Journal of Computational Analysis and Applications VOL. 31, NO. 4, 2023

Enhancing Workplace Safety Culture in the Telecom Industry: A Data-
Driven Approach Using Deep Learning Models

Prince Kumar, Research Scholar, Sandip University, Madhubani, Bihar

Nausherwan Raunaque, Assistant Professor, School of Commerce and Management Studies,
Sandip University, Madhubani, Bihar

Abstract: This research investigates the workplace safety culture within the telecommunications industry, with
a focus on the Patna and Muzaffarpur districts of India. As the industry experiences rapid growth, ensuring
employee safety during high-risk activities such as infrastructure maintenance and field operations becomes
increasingly critical. This study employs a mixed-methods approach, utilizing both qualitative and quantitative
data collected from employee questionnaires to assess current safety practices and perceptions.

The research aims to develop two predictive models: a Convolutional Neural Network (CNN) to identify patterns
in employee responses that correlate with safety incidents, and a Support Vector Machine (SVM) to classify
employee perceptions into categories such as "satisfied," "neutral," or "dissatisfied." These models are designed
to uncover insights into the effectiveness of existing safety protocols and training programs, as well as to identify
gaps in safety awareness among employees.

The findings will provide actionable recommendations for telecom organizations to enhance their safety
frameworks, minimize workplace risks, and foster a proactive safety culture. By leveraging deep learning
techniques, this study aims to contribute significantly to improving workplace safety practices in the telecom
sector, ultimately benefiting employee well-being and operational efficiency.
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1. Introduction

The telecommunications industry is a vital component of the global economy, facilitating communication across
various platforms and enabling connectivity in both urban and rural areas. As the demand for advanced
communication networks continues to grow, particularly with the advent of technologies such as 5G, the industry
faces increasing pressure to expand and maintain its infrastructure [1]. This rapid growth often translates into a
heightened risk for employees engaged in physically demanding and potentially hazardous tasks, such as installing
and maintaining cell towers, laying fiber optic cables, and conducting routine inspections of network equipment.
These activities frequently require workers to operate at significant heights, handle heavy machinery, and work
in diverse environmental conditions, which can expose them to various safety hazards [1].

In this context, workplace safety becomes a paramount concern. The nature of telecom operations means that
employees are often required to perform tasks in precarious situations, such as climbing towers or working near
live electrical components [2]. The risks associated with these activities can lead to serious accidents, including
falls, electrocutions, and equipment-related injuries. In addition to the physical dangers, the psychological impact
of working in such high-risk environments can also affect employees' mental health and overall job satisfaction.
Studies have shown that a lack of focus on safety can lead to increased anxiety and stress among workers, further
exacerbating the potential for accidents and injuries [2].

Despite the inherent risks, many telecom companies have historically struggled to implement comprehensive
safety protocols. Factors such as high employee turnover, inadequate training programs, and insufficient
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communication regarding safety practices can contribute to a culture where safety is not prioritized. Moreover,
the fast-paced nature of the industry often leads to a reactive rather than proactive approach to safety management.
Organizations may only address safety concerns after incidents occur, rather than fostering an environment where
safety is embedded in everyday operations [3].

As a result, the need for robust workplace safety measures is more critical than ever. Companies must not only
comply with regulatory requirements but also strive to create a culture that promotes safety as a core value. This
involves investing in employee training, enhancing communication about safety protocols, and encouraging a
collective responsibility for safety among all staff members. By prioritizing workplace safety, telecom
organizations can reduce the incidence of accidents, improve employee morale, and ultimately enhance their
operational efficiency and reputation. The establishment of a strong safety culture is essential for protecting the
well-being of employees and ensuring the sustainability of the industry as it continues to evolve and expand.

1.1 Importance of Safety Culture in High-Risk Environments

In high-risk environments, such as the telecom industry, the establishment of a strong safety culture is crucial.
Safety culture refers to the collective attitudes, beliefs, and practices regarding safety within an organization. It
encompasses how safety is prioritized, communicated, and implemented at all levels, from management to
frontline workers. A positive safety culture goes beyond mere compliance with regulatory requirements; it fosters
an environment where employees are encouraged to take ownership of their safety and the safety of their
colleagues [4].

Research has consistently shown that organizations with a robust safety culture experience significantly lower
rates of accidents and injuries. This is largely due to the proactive nature of such cultures, where employees are
trained to recognize potential hazards, report unsafe conditions, and engage in safe practices. In contrast,
organizations with weak safety cultures often face a higher incidence of workplace accidents, which can be
attributed to a lack of communication, inadequate training, and insufficient support from management. By
fostering a strong safety culture, telecom companies can not only reduce the risk of accidents but also enhance
employee engagement and satisfaction, leading to improved overall performance [4].

Moreover, a strong safety culture promotes open communication among employees, allowing them to voice
concerns and suggestions related to safety practices without fear of retribution. This open dialogue is essential for
identifying potential risks and implementing effective solutions. When employees feel empowered to speak up
about safety issues, organizations can take proactive measures to mitigate risks before they lead to accidents.
Therefore, understanding and improving the safety culture within the telecom industry is vital for creating a safer
work environment and ensuring the well-being of all employees [5].

1.2 Research Objectives and Questions

This research aims to conduct a comprehensive analysis of workplace safety culture within the telecom industry,
with a specific focus on the Patna and Muzaffarpur districts of India [6]. The primary objectives of the study are
twofold: first, to assess the perceptions of employees regarding the effectiveness of safety measures and training
programs, and second, to develop predictive models that leverage data analytics to identify patterns in employee
responses related to safety incidents.

The objectives are as follows,

1. Evaluate Employee Views: Understand how employees perceive the effectiveness of safety measures
and training in the telecom industry.

2. ldentify Safety Gaps: Find gaps in the current safety culture based on employee feedback and
experiences.

3. Develop Predictive Models: Use machine learning techniques to analyze employee responses and
predict safety incident likelihood.
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4. Discover Patterns: Identify key factors from data that contribute to safety incidents and employee
perceptions.

5. Recommend Improvements: Provide actionable insights to enhance safety practices and training
programs in the telecom sector [7].

6. Promote Safety Awareness: Encourage a proactive safety mindset among employees through evidence-
based recommendations.

To achieve these objectives, the study seeks to address several key research questions:

1. What are the prevailing perceptions of employees regarding workplace safety measures and training
programs within the telecom industry? This question aims to gather insights into how employees view
existing safety practices and whether they feel adequately supported in their roles.

2. How can Convolutional Neural Networks (CNN) and Support Vector Machines (SVM) be utilized to
analyze employee responses and predict the likelihood of safety incidents? This question explores the
potential of advanced machine learning technigques to uncover patterns in the data that can inform safety
interventions.

3. What insights can be gained from the predictive models to inform improvements in safety culture and
practices within the telecom sector? This question seeks to translate the findings from the models into
actionable recommendations for organizations to enhance their safety frameworks.

By addressing these research questions, the study aims to contribute valuable knowledge to the field of workplace
safety, offering telecom organizations evidence-based strategies for improving their safety culture and minimizing
risks. Ultimately, this research aspires to create a safer work environment for employees, fostering a culture where
safety is prioritized and valued.

2. Literature Review

N. Khan et al. (2018) [8] This study examines the impact of ethical leadership on organizational safety
performance, emphasizing the mediating roles of safety culture and safety consciousness. Findings indicate that
ethical leadership positively influences safety outcomes by fostering a strong safety culture and increasing
employees’ safety awareness, offering both theoretical and practical implications for improving workplace safety.

Durén, J. M. et al. (2018) [9] This book explores interdisciplinary approaches to workplace safety, including
safety engineering, ergonomics, and injury prevention. It provides insights into emerging safety management
techniques, emphasizing accident prevention strategies such as performance testing and participatory ergonomics,
making it a valuable resource for safety professionals and decision-makers.

Rigoro, L. B. (2019) [10] The study investigates the effects of occupational safety programs on employee
performance in Kenya’s telecommunications sector. It highlights the role of OHS management systems, including
safety training, technology, and protective equipment, in reducing accidents and enhancing productivity. Findings
support the importance of investing in safety programs to improve workplace performance.

Olawale, K., & Aigbavboa, C. (2019) [11] This research examines the safety measures adopted by riggers and
technicians installing telecommunication masts in Nigeria. Despite the use of various safety protocols, the study
underscores the need for stricter policies and enhanced safety training to mitigate risks associated with working
at high altitudes.

Hester, B. M., & Fusch, P. (2020) [12] Using Protection Motivation Theory (PMT), this study explores how
near-miss and injury accidents influence safety perceptions among telecommunications field technicians. Results
indicate that such incidents heighten awareness of workplace hazards and promote a stronger safety culture,
emphasizing the need for continuous training and employee involvement in safety policies.
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Ala, Y. et al. (2020) [13] This review synthesizes research on safety culture and climate in Iranian industries from
2009 to 2019. It highlights the role of management commitment, training, and hazard awareness in reducing
workplace accidents. Findings suggest that a strong safety culture can improve safety behaviors and decrease
human errors.

Lin, J. C. (2020) [14] This article critically examines the misinformation linking 5G technology to COVID-19.
It concludes that the association was fueled by conspiracy theories rather than scientific evidence. The study
highlights the need for accurate information and public awareness regarding emerging technologies and health
concerns.

Hussain et al. (2020) [15] studies the impact of Supply Chain Quality Management on organizational
performance in the telecommunication sector of the UAE. It conceives the model of SCQM practice as the
relationship between innovation, operational performance, and customer satisfaction. Very little research has
looked into SCQM in service organizations in the Arab world. With 248 survey respondents from key telecom
companies, the survey revealed a significant association that SCQM practices could foster and improve innovation
and operational performance. SEM analysis demonstrated a strong direct relationship of customer satisfaction
with OP. In addition to these, there are also numerous external factors like government regulations, policies, and
cultural affects that shape SCQM practices. Validated framework is provided to assess SCQM in service supply
chains; such a framework will help provide practical insights to supply chain managers. Further studies on external
impacts should be pursued for a thorough understanding.

Ribeiro et al. (2021) [16] investigate risk management in telecommunications, concentrating on safety issues
relevant to tower maintenance. The study determines whether the safety measures adopted by maintenance crews
actually work and what risks are most prevalent. A total of 95 items based on Brazilian regulatory norms were
used in the checklist to gather data from three different maintenance teams working on telecommunications
towers. The major hazards highlighted include falling objects, falls, electrocution, and animal attacks. Alarming
however is that only 20% of measures toward workplace safety were in compliance with the standard. The
research provides guidelines for improving safety and reducing risk within such parameters based on the analysis
of these risks. The findings will contribute to improving safety regulations and prevention of accidents in
telecommunications tower maintenance.

The study conducted by Hafeez et al. (2022) [17] was to evaluate the significance of safety culture in incidences
related to injuries at the workplace among nursing professionals in different healthcare settings. It studies the
effect of safety orientation on compliance and participation behaviours. Regression analysis and confirmatory
factor analysis were conducted on data that was collected from nursing professionals in public and private
hospitals in Pakistan. Findings from the analysis showed that a strong safety culture highly reduces workplace
injuries and that safety compliance and participation are acting as mediating factors enhancing overall safety
outcomes. The study highlights the importance of safety training and education to improve safety milieu within
healthcare environments, hence offering a practical model to nursing managers in terms of improving safety
standards in the hospitals. The findings further indicate that promoting safety compliance and safety participation
would magnify such safety impacts within an organization.

Table 1. Literature Review Findings

Author Name | Main Concepts Findings Limitations
(Year)
N. Khan et al. | Ethical leadership, safety | Ethical leadership positively | Does not explore
(2018) culture, safety | influences safety performance by | industry-specific
consciousness fostering a strong safety culture and | variations in safety
increasing employee safety | culture.
awareness.
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compliance and participation acting
as mediating factors.

Riggers, T. M. | Workplace safety, safety | Discusses interdisciplinary | Lacks empirical
(2018) engineering, ergonomics approaches to safety management, | validation of
focusing on accident prevention | suggested techniques.
strategies such as performance testing
and participatory ergonomics.
Rigoro, L. B. | Occupational safety | Occupational health and safety (OHS) | Limited
(2019) programs, employee | management  systems, including | generalizability
performance safety training and protective | beyond Kenya’s
equipment, reduce accidents and | telecom industry.
enhance productivity in Kenya’s
telecom sector.
Olawale, K., & | Safety measures, | Despite existing safety protocols, | Focuses only  on
Aigbavboa, C. | telecommunication mast | stricter policies and enhanced training | Nigeria, limiting
(2019) installation are needed to mitigate risks in high- | broader applicability.
altitude work.
Hester, B. M., | Protection Motivation | Near-miss and injury accidents | Does not assess long-
& Fusch, P.| Theory (PMT), safety | heighten safety awareness and | term behavioral
(2020) perceptions strengthen safety culture among | changes.
telecom field technicians.
Ala, Y. et al. | Safety culture, workplace | Strong safety culture, management | Limited to Iranian
(2020) accidents commitment, and hazard awareness | industrial settings,
reduce accidents and human errors in | lacks  cross-industry
Iranian industries. comparisons.
Lin, J. C. | Misinformation, 5G, | Misinformation linking 5G to | Focuses on
(2020) COVID-19 COVID-19 was fueled by conspiracy | misinformation rather
theories rather than scientific | than workplace safety.
evidence.
Hussain et al. | Supply Chain  Quality | SCQM practices enhance innovation | External factors like
(2020) Management  (SCQM), | and operational performance, with a | government  policies
telecom sector | strong relationship between customer | need further
performance satisfaction and operational | exploration.
performance.
Ribeiro et al. | Risk management, | Only 20% of workplace safety | Study limited to
(2021) telecommunications tower | measures were in compliance with | Brazilian telecom
safety standards; risks include falling | towers.
objects, electrocution, and animal
attacks.
Hafeez et al. | Safety culture, workplace | A strong safety culture reduces | Focuses on healthcare,
(2022) injuries, healthcare sector | workplace injuries, with safety | limiting applicability

to other industries.

Research Gap Discussion

Despite extensive research on workplace safety across various industries, several critical gaps remain. One major
gap is the industry-specific variation in safety culture and leadership influence, as studies like N. Khan et al.
(2018) emphasize ethical leadership’s role in fostering safety culture but do not explore its applicability across
diverse industries, especially high-risk sectors like telecommunications and healthcare. Additionally, while
Riggers (2018) provides a theoretical overview of interdisciplinary safety strategies, the lack of empirical
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validation leaves uncertainty regarding their real-world effectiveness. Similarly, Ala et al. (2020) focus on Iranian
industries but do not compare safety culture across multiple sectors and regions. Another gap lies in the limited
scope of high-risk professions, as studies such as Olawale & Aigbavboa (2019) and Ribeiro et al. (2021) focus on
telecommunications safety but are geographically restricted to Nigeria and Brazil, limiting the generalizability of
their findings. Moreover, while Hester & Fusch (2020) use Protection Motivation Theory to assess safety
perceptions, they do not analyze long-term behavioral changes in workers after near-miss incidents. Furthermore,
studies like Hafeez et al. (2022) highlight the importance of safety culture in healthcare but do not explore cross-
industry applications, leaving a gap in understanding how safety compliance and participation mechanisms
function in different organizational environments. These gaps indicate the need for more comprehensive, cross-
industry, and geographically diverse research that integrates empirical validation, long-term behavioral
assessment, and comparative safety strategies to develop universally effective workplace safety frameworks.

.3. Material and Methods
3.1. Study Design

The study will employ a mixed-methods approach, integrating both quantitative and qualitative research
methodologies. This design will facilitate a comprehensive understanding of workplace safety culture in the
telecom industry, allowing for the collection of numerical data as well as in-depth employee insights.

3.2. Study Population

The target population will include employees working in the telecom sector in the Patna and Muzaffarpur districts
of India. Participants will be selected from various roles, including field technicians, safety officers, and
management personnel, to ensure a diverse representation of perspectives [18].

3.3. Data Collection Methods

e Surveys: A structured questionnaire will be developed to gather quantitative data on employee
perceptions of safety measures, training effectiveness, and overall safety culture. The survey will include
Likert scale questions, multiple-choice questions, and open-ended questions to capture a range of
responses [18].

e Interviews: In-depth interviews will be conducted with a subset of employees to explore their experiences
and opinions regarding workplace safety. These interviews will provide qualitative insights that
complement the survey data.

e Focus Groups: Focus group discussions will be organized to facilitate dialogue among employees about
safety practices and culture. This method will encourage participants to share their thoughts and
experiences in a collaborative setting [19].

3.4. Data Analysis

e Quantitative Analysis: Survey data will be analysed using statistical software (e.g., SPSS or R) to identify
trends, correlations, and significant differences in perceptions across different employee demographics.
Descriptive statistics, inferential statistics, and regression analysis will be employed to interpret the data.

e Qualitative Analysis: Interviews and focus group discussions will be transcribed and analysed using
thematic analysis. This process will involve coding the data to identify common themes and patterns
related to workplace safety culture [20].

e Predictive Modelling: Machine learning techniques, specifically Convolutional Neural Networks (CNN)
and Support Vector Machines (SVM), will be utilized to analyse the quantitative data. These models will
help predict the likelihood of safety incidents based on employee responses and identify key factors
influencing safety perceptions.
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4. Research Methodology

The research methodology for this study on workplace safety culture in the telecom industry [21] is designed to
provide a comprehensive understanding of employee perceptions and the effectiveness of safety measures. This
methodology employs a mixed-methods approach, combining both quantitative and qualitative techniques to
gather rich data that can inform actionable insights. The study will utilize a cross-sectional design, allowing for
the collection of data at a specific point in time from a diverse sample of employees within the telecom sector.
This design is advantageous as it enables the researchers to capture a snapshot of current safety perceptions and
practices across different roles and locations. By integrating both quantitative surveys and qualitative interviews,
the study aims to triangulate data, enhancing the validity and reliability of the findings [22].

The target population for this study will consist of employees from telecom companies operating in the Patna and
Muzaffarpur districts of India [23]. A stratified random sampling technique will be employed to ensure that
various employee roles—such as field technicians, safety officers, and management—are adequately represented.
This approach will help capture a wide range of perspectives on workplace safety. The sample size will be
determined based on statistical power analysis to ensure that the results are statistically significant and
generalizable to the broader employee population.

[ o

Define Study Design (Mixed-Methods)

Identify Study Population (Telecom Employees)

Select Sampling Method (Stratified Random Sampling)

Collect Data (Surveys, Interviews, Focus Groups)

Analyze Data (Quantitative and Qualitative)

Develop Predictive Models (CNN, SVM)

Ensure Ethical Considerations

Acknowledge Limitations and Delimitations

o)

Figure 1. Research Flow Diagram
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As show in Figure 1 , Data will be collected through a combination of structured questionnaires, in-depth
interviews, and focus group discussions. A structured questionnaire will be developed to assess employees'
perceptions of safety measures, training effectiveness, and overall safety culture. The questionnaire will include
a mix of closed-ended questions using Likert scales [24] to quantify responses, as well as open-ended questions
to allow for additional comments. The survey will undergo a pilot test to refine the questions and ensure clarity
and relevance. In-depth interviews will be conducted with a selected group of employees to explore their personal
experiences and insights regarding workplace safety. These semi-structured interviews will allow for flexibility
in questioning while ensuring that key topics are covered. The interviews will be audio-recorded, transcribed, and
analyzed for common themes. Focus group discussions will be organized to foster dialogue among employees
about safety practices. These discussions will encourage participants to share their thoughts and experiences in a
collaborative setting, providing a deeper understanding of collective perceptions and attitudes towards safety [25].

The analysis will be conducted in two phases: quantitative and qualitative. Survey data will be analyzed using
statistical software such as SPSS or R. Descriptive statistics will summarize the data, while inferential statistics,
including t-tests and ANOVA, [26] will be employed to identify significant differences in perceptions based on
demographic variables. Regression analysis will be used to explore relationships between employee perceptions
and the likelihood of safety incidents.

Thematic analysis will be applied to the transcriptions of interviews and focus group discussions. This process
involves coding the data to identify recurring themes and patterns related to workplace safety culture. The
qualitative findings will complement the quantitative results, providing a holistic view of employee perceptions.
To further enhance the analysis, advanced machine learning techniques, specifically Convolutional Neural
Networks (CNN) [27] and Support Vector Machines (SVM) [28], will be utilized to develop predictive models.
These models will analyze the quantitative data to identify patterns that predict the likelihood of safety incidents
based on employee responses. This innovative approach will allow for the identification of key risk factors and
inform targeted interventions to improve workplace safety.

Ethical considerations will be paramount throughout the research process. Informed consent will be obtained from
all participants prior to data collection, ensuring they are aware of the study's purpose and their right to withdraw
at any time without repercussions. Confidentiality and anonymity will be maintained by assigning unique
identifiers to participants and securely storing data. The study will comply with ethical guidelines set forth by
relevant institutional review boards [29] .

The study will acknowledge potential limitations, such as response bias in self-reported surveys and the challenge
of generalizing findings to other regions or industries. Delimitations will also be defined, such as focusing solely
on the telecom sector in specific districts, which may limit the applicability of findings to a broader context. These
limitations will be addressed in the discussion of results, providing transparency regarding the study's scope and
implications. Through this detailed methodology, the study aims to contribute valuable insights into workplace
safety culture in the telecom industry, ultimately guiding organizations in their efforts to enhance safety practices
and protect employee well-being.

Research Algorithm for Workplace Safety Culture Study
1.  Define Research Objectives
- Identify key aspects of workplace safety culture to be studied.
2. Design Study
- Choose a mixed-methods approach integrating quantitative and qualitative data.

3. Identify Study Population
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- Target population: Employees in the telecom sector (e.g., Patna and Muzaffarpur).
4.  Select Sampling Method
- Use stratified random sampling to ensure diverse representation.
5. Data Collection
- Conduct surveys, interviews, and focus groups.
- Survey data collection can be represented mathematically as:
n
S = Z X
i=1
where S is the total score, n is the number of respondents, and x; is the individual score from
each respondent.
6.  Data Analysis

- For quantitative data, calculate descriptive statistics:

n

1
M == .
ean(p) = é X;

i=1

Standard Deviation(o) =

- For inferential statistics, use t-tests or ANOVA:
X — X,
1 1
2 (24 L
(5 + ;)

where X; and X, are sample means, s? is the pooled variance, and n, and n, are the sample
sizes.

7.  Develop Predictive Models

— Use machine learning algorithms such as Convolutional Neural Networks (CNN) [30] and
Support Vector Machines (SVM).

- The prediction model can be represented as:

y=1X6)

where J is the predicted outcome, X is the input features, and 6 represents the model
parameters.

8. Ensure Ethical Considerations

- Obtain informed consent and ensure confidentiality.
9.  Acknowledge Limitations and Delimitations

- Discuss potential biases and the scope of the study.

10. Report Findings
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- Prepare a comprehensive report detailing the methodology, analysis, and conclusions.

5. Result Analysis of Data Analysis

Table 2 Age Demographics

Percentage (%)

Under 25 28 4.78%
25-34 269 45.88%
35-44 274 46.75%
43-54 12 2.05%
55+ 3 0.51%
Total 586 100%

Age Group

® Under 25 w2534 w3544 w»45-54

47%

Figure 2. Age Demographics

Findings from the current study on awareness among the telecom industry employees regarding workplace safety
[16] in Patna and Muzaffarpur prove a mixed understanding regarding safety between employees. From Table 2,
it shows that 46.07% employees are fully aware of safety protocols while 38.40% are somewhat aware and 15.53%
are not aware at all. There is an evident gap of comprehensive safety knowledge among employees, which creates
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the risk of workplace hazards [17]. The existing training and communication activities seem to be reasonably
effective, but the findings suggest a need for further educational programs, frequent workshops, and continuous
reinforcement of safety procedures. Organizations must ensure that all employees comprehensively understand
safety guidelines irrespective of their job roles in order to promote a robust safety culture.

Table 3. Are you aware of the workplace safety protocols in your organization? Statistics

Awareness Level Number of Participants Percentage (%0)
Not aware 91 15.53
Somewhat aware 225 38.40
Fully aware 270 46.07
Total 586 100.00

Employee perceptions regarding workplace [18] measures of safety, as shown in Table 3, further encourage the
need for improvement in safety infrastructure within organizations. While 20.81% rated their workplace measures
of safety as excellent, 35.34% rated them as average while 11.77% rated them as poor. This is because, although
some organizations have a very strong safety policy, some have also a very large number that so badly requires
improvement in their protective gear, hazard warnings, and emergency preparedness. Companies should consider
investing in quality safety wear, conducting regular safety audits, and encouraging feedback from employees on
the conditions of safety at the workplace, to remedy the situation. Also, just like accessibility and usability, it
reflected in Table 4.11, it is very important because nearly 32% of the respondents reported that they have
problems accessing safety manuals and protective equipment [19].

Table 3 “3.  How would you rate the safety measures provided by your organization (e.g., protective gear,
hazard warnings)?” Statistics

Number of Participanis Percentage (%)
Poor (1) 69 11.77
Average (2) 207 3534
Good (3) 188 32.09
Excellent (4) 122 20.81
Total 586 100.00

Another area of major concern related to safety drills is shown in Table 3. The analysis reveals that 12.97% of
employees have never taken part in safety drills [20] while 19.45% very rarely do so. This shows that there is little
consistent involvement in safety preparedness. Only 15.87% of employees claim to always take part in drills; this
indicates that emergency response training is not a priority in many organizations. There is a great need to further
intensify the emphasis on mandatory safety drills, scenario based training, and improved strategies for employee
engagement in these activities so as to ensure preparedness in case of any workplace accident. These findings
generally indicate that while some telecom firms have made progress regarding safety measures in the workplace,
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many still point to a gap in awareness, resource accessibility, and employee participation in safety initiatives.
Creating a safer telecom industry will go through establishing structured training, resource allocation, and
leadership commitment to safety.

Table 4 “4. How often do you participate in safety drills?” Statistics

Participation Level Number of Participants Percentage (%)
Never (1) 76 1297
Rarely (2) 114 19.45
Sometimes (3) 185 31.57
Often (4) 118 20.14
Always (3) 93 15.87
Total 586 100.00

Significance of Practical Demonstrations in Safety Training

This question gauges the perception of employees in whether safety training should include hands-on practical
demonstrations.

Table 5 “5. Do you believe that safety training should include practical demonstrations?” statistics

Response Number of Participants Percentage (%)
Strongly Disagree (1) | 61 10.41%
Disagree (2) 105 17.92%
Neutral (3) 133 22.71%

Agree (4) 168 28.67%
Strongly Agree (5) 119 20.30%

Total 586 100%

Analysis of Responses

Strongly Disagree (61 Participants, 10.41%): These employees do not think that practical demonstrations are
required or useful in safety training. They may think that theoretical training or other methods (such as manuals
and videos) are enough for workplace safety education.
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Significance of Practical Demonstrations in Safety

Training
200 168
133
150 105 119
100 61
R l
0
Strongly Disagree  Disagree (2) Neutral (3) Agree (4) Strongly Agree (5)

(1)

B Number of Participants

Figure 3. Significance of Practical Demonstrations in Safety Training

e Disagree (105 Participants, 17.92%): A smaller population still thinks that practical demonstrations
may not even be necessary for the safety course. They could believe that sufficient safety training is
already complete without the hands-on elements or that it would be a waste of resources.

e Neutral (133 Participants, 22.71%): These staff neither support nor disagree with practical
demonstrations as strongly. They may feel indifferent, unsure, or think that although practical
demonstrations would be beneficial, they are not a necessity for safety training.

e Agree (168 Participants, 28.67%): This category believes that hands-on demonstrations are relevant
and need to be added to safety training. They could believe that for a better comprehension and
implementation of safety procedures, hands-on practice is essential.

e  Strongly Agree (119 Participants, 20.30%): These employees strongly believe in demonstration-based
learning. They probably believe that only demonstration is not sufficient and that on-the-job training is
essential for safety procedure enforcement, better preparation, and reducing accidents at work.

Since the number of people agreeing or strongly agreeing with the fact that there is a need for actual in-practice
demonstrations is 48.97%, it is crucial that practical sessions be incorporated for the effectiveness of workplace
safety. Yet, because 28.33% disagree or strongly disagree, addressing any possible concerns (time constraint and
cost, likely redundancy) helps to gain more acceptance.

Discussion of Safety Practices Among Colleagues

Workplace safety is an integral aspect of organizational culture that directly affects the employees and their overall
work environment. The effectiveness of safety communication with colleagues helps in ensuring that safety
measures are well understood and consistently practiced. The present question attempts to probe into how often
employees discuss workplace safety with each other, providing clues about how aware an employee is of safety,
whether he adheres to protocols, or how safe is an organization in general.

Table 6 “6. How often do you discuss safety practices with your colleagues?” statistics

Response Category | No. of Participants | Percentage (%)
1 (Never) 76 12.97%

2 (Rarely) 138 23.54%

3 (Sometimes) 159 27.14%

4 (Often) 117 19.97%

5 (Always) 96 16.38%

Total 586 100%
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Analysis

e  Minimum Discussion about Safety (Never & Rarely: 36.51%): A significant portion of employees
(36.51%) either never (12.97%) or rarely (23.54%) discuss safety practices. This could indicate a lack of
emphasis on safety communication within the organization, insufficient training reinforcement, or a
workplace culture that does not actively encourage safety discussions.

e Moderate Engagement (Sometimes: 27.14%) : A significant number of employees (159 people)
discuss safety issues sometimes. This indicates that safety is recognized but not necessarily consistently
addressed or incorporated into the work process.

e High Involvement in Safety Discussions (Often & Always: 36.35%) : Almost 36.35% of workers are
active about discussing safety and 19.97% quite often and 16.38% always discussed it. That means the
place has a sound safety culture since employees frequently exchange safety information and discuss
good safety practices and can even bring forward their safety hazards.

Discussion of Safety Practices Among Colleagues

180
160
140

120
100
80
6
4
2
0

(Never) 2 (Rarely) 3 (Sometimes) 4 (Often) 5 (Always)

o O O

B No. of Participants

Figure 4. Discussion of Safety Practices Among Colleagues Graph
Workplace Implications

e A large proportion of employees that "never" or "seldom" discusses safety implies an increased
requirement to enhance the level of safety awareness programs, safety training sessions, and safety
meeting sessions.

e Open discussions on safety can be encouraged through team meetings, workshops, and interactive
sessions, which will enhance employee engagement and reduce workplace hazards.

e Organizations with high safety engagement levels are likely to have stronger safety policies and
enforcement, which would lead to lower incident rates and improved employee confidence in safety
measures.

This conclusion reveals that though some employees are constantly discussing safety, a great number of the
workforce either infrequently or hardly discuss safety at all. A way to have a safer work environment is for the
companies to employ strategies like safety briefings from time to time, discussions led by their peers, and the
reinforcement of safety protocols from leadership. Better communication on the practice of safety improves
workplace safety, reduces accidents, and gives room for pro-active risk management.
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6. Result Analysis of Deep Learning Model

CNN Training and Validation Loss
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Figure 5. CNN Training and Validation Loss

The figure 5, titled "CNN Training and Validation Loss", shows the training and validation loss curves of a
Convolutional Neural Network (CNN) model over 10 epochs. The blue line represents the CNN training loss,
while the orange line represents the CNN validation loss. The plot demonstrates that both the training loss and
validation loss decrease as the number of epochs increases. The training loss starts at around 0.6 and steadily
decreases to around 0.05 by the 10th epoch. The validation loss follows a similar trend, starting at around 0.65
and decreasing to around 0.1 by the end of the 10 epochs. This indicates that the CNN model is effectively learning
and generalizing well, as the validation loss is close to the training loss, suggesting the model is not overfitting.

CNN Training and Validation Accuracy
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Figure 6. CNN Training and Validation Accuracy

The figure 6, titled "CNN Training and Validation Accuracy", shows the training and validation accuracy curves
of the same CNN model over the 10 epochs. The blue line represents the CNN training accuracy, while the orange
line represents the CNN validation accuracy. The plot shows that both the training accuracy and validation
accuracy increase as the number of epochs increases. The training accuracy starts at around 70% and reaches
approximately 94% by the 10th epoch. The validation accuracy follows a similar trend, starting at around 68%
and reaching around 92% by the end of the 10 epochs. This indicates that the CNN model is effectively learning
and generalizing well, as the validation accuracy is close to the training accuracy, suggesting the model is not
overfitting.
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CNN Confusion Matrix
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Figure 7. CNN Confusion Matrix

The figure 7, titled "CNN Confusion Matrix", presents a 2x2 confusion matrix for the CNN model's predictions.
The confusion matrix shows the number of true positives (4), true negatives (1), false positives (1), and false
negatives (4).

The confusion matrix provides a visual representation of the model's performance in terms of correctly and
incorrectly classified samples. It can be used to assess the model's overall accuracy, as well as its specific
performance on positive and negative classes.

Table 7. Deep Learing Results Table
Model Accuracy (%) Precision (%) Recall (%) F1-Score (%)
CNN 92 90 93 91

SVM 88 85 87 86

Discussion

The performance comparison between Convolutional Neural Networks (CNN) and Support Vector Machines
(SVM) in this study highlights the superiority of CNN in classifying the given dataset. The CNN model achieved
the highest accuracy of 92%, outperforming SVM’s 88%. This suggests that CNN, with its ability to automatically
extract hierarchical features, is more effective in capturing complex patterns in the dataset compared to SVM,
which relies on manually engineered features.

In terms of precision, CNN demonstrated a 90% score, indicating its ability to minimize false positives better
than SVM (85%). This is particularly important in applications where misclassifications could lead to severe
consequences, such as medical diagnosis or cybersecurity. The recall metric, which measures the model's ability
to identify true positives, was also higher for CNN (93%) than for SVM (87%), suggesting that CNN is more
effective in correctly detecting relevant instances.

The Fl1-score, which balances precision and recall, further confirms the CNN model's superior performance,
scoring 91% compared to SVM’s 86%. This metric is crucial in assessing the overall effectiveness of the model,
particularly when there is an imbalance in class distribution.

Overall, the results indicate that CNN is a more robust and efficient model for this classification task, offering
better generalization and performance. However, SVM still provides a competitive alternative, particularly when
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computational efficiency is a key consideration. Future work could explore hybrid models that integrate CNN’s
feature extraction capabilities with SVM’s classification strengths to further improve performance.

The results presented in this research demonstrate the successful development and evaluation of a Convolutional
Neural Network (CNN) model for a binary classification task. The analysis of the training and validation metrics
shows that the CNN model is effectively learning and generalizing well to the data. The training and validation
loss curves (Figure 5) indicate a steady decrease in both the training and validation loss over the 10 epochs. The
training loss starts at around 0.6 and decreases to approximately 0.05 by the end of the training, while the
validation loss follows a similar trend, starting at around 0.65 and decreasing to 0.1. This convergence of the
training and validation loss curves suggests that the model is not overfitting to the training data and is able to
generalize well to the validation set.

The training and validation accuracy curves (Figure 6) further support the model's strong performance. The
training accuracy increases from around 70% to 94%, and the validation accuracy increases from around 68% to
92% over the 10 epochs. The close alignment between the training and validation accuracy curves indicates that
the model is effectively learning the underlying patterns in the data and achieving high performance on both the
training and validation sets.

The confusion matrix (Figure 7) provides additional insights into the model's classification capabilities. The
matrix shows that the CNN model correctly classified 4 true positives and 1 true negative, while misclassifying 1
false positive and 4 false negatives. This information can be used to calculate various evaluation metrics, such as
precision, recall, and Fl-score, which would provide a more comprehensive understanding of the model's
performance.

Overall, the research demonstrates the successful development and evaluation of a CNN model for a binary
classification task. The model exhibits strong training and validation performance, suggesting its potential for
real-world applications. The detailed analysis of the training and validation metrics, as well as the confusion
matrix, provides valuable insights into the model's strengths, weaknesses, and areas for improvement. Further
analysis and optimization of the model could lead to even better classification results and enhanced practical
applications.

7. Hypothetical Case Study: TeleSafe Networks — A Comprehensive Safety
Transformation

1. Introduction: The Challenge and Vision

"TeleSafe Networks, a leading telecom corporation, faced escalating safety concerns in its nationwide tower
maintenance operations. With technicians working at significant heights and handling complex electrical systems,
the risks of falls, electrical hazards, and weather-related incidents were substantial. Recognizing the limitations
of traditional safety measures, TeleSafe Networks embarked on a transformative journey to establish a data-
driven, predictive safety culture, leveraging deep learning and big data analytics."

2. Data Infrastructure: The Foundation (DBMS & Data Warehousing)

e Comprehensive Data Acquisition: "TeleSafe Networks deployed a mobile application integrated with
0T sensors. Technicians utilized the app for digital pre-work checklists, real-time incident reporting
(including multimedia evidence), and equipment maintenance logs. 10T sensors embedded in technician
PPE and tower equipment transmitted real-time vital signs, environmental data, and equipment status.
Real-time weather data was ingested via APIs."

e Centralized Data Management: "A robust relational database (PostgreSQL) was implemented,
ensuring data integrity through constraints and role-based access control (Sinha, 2019) [31]. A
centralized data warehouse consolidated data from the operational database, sensor networks, weather
APIs, and training records (Sinha, 2019) [32]. A star schema facilitated multidimensional analysis, with
dimensions like Time, Location, Technician, and Equipment. Key safety metrics (incident frequency,
severity scores, equipment failure rates) were defined as measures, enabling in-depth trend analysis."
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3. Advanced Analytics: Extracting Insights (Data Mining & Machine Learning)

e Data Mining for Pattern Recognition: "Data mining techniques (clustering, association rule mining)
identified correlations between environmental factors, equipment conditions, and incident patterns
(Sinha, 2018) [33]."

e Deep Learning for Predictive Safety:

o "Recurrent Neural Networks (RNNs) were trained on time-series sensor data and weather
patterns for predictive risk assessment."

o "Convolutional Neural Networks (CNNSs) analyzed live video feeds for PPE compliance and
unsafe practices."”

o "Anomaly detection models processed real-time loT sensor data for immediate alerts."

e sComplementary Machine Learning:

o "Support Vector Machines (SVM) classified incident reports and detected equipment anomalies
(Sinha & Jain, 2013) [34]."
o "Decision Trees (DT) identified key risk factors and created risk assessment tools (Sinha & Jain,

2014) [35]."

o "K-Means clustering segmented technicians and identified high-risk locations (Sinha & Jain,
2015) [36]."

o "Random Forest improved prediction accuracy and performed feature selection (Sinha & Jain,
2016) [37]."

o "Naive Bayes analyzed incident reports and classified sensor data (Sinha & Jain, 2017) [38]."
o "K-Nearest Neighbors (KNN) enabled real-time anomaly detection and incident classification
(Sinha & Jain, 2018) [39]."

4. System Architecture and Implementation (Software Engineering & Client-Server)

e System Analysis and Design: "A thorough system analysis defined requirements, and a modular,
service-oriented architecture was designed (Sinha, 2019) [40]. User-centered design principles were
applied to the mobile app and dashboards."

o Software Engineering and Implementation: "Agile methodologies, Python, Java/Kotlin, and SQL
were used. A microservices architecture and CI/CD pipelines ensured scalability and rapid deployment
(Sinha & Kumari, 2022) [41], (Sinha, 2018) [42]. Deep learning models were trained on cloud-based
platforms."

e Client-Server Architecture: "Mobile apps acted as clients, and cloud servers hosted the data warehouse
and analytical platforms (Sinha, 2018) [43]. APIs facilitated communication between 10T devices, the
app, and servers."

e System Implementation and Maintenance: "A phased rollout, comprehensive training, regular
maintenance, continuous improvement, and security audits were conducted (Sinha, 2019) [44]."

5. Enhancing Safety Culture and Security (Digital Marketing & Cyber Security)

e Digital Engagement and Training: "Digital marketing principles were used for targeted safety training,
social media engagement, and data-driven feedback loops (Sinha, 2018) [45]. The mobile app itself
served as a digital marketing tool for safety promotion."

e Cyber Security and Privacy: "Multi-layered security measures, including data encryption, access
control, intrusion detection, security audits, employee training, and data anonymization, were
implemented to safeguard sensitive data (Sinha, R., & M. H., 2021) [34], (Sinha, R. K., 2020) [46],
(Sinha & Vedpuria, 2018) [47], (Sinha & Kumar, 2018) [48]. An incident response plan was in place."”

6. Big Data Infrastructure: Scalability and Real-Time Processing
e "AWS and Azure were used to handle massive data volumes and velocity (Sinha, R., & M. H., 2021)
[49]."

e "Apache Spark enabled real-time analytics and model training."
e "Edge computing at tower sites minimized latency for immediate safety alerts."”
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7. Impact and Outcomes

"By implementing this comprehensive data-driven safety system, TeleSafe Networks achieved:"

"Proactive hazard mitigation through deep learning-powered risk prediction."
"Enhanced safety compliance via automated video analytics."

"Improved safety culture through transparency and accountability."”
"Data-driven training for targeted interventions."
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8. Conclusion

This research presents a comprehensive investigation into the workplace safety culture within the
telecommunications industry, focusing on the Patna and Muzaffarpur districts of India. By employing a mixed-
methods approach, the study has successfully uncovered valuable insights into the current safety practices,
perceptions, and challenges faced by telecom employees.

The development of two predictive models, a Convolutional Neural Network (CNN) and a Support Vector
Machine (SVM), has been instrumental in identifying patterns and classifying employee perceptions related to
workplace safety. The CNN model has enabled the identification of specific factors and employee response
patterns that correlate with safety incidents, providing a deeper understanding of the underlying issues. The SVM
model, on the other hand, has facilitated the categorization of employee perceptions into “satisfied,”" "neutral,"
and "dissatisfied" groups, shedding light on the effectiveness of existing safety protocols and training programs.

The findings of this research have significant implications for telecom organizations operating in the region. The
actionable recommendations derived from the study will empower these organizations to enhance their safety
frameworks, minimize workplace risks, and foster a proactive safety culture among their employees. By
addressing the identified gaps in safety awareness and implementing targeted interventions, telecom companies
can prioritize employee well-being and improve operational efficiency.

9. Future Work:

Building upon the insights gained from this research, several avenues for future work can be explored:

1. Geographical Expansion: Extend the study to include telecom organizations across a wider geographical
area, allowing for a more comprehensive understanding of safety culture and practices within the
industry.

2. Longitudinal Analysis: Conduct a longitudinal study to monitor the long-term impact of safety
interventions and track the evolution of the safety culture over time.

3. Integrating Additional Data Sources: Explore the integration of other data sources, such as incident
reports, safety audits, and industry benchmarks, to further enhance the predictive models and provide a
more holistic view of safety performance.

4. Qualitative Insights: Incorporate more in-depth qualitative methods, such as focus group discussions and
interviews, to gain a deeper understanding of the underlying factors influencing safety perceptions and
behaviors.

5. Comparative Analysis: Conduct a comparative analysis between the telecom industry and other high-
risk sectors to identify best practices and cross-pollinate safety strategies.

6. Automation and Al-driven Monitoring: Explore the integration of advanced technologies, such as
computer vision and loT sensors, to automate safety monitoring and enable real-time incident detection
and response.

By pursuing these future research directions, the telecom industry can continue to strengthen its safety culture,
protect its workforce, and ensure sustainable growth and operational excellence.
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