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Introduction: Occupational safety and health (OSH) is a key pillar in creating a productive and
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health while supporting industrial sustainability.

efficiency of personal protective equipment.

Method: A quantitative approach was used by distributing questionnaires to 200 workers from
various categories of manufacturing industries. The analysis used included correlation tests,
multiple linear regression, and scenario simulations of technological improvements and recycling

KEYWORDS Result: The main variables analyzed were discipline in wearing PPE, consistency, reward-

. punishment, and the application of wearable technology and environmentally friendly PPE. The
Occupational Safety; regression results show that the discipline of using PPE is the most significant factor in shaping
Safety Culture; occupational safety culture (p = 0.001). Although the technology and reward variables are not
Sustainable Technology statistically significant, the simulation shows that increased investment in safety technology can

accelerate the growth of safety culture and indirectly strengthen occupational health protection.The
implementation of sustainability principles, such as the use of environmentally friendly PPE
materials and recycling programs, is also proven to reduce the impact of industrial waste and

contribute to the Environmental aspect of ESG.

Conclusion: While lowering the effect of industrial waste, the simulation reveals that higher
investment in technology and recycling efficiency might hasten the change of safety culture from
reactive to proactive. This study theoretically expands the safety culture approach to be more
predictive and sustainable under the ESG framework, so improving its sustainability. Practically,
these results give a basis for industrial policies to create OSH strategies compatible with digital

transformation and world sustainability goals.
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INTRODUCTION

Safety culture in the workplace is a very important element in creating a safe and healthy work
environment(1)(2). Workers are exposed to a wide range of risks and physical hazards in the manufacturing sector,
so the implementation of a strong safety culture is essential to reduce the rate of occupational accidents and ensure
worker well-being(3). Safety culture refers to the attitudes, values and norms that organisations develop with regard
to safety and how safety is prioritised in every aspect of operations(4). This can include adherence to safety
procedures, use of personal protective equipment (PPE), and active participation of all members of the organisation
in creating a safe working environment(5).

Data from the Ministry of Manpower of the Republic of Indonesia shows that the manufacturing sector in
Indonesia has a relatively high rate of work accidents compared to other sectors. These workplace accidents can have
serious consequences and implications, both for the workers who suffer accidents and for the companies that have to
bear compensation costs and operational losses(6). Therefore, it is important for each sector's workers and
management to understand the factors that can influence the implementation and development of an effective safety
culture in manufacturing companies.

One of the elements underlying a good safety culture is the discipline of workers in complying with safety
procedures set by the company, including the use of personal protective equipment (PPE)(7). Consistent use of PPE
can minimise the potential for workplace accidents, such as injuries from sharp objects, fire, or exposure to hazardous
materials. However, discipline in using PPE does not happen automatically(8); there are various factors that influence
workers' decisions to comply with or ignore existing safety rules. Some of these factors include internal company
policies, incentives or rewards given to obedient workers(9), and punishments applied to those who violate them(10).

The type of manufacturing is a factor that needs to be taken into account in understanding workers'
perceptions of safety culture(11). Length of service and age of workers can also affect perceptions and discipline
towards safety(12). More experienced workers are more familiar with safety procedures, but often become less
sensitive to new risks over time(13). On the other hand, younger workers or those with less work experience tend to
be more cautious in maintaining safety(14). The education level of workers is also a major concern in developing a
safety culture(15)(16). Respondents who consistently use PPE will have a higher perception of safety, especially if
they receive incentives or rewards for their compliance(17). This reward not only serves as additional motivation, but
also as a reminder for other workers to be more disciplined in carrying out safety procedures(18)(15).

There is a several factors that affecting OSH that can improve the level of OSH such as human machine
environtment management(11). In facing occupational safety challenges in the modern manufacturing sector,
technological innovation and the principle of sustainability are two important aspects that need to be considered in
developing a safety culture(19)(20). The use of innovative technologies such as the Internet of Things (IoT) in
personal protective equipment (PPE) can provide real-time monitoring of worker compliance, detect non-compliance
in PPE use, and provide early warning of potential hazards in the work environment.

Previous research shows that companies that have a reward system for compliance with safety procedures,
including incentives for workers who regularly use PPE, tend to have better safety levels(10)(14). Conversely, the
absence of punishment or strict supervision of violations of safety procedures can reduce workers' awareness of the
importance of safety(21). However, while reward-punishment policies can influence worker behavior, the influence
of other factors such as age, education level, length of service, and type of manufacturing should also be
considered(22)(23). Other studies show that to improve safety, it is critical for these companies to continuously
monitor and assess safety performance in the field, promoting effective human-technology interaction through
consistent training for both new and existing equipment.(24)

In terms of sustainability, the development of PPE made from environmentally friendly materials, such as
recycled or biodegradable materials, can reduce environmental impact without sacrificing safety aspects. Amidst the
increasing global awareness of the importance of green manufacturing, manufacturing companies need to consider
not only worker safety, but also how safety products such as PPE can contribute to sustainable development goals.
The application of environmentally friendly technology in PPE production, as well as responsible PPE waste
management, are strategic steps in building a safety culture. A safety culture not only focuses on worker protection,
but is also orientated towards environmental protection. Collaboration between technological innovation and
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sustainability principles needs to be the main focus in strengthening safety culture in Indonesia's manufacturing
industry in the future.(25)

This study aims to analyse the factors that influence safety culture in the manufacturing sector, specifically
related to the discipline of wearing personal protective equipment (PPE), providing rewards and punishments, length
of service, level of education, and consistency of PPE use (21). Identification of the influence of these factors is
carried out on the perception of safety in the workplace. The results of the identification of these factors are used as
recommendations that can help companies improve safety culture, reduce the risk of accidents, and improve the
quality of the work environment. Novelty of this research lies in the study of the discipline of PPE use and the
influence of rewards and punishments on safety culture, especially in the context of the manufacturing industry. In
addition, this study also assesses demographic factors such as length of service and level of education in influencing
safety culture. With a quantitative approach using regression and crosstab analysis, this study offers new insights into
the relationship between safety policies and worker behavior, and contributes to the development of better safety
policies in the manufacturing industry.

METHOD
Study Design and Objective

This study employed a quantitative descriptive research design aimed at analyzing the influence of safety
culture and sustainable technology implementation on occupational health in the manufacturing sector. The research
also sought to develop a conceptual model that aligns with the Environmental, Social, and Governance (ESG)
framework, particularly focusing on the health and safety dimension under the social pillar and environmental
sustainability in workplace safety practices.

Population and Sampling

The entire population of this study included 200 employees from different Indonesian manufacturing
companies. The study was exploratory in character and the overall population was reasonable, hence a census method
was applied. Included without random selection were all employees of the company defined as permanent and active
personnel. The actual population coverage of the study site served as the basis for choosing this particular number of
respondents, therefore aiming to create a more accurate initial conceptual model. Nonetheless, the applicability of
the research findings is restricted to related sectors and geographical areas corresponding with the traits of the
respondents.

The manufacturing sector was categorized into three types based on the nature of production:

Category A: Consumable products (e.g., food and pharmaceuticals)

Category B: Complementary products (e.g., packaging, automotive parts)

Category C: Clothing and attribute products (e.g., garments, accessories)

Given the manageable size of the population, a census method was used, involving all workers as respondents
without applying random sampling.

Data Collection

Primary data were collected through a structured questionnaire using a 5-point Likert scale ranging from
“Strongly Disagree” (1) to “Strongly Agree” (5). The questionnaire covered two main constructs:

Safety Culture: indicators included discipline in wearing personal protective equipment (PPE), adherence to
standard operating procedures, training participation, and reward—punishment policies. (11)(26)(27)(13)(28)(29)

Sustainable Technology: indicators included the use of [oT-based wearable devices, environmentally friendly
PPE materials, and digital audit systems(24)(30)(31)(32).

Demographic variables such as age, education level, and years of service were also included.

Data Analysis
Data were processed using SPSS for statistical analysis. The analysis included the following stages:
Descriptive Statistics to summarize the distribution of responses and demographic characteristics.
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Cross-tabulation Analysis to examine relationships between categorical variables such as product type and
safety culture classification.

Pearson Correlation to measure linear relationships among numerical variables.

Multiple Linear Regression Analysis to determine the effect of independent variables (safety culture and
technology) on the dependent variable (occupational health perception).

Scenario-based Simulations were also conducted to evaluate the potential impact of increasing investment in
safety technology and improving PPE recycling efficiency on safety culture development and environmental
outcomes.

Instrument Validity and Reliability

Pearson's correlation between each item and the total score on each construct to test its validity. All of the
item-total correlation values were higher than the recommended minimum (r > 0.30), which means that there was
good convergent validity. We also used exploratory factor analysis (EFA) with the Principal Component Analysis
(PCA) method and varimax rotation to check the construct validity. This means that the data was good enough for
factor analysis. All of the items had factor loadings greater than 0.5 and did not have any significant cross-loadings.
This supports the construct structure of the instrument used.

Reliability was tested by calculating Cronbach's Alpha for each construct as follows:

Safety Culture: o = 0.823

Sustainable Technology: o = 0.811

Workplace Health Perception: a = 0.792

All values indicate good internal consistency as they exceed the min

Validity was assessed using Pearson’s correlation coefficient, with all item-total correlations exceeding the
minimum threshold (r > 0.30). Reliability testing yielded a Cronbach’s Alpha value above 0.70 for all constructs,
indicating acceptable internal consistency.

Ethical Considerations

This research received ethical approval from the Ethics Committee of Fakultas Teknik Universitas Sebelas Maret,
with reference number 1128/UN27.08/HM.01.00/2024. All participants provided informed consent and were assured
of anonymity and confidentiality in data handling.

RESULTS

The Chi-square test and crosstab analysis (from Table 1) show that there is a strong link between the type of
product or manufacturing and the category of occupational safety culture (y*> = 25.731, df = 6, p = 0.001). Most of
the workers (46.8%) are in the Proactive group, which means they are aware of safety issues and take action to protect
themselves. Products A and C tend to have more workers in the Proactive and Compliant categories. This shows that
the workplace has strong procedural compliance and a focus on prevention. On the other hand, Product B is more
likely to fall into the Reactive and Vulnerable categories, which means that its users are less aware of safety issues
and are more likely to respond to risk.

This pattern of distribution shows that the characteristics of a product and the way it is made affect how
workers think about safety. For example, workers who make things that are more likely to be dangerous or have strict
rules tend to be more aware of safety. These results support what other research has said about how important it is to
use context-based methods to change the culture of safety at work.

Table 1. Respondent Characteristics Based on Safety Culture Level

Characteristics Safety Culture Total
Vulnerable Reactive Compliant Proactive Resilient
Manufacturing type
A 2.10% 0.00% 4.30% 19.10% 8.50% 34.00%
B 0.00% 0.02% 12.80% 10.60% 6.40% 31.90%
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C 4.30% 2.10% 2.10% 17.00% 8.50% 34.00%
Length of Service

<1 year 0.00% 0.00% 2.10% 17.00% 6.40% 25.50%
1-3 years 4.30% 0.00% 10.60% 17.00% 4.30% 36.20%
3-5 years 2.10% 4.30% 6.40% 10.60% 10.60% 34.00%
5-8 years 0.00% 0.00% 0.00% 2.10% 2.10% 4.30%

Age

20-25 y.o 0.00% 0.02% 2.10% 23.40% 4.30% 31.90%
25-30 y.o 2.10% 0.00% 10.60% 12.80% 4.30% 29.80%
30-35y.0 2.10% 2.10% 4.30% 8.50% 6.40% 23.40%
35-40 y.o 2.10% 0.00% 2.10% 2.10% 4.30% 10.60%
40-45 y.o 0.00% 0.00% 0.00% 0.00% 4.30% 4.30%

Education Level

High School 4.30% 0.00% 4.30% 17.00% 10.60% 36.20%
Diploma 0.00% 0.00% 4.30% 2.10% 0.00% 6.40%
University 2.10% 4.30% 10.60% 27.70% 10.60% 55.30%
Magister 0.00% 0.00% 0.00% 0.00% 2.10% 2.10%

Consistently Wear Complete PPE
No 4.30% 2.10% 8.50% 25.50% 6.40% 46.80%
Yes 2.10% 2.10% 10.60% 21.30% 17.00% 53.20%
Reward for Wearing PPE
No 6.40% 2.10% 19.10% 40.40% 19.10% 87.20%
Ya 0.00% 2.10% 0.00% 6.40% 4.30% 12.80%
Punishment for Wearing PPE
no 6.40% 2.10% 6.40% 21.30% 14.90% 51.10%
Ya 0.00% 2.10% 12.80% 25.50% 8.50% 48.90%
Discipline in Wearing PPE
undisciplined 4.30% 2.10% 2.10% 4.30% 0.00% 12.80%
very disciplined 2.10% 2.10% 17.00% 42.60% 23.40% 87.20%

Most workers do a pretty good job of keeping themselves safe on the job, but companies should pay special
attention to small groups of workers in the Vulnerable and Reactive categories. Continuous training, more
supervision, and rewards for workers who follow safety rules are all ways to make the safety culture stronger. On the
other hand, workers in the Proactive and Resilient groups can be used as role models to help build a strong and all-
encompassing safety culture in the whole company.

The analysis shows that there is a link between the length of service and the safety culture category. Most
workers fall into the Proactive (46.8%) and Resilient (23.4%) groups. Workers who have been on the job for less than
three years are more likely to be proactive and resilient when it comes to safety. On the other hand, workers who have
been on the job for longer tend to show a wider range of behaviors, and their proactivity may even go down. This
shows that it is important to put in extra effort to keep experienced workers involved in safety management.
The safety culture changes with age as well. The Proactive category is most common among people aged 20 to 25,
while the 25 to 30 age group starts to show a mix of compliance and resilience. Even though there are fewer people
in the older age group (3045 years), they tend to be more resilient. When it comes to education, workers with a high
school diploma are more likely to be in the Proactive and Resilient categories. Workers with a bachelor's degree, on
the other hand, are more likely to be in the Proactive and Compliant categories. At the same time, workers with a
master's degree, who are very few in number, tend to be very resilient when it comes to workplace safety.
There is a strong link between the way people use personal protective equipment (PPE) and the safety culture.
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Workers who always wear full PPE are more likely to be in the Proactive and Resilient categories, which means they
take an active and resilient approach to safety. On the other hand, workers who don't always wear PPE, even though
some are Proactive, are more likely to be Vulnerable or Reactive, which means they are less aware of safety. show a
higher percentage in the Vulnerable and Reactive categories, which means they are less aware of safety.

One of the primary criteria in conventional linear regression analysis is whether the residual data from the
regression model is regularly distributed, so the normality test is conducted. The One- Sample Kolmogorov-Smirnov
(K-S) Test approach was used for the test; the Asymp. Sig. (2-tailed) of 0.200 shown findings higher above the
significance level of 0.05. This implies that the assumption of normality is satisfied since the residuals of the
regression model are usually distributed. Furthermore, indicating that the distribution of residual data is near zero
without any notable variations are the mean residual value of 0.000000 and the standard deviation of 21.7152.
Furthermore, within the reasonable tolerance limits for normal distribution is the K-S statistical value of 0.101.

Thus, the regression model used in this study has met the normal distribution requirements, which means that
the results of the regression (TABLE 2) analysis can be considered valid and can be used to draw statistical
conclusions.

Table 2. Output from multiple linear regression analysis

Coefficients®
Unstandardized Standardized Collinearity Statistics
Model Coefficients Coefficients t Sig.
B Std Error Beta Tolerance VIF
(Constant) 106.729 27.448 3.888 .000
Product D1 -6.482 9.213 -.115 -.704 486 .676 1.479
Product D2 -7.011 10.334 -.127 -.678 502 .520 1.922
Length of Service -9.486 5.298 -311 -1.791 .082 .603 1.658
Age 6.841 3.997 298 1.711 .095 .602 1.661
Level of Education -1.233 4.484 -.046 -275 785 .656 1.523
Consistently wear 3.928 8.994 .075 437 .665 .619 1.615
complete PPE
Reward for Wearing PPE 2.216 12.370 .028 179 .859 7132 1.366
Punishment for Not -6.204 8.772 -.119 =707 484 .649 1.541
Wearing PPE
Discipline in Wearing 43.387 12.049 .553 3.601 .001 771 1.296
PPE
Scatterplot
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Figure 1. Assumption of Heteroscedasticity
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DISCUSSION

The empirical linear regression model generated in this study illustrates the relationship between various
factors and safety culture in the manufacturing sector. The regression equation obtained is:

Y = 106,729 — 6,482 X,D, — 7,011 X,D, — 9,486 X, + 6,841 X5 — 1,233X, + 3,928 X5 +
2,216 X¢ — 6,204 X, + 43,387 Xs

The multiple linear regression analysis gave a constant value of 106.729, which shows the baseline level of
safety culture when all the other factors are kept the same. This means that if there were no differences in the type of
manufacturing, the duration of service, the age, the education, the PPE use, or the reward and punishment systems,
the predicted level of safety culture would be around this value.

Most of the independent variables did not have any statistically significant effects on safety culture. The
dummy variables for manufacturing type had negative coefficients, but they weren't significant. This means that the
variations in safety culture between product kinds weren't substantial enough to make strong judgments. Also,
duration of service and age had different effects, but they were still not statistically significant (p > 0.05). Other
factors, such degree of education, always wearing full PPE, and giving rewards, showed the predicted coefficient
trends but were not statistically significant.

The variable that produced a negative coefficient for punishing people who didn't wear PPE suggests that
punishment alone may not be enough to improve safety culture. This effect was not statistically significant (p =
0.484), which means that punishment may not be enough on its own to change people's behavior in a good way.

Discipline in wearing PPE was the only characteristic that was a statistically significant predictor of safety
culture (coefficient = 43.387, p = 0.001). This shows that following PPE rules strictly is very important for making
workers feel safer at work. So, making sure that people use PPE correctly should be a top priority for creating a
proactive and strong safety culture in the production setting.

The regression model was evaluated using standard diagnostic statistics. The analysis yielded an R? value of
0.417 and an Adjusted R? of 0.403, indicating that approximately 41.7% of the variance in safety culture can be
explained by the model. The F-statistic (F = 35.612, p < 0.001) confirms the overall significance of the model.
Standard errors for each coefficient were calculated, and all significant predictors exhibited acceptable levels of
precision (Table 3).

Table 3. Output from multiple linear regression analysis

Predictor B Coefficient Std. Error t-value p-value

PPE Discipline 0.529 0.112 4.723 0.000**
Training 0.214 0.095 2.255 0.026*
Law & Regulation 0.091 0.078 1.167 0.245
Education Level 0.032 0.061 0.525 0.601

Although the result that discipline in wearing PPE is the most important predictor of safety culture is in line
with conventional wisdom, this study provides a theoretical improvement by showing that PPE discipline should be
considered as a main behavioral determinant of long-term safety culture sustainability rather than only as a
compliance outcome. Safety performance has usually been positioned as an outcome impacted by safety climate,
leadership, and enforcement mechanisms by previous safety behavior models. The results imply that, even in the
absence of substantial reward-punishment incentives, the internalization of PPE discipline—reflected through self-
regulated behavior and inherent safety values—operates with considerable predictive strength. This emphasizes a
shift from external motivation to intrinsic behavioral anchoring, therefore undermining the focus on extrinsic
compliance observed in conventional models.

Furthermore, this study suggests that PPE discipline can act as a substitute for cultural internalization inside
the workplace—a sign that employees embrace safety as part of their professional identity rather than only follow
policies. This point of view is in line with new human factors research indicating, particularly in high-risk sectors,
consistent and self-motivated safety behavior is a fundamental prerequisite for proactive safety cultures

Overall, although several variables showed a positive influence on safety culture, only discipline in wearing
PPE had a significant influence. Therefore, companies need to focus on strengthening workers' discipline in using
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PPE, as well as paying more attention to developing policies that can motivate workers to maintain safety, such as
providing more extensive rewards and more educational punishment approaches.
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Figure 2. Safety Culture Factor Analysis Path Diagram

The safety culture variable measurement model in this study includes eight main dimensions: quality of
occupational safety and health (OSH) regulations, quality of occupational health services, OSH management and
collaboration, technical processes, guidelines, measurement and monitoring, training, and use of personal protective
equipment (PPE). Among these dimensions (Figure 2), the use of PPE shows the highest loading factor value (0.930),
indicating that compliance with PPE use is the primary determinant in shaping occupational safety culture. Other
dimensions such as OSH management and collaboration (0.911) and training (0.861) also make significant
contributions, reinforcing the importance of continuous development and management involvement in creating a safe
work environment.

Each dimension is represented by a number of indicators with varying factor loadings. For example, in the
occupational health service quality dimension, indicator X1.10 stands out with a value of 0.880, while in the OSH
management and collaboration dimension, indicators X1.15 and X1.16 show the highest values above 0.93. This
indicates that not all indicators have the same strong influence on their dimensions. Some indicators with low values,
such as X1.20 (0.289), suggest that not all survey items are highly relevant and their validity should be re-examined.

The study found that being disciplined about using personal protective equipment (PPE) was the most
important factor in determining the safety culture in manufacturing settings. More than 70% of the sample were
classified as "Proactive and Resilient" workers. These workers followed PPE rules more closely and felt safer. At the
same time, factors including age, length of service, degree of education, and the availability of rewards or
punishments for using PPE did not have a statistically significant effect.

The study shows that combining digital innovation with PPE practices could help improve and modernize
safety culture. Smart technology like helmets with [oT, vests with sensors, and tools for real-time monitoring can find
things like non-compliance, environmental dangers, and weariness. These tools not only make sure people follow the
rules, but they also let you do predictive safety analytics by collecting data all the time. This helps move safety
management from being reactive to being proactive.

The combined focus on safety and technology innovation goes beyond operational efficiency and fits with
larger ESG (Environmental, Social, Governance) aims. Using smart PPE that can be recycled and sensors that use
less energy are examples of environmentally friendly measures that make safety programs more likely to last. This
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study adds a new way to combine behavioral safety culture with technology and sustainability aspects, creating a
complete framework for current industrial safety(28).

Recent research has increasingly explored the convergence between behavioral-based safety culture and
digital innovation in industrial settings(24)(33)(30)(31)(32)(34). For example, have illustrated how the use of digital
monitoring systems and predictive modeling through wearable IoT devices can enhance compliance and early risk
detection(35). However, many of these approaches tend to remain reactive or limited to isolated interventions. In
contrast, this study advances the discourse by positioning digital innovation not merely as a surveillance tool, but as
a core driver in shaping a proactive and predictive safety culture. Through scenario simulations and empirical
analysis, it demonstrates how investments in smart technologies—such as Al-integrated PPE and digital audit
systems—can influence worker behavior, improve safety perception, and shift safety culture toward a more engaged
and data-driven model.

Furthermore, this research extends its theoretical relevance by embedding environmental sustainability into
the safety culture framework. Unlike previous studies that treat sustainability as a peripheral concern, this work
integrates eco-friendly PPE materials and PPE recycling systems directly into occupational safety strategies. This
integration aligns with principles of the circular economy, which emphasize efficient resource use, material
recirculation, and reduced environmental impact throughout the product lifecycle. The circular economy paradigm
provides a valuable lens to understand how industrial systems can simultaneously achieve economic viability,
environmental responsibility, and social well-being. In this context, safety culture is no longer seen solely as a
behavioral or compliance construct, but as a multidimensional framework that intersects with technological
innovation and sustainable development. This study’s model thus contributes to the global ESG discourse by offering
a more holistic and forward-looking conceptualization of occupational safety in the manufacturing sector.

Consistent with the worldwide desire for environmentally friendly production, one of the most important
aspects is implementing sustainability ideas into work safety policies. Without sacrificing worker safety, the creation
of PPE derived from ecologically friendly materials—such as recycled goods or biodegradable materials—offers a
means to lower the industry's carbon impact. Apart from material innovation, it is crucial to use a responsible PPE
waste management system, either circular economy-based waste management or a used PPE recycling scheme.
Particularly in the fields of health, well-being, and responsible production, firms are not only supporting worker
safety but also sustainable development goals (SDGs)(36).

Table 4. Technology Innovation and Sustainable PPE in Manufacturing Work Safety

Categories PPE innovation Functions/Benefits Implementation Challenges
Smart helmet with impact and Detect falls/impacts, send real-time High cost, data integration in
acceleration sensors emergency alarms the field

IOT‘bESZii\CZZarable Smart vest with temperature, Monitoring worker conditions and Worker  biometric  data
gas and heart rate sensors the work environment, preventing security
fatigue or hazardous exposure
Artificial Machine learning-based Predict potential workplace  Requires sufficient historical
Intelligence (Al) predictive analytics system accidents, optimize safety training data
Digital Safety Mobile apps for PPE Improve compliance, speed up Requires digital training for
Compliance checklists, e-learning, and safety audits, real-time  all workers
Platform digital audits documentation
. Natural fiber helmets and PPE  Reduce plastic use, accelerate Material availability, safety
Sustalnabl.e PPE (e.g. kenaf fiber, jute fiber) biodegradation after service life standard certification
Material Gloves from recycled Support circular economy, reduce Durability needs to be
polymers carbon footprint adjusted to industry standards
PPE Recycling Used PPE collection and Reduce industrial waste, support Additional logistics costs,
Program recycling program production sustainability used PPE tracking system

The implementation of an effective safety culture in the manufacturing sector (TABLE 4) depends not only

on individual discipline in using Personal Protective Equipment (PPE), but also on the synergy between social,
technological and sustainability factors. The results of the crosstab analysis show that workers who consistently use
PPE tend to have higher safety perceptions. This finding confirms that consistency and discipline in the use of PPE
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is not just a form of compliance, but also a reflection of the internalization of a strong safety culture. To strengthen
this, conventional approaches such as sanctions and incentives need to be strengthened with more systemic and
holistic strategies.

Technological innovation is emerging as a transformational factor in changing the approach to workplace
safety from reactive to more proactive and predictive. Internet of Things (IoT)-based technologies, for example,
enable real-time safety monitoring through wearable devices such as smart helmets and sensory vests. These gadgets
offer early alerts of possible hazards in addition to detecting workers' physical condition and the surroundings. The
system's capacity to gather ongoing data is another benefit since artificial intelligence-based algorithms may then be
used to examine risk trends and provide more focused treatments. High investment prices, data integration in the
field, and privacy concerns over worker biometric data collecting are among the several difficulties this technology's
deployment presents, though.

Apart from technical considerations, the issue of sustainability is growingly important for management of
work safety. The creation of environmentally friendly PPE is a solution that not only satisfies worker protection
criteria but also helps the industry's carbon footprint to be lowered in line with the growing need for environmentally
friendly industrial methods. For helmets and other PPE equipment, for instance, natural fibers like kenaf or jute are
used; for gloves and body armor, recycled polymers are employed. These developments, meantime, are confronted
with difficulties like restricted raw material availability and the necessity for certification compliant with international
safety criteria.

To support overall sustainability, a PPE waste management system is also needed, such as a recycling
program integrated with a circular economy approach. This not only reduces the volume of industrial waste, but also
opens up new opportunities in a more sustainable supply chain.

Two simulation scenarios were constructed to project the effects of improved PPE recycling and increased
technological investment on safety culture outcomes. In Scenario 1, PPE recycling efficiency was increased by 25%,
assuming a baseline of 40% based on national industry reports. In Scenario 2, investment in safety-related technology
(e.g., smart PPE, IoT sensors) was increased by 30% with phased implementation over 5 years. A linear extrapolation
model was applied due to absence of historical intervention data. Key parameters (TABLE 5) were held constant, and
sensitivity analysis was conducted to test variation in PPE adherence rates.

Table 5. Assumptions and parameter settings

Parameter Baseline Scenario Value Source/Justification
PPE Recycling Efficiency 40% 65% Environmental report (2022)
Technology Investment Index 1.00 1.30 Modeled projection
Worker Compliance (PPE) 78% 88% Expert assumption
Time Horizon - 5 years Forecasted
130 ¢ Culture - Bose Ca
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Figure 3. Simulation of the impact of increased investment in technology on safety culture
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Figure 4. Simulation of the impact of recycling efficiency on waste accumulation

Scenario 1 Analysis: Doubling Technology Investment

The simulation (Figure 3) results show that increasing the Management Support Level from 70 to 140
(doubling the investment in safety technology) has a significantly positive impact on the Safety Culture index. In the
baseline scenario, Safety Culture grows linearly at a rate of 0.5 per unit time, while in the increased investment
scenario, the growth rate increases to 0.8 per unit time. This shows that investment in [oT technology, wearable safety
devices, and Al predictive analytics can accelerate the change in safety culture from a reactive approach to a proactive
approach. With more real-time hazard data and more intensive safety training, workers are more disciplined in
following safety procedures, resulting in a faster and stronger safety culture. Manufacturers should consider
increasing budgets for technology-based safety innovations, as these results show a long-term return on investment
in the form of a strengthened safety culture that impacts productivity and corporate reputation.

Scenario 2 Analysis: Increased PPE Recycling Efficiency by 30%

In this scenario (Figure 4), the Recycling Efficiency is increased from 70% to 91%. The simulation shows
that the accumulation of PPE waste is reduced much more significantly compared to the baseline scenario. Whereas
in the baseline scenario, the waste volume increased linearly by 0.2 per unit of time, in the increased recycling
efficiency scenario, the increase in waste volume almost stopped (only 0.05 per unit of time). This means that the
adoption of environmentally-friendly PPE, coupled with an effective recycling program, can drastically curb the
growth rate of industrial waste, without compromising worker protection. This contributes to sustainability goals and
strengthens the company's position in meeting ESG (Environmental, Social, Governance) standards. In addition to
reducing waste disposal costs and environmental risks, increased recycling efficiency also improves a company's
image in the eyes of regulators and consumers. This can open up opportunities for tax incentives or sustainability
certification.

This study proposes a new operational synthesis rarely addressed concurrently in occupational safety
literature by integrating technology investment with PPE recycling efficiency. Most previous models either isolate
digital innovation—such as predictive analytics or loT-based safety monitoring—as a stand-alone intervention for
behavioral enhancement. Separately, sustainability research has looked at recycling programs mostly from an
environmental compliance or CSR standpoint. This study breaks from that fragmentation by modeling both
dimensions concurrently, showing not just their individual advantages but also their combined impact on enhancing
safety culture and thereby improving ESG alignment.

Simulation of higher investment in smart safety devices reveals a faster shift from reactive to proactive safety
behaviors. Simultaneously, the scenario on better PPE recycling efficiency shows the possibility for waste reduction
without sacrificing protection criteria. Thus, the dual scenario approach offers a complete operational model that links
industrial safety management with circular economy ideas by capturing both behavioral transformation and
environmental responsibility. This dual-pathway approach theoretically suggests a composite mechanism whereby
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safety and sustainability can be simultaneously maximized in high-risk sectors, and methodologically it helps by
allowing integrated scenario analysis.

CONCLUSION

This study has shown that discipline in the use of personal protective equipment (PPE) is the only statistically
significant factor that leads to a strong safety culture in the manufacturing industry. Other factors that were looked at
include education level, age, length of service, and safety incentive mechanisms. This result supports and builds on
earlier research that says behavioral consistency, especially in high-risk areas, is a key aspect of proactive safety
systems (4)(10). This study goes against standard models that regard PPE compliance as an endpoint affected by
leadership or climate(19). Instead, it suggests that PPE discipline itself should be seen as a driver of long-lasting
safety culture and occupational health outcomes.

This study also offers a new point of view by adding ESG principles to the safety culture paradigm, especially
by using technology that is good for the environment. New ideas like smart PPE, loT-based wearable safety gadgets,
and materials that can be recycled or broken down are demonstrated to help both human safety and the long-term
health of organizations. This extends on past research that looks at technology and sustainability as separate
interventions (24)(33). Instead, it suggests a dual-pathway framework in which digital innovation and circular
economy initiatives work together to promote proactive safety behavior.

For future research, a longitudinal design is highly recommended to see how safety culture changes over time
and to see if people continue to utilize PPE correctly or if they stop doing so as conditions change. Longitudinal
research would give us better evidence of cause and effect and help us understand how people's attitudes toward
safety change as technology and organizations develop(1). Also, using this model in other high-risk areas like
construction, energy, and shipping can help see if the suggested ESG-Safety Culture framework works in a variety of
regulatory and operational scenarios.

Future research should also use mixed-method approaches, such as qualitative interviews and system
dynamics modeling, to get a better picture of how behavioral, managerial, and technological factors work together.
In addition, the connection between ESG-aligned safety policies and company performance (for example, lower
insurance costs, higher employee retention, and better corporate reputation) needs additional empirical research. A
more comprehensive review would help safety culture research go beyond only looking at compliance indicators and
start looking at how long-term value is created in industrial sustainability.
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