety. The direct and positive impact is subjected to various moderating factors such
as implementation methods, types of coal mines, worker characteristics and technological progress. Even though the

moderating variables is not the subject of this particular study. The effects cannot be ignored.

The conceptual model represents the literature findings. The general safety interventions are implemented in four
different levels. The specific interventions that fall under particular level of implementation is indicated in the
conceptual diagram. For example, the equipment maintenance policy is an intervention implemented on management
level. The implementation of these interventions in a particular mine is subjected to various external factors such as

worker characteristics, region and culture, type of coal mine (open cast or underground)

]
TUDelft

Delft University of Technology



<-AmMmM>»®n rCrE>PIaAMZME

WZO——-ZM<IM—AZ—

Figure 14: the conceptual model with impacts and theories.

i3
TUDelft

Delft University of Technology

44



This page is intentionally left blank

]
TUDelft

Delft University of Technology

45



46

CHAPTER 04 RESULTS

“Qualitative data is often subjective, rich, and consists of in-depth information normally presented in the form of
words. Analyzing qualitative data entails reading a large amount of transcripts looking for similarities or differences,
and subsequently finding themes and developing categories.” (Wong, 2008). This chapter focus on the results using
content analysis method. Further down it analyzes the data to present results in a systemic manner such that it answers

the sub-research questions.

India, the world's largest democracy and a developing economy, has a population of more than 1.6 billion people. Out
of this massive number, 63.6 percent are of working age, with more than 60 percent employed in the informal
economy, primarily agriculture and services. The remaining 40% work in the organized sector, primarily in coal
mining. Mining industries are rapidly expanding, as is the proportion of mineworkers in the workforce. (Pingle, 2012).
Pg. 171.

Stakeholders are involved in the past, present, and future activities of companies. In India, the occupational safety and
health (OSH) situation is complicated. Unprecedented growth and progress are accompanied by challenges such as a
large unorganized workforce, the availability of cheap labor, public spending on safety, insufficient implementation
of existing policies and interventions, a lack of reliable OSH data, a shortage of OSH professionals, stakeholder apathy,

and infrastructure issues.
4.2 Results from the preliminary research

From the literature review, it can be concluded that, there are in total fourteen intervention practiced by other countries
with positive and proven impacts on the occupational safety. The table below shows the fourteen interventions that

are practiced by the other major coal producing countries.

Table 3: An overview of the interventions practiced by other coal producing countries.

SR, TYPE OF SUBJECT CODE SOURCE
NO INTERVENTION
1. Maintenance of the equipment M1
Management practices M2
Management Safety audits and safety ratings M3 (Swuste et al., 2010)
Safety supervision M4
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2. Technical
3. Human
4, Behavior

Use Of loT
Emergency response system

Risk management system and
warning control system

Use of Virtual reality simulators

Safety awareness and
knowledge

Safety training and education
Safety awards and promotions
Sharing of safety concerns
Safety behavior norms

Behavior based safety programs

T1

T2

T3

T4

H1

H2

H3

B1

B2

B3

(Oyewole et al., 2010)

(Shakioye & Haight,
2010)

(Hadikusumo, 2017)

4.3 Results from the empirical findings (Interviews)

This section of the report focuses on the findings from the data collected from interviews.

4.3.1 Impact of Management safety interventions

The management safety interventions in the Indian coal mines are analyzed for their impacts on the occupational

safety. The results from the interviews are analyzed with the help of content analysis. The analysis is divided into two

parts, each answering the sub question 02. The table below shows which of the interventions practiced by other major

coal producing countries are currently practiced by Indian coal mines.

Table 4: The analysis of interventions practiced in Indian coal mines

Type of intervention Subject Code No. of respondents
Maintenance of the equipment M1 7
Management Management practices M2 6
Safety audits and safety ratings M3 8
Safety supervision M4 8
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In the table above the frequency of the positive responses is presented. During interviews if the respondent says that
the intervention is implemented, it is counted as one. No respondent is counted twice for one intervention. The table
above helps to identify the interventions that are sufficiently implemented in the Indian coal mines.

Now that it is clear that three interventions that are significantly practiced in the Indian coal mines, they can be further
analyzed for their impacts on occupational safety. During the interviews, the interviewees were asked about the
impacts of the currently practiced interventions in the Indian coal mines. The practices M1, M2 & M4 appears more
significant and will be further analyzed for their impact on occupational safety. The gathered responses from the
interviewees are presented in the table below. The responses represent the positive impact of the intervention on

occupational safety.

Table 5: Impacts of the interventions on occupational safety in Indian coal mines

Type of intervention Subject Code No. positive response
Maintenance of the equipment M1 7
Management Management practices M2 5
Safety supervision M4 5

The table explicitly delivers the impacts of the management interventions. The equipment maintenance is the most
promising way to enhance occupational safety from a management perspective in the Indian coal mines. Most of the
interviewees firmly agreed that maintaining the equipment regularly, impacts the occupational safety positively in the
Indian coal mines. It is known from the study that Indian coal mines conduct weekly maintenance and all the
maintenance are pre scheduled. Interviewee (C, D, and F) mentioned a loophole in the maintenance schedule that
might impact occupational safety adversely. It is sometimes observed that the maintenance is only conducted if the

machine needs urgent repairs, in other cases the maintenance is delayed.

Interestingly, the 3 respondents (C, D and F) that said that the equipment maintenance is done only when necessary
were from northern coal fields. Therefore, it can be said that the maintenance equipment has a positive response on
occupational safety in the Indian coal mines. The implementation of equipment maintenance schedules can be

improved in Northern coal fields.
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MANAGEMENT SAFETY INTERVENTION
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Figure 15: Frequency distribution of number of positive responses

Motivational activities for Management practices i.e. the worker-supervisor relation, is implemented in Indian coal
mines. Interviewees claimed a positive impact on the occupational safety. Interviewee B &I said that there are regular
sessions of worker-supervisor before the workers are deployed on field. Daily conversation between worker-
supervisors strengthen the relation between worker and supervisor hence, workers work with more awareness for

safety. The improved relation has impacted the occupational safety positively.

Safety supervision is very well adapted and implemented by the Indian coal mines. The interviewees (F and I) who
did not completely agree with the proper implementation of supervision, referred to the lack of infrastructure for mine
supervisors as the problem. Interviewee | said that there is lack of proper structures and shed for supervisors
(Supervisors in Indian coal mines are called as Mine Sardars.) Due to lack of proper safety sheds, supervisor tend to
leave the field and take up a safe place far from the mines. The study also reflects an interesting insight that constant
supervision creates tension and pressure amongst the workers and increases the chance of unwanted incidents (said
by Fand I).

4.3.2 Impacts of Technology safety intervention

For this, the data from the approved drafts will be used. For every respondent with positive response/ or completely
agrees that the intervention is practiced in Indian coal mine will be counted 1. The total number of positive responses

for each subject is represented in the table below:

Table 6: An overview of interviewees’ response
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Intervention Subject Code No. of respondents
Use Of loT T1 8
Emergency response T2 7
) system
Technical
Risk management system T3 6
and warning control
system
Use of Virtual reality T4 8
simulators

From the table above, it is explicit that 10T is not at all implemented in Indian coal mines. The table shows the
interventions implemented in the Indian coal mines. In the second part of analysis, the researcher analyze the impacts
of the implemented interventions. The practices T2, T3, T4 look more important and will be further analyzed for their
impact on occupational safety. The table below shows the response rate of the interviewees concerning the impacts of
the interventions on occupational safety.

Table 7: Impacts of the interventions on occupational safety in Indian coal mines

Type of intervention Subject Code No. positive response
Emergency response system T2 5
Technical Risk management system and T3 5

warning control system

Use of Virtual reality simulators T4 6

The table above shows the frequencies of subjects/parameters of technical interventions. Frequencies are based on the
number of times the subject is addressed by the respondent. No interviewee can be counted twice for one subject. The
bar graph below shows the comparison of the frequency distribution of the positive responses by the interviewees.

Interviewees strongly believed that technological upgrades and advancement plays important role in improving
occupational safety. Unfortunately, technology advancements are not efficiently achieved by the Indian coal mines.
The major problem with the implementation of the technology is availability of electricity 24/7.
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TECHNICAL SAFETY INTERVENTIONS
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Figure 16: Overview of Frequency distribution of interviewees’ responses — technical interventions

The emergency response systems (T2) is impactful and contributes to occupational safety in Indian coal mines
positively. Respondents who believed that the emergency response systems are fully implemented, claims positive
impact and at most efficiency of the system. On the other hand the systems have a scope of improvement with
responsive systems. The reason for lack of effectiveness of the responsive system is due to old and inappropriate mine
infra-structure. Interviewee J, who is a part of rescue team believes that the responsive systems have developed and
improved over years in the Indian coal mines. The response time has improved from couple of hours to 35-40 minutes
approximately. There is still a scope of improvement as the response time is ~10 minutes in other coal producing

countries.

Risk management and warning control systems create positive impact on the occupational safety. The respondents (B,
E, J, I and G) claimed positive impact of the emergency response and risk control. The other responses believed that
the warning control systems are outdated and needs upgrades. The interviewees who said that the systems are well
implemented, claim effective results on occupational safety. Interviewee (A) mentioned that the systems are manually
operated and needs proper automation. When further discussed, it is clear that the mine infra-structure is a problem
and cannot be resolved any time soon due to lack of proper investments by the Indian government.

Another trend in the mining industry worldwide is the use of Virtual Reality simulators. Referring to chapter 02, the
use of VR simulators for worker training in mining industry has a positive impact. In Indian coal mines, the use of the
virtual reality simulators is increasing and contributing to occupational safety positively. The study confirms the
extensive use of VR simulators in the Indian coal mines. However, the interviewees (A and J) reported no significant
difference in the occupational safety. When discussed, they said that the simulators are available and a good initiative
but, operating these simulators is not easy and most workers face difficulty in understanding the operations of the
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simulators. Installation of the simulators is effective but not efficient as it consumes electricity. Also, additional

training session have to be conducted before workers could get a hand on the simulators.

4.3.3 Impacts of Societal safety interventions

Human interventions plays an important role in enhancing occupational safety. As mentioned in the previous sections
based on the literature findings there are three most promising interventions practiced by other coal producing
countries. In this section, the analysis is done in two parts. The first part will analyze which of these practices are
currently implemented in Indian coal mines. The table below shows the responses from the interviewees with

frequency of the responses.

Table 8: An overview of the responses from interviewees

Intervention Subject Code No. of respondents
Safety awareness and S1 7
knowledge
) Safety training and S2 7
Societal education
Safety awards and S3 8
promotions

The table represents the percent of positive respondents with their frequencies. The interviewees who believed that

the impact of particular intervention is positive, is counted for one. No interviewee is counted twice for one subject.

Table 9: An overview of responses for positive responses

Intervention Subject Code No. of respondents
Safety awareness and S1 5
knowledge
) Safety training and S2 6
Societal education
Safety awards and S3 6
promotions

The bar graph below helps compare the frequency of responses from the interviewees.
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SOCIETAL SAFETY INTERVENTIONS
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Figure 17: The frequency distribution of interviewee responses

The table above shows the response rate of positive incentives. The study shows that the education and training is
implemented well in Indian coal mines. The respondents who agreed with the implementation of the intervention,
believed that the impact of safety awareness is positive. However, interviewee | mentioned that the safety awareness
needs more innovative method of implementation to increase safety awareness. Even though the government of India
is constantly taking efforts spread awareness amongst the workers, but impact on occupational safety is not that

noticeable. Here the concern regarding the method of implementation is significant.

Safety training is important for new entrants as well as pre-working employees. Respondents firmly believe that there
is a huge scope of improvement for training process and assessment methods. Interviewee G also highlights on the
fact that there are no before-after assessments done. It is important to see what a worker knows before giving training
and a post assessment to see what difference has training made to the safety knowledge of worker and his skills. Doing
assessments will enhance the impact on occupational safety positively. Interviewees also raised a concern with
contract workers. The workers that work on the contract bases are difficult to train. There should be better training

plans and procedures to leave a positive impact on occupational safety especially with the contract based workers.

Safety awards and promotion is looked upon as a motivation to work safely and be aware of the hazardous situation
on field. The impact of awards and promotion on the occupational safety in Indian coal mines is positive. A good
number of respondents agreed that the intervention is implemented in Indian coal mines and impacts occupational
safety positively. However, the interviewees (E and D) firmly said that the awards and promotions have adverse effect
on the occupational safety. The interviewees expressed the concern of wrong motivation. With their experience, they
observed that workers tend to work safely only when they are watched or award week is round the corner. This doesn’t
really fulfill the motive to awarding workers for their safety awareness and knowledge. This also raised a concern of

stress amongst the workers for promotions.
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4.3.4 Impacts of Behavior safety interventions

Behavior safety intervention are different from human safety interventions. The intervention that make positive
difference in the behavior of the workers are categorized as behavior interventions. The behavior interventions that
are practiced in Indian coal mines are identified using interview data. The overview of the responses given by the

interviewees is summarized in the table below:

Table 10: An overview of the responses from interviewees

Intervention Subject Code No. of respondents
Sharing of safety B1 8
concerns
. Safety behavior norms B2 7
Behavior
Behavior based safety B3 8
programs

From the table above, it is clear that the interventions are not that significant in the Indian coal mines. Sharing of

safety concerns is an intervention started by Chinese coal mines and shows outstanding results on occupational safety.

Out of the number of respondents who were asked, the following table shows the positive responses with reference to

the positive impacts on occupational safety.

Table 11: overview of positive responses

Intervention Subject Code No. of respondents
Sharing of safety B1 0
concerns
) Safety behavior norms B2 2
Behavior
Behavior based safety B3 3
programs
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Figure 18: Overview of the responses from interviewee

In the next section, an analysis of unimplemented interventions/ less significant interventions in the Indian coal mines
is conducted. The data used for analysis of unimplemented interventions on occupational safety is gathered from the

interviewees.

4.4 Impacts of the less important & unimplemented interventions in the Indian coal mines

So far this research shows the interventions that are globally practiced by other coal producing countries. Later with
the help of literature gathered, it is observed that the impacts of the fourteen global interventions is positive on
occupational safety. Now it is also interesting to know what impact will the unimplemented or interventions with low
rate of implementations will have on occupational safety if implemented in appropriate manner? To answer this a
content analysis was conducted. The table below shows the frequency of the response from the interviewees. The
interviewees were explicitly asked about the impacts of the intervention if they were in practice. For every positive

response a count is registered. No interviewee is counted twice for same subject.

4
TUDelft

Delft University of Technology



56

Table 11: An overview on positive responses from interviewees

Sr.no Intervention subject Number of positive
responses

1. Management Safety audits 3
2. Technology Use of IoT 6
Sharing of safety 8

. concerns

Behavior

3 Behavior safety norms 6
Behavior based safety 7

programs

The table represents the number of positive responses. The number of positive responses indicates the number of
respondents that believed in positive impact on occupational safety. The bar graph shows the comparison between
different responses. There are 5 interventions out of 14 which are not at all implemented in Indian coal mines or have
a very low significance. To see what impacts these interventions have on occupational safety in the Indian coal mine

if they were implemented in desired manner, a content analysis is conducted.

Until now, it is clear from the previously built literature and findings from the interviews that the interventions that
are implemented in Indian coal mines have a positive impact on occupational safety. However, a few interviewees

claimed that impacts are not as expected.

M1: Safety audits are conducted in the Indian coal mines but needs better implementation as suggested by the
interviewees. 3 interviewees (D, F, and H) said it will be impactful if the audits are conducted in regular manner.
Audits in Indian mines are scheduled regularly on three different basis, monthly, annually and in 5 years assessments.
These are more of an on paper schedules than actual implementations. Also, the method of audits needs to change.
For some mines, people work safely or manages to keep every aspect within guidelines only before the audits. When
the interviewees were asked about the possible solution to improve audit systems, it was recommended to have surprise

visits. This will improve the audit quality and enhance occupational safety.

T1: Use of 10T is increasing in many countries. The interview responses shows that the use of 10T in Indian coal mine
will affect occupational safety positively. However, they explicitly mentioned the concern of infrastructure. 10T will
need extensive supply of continuous internet and electricity. It is impossible for Indian mines to implement it right
away. Even though the implementation of 10T is not possible, interviewees still believed it to be a good change and

suggested implementation of 10T for increasing occupational safety.
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B1: Sharing of safety concerns amongst workers has improved occupational safety adequately in Chinese coal mines.
An idea of implementing this practice was positively supported by the interviewees. The other two interviewees
somehow hesitated to answer this question as they regard this to be very personal. Sharing the safety concerns within
workers is a bit frowned upon by the management. Closely analyzing the responses from the other interviewees who
agreed with the sharing of safety concerns as a good idea, believed in the fact of “learning from others
experiences/mistakes.” Interviewees with on field work experience shared that talking to each other about the hazards

and threats on field reduces mind pressure and therefore impacts occupational safety positively.

B2: Safety behavior norms are beneficial with respect to occupational safety (theoretically). 3 interviewees (B, G, I)
said that behavior norms are implemented in Indian coal mines. Interestingly, the interviewees were from private coal
sector. The interviewees who claimed the absence of behavior norms being practiced, believed that the impact of the
behavior norms will be positive on occupational safety. The reason for which these practice will be effective was not

well expressed by the interviewees as they had no much idea about the exact implementation of the intervention.

B3: Behavior based safety programs is an initiative taken by the Indian government to improve safety. It was clear
from the interviewees’ responses that the initiative taken to increase occupational safety need a lot of improved method
of implementation. The behavior based safety programs should be implemented in such a way that the programs have
a positive impact on worker behavior. While exploring a bit into the aspect of implementation, the researcher noticed
the concern for basic school education. When the question regarding basic school education/educational qualification
were asked, an abstract concept was revealed. The lack of basic school education and inappropriate method of
implementations are significant moderating factors affecting occupational safety in the Indian coal mines.

Next section of the report elaborates on the additional findings of the research.

4.5 Additional findings

In this section the two additional findings will be discussed using similar method of content analysis. The data used
for content analysis is gathered from the interviewees’ responses. The data collected from interviews is based on the

conceptual model explained in chapter 02.

During interviews, it was noticed that interviewees had some concern regarding the education of the workers. As a
researcher, the relation of basic school education’s relation with occupational safety is analyzed. During interviews,

it was known that no mines in India have educational qualification for workers. This affects the occupational safety.

Interviewees expressed the concern of lack of educational qualification amongst mine workers. When asked about
the impact of education on mine safety, the study findings shows that having basic school education/ minimum

educational qualification, impacts occupational safety positively.
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The reason why education is necessary is that it makes workers more confident to use technology and handle
machinery. This enhances the occupational safety on field. Also, having proper education makes it easy for workers
to understand training and instructions on field.

Referring to the literature and findings till now, the impact of the interventions is positive on occupational safety in
Indian coal mines. Then what makes Indian mines unsafe as compared to other major coal producing countries?
Carefully analyzing the responses from the interviewees, it can be said that India needs to improve the method of

implementation of interventions. The methods should be more interactive and engaging for workers.

4.6 The empirical model for Indian coal mines

The empirical model is based on the findings and results in the previous chapter. This empirical model is based on
the occupational safety in the coal mines. The figure below
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Figure 19: The empirical model of occupational safety in the Indian coal mines

Figure 19 depicts the empirical model developed from the research findings. The interventions in safety have a direct
impact on occupational safety in Indian coal mines. Furthermore, the study finds that a lack of basic education and the
current method of implementing interventions are major moderating factors affecting occupational safety in Indian
coal mines. Because the study's primary goal was to identify the effects of safety interventions on occupational safety

rather than the moderating variables, this could be a good research topic for the future.
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CHAPTER 05 CONCLUSION

In such demanding industry where growth is the only future, it is highly important to maintain safety at workplace.
The Indian government and DGMS (Directorate general of Mine Safety) are taking constant efforts to improve
occupational safety. It is well said that the safety is the key to high productivity. Therefore, it is necessary for industries
like mining to take care of the mine workers and do enough to make them aware of the safety regulation and develop
safety attitude. This study aims to identify the impact of safety interventions on occupational safety in the Indian coal

mines. The chapter presents the key conclusions from the literature review and from the interviews.
5.1 Concluding points from theoretical findings

Before analyzing the impacts of safety interventions on occupational safety, as a researcher it is advisable to
understand what occupational safety is and determine other factors that affect occupational safety. Occupational safety
is associated with the injury-causing situations and is different from occupational health. Apart from the safety
intervention, factors such as- language and culture, technological progress, method of implementation, worker

characteristics and type of coal mine affects occupational safety.

The study lists 14 safety interventions that are practiced or researched by other major coal producing countries. The
study also identifies their impacts on occupational safety. Theoretically, the interventions impact the occupational
safety positively. The impact shows decrease in the number of workplace injuries and fatal accidents after successful
implementation of the safety interventions. Using the theory, a conceptual model is constructed. The model serves as

the base for empirical findings.

5.2 Concluding points from empirical findings

The empirical findings are presented in 3 parts. The first part refers to the interventions that are practiced in the Indian
coal mines and are important. The second parts addresses the impacts of interventions that are not yet practiced in the
Indian coal mines or interventions that are not important. The third part reflects on the additional findings of the

research.

The view of occupational safety from a business lens portrays workers as a valuable resource in the mining industry.

The Indian government fosters various initiatives such as campaigns, laws, policies etc. to achieve occupational safety.

Results from the study conducted, basic school education and methods of implementation of the interventions are
significant moderating factors for occupational safety in the Indian coal mines. In the Indian coal mines, the mining
equipment are maintained on regular basis impacting occupational safety positively. Smooth functioning of the
equipment lessen the risk of malfunctioning and therefore contributes to occupational safety. Management practices

have become important to encourage occupational safety. The worker & supervisor (mine sardar) relation in the Indian
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coal mines is not great but workable. From the responses gathered, audits are more of an on-paper thing and is not
much impactful. Instead some innovative suggestions include surprise visits and surprise audits to ensure enhanced
safety in the coal mines.

Another frequently mentioned problem by the interviewees during their interviews is the “lack of proper mine
infrastructure.” The Indian coal mines have been following the same structure from past 30 years. This is also one of
the prime reasons why much of the technological advancement is not possible in the Indian coal mines like use of 10T
for supervision. When further discussed, the changes in mine infrastructure will cost Indian government a lot and

Indian government in not in a position to release budget for structural upgrades.

Another thing that can be interestingly noticed is that, in the world of technological progress, Indian coal mine follows
traditional ways of communication and responsive systems. Even though the currently used technology is outdated,

the impacts are positive as the technology in use is compatible with the old infrastructure.

Behavioral interventions are more popular amongst the coal producing countries like China, USA& Western Australia.
The impacts of behavior interventions are proven either by research or experiments. Unfortunately, those interventions
are not yet fully practiced in the Indian coal mines. India has improved occupational safety over the decade, however
Indian coal mines still have a huge scope of improvement as compared to other major coal producing countries. Indian

government is constantly taking efforts to reduce injury causing situations and improve occupational safety.

In coming years, India’s coal production is predicted to grow constantly. As the production increases the export
increases which will also increase the demand for occupational safety. Referring back to chapter two, in the
preliminary findings it can be observed that the countries that managed to improve occupational safety, also improved

their production over the years.

India is not that far from achieving occupational safety. However researcher recommends to continue research on the
possible and effective interventions to increase occupational safety. Many countries are still researching on the impacts
of different safety practices and their impacts on occupational safety. As a researcher it is also advisable to research
with different sample sizes and various populations to ensure the research study outcomes.

5.3 Key understanding

Safety intervention are implemented in four different levels in the Indian coal mine. In India, the absence of behavior
safety intervention is evident. The study also revels the reason for the lack of behavior implementations and that is the
lack of basic school education amongst the workers as well as unsuitable methods of implementation. The other
interventions like use of 10T for safe mining techniques is not implemented in the Indian coal mine due to the fact that
India is not ready to supply 24/7 electricity to the mines. Not only this but the mine infra structures are too old to
support new technology. Unfortunately, it not possible for Indian government to renovate the mine structures due to
insufficient funds.

]
TUDelft

Delft University of Technology



This page is intentionally left blank

]
TUDelft

Delft University of Technology

62



63

CHAPTER 06 DISCUSSION AND FUTURE SCOPE

The chapter is based on the previous chapters and provides with the relevant discussion. The chapter will first discuss
the results of the study followed by the empirical model and concludes with the interview methodology and future
scope of the research.

6.1 Scientific contribution & Reflection

6.1.1 Scientific contribution

From a scientific perspective, research is an important component for development. The study, not only portray high
societal value but also holds scientific relevance. As mentions before in the chapter 02, there is no literature that
explicitly presents the impacts of intervention on occupational safety in the Indian coal mines. This study provides
three scientific contributions 1. The impacts of currently implemented interventions in the Indian coal mines. 2. The
impact of intervention that are not yet implemented. 3. The significant moderating factors causing the impact on
occupational safety in the Indian coal mines.

6.1.2 Personal reflection

India is known for its rich and highly diverse culture. The different cultures leads to different worker characteristics.
The coal mining laws are centrally covered by the directorate general of mine safety. Any firm, public or private, is
supposed to follow the rules and regulations defined by the government of India. This the main reason why the
interventions such as training and awareness methods impact positively a certain region more than the other.

This study provides very valuable insights to the managers and mining company owners as they can now think about
implementing training modules in multiple languages. More interactive methods depending upon the region and
cultural practices. Another concern with the coal mine in India is that most of the workers lack education. In Indian
coal mines, workers belong to below poverty line. Government of India should consider some reasonable schemes to
provide basic education to workers. With this study, it is evident that basic education impacts the occupational safety
adversely.

Method of implementation is a significant moderating factor affecting occupational safety in Indian coal mines. As a
researcher, it is agreeable that one method cannot give same results with the entire population. This marks a significant
point of improvement with occupational safety. Experimenting with different methods of implementations will help

to boost safety attitude and enhance occupational safety.

6.1.3 Limitations and research challenges
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The focus of the study is restricted to the coal mines in India. As the sample size is small and it is just a
representation of the actual population.

Gathering of primary data from the interviewees was a bit difficult. Coal mining is a political issue in India
and completely regulated by Directorate General of Mine Safety. Interviewees hesitated to answer the
question and a bit worried about the data privacy.

As coal mining is a sensitive issue in India, it was also difficult to find and convince people to give an
interview for academic purposes.

Data processing was a bit challenging as the language was regional for 3 interviewees. So as to get exact
information and English is not that common in India, the researcher had to interview in regional languages.

Time difference was challenging as the researcher had to adjust with the interviewees shifts at the mines.

6.2 Recommendations

The study unfolds various recommendations. The study provides insights and relevant recommendations to owners or

coal mines in case of private coal mines, to policy makers and in the field of scientific research. The table 12 lists all

the possible recommendations. The recommendation for policy makers are stated by the interviewees.

Table 12: Recommendations

SR.NO

SECTOR RECOMMENDATIONS

1. The time to process safety equipment demand to be fulfilled with almost
transparency and on urgent basis. The finding suggests that the demand
fulfilment process at times affect the occupational safety. If the equipment
are supplied on urgent basis, it will affect occupational safety positively.

2. ltis advised to policy makers to visit mines and try to understand real time

Policy makers situation before framing policies. This recommendation by interviewees
was given as it is was observed that interventions are sometimes not possible

to implement for example the pollution control interventions. It will be more

effective if the policymakers understand real time situations, they’ll be able

to frame interventions that are more effectively implemented.
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3. There should be a minimum age qualification for the mine workers. India
witnesses a problem of child labor. To avoid this, the interviewees

suggested to have more stronger and effective policies/interventions.

4. There should be a policy that gives wages according to their safety behavior
and exposure to risk. If this is the case then workers will be more careful
and maintain safety norms while working. This recommendation is based

on the observational data gathered from the interviewees.

1. To ensure proper provision for mine supervisors when on site. For
example: safety shades. As from the findings it is evident that lack of mine

infrastructure affects occupational safety adversely.

2. To implement training modules in various language as per the workers

understanding. Language is a barrier as Indian has a diverse language and

Business / culture. The interviewees observed difficulty with understanding of certain
company training modules as they are migrant workers. To have multiple language
managers training will enhance safety.

3. To adapt interactive ways of worker training like: sharing sessions. Lack
of sharing safety concerns impacts occupational safety negatively. From
the analysis it can be observed that sharing of safety concerns is effective

2. way to improve occupational safety and is not yet implemented.

1. Itis recommended for researcher to maintain & ensure the integrity of the
research processes. The study also recommends research institutes to

follow fundamental values to foster responsible research.

2. Itis recommended for future research to identify the effect of the other

3. Scientific moderating factors on the occupational safety in the Indian coal mines.

6.3 Future scope

The study can be further researched for the impacts of basic education on occupational safety. This can validate the

findings of this research outcomes. Researching about the different possible intervention implementation methods that
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will enhance the positive impacts of the current interventions. The future of Indian coal mining is predicted to grow
consistently. With growing production it will have a greater scope to research on the potential improvements resulted
from this particular study on occupational safety in the Indian coal mines. The moderating factors identified in this
study can be further verified and also, the impacts of other moderating factors can be studied that might impact the

occupational safety in the Indian coal mines.
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APPENDIX

APPENDIX [A]

Table A: Evaluation questions

INTERVENTION EVALUATION QUESTIONS

CATAGORY
MANAGEMENT 1. How long have you been working with coal India?
INTERVENTION
2. How frequently is the technology upgraded in Indian coal mines? Is it same for
every mine across India?
3. How is the relation between workers and management? How frequently do they
interact?
4. What impact does the relationship between management and worker have on
occupational safety?
5. How efficient are the safety management systems in Indian coal mines?
6. What is the current impact of the safety systems?
7. Isthere any need to change or amend the current policies? Why/why not?
8. Does Indian coal mines conduct safety programs? How impactful are these
programs?
9. Isthere any assessments conducted post safety programs? If yes, what is the impact
on occupational safety?
10. What methods are used for accident investigation and analysis? Are these methods
effective? Why/why not?
11. Are safety audits conducted? How effective are the safety audits?
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TECHNICAL
INTERVENTION

12.

13.

14.

15.

10.

11.

12.

13.

14.

15.

According to you, is it possible for India to achieve acceptable level of mine safety

in coming 10 years? Why/why not?

Do you have any recommendations for policy makers?

What do you think is the overall impact of the current mine safety policies?

Avre there any other factors affecting occupational safety in the Indian coal mines?

India still use WSN i.e. Wireless technology for communication, how effective is

the technology when safety is considered?

What are the methods used for methane control? Are those methods effective?

Is VR Simulators used for worker training?

How does the use of virtual reality simulators affect occupational/worker safety?

How effective is emergency response systems?

Is there any scope of improvement with emergency response systems?

How long does the rescue team take to arrive at the accident spot?

What impacts do current ERS have on worker safety?

Do we have a use of mine seal? If not, why?

Do you think using mine seal will help to improve work safety?

How effective is the warning control systems?

How frequently are the equipment maintained?

What impact does frequent maintenance schedule have on the worker safety?

Do you have any recommendations for policy makers?

What are the other factors affecting occupational safety in the Indian coal mines?
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16. What do you think is the overall impact of the current mine safety policies?

10.

11.

Which safety awareness programs are conducted by the government in Indian coal

mines?
Avre these programs effective?

Are there any assessments conducted post training to see if the workers have
understood the safety trainings? If not, do you think including these assessments
will affect worker safety? Why/Why not?

Do we have regular mental health check-ups for workers? If yes, what are the

impacts on safety? If not, do you think including them will affect safety positively?

To increase worker motivation, are they offered any pay, promotions or awards?
What are the impacts?

Are workers in Indian coal mines motivated to work safely? If not, what can be the

most effective strategy to motivate them?
Do you think worker motivation affects safety? Why/Why not?

According to you, does basic school education amongst workers will impact safety
positively?

What are the other factors affecting occupational safety?
Do you have any suggestions or recommendations for policy makers?

What do you think is the overall impact of the current mine safety policies?

Does Indian coal mines practice sharing of safety concerns?
What is the impact of sharing safety concerns?

What will be the impact if safety concerns and experiences are shared regularly?
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4.  Why are these practices not implemented in Indian coal mines?
ADDITIONAL 1. Do current interventions need changes?
FINDINGS
2. If not, what is the problem with current interventions?
3. What can be done to improve the method of implementation?

4. What is the main reason for lack of implementation?

5. Is school education or educational qualification required to work in coal mines

in India?

6. Having educational qualification will impact occupational safety positively.

What are your views?
7. Does basic school education affects occupational safety?
8. Does government take any initiatives for worker education?
9. What are the other factors affecting occupational safety?

10. If education is provided to workers, what impact will the practice have on

occupational safety?
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APPENDIX [B]

Draft layout for interviewees’

]
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Interviewee G profile: Human Resource
Date: 15th June 2021
Type of Interview: Semi-structured
Conducted by: A.P.Jahagirdar

Declaration: The interview has been conducted as a requirement for my thesis at the Delft University of Technology.
The summary below is the key takeaways from the interview. The interview was conducted on the zoom and was
recorded. The interviewee has given consent to conduct an interview and was not forced by the interviewer. With this,
the draft is sent to the interviewee and will be signed to approve the content used for analysis to ensure no manipulation

of input data.

Privacy statement: No personal information like name, age, gender, will be used in my research. The recordings will
be deleted after the successful accomplishment of my research project. In case of privacy concerns, the interviewee

can send me an email asking me to delete the interview right after the transcription is done.

Declaration by the interviewee: Hereby, | declare that |1 was not forced to give information by the interviewer. The

information above is best to my knowledge and can be used for research.

Signature:
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