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ABSTRACT 

This paper investigates how technology-based decision systems affect safety results in 

Zimbabwe's underground chrome mining operations. The research investigates the complex 

experiences and safety practice perceptions of mine managers and safety officers and frontline 

workers through distributed questions. The research shows that real-time monitoring systems 

and data analytics together with other technological tools create better safety culture and 

improved situational awareness among workers. The participants stated that successful change 

implementation requires both effective communication and leadership support to build positive 

attitudes towards technology. The research shows that financial limitations and inadequate 

training programs act as obstacles to implement technology successfully. The research provides 

essential knowledge about technology that is safety relationships in mining operations which 

helps stakeholders make better decisions. The research demonstrates that successful technology 

implementation requires stakeholder collaboration to establish safety. The journal presents 

practical recommendations to enhance safety performance in Zimbabwe's underground chrome 

mining operations through technology driven decision making safety practices in mining 

operations. 
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Introduction 

The underground chrome mining sector in Zimbabwe 

functions as a vital economic force because it creates 

numerous employment opportunities and generates national 

revenue (Magidi, 2023). The industry faces ongoing safety 

problems because accidents together with worker fatalities 

create severe dangers for personnel and operational stability. 

The rising need for better safety standards has led to a 

technological transformation of decision making processes 

which improves both operational safety and efficiency. 

The mining industry can transform its safety practices through 

real-time data collection and predictive analytics and advanced 

communication systems. The new innovations support risk 

management through proactive measures which allow for 

early interventions to stop accidents before they happen 

(Zvarivadza, 2024). The combination of immersive training 

tools like virtual reality simulations prepares workers to 

handle dangerous situations better while building safety 

culture and accountability practices. 

Onifade (2023) reiterates that adoption of technology faces 

multiple obstacles because traditional thinking resists change 

while financial limitations restrict investments in innovative 

solutions. The analysis of technological decision-making 

processes in this specific context remains essential for all 

industry stakeholders. The research investigates how 

technology affects safety performance in Zimbabwe's 

underground chrome mining operations through an assessment 

of successful implementation obstacles and facilitators. The 

research provides strategic guidance to enhance safety 

standards in this essential industry. 

Literature Review  

The researcher conducted a critical analysis of existing 

research about how technology based decision making affects 

safety results in Zimbabwe’s underground chrome mining 

industry. The review combines scholarly articles with reports 

and relevant sources to position the research question within 

the existing academic literature. The review presented 

essential theories, research methods and results about 

technology integration in mining operations and reveal areas 

that need additional study. The research aims to establish the 

importance of the research question while determining the 

study's direction to create meaningful improvements in mining 

sector safety. 

Importance of Technology in Mining 

The mining sector has witnessed significant technological 

advancements, particularly in underground operations. Studies 

by Mudd (2014) and Kohler (2015) emphasize that technology 
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can improve safety, enhance productivity, and optimize 

resource utilization. The integration of automation, data 

analytics, and real-time monitoring systems has transformed 

traditional mining practices, allowing for more informed 

decision-making (Agboola et al., 2020). 

Barriers to Technology Adoption 

Despite the potential benefits, several barriers hinder 

technology adoption in the mining industry. According to 

Gruenhagen (2022), financial constraints and lack of training 

are key obstacles. Moreover, cultural resistance to change can 

stifle innovation, as noted by Ediriweera (2021). The literature 

suggests that organizations must address these barriers to 

facilitate successful technology integration (Chilunjika, 2024). 

The Role of AI and IoT 

The application of Artificial Intelligence (AI) and the Internet 

of Things (IoT) in mining operations has garnered significant 

attention. Research by Zeba et al. (2021) highlights how these 

technologies can enhance operational efficiency and safety. 

For instance, AI can analyze vast datasets to predict 

equipment failures, while IoT devices enable real-time 

monitoring of environmental conditions (Awolusi et al., 

2018). 

Safety and Risk Management 

Safety is paramount in underground mining, and technology 

plays a crucial role in mitigating risks. Studies by Tripathy and 

Ala (2018) indicate that effective risk management relies 

heavily on technology to collect and analyze data, facilitating 

timely interventions. The integration of safety technologies, 

such as gas detectors and automated monitoring systems, has 

been shown to reduce accidents and enhance worker safety.  

Safety Outcomes in Zimbabwe’s Underground Chrome 

Mining Sector 

The underground chrome mining sector in Zimbabwe faces 

ongoing safety issues because of past problems with industrial 

accidents and dangerous workplace environments. The 

implementation of technology based decision systems 

represents a promising solution to improve safety practices 

and decrease incidents in the industry. Real-time monitoring 

systems together with predictive analytics and automated 

safety protocols enable mining operations to enhance their 

situational awareness and perform proactive risk management 

(Bag, 2022). 

These technological advancements create multiple effects on 

safety performance. The collection and analysis of enhanced 

data helps mine operators detect hazards better so they can 

take prompt corrective actions. Wang (2021) argued that 

technology helps build a stronger safety culture because it 

promotes both accountability and better worker 

communication. The successful deployment of these 

technologies depends on both their adoption and the resolution 

of cultural resistance and proper training and leadership 

dedication to safety priorities. The implementation of 

technology for safety improvement in Zimbabwe's 

underground chrome mining sector demonstrates potential to 

establish safer workplaces while decreasing workplace 

accidents. 

Zimbabwe Underground Chrome Mining 

The Great Dyke region of Zimbabwe holds substantial chrome 

reserves which make the country rank among the world's top 

chrome producers (Denhere, 2021). The rising stainless steel 

industry demand for chromium has made underground chrome 

mining in Zimbabwe a vital operation because the country 

possesses abundant deposits. The extraction of high-grade 

chrome ore through this method occurs without significant 

surface interference thus making it the preferred choice for 

many mining areas. 

The underground chrome mining operations in Zimbabwe 

encounter multiple difficulties during their operations. The 

main priority in underground mining operations is safety 

because these operations present dangerous situations that 

result in accidents and health risks for miners. The 

combination of insufficient ventilation systems and rock 

collapses together with outdated equipment operation creates 

safety risks for miners. The mining industry now focuses on 

implementing modern technologies and best practices through 

automated systems and improved training programs for miners 

to address these challenges (Chilunjika, 2024). 

Environmental protection stands as a top priority throughout 

the underground chrome mining operations in Zimbabwe. The 

mining industry now understands the importance of 

sustainable practices which include both environmental 

protection and responsible resource management. The 

sustainable development of the chrome mining industry 

requires balancing economic gains with environmental 

protection to ensure its long-term survival. The development 

of Zimbabwe's mining sector requires innovation together 

with safety measures and sustainability practices to reach its 

maximum underground chrome resource potential. 

Case Studies of Technology Implementation 

Several examples of successful underground mining 

operations demonstrate the positive effects of technology 

integration by improving operational safety and efficiency. 

The automated haulage system at KGHM Polska Miedź in 

Poland demonstrates automation's transformative ability in the 

mining industry. The initiative improved logistics operations 
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while simultaneously decreasing human error-related hazards 

that occurred in manual hauling operations. The mine 

implemented reduced human exposure in dangerous tasks that 

led to a substantial decrease in workplace injuries which 

created a more secure workplace environment. The improved 

operational efficiency enabled faster material transportation 

and reduced operational expenses which demonstrated a 

strong financial return on investment. 

Anglo American's Mogalakwena mine serves as a strong 

example because its implementation of IoT-enabled sensors 

transformed maintenance approaches. The sensors track 

equipment conditions and performance in real-time which 

allows predictive maintenance to detect potential failures 

ahead of time. The proactive approach enables better 

management of unexpected equipment stoppages thus 

minimizing their costly and disrupting effects. The mine 

extends equipment lifespan while improving productivity 

through its approach of addressing maintenance requirements 

before major issues develop. The collected sensor data helps 

organizations make better decisions by allowing them to 

optimize resource management and boost operational 

efficiency. 

The Mimosa Platinum Mine in Zimbabwe demonstrates how 

gas testing technology improves safety measures in 

underground mining operations. The mine operates advanced 

gas detection systems that track hazardous gases including 

methane and carbon monoxide through continuous 

monitoring. The gas detection systems transmit real-time data 

which enables instant alerts to reach both miners and 

management personnel when gas concentrations surpass safety 

limits. The safety system operates ahead of time to stop 

potential accidents while maintaining full compliance with 

safety regulations. The mine achieved a major decrease in gas 

exposure-related safety incidents after implementing gas 

testers which proves that technological solutions enhance 

miner safety. 

Mediating Factors Influencing Technology Effectiveness 

Brown et al. (2022) demonstrate in their research that 

successful technology adoption for safety improvements 

depends heavily on three mediating factors which include 

organizational culture and management support and workforce 

training. The implementation of technology-based decision 

systems in Zimbabwe's mining sector faces challenges 

because workers resist change and managers do not provide 

enough support or training (Chikoko, 2023). The socio-

economic environment creates additional obstacles because it 

includes problems with labor relations and economic 

uncertainties. Organizations need to make both technological 

investments and cultural changes that prioritize safety 

alongside continuous learning to succeed (Kanyoka et al., 

2023). 

Conceptual Framework  

This research investigates the effects of technological decision 

processes on safety performance in Zimbabwe’s underground 

chrome mining operations. The framework establishes that 

advanced technologies including data analytics and real-time 

monitoring systems and automated decision frameworks 

operate as essential independent variables which boost 

decision-making capabilities. The technologies deliver instant 

precise data to mining operators which helps them detect 

safety risks and execute protective actions and immediate 

safety responses. The research investigates how technology 

functions as an enabling factor to demonstrate its impact on 

traditional mining decision-making methods. 
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The framework shows how different intervening factors affect 

the connection between technology-based decision processes 

and safety performance results. The three mediating elements 

which affect technology-driven decision-making and safety 

outcomes consist of organizational culture and management 

support and workforce training. A supportive organizational 

culture which promotes innovation and adaptation stands vital 

for successful technology adoption. The implementation of 

technology depends on the support of strong management 

which enables resource allocation for technology deployment. 

The training of workers enables them to master new 

technologies which boost their confidence in using these tools 

to enhance safety practices. 

The dependent variable in this framework consists of safety 

outcomes which can be evaluated through incident rates and 

injury severity and safety protocol compliance. The study 

evaluates safety outcomes to determine the specific impact of 

technology-driven decision-making on underground chrome 

mining operational safety. The conceptual framework aims to 

establish a complete understanding of technological 

advancements that result in enhanced safety standards which 

boost mining industry sustainability and competitiveness in 

Zimbabwe. 

 
Fig 1 Conceptual framework 

A technology-based safety system uses a smart helmet with 

Internet of Things (IoT) and Artificial Intelligence (AI) to 

improve safety in underground mining operations. The 

innovative helmet contains various sensors that track essential 

environmental factors including gas levels and temperature as 

well as noise and light and location. The helmet collects real-

time data to provide miners with awareness about their 

surroundings and potential dangers which leads to better 

proactive safety practices. 

 

The processed data from the helmet produces instant alerts 

which allow miners to react quickly to dangerous situations. 

The system prevents accidents through its ability to deliver 

timely risk information to miners. The system uses predictive 

analysis which combines historical data with machine learning 

algorithms to predict safety issues before they become actual 

problems. The system enables better decision-making through 

its ability to modify safety protocols according to present and 

expected conditions. 

The emergency button built into the helmet demonstrates the 

system's priority on quick response capabilities because it 

enables fast help summoning during emergencies. The 

combination of real-time alerts and predictive analytics and 

emergency features works to enhance safety performance in 

mining operations. Through its advanced technological 

capabilities the system both improves worker awareness and 

creates safer working conditions which decrease the risk of 

workplace accidents and injuries. 

Research gap 

The mining sector shows increasing interest in technology 

based decision-making yet researchers have not fully 

investigated its direct impact on safety results in Zimbabwe’s 

underground chrome mining operations. The existing research 

on technology adoption lacks focus on the particular socio-

economic and regulatory elements of Zimbabwe which 

determine how safety improvement decisions are made 

through technology implementation. The absence of targeted 

research about this sector prevents the identification of 

specific elements that promote or hinder technology adoption 

in this field. 

 

The current body of research lacks sufficient empirical 

evidence which demonstrates how technology based decision 

systems produces specific safety outcomes including 

decreased incidents and better safety protocol adherence. The 

majority of research focuses on qualitative assessments and 

case studies instead of using quantitative data to show 

technology integration effects on safety performance. The 

absence of quantitative analysis prevents researchers from 

drawing general conclusions or creating effective 

recommendations for industry stakeholders. 

 

The current literature does not examine the variables which 

affect how technology based decision systems impact safety 

results. The effectiveness of technology utilization in mining 

operations depends heavily on organizational culture together 

with management support and workforce training practices. 

Research that does not fully consider these elements produces 
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incomplete insights about safety implementation dynamics 

which hinders the development of effective technology-based 

safety solutions for Zimbabwe's underground chrome mining 

sector. 

Methodology 

The research design for this study followed Saunders' 

Research Onion framework (Saunders et al., 2019) which 

provides a structured method for research design. The 

Research Onion model stresses the need to build different 

research design components starting from philosophical stance 

through research approach and methodology and ending with 

data collection methods. The Research Onion provides an 

extensive framework which leads researchers through the 

research process while ensuring all components align with 

study goals. The structured methodology improves research 

validity and rigor by providing clear explanations for all study 

decisions which results in dependable and practical research 

outcomes (Sikalumbi, 2023). 

 

Underlying philosophy 

This study was built on the positivism approach because the 

idea focuses on empirical data and objective analysis to 

measure technology's effects on safety practices. The research 

method enables quantitative data collection which helps 

researchers detect patterns and establish cause-effect 

relationships that apply to comparable industrial settings. The 

application of positivism enables researchers to test 

hypotheses while breaking down intricate relationships into 

workable parts which produce findings that are both reliable 

and practical for developing safety recommendations for 

mining operations. 

 

Sampling Logic and Its importance 

Sample 

Size 

Percentage Role Gender Industry Sampling Logic 

18 60% Manager, 

Engineer, 

Miner 

Male Undergrou

nd Chrome 

Mining 

Stratified sampling 

for representation 

across roles 

10 33.3% Safety 

Officer, 

Miner 

Female Undergrou

nd Chrome 

Mining 

Stratified sampling 

for representation 

across roles 

2 6.7% Policy 

Official 

Male Undergrou

nd Chrome 

Mining 

Included to provide 

insights on 

regulations and 

safety policies 

Tab 1 

The research employed stratified sampling to achieve diverse 

representation between roles and genders in Zimbabwe’s 

underground chrome mining sector. The research method 

enables the collection of different viewpoints about 

technology-driven decision-making and its effects on safety 

results. The study achieves better validity and minimizes bias 

through the inclusion of policy officials. The research design 

enables the findings to be applicable to the entire mining 

population. 

 Research Design 

The study utilized a quantitative cross sectional survey design 

which enabled data collection during a specific time point. 

The selected research design successfully measured the 

connections between technology based decision making and 

safety results among underground chrome miners in 

Zimbabwe. 

 Population and Sample 

The study population consisted of professionals who work 

within the underground chrome mining industry of Zimbabwe 

along with miners, safety managers, technology providers and 

officials from the responsible ministry. Thirty participants 

with first-hand knowledge about mining technology and safety 

practices received selection through stratified sampling. 

Amongst the 30 participants 20 were male while 10 were 

female representing a male dominated mining industry. The 

study employed this restricted participant number to achieve 

deep understanding of the research topic through focused 

interactions that produced valuable results. The limited 

number of participants still provided sufficient data for initial 

evaluation and pattern discovery that needed additional study 

yet maintained both depth and operational feasibility. 

 

 
 

 
Fig 2: Gender 

 

 

 

 

 

 

Sample size justification 

The selection of 30 participants received its basis from 

multiple reasons. The researcher could efficiently handle this 

number to gather deep understanding from a specific group. 

The smaller sample size produced more concentrated 

interactions which produced better data quality. According to 

Sukserm, (2024) a sample size of thirty participants proved 

suitable for preliminary research because it allowed 

researchers to identify patterns that needed further 
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investigation. Time constraints together with budget 

limitations and access restrictions required researchers to find 

an optimal point that balanced thoroughness with realistic 

execution. 

 Data Collection Instrument 

The research used a structured questionnaire as its main data 

collection instrument to gather information about 

demographics, technology use, safety results and decision 

making methods. The demographic section asked participants 

about their age and gender as well as their role, years of 

experience and educational background. The technology 

utilization section examined which technological tools 

participants used alongside how often they used them and their 

subjective assessment of effectiveness. The safety outcomes 

section evaluated safety performance by tracking accident 

occurrences, near-miss events and safety protocol adherence. 

The decision making processes section evaluated the impact 

that technology had on safety decision making. 

Data Collection Procedure 

The research data collection process followed multiple 

carefully designed steps. All necessary reviews from 

institutional boards were secured before participants received 

detailed study information which they used to give their 

consent. The survey instrument operated through an encrypted 

online platform to optimize data acquisition. Participants 

received additional emails one week after the first request to 

help them finish the survey and boost their participation rate. 

Data Analysis 

Statistical software SPSS performed data analysis which 

included multiple analytical approaches. The study applied 

descriptive statistics to present findings about demographic 

details and technology implementation patterns. The 

correlation analysis evaluated the link between technology 

usage and safety results while uncovering meaningful 

relationships.  

Reliability and Validity 

The questionnaire underwent testing during a pilot study to 

improve its reliability and validity. The feedback obtained 

from the pilot study helped researchers improves both clarity 

and relevance of the tool. The study incorporated established 

scales and constructs from existing research to boost validity 

and enable comparison with previous findings. 

 Ethical Considerations 

Research ethics maintained the highest priority during every 

stage of this study. The participants received assurance of 

privacy protection since their data was completely de-

identified and stored in a secure manner. All participants could 

withdraw from the study whenever they chose to do so with 

complete protection from adverse effects while the research 

followed proper ethical procedures for consent and participant 

well-being. 

 

Reliability of findings 

The researcher achieved reliability through a strong 

methodological framework which used standardized data 

collection instruments and well-defined variables. The 

researcher used validated surveys with established reliability 

coefficients and pre-tests to refine questions and reduce 

ambiguity for enhancing the consistency of findings. The 

researcher obtained data from various stakeholders in the 

mining sector to create a diverse sample which reduced 

selection bias. Furthermore the researcher documented all 

research procedures and decisions which enabled future 

studies to replicate and verify the findings. 

Findings  

The research findings demonstrate how technology based 

decision systems affect safety results in Zimbabwe's 

underground chrome mining operations. The mining industry 

must address its worker safety challenges and operational 

efficiency and regulatory compliance issues through 

technological innovation adoption. The research investigates 

mining sector stakeholders through survey and analysis to 

demonstrate their unified agreement about technology's 

beneficial effects on safety protocols. 

 

1. Technology driven decision making influence safety 

outcomes in Zimbabwe underground mines? 

Effects on safety outcomes in Zimbabwe’s underground mines 

show that most participants have positive views. The survey 

results show that 6.6% of 30 participants believed technology 

has a minimal effect on safety while one participant stated 

"not at all" and another stated "to a small extent." The survey 

results show that technology affects safety to a great extent or 

very great extent according to 80% of participants. The strong 

consensus demonstrates that numerous stakeholders 

understand technology plays a vital role in strengthening 

safety protocols for the mining industry. 

 

To what extent do you believe that technology driven decision 

making influence safety outcomes in Zimbabwe underground 

mines? 

 

Response Frequency Percent Valid 

Percent 
Cumulative 

Percent 
Not at all 1 3.3 3.3 3.3 
To a small 

extent 
1 3.3 3.3 6.7 

To a 

moderate 

extent 

4 13.3 13.3 20.0 

To a great 

extent 
10 33.3 33.3 53.3 

To a very 

great 

extent 

14 46.7 46.7 100.0 
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Total 30 100.0 100.0 
 

Tab 3 

The survey data about technology-driven decision making  

The research findings show that mining companies should use 

technology to enhance their safety performance. The strong 

belief in technological effectiveness suggests mining operators 

would consider investing in advanced tools and training 

programs. The high percentage of respondents (46.7%) who 

confirmed a very great extent of influence supports further 

research into particular technological solutions that maximize 

safety measures. The research findings demonstrate that 

technology-based decision making represents a vital approach 

to improve safety standards in Zimbabwe’s underground 

mining operations. 
 

2. The implementation of IOT in underground chrome mining 

operations in Zimbabwe significantly improves safety 

compared to traditional methods. 

Correlations 
 

How extensively 

is IoT used in 

underground 

mining 

To what extent 

do you believe 

technology has 

improved safety 

outcomes 

Spearman's rho 
  

How extensively is 

IoT used in 

underground 

mining 

Correlation 

Coefficient 
1.000 

 
Sig. (2-tailed) .  
N 30 

To what extent do 

you believe 

technology has 

improved safety 

outcomes 

Correlation 

Coefficient 
.700** 

 
Sig. (2-tailed) .000  
N 30 

Tab 4: Correlations 

The correlation analysis shows a strong positive relationship 

between IoT usage in underground mining and safety 

improvements which has a Spearman's rho coefficient of 

0.700. The extent of IoT technology adoption leads to 

increased worker beliefs about safety improvements according 

to the study results. The statistical significance of the 

correlation (p < 0.01) confirms the reliability of these findings 

because the relationship appears unlikely to occur randomly. 

The study included 30 participants who were 10 females and 

20 males to provide diverse perspectives about mining 

technology effects. 

The research demonstrates that underground mining needs IoT 

solutions to enhance worker safety perceptions. Companies 

that invest in these technologies achieve operational efficiency  

improvements while simultaneously creating safer working 

conditions. Stakeholders should prioritize IoT implementation 

because it shows strong potential to enhance risk management 

and safety outcomes in the mining sector. The strong 

correlation establishes a strong case for additional research 

and investment into IoT applications to advance safer mining 

practices. 

3 technology reduce safety incidents 

The bar chart demonstrates how technology-driven decisions 

affect safety incidents by showing that most participants 

believe these decisions decrease safety incidents since more 

than 25 people selected "yes." The "no" and "not sure" 

responses remain low because the majority of participants 

agree that technology improves safety within this specific 

context. The data indicates that technology serves as a 

beneficial safety improvement tool which suggests the 

industry should consider additional research and funding for 

this area. 

 

Fig 2 

4. Regression analysis 

0

5

10

15

20

25

yes no not
sure

tech driven decisions reduce safety incidents

technology
reduce safety
incidents



Mashiri et al.                        JOURNAL OF BUSINESS AND ECONOMICS IN 4IR   | 
 

JBE 4IR 

Regression analysis is a set of statistical methods that enable 

us to determine how one variable is related to another. In 

particular, it serves to determine the relationship between a 

response variable and one or more explanatory variables 

(Brian, 2024). Thus, we can determine the effectiveness of the 

relationships and, possibly, predict the future tendencies of the 

relationships. For instance, if we are aware of the variables’ 

interactions, then we are able to develop an expectation of the 

results based on the variation in the factors. Because of this, 

regression is a valuable instrument for researchers and 

decision makers who want to understand relationships and 

predictions of these relationships. 

 

 

 

 

 

Tab 5 regression 

Summary of results of regression analysis 

 

(SCVTU)=a +(b1*GT)+(b2*ND)+(b3*TS)+(b4*FS) 

 

SCVTU= -1.622 + 0.432 GT + 0.391 ND + 0.525 TS + 0.42 

FS 

 

Interpretation of Results Constant: 

 The constant term (-1.622) shows the expected safety concern 

when all the independent variables are at zero. The 

significance level (0.002) means that this constant is 

statistically significant. 

Gas Testers (GT): The coefficient for gas testers (B = 0.432) 

suggests that there is a positive relationship between gas 

testers and safety concerns. The p-value (0.000) is a very low 

p-value, which supports the hypothesis that gas testers are 

important.  

Noise Dosimeters (ND): The coefficient for noise dosimeters 

(B = 0.391) also has a positive correlation with safety 

concerns. The Beta value (0.323) shows that the effect is 

moderate, and the significance (0.000) means that the effect is 

statistically significant.  

Temperature Sensors (TS): The coefficient for temperature 

sensors (B = 0.525) suggests a very strong positive 

relationship, the highest Beta value among the technologies 

considered. This denotes that the perception of temperature 

sensors has a significant effect on safety concerns, and this is 

statistically confirmed (significance = 0.000).  

Fire Sensors (FS): The coefficient for fire sensors (B = 0.042) 

is also positive, but the value is very small, and the Beta value 

is 0.023. The p-value of 0.589 means that this relationship is 

not statistically significant, which means that there is no 

meaningful relationship between the perception of fire sensors 

and safety concerns.  

Conclusively the results of the regression analysis show that 

gas testers, noise dosimeters, and temperature sensors are 

factors that contribute to safety concerns in underground 

chrome mining operations. The high statistical significance of 

these factors shows that they are very relevant to improving 

workers’ safety perceptions. The lack of significance of fire 

sensors, however, indicates the need for further scrutiny and 

possibly the need to enhance the effectiveness or perception of 

these sensors. In general, focusing on and enhancing these 

safety technologies and their perception can positively affect 

safety in mining operations. 

 

The regression analysis results show strong evidence about 

how technology-based decision systems affect safety 

performance in Zimbabwean underground chrome mining 

operations. The three technologies examined show positive 

relationships with safety concerns at the highest level which 

indicates their use leads to better hazard detection and 

management.  

 

The research indicates that proper implementation of these 

technologies leads to enhanced safety results in mining 

operations. Mining operators who implement technology-

based safety protocols will enhance their ability to detect and 

control risks which creates safer working conditions for 

miners. The study demonstrates that technology 

implementation remains vital for improving safety standards 

within dangerous sectors including mining operations. 

Surprising findings  

The findings showed an overwhelming consensus on 

technology's effectiveness. The participants showed a 

surprising level of agreement about how technology improves 

safety results. The survey results showed that 80% of 

participants believed technology-based decision systems 

strongly affect safety procedures and 46.7% assessed this 

effect as "very great." The mining industry has traditionally 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standard

ized 

Coeffici

ents 

t Sig. B 

Std. 

Error Beta 

1 (Constant) -1.622 .506 
 

-

3.206 

.002 

GT. .432 .089 .213 4.837 .000 

ND.  .391 .055 .323 7.056 .000 

TS.  .525 .052 .478 10.17

9 

.000 

FS.  .042 .078 .023 .541 .589 

a. Dependent Variable: Safety Concerns in Relation to 

Technology adoption and  Usage (SCVTU) 
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been slow to adopt new technologies because of cost concerns 

and training requirements yet participants showed strong 

agreement about this issue. The industry has undergone a 

cultural transformation because stakeholders now view 

modern tools as vital for protecting workers instead of 

optional safety measures. The consensus among stakeholders 

indicates a rising understanding of worldwide mining safety 

standards which supports the belief that technological progress 

remains vital for risk reduction in underground operations. 

Implication of surprising findings  

The mining industry now widely accepts technology as an 

essential tool for enhancing safety results which demonstrates 

a major cultural transformation among stakeholders. The 

emerging consensus about technology effectiveness will drive 

companies to speed up their adoption of modern tools by 

investing in training and policy development for contemporary 

safety standards. The outcome will result in better operational 

efficiency while driving additional research and innovation 

which will reshape the industry's risk management approach. 

The research indicates a critical time when organizations 

understand technology adoption as essential for protecting 

mining workers. 

Discussion 

The study's findings underscore the transformative potential of 

technology in Zimbabwe's underground chrome mining sector, 

particularly in enhancing decision-making processes and 

improving safety outcomes. The adoption of cutting-edge 

technologies such as gas testers, smart helmets, and Enterprise 

Resource Planning (ERP) systems has been shown to 

significantly enhance operational efficiency and safety 

perceptions among workers. 

One of the most striking findings is the disparity in technology 

adoption across different mining operations. While some 

companies have embraced innovative solutions, others remain 

hesitant due to various barriers. The lack of training and 

financial constraints is significant obstacles to technology 

adoption, with 36.5% and 28.6% of respondents identifying 

these as major challenges, respectively. These findings 

highlight the need for comprehensive training programs and 

financial support to facilitate technology integration. 

The study also demonstrates the critical role of technology in 

improving safety outcomes. The use of gas testers and smart 

helmets has been shown to significantly enhance safety 

perceptions among workers, with 65.6% of participants 

reporting that gas testers are used to a great extent in 

monitoring air quality. The integration of ERP systems has 

also been found to improve decision-making quality and 

efficiency, with 69.3% of respondents reporting that these 

systems significantly enhance decision quality. 

The implications of these findings are significant. Mining 

companies in Zimbabwe must prioritize technology adoption 

to remain competitive and ensure the safety of their workers. 

The government can play a crucial role in facilitating 

technology integration by providing financial support and 

implementing policies that encourage innovation. 

The underground chrome mining sector in Zimbabwe 

currently faces limited adoption of advanced technologies, 

hindering safety improvements; thus, increased investment in 

IoT, AI, and real-time monitoring is crucial. Inadequate 

training for workers necessitates comprehensive and ongoing 

programs to enhance technological proficiency. Financial 

constraints impede technology adoption, highlighting the need 

for government incentives, such as tax breaks. Additionally, a 

lack of clear regulatory frameworks calls for specific 

standards governing safety technologies. Community 

engagement is minimal, so regular consultations with local 

populations should be prioritized. Robust monitoring 

frameworks are needed to assess technology's impact on safety 

outcomes, while initiatives to foster a culture of innovation 

can address cultural resistance to change. Finally, integrating 



Mashiri et al.                        JOURNAL OF BUSINESS AND ECONOMICS IN 4IR   | 
 

JBE 4IR 

sustainability goals with safety initiatives will promote a more 

holistic approach to mining operations. 

Comparative table highlighting aspects of technology adoption  

Aspect Current Practices Proposed 

Improvements 

Technology 

Integration 

Limited adoption 

of advanced 

technologies 

Increased investment 

in IoT, AI, and real-

time monitoring 

Training 

Programs 

Inadequate training 

for workers on new 

technologies 

Comprehensive, 

ongoing training 

programs for all staff 

Financial 

Support 

Financial 

constraints hinder 

technology 

adoption 

Government 

incentives such as tax 

breaks for technology 

investments 

Regulatory 

Framework 

Lack of clear 

regulations for 

technology use 

Establishment of 

regulatory standards 

for safety 

technologies 

Community 

Engagement 

Minimal 

involvement of 

local communities 

Regular consultations 

and involvement in 

decision-making 

Cultural 

Resistance 

Resistance to 

change from 

traditional 

practices 

Initiatives to foster a 

culture of innovation 

and adaptability 

Sustainability 

Practices 

Focus primarily on 

safety without 

environmental 

consideration 

Integration of 

sustainability goals 

with safety initiatives 

Tab 6: comparative table of adoption 

Triangulation 

The survey results demonstrate that all participants agree that 

technology affects safety results in Zimbabwe's underground 

chrome mining industry. The strong consensus exists in the 

survey because 80 percent of respondents believe technology 

enhances safety. The survey revealed that 46.7 percent of 

participants considered technological influence to be "very 

great" while 6.6 percent believed it had only a small effect. 

The research results match the findings of Zhironkin (2020) 

regarding the fundamental role of technology in developing 

improved safety measures for mining activities. All 

stakeholders agree that technology serves as an essential tool 

to enhance mining safety standards just like Author Singh. 

(2020)  emphasized the need to integrate advanced tools in the 

industry.  

 

The Internet of Things (IoT) plays a crucial role in improving 

worker safety perceptions according to the correlation 

analysis. The study confirms Wang, (2021) when IoT usage 

demonstrates a strong positive correlation (Spearman's rho = 

0.700, p < 0.01) with workers' reported safety improvements. 

Research by Zhang (2021) supports this finding because gas 

testers and smart helmets create better operational efficiency 

and safety perceptions. The barriers to adoption including 

inadequate training and financial challenges continue to be 

major obstacles according to Kumar (2021) thus requiring 

focused strategies to promote technology adoption.  

 

The mining sector will achieve better safety results through 

company investments in advanced technologies and 

specialized worker training that delivers essential 

competencies. The government must act as suggested by 

Wang (2024) through funding support and regulatory 

development for mining operations to integrate technology 

effectively. Future research must extend the analysis of 

technological safety impacts over time while examining 

worker-specific views about these innovations according to 

Yang (2021). The mining industry can establish better safety 

standards and operational efficiency through barrier 

elimination and technological adoption promotion which will 

lead to safer mining operations in Zimbabwe. 

 

Research Gaps and Future Directions 

The underground chrome mining operations in Zimbabwe 

reveal multiple research gaps which require additional 

investigation. The main research gap exists in studying how 

technology integration affects safety performance in mining 

operations. The Zimbabwean mining industry shows growing 

interest in modern technology applications yet specific studies 

about their effectiveness remain scarce. The evaluation of real-

time monitoring systems and predictive analytics and 

automated machinery implementation in Zimbabwean 

underground chrome mining operations should be the focus of 

future research to assess their impact on accident reduction 

and operational efficiency improvement. 

The socio-economic consequences of underground chrome 

mining operations represent a critical knowledge gap that 

needs study. Research must analyze the social and economic 

effects of mining operations on local communities together 

with their impacts on employment and health and 

environmental sustainability. The study of mining operations' 

effects on community dynamics enables the development of 

policies which support fair development and reduce adverse 

impacts. Research should investigate how mining 

communities view the industry and what economic advantages 

chrome mining brings to the area and what strategies can 

create sustainable growth. 

The underground chrome mining sector requires additional 

research to develop sustainable environmental practices. The 

industry faces rising environmental concerns so research must 

evaluate existing environmental management practices and 

develop new sustainable methods to reduce ecological 

damage. The development of sustainable mining models 

which unite economic profitability with environmental 
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protection should be the focus of future research to create 

long-term environmental health benefits from chrome mining 

operations. 

The qualitative data collected in this study shows the impact 

of technology-based decision systems on safety results in 

Zimbabwe’s underground chrome mining industry. Many 

participants found that the inclusion of modern technology 

improved safety practices and they connected the two 

phenomena. Various stakeholders agree that real-time 

monitoring alongside predictive analytics allows for quicker 

risk management which studies confirm reduces workplace 

accidents (Aljohani, 2023). The qualitative research evidence 

matches the existing body of work that shows how technology 

could revolutionize mining industry safety protocols. 

 

The participants showed positive attitudes toward technology 

implementation yet many challenges persisted in the process. 

The participants experienced problems with poor training and 

resistance to change alongside insufficient infrastructure for 

new technology adoption. The literature shows that 

technology success depends on organizational culture and 

adaptation capacity which matches the challenges described 

by participants (Lam, et al., 2021). The combination of 

qualitative data with existing research demonstrates that 

technological solutions provide major advantages yet their 

success depends on human and institutional obstacles. 

 

The discussions revealed underground chrome mining as a 

major socio-economic issue which received central attention. 

The participants expressed the need for mining operations to 

develop improved relations with local communities to ensure 

that mining generates long-term social and economic value. 

The literature confirms this view by showing how companies 

should maintain active community engagement along with 

sustainable practices to develop strong relationships with their 

local population (Natalina, et al., 2023). The study should 

continue investigating these dynamics to develop methods for 

better community involvement and environmental solutions 

which will lead to sustainable mining practices aligned with 

development targets. 

 

The research demonstrates that technology creates substantial 

safety benefits for Zimbabwe’s underground chrome mining 

industry while showing that complete strategies need to solve 

implementation obstacles and improve community 

participation. By combining qualitative data with existing 

literature we can understand the complex factors involved 

which will help create future research that can guide mining 

industry policies and practices. 

Conclusion 

This research demonstrates how technology-based decision 

processes can improve safety results in Zimbabwe's 

underground chrome mining operations. The qualitative 

findings show that all stakeholders agree that advanced 

technologies including real-time monitoring systems and 

predictive analytics lead to better risk management. The new 

technologies both enable fast responses to emergencies and 

create an environment which puts worker safety above all else. 

The industry must adopt these technologies to resolve its 

fundamental safety problems that exist in underground mining 

operations. 

 

The research demonstrates multiple obstacles that prevent 

effective technology implementation. The participants listed 

inadequate training and cultural resistance to change alongside 

insufficient infrastructure as major obstacles which prevent 

successful adoption of innovative solutions. The research 

validates the findings in previous studies that technological 

advancement requires organizations to be committed and 

adaptable. The realization of technological integration benefits 

depends on solving these problems. 

 

The study showed that socio-economic impacts of 

underground chrome mining played a vital role in its entire 

research scope. All participants recognized the importance of 

mining companies to establish authentic connections with their 

local communities so the mining operations deliver more than 

financial gains. The research supports previous studies which 

state that successful mining operations require both 

community participation and sustainable methods. When 

mining companies develop constructive bonds with local 

people they gain better social permission to operate while 

promoting overall community growth. 

 

The preservation of environment remains a vital priority when 

discussing underground chrome mining activities. The rising 

environmental scrutiny of the industry makes responsible 

mining practices more necessary than ever before. Research in 

the future should develop fresh strategies to protect the 

environment and achieve maximum economic gains. The 

mining sector can establish itself as a sustainable industry by 

focusing on sustainable practices to meet global sustainability 

targets and maintain economic profitability and environmental 

stewardship. 

Recommendations 

Zimbabwe should create complete training programs for 

underground chrome miners which focus on their specific 

requirements to boost workplace safety. The training programs 

must teach employees about new technology and safety 

procedures along with optimal operational practices. 

Workshops together with practical training activities help 

establish a safety-oriented work environment that prepares 

workers to handle advanced systems successfully. Ongoing 

educational investments will enhance safety performance and 

simultaneously improve employee happiness and workplace 

stability. 

 

Community engagement stands as the top priority for mining 

companies to develop trust-based relationships with local 

populations. Companies need to establish frequent 

consultations together with community development programs 
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which should involve stakeholders during decision-making 

processes. Operations that hear community concerns and use 

feedback for improvement will strengthen their social license 

to operate. Mining operations that build strong relationships 

with local communities produce mutual advantages through 

which mining benefits reach more people fairly. 

 

Real-time safety monitoring systems need implementation as a 

fundamental measure to enhance operational safety. The 

installation of advanced monitoring technologies which 

deliver instant data about environmental conditions and 

equipment status enables companies to take preventive action. 

The implementation of specific alert response protocols will 

ensure that safety actions remain proactive while also being 

responsive to alerts from these systems. The investment in 

technological solutions delivers better worker protection and 

higher operational performance. 

 

The mining sector requires sustainable practices for 

maintaining long-term sustainability. Companies need to 

embrace sustainable practices which focus on waste 

management and land restoration and resource sustainability 

to decrease their impact on the environment. Working together 

with environmental specialists to create new mining 

approaches enables operators to unite their economic activities 

with environmental conservation. The ongoing assessment of 

current practices will help businesses adapt to environmental 

standards changes while creating positive economic and 

environmental impact. 

 

This research demonstrates how technology interacts with 

safety measures and community involvement and 

environmental stewardship in Zimbabwe's underground 

chrome mining operations. The implementation of technology 

offers substantial possibilities for safety improvement and 

operational efficiency but needs a complete strategy which 

includes human elements and environmental aspects of 

mining. Research must continue in these fields to create 

policies which promote safety together with sustainability and 

equitable development in the industry. 
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