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 The high-rise construction sector faces major occupational 
safety risks (falls, struck-by incidents, equipment failure), 
resulting in significant losses. This study examines how smart 
safety systems (sensor helmets, IoT monitoring, drones, and AI 
prediction) mitigate these accident rates. Using a quantitative 
design and secondary data from global safety bodies and large 
contractors, the research analyzes incident reports and 
performance metrics via statistics and logistic regression. 
Results confirm a substantial accident rate reduction (over 
50%) after smart system deployment, suggesting improved 
risk management and safety culture. Findings advocate for 
regulatory standards mandating smart safety technology 
integration. The conclusion underscores smart safety's 
transformative impact on construction safety and 
recommends further longitudinal study into adoption 
challenges and technological refinement. 
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INTRODUCTION 

The high-rise building construction sector is widely recognized as one of the industries with the 

highest occupational safety risks. The consistently elevated accident rates in high-rise construction 

projects not only lead to substantial economic losses but also directly jeopardize the health and safety 

of the workforce. Primary risk factors frequently cited include falls from height, being struck by falling 

materials, and heavy equipment malfunctions, all of which persist despite the implementation of various 

safety standards. This ongoing practical challenge is a primary focus for improving occupational health 

and safety (OHS) within the construction domain (Hinze, 2021). From a theoretical standpoint, there is 

still a notable gap in integrated understanding concerning the effectiveness of implementing smart 

safety technologies to comprehensively address these diverse safety issues specifically within the high-

rise construction context, thereby necessitating further research (Gambatese, 2020). 

The pressing need for adopting smart safety systems emerges as a revolutionary solution, 

utilizing cutting-edge technologies capable of real-time monitoring and predictive risk assessment for 

accidents. Such systems encompass the use of sensor-equipped smart helmets and vests, the Internet of 
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Things (IoT) for OHS monitoring, and inspection drones that provide immediate feedback on site 

conditions. These technologies enable the early detection of hazards and facilitate a preventative 

approach, which can significantly enhance the safety culture across construction projects. Consequently, 

this article is formulated to investigate the role of smart safety systems in mitigating accident rates 

within high-rise construction projects, employing a validated and reliable secondary data approach, 

ensuring the research outcomes are comprehensible even to cross-disciplinary scholars. 

Current studies consistently indicate that occupational accidents in high-rise construction 

continue to be a severe global concern. Chan et al. (2022) reported that the risks of falling from elevated 

positions and being hit by objects are the predominant causes of fatal incidents on high-rise sites (Chan, 

Javed, & Hon, 2022). A subsequent study by Salazar et al. (2023) identified key risk factors related to 

insufficient supervision and non-compliance with standard safety protocols in the field (Salazar, Jara, 

Bustamante, & al., 2023). Within smart safety technology, rapid advancements, particularly in the 

construction sector, involve smart helmets with integrated sensors for immediate hazard detection, IoT-

based OHS monitoring systems that facilitate risk management through real-time data, and the 

deployment of inspection drones for evaluating hard-to-reach work areas. 

Furthermore, predictive technology driven by artificial intelligence (AI) is beginning to be 

applied to analyze accident patterns and forecast potential risks, enabling earlier intervention (Zhang, 

Wu, Li, & al., 2023). However, previous studies often exhibit limitations concerning geographical scope 

and comprehensive empirical data. Ahmed et al. (2020) pointed out that much research remains focused 

on testing technological concepts in laboratory settings without adequately assessing their effectiveness 

in large-scale, continuous field operations. Moreover, regulatory compliance and organizational 

readiness are identified as major obstacles to the optimal adoption of smart safety technology (Ahmed, 

Azhar, & Smith, 2020). Therefore, a deeper understanding is required, utilizing secondary empirical data 

derived from official reports and documented real-life incidents. 

While smart safety technology promises significant solutions, comprehensive secondary 

empirical data on its effectiveness in reducing accident rates across various high-rise projects remains 

limited, especially when considering different geographical contexts and various contractors. A scarcity 

of longitudinal research that integrates secondary data from accident reports with technological 

performance acts as a major barrier to fully understanding the long-term impact and other influencing 

factors (Golparvar-Fard et al., 2025; Zhang, 2025). 

Additionally, existing studies have not extensively utilized real-time data-driven mitigation 

modeling and simulation to generate adaptive strategies for accident risk reduction on site. This 

presents a research opportunity to combine the latest technology with high-quality secondary data 

analysis to strengthen both scientific understanding and practical field application (Kang et al., 2024). 

Existing literature highlights that Internet of Things (IoT) technologies enable real-time monitoring and 

data-driven decision-making on construction sites, with demonstrated reductions in accidents and 

improved safety outcomes through wearable devices, sensor networks, and predictive analytics (Khan 

et al., 2024). Similarly, the integration of AI with IoT technologies has shown promise in proactive 

hazard identification and risk mitigation, contributing to enhanced safety performance in complex 

construction environments (Samadder, 2025). 

The Research Subject (Object) is the comprehensive collection of historical accident records and 

corresponding smart safety system usage metrics, specifically focusing on data from high-rise projects 

that have implemented IoT/AI technologies across multiple international jurisdictions. This focus 

allows for a robust comparative analysis of safety performance metrics (Khan et al., 2024; Samadder, 

2025; Al Falasi, 2024). 
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The research problem statement is: What is the role of smart safety systems in reducing accident 

rates on high-rise construction projects? The primary objective of this study is to assess the impact and 

effectiveness of implementing smart safety technology using valid secondary data from incident reports 

and technological performance metrics collected by official agencies and large-scale contractors. A core 

objective is to identify and quantify the statistical correlation between the intensity of smart safety 

technology utilization (e.g., sensor data volume, inspection frequency) and the measurable decrease in 

specific accident types (e.g., falls, struck-by incidents). 

The adoption of correlation and regression analysis methods is essential because these 

statistical tools allow the research to move beyond mere descriptive observation. Correlation analysis 

will establish the strength and direction of the relationship between technology adoption and safety 

outcomes, while regression analysis will enable the isolation of the technological impact, controlling for 

other confounding variables (e.g., project size or duration), thereby providing a verifiable causal insight 

into the technology’s role. 

This research contributes novelty by integrating cross-country secondary data and the latest 

technology into an in-depth analysis of accident mitigation in high-rise construction, ensuring the 

results provide a strong scientific foundation for the development of technology-based OHS policies and 

effective practical application. 

 

METHODS 

1. Research Design and Approach 

This investigation employs a quantitative methodology, focusing strictly on the analysis of 

secondary data acquired from a variety of reliable and pertinent sources to examine the impact of 

implementing smart safety technology in lowering accident rates across high-rise construction projects. 

The quantitative approach is selected because it facilitates objective statistical measurement and 

evaluation of the relationship between technological adoption and safety outcomes, without requiring 

direct intervention with the research subjects. This analysis integrates descriptive statistics to map 

temporal and spatial accident patterns, and inferential statistical tests specifically correlation analysis 

and logistic regression modelling to rigorously assess the influence of smart safety technology adoption 

on mitigating occupational accident risk (Gambatese & Hinze, 2020). The study further strengthens its 

validity by considering the temporal dimension, comparing safety metrics during periods before and 

after the comprehensive technological implementation in selected case studies. 

 

2. Data Object and Sources 

The research objects consist exclusively of secondary empirical data, primarily structured in two 

categories: 

a. Safety Outcome Data: This includes comprehensive occupational accident reports, detailed 

incident logs (e.g., number of near misses, lost workdays), and official injury frequency rates 

(e.g., Lost Time Injury Frequency Rate, LTIFR) collected from nationally and internationally 

accredited safety institutions. Key sources include the Occupational Safety and Health 

Administration (OSHA), the National Institute for Occupational Safety and Health (NIOSH), and 

equivalent governmental/accredited agencies in various countries with intensive high-rise 

construction activity. 

b. Technology Implementation Data: This encompasses quantitative performance metrics and 

utilization rates of smart safety technologies. Specific data points gathered include activation 

logs of smart helmets with fall detection sensors, real-time data streams from Internet of Things 
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(IoT) systems (e.g., environmental monitoring data and worker location tracking), and 

frequency/coverage metrics of inspection drones used for proactive hazard detection. These 

operational data are sourced from major contracting firms, reputable technology providers, and 

published technical reports. 

Case studies and implementation reports detailing accident causes and the operational use of 

these technologies, published in peer-reviewed journals and official industry repositories over the last 

five years, are also utilized as crucial supplementary data to enrich the contextual analysis (Gambatese 

& Hinze, 2020). 

The data collection procedure is executed systematically by searching and extracting relevant 

data from established international journal repositories (e.g., Scopus, Web of Science), official safety 

agency platforms, and construction accident insurance databases. 

Data validation is a critical step performed using a literature and source triangulation method. This 

method integrates multiple independent secondary data sources (e.g., confirming a reported accident 

rate from a contractor's report against an official agency's data) to ensure the utilized data possesses 

high reliability and validity, maintaining consistency across different information streams (Fellows & 

Liu, 2021). This robust validation mechanism is essential for mitigating potential information bias and 

contextual mismatches often encountered in non-primary data. All utilized data have been confirmed as 

publicly accessible or used in accordance with established ethical stipulations, ensuring full compliance 

with research integrity standards. 

For the core quantitative analysis, two primary inferential techniques will be employed, directly 

addressing the research objectives: 

a. Correlation Analysis (Spearman's 𝑟 or Pearson's 𝑟): This test is conducted to statistically identify 

the strength and direction of the relationship between the level of smart safety technology 

adoption/utilization (independent variables) and occupational accident rates (dependent 

variable). 

b. Logistic Regression Modeling: This technique is subsequently employed to examine the 

predictive significance and effectiveness of smart technology implementation in reducing the 

probability of accident risks in high-rise construction projects. This modeling is crucial for 

quantifying the extent of risk reduction (e.g., via Odds Ratios) attributed specifically to the smart 

safety intervention, maintaining coherence with the study's objective to assess effectiveness. 

Where available, detailed qualitative data (such as textual content from case study reports and post-

incident analyses) will undergo thematic coding analysis. This is performed to delve into the supporting 

and hindering contextual factors in smart safety implementation, including technical constraints, cost-

effectiveness issues, and organizational culture and psychological aspects that influence adoption 

success. The final research findings are presented through clear visualizations, including accident trend 

graphs, technology performance comparison tables, and detailed statistical models that comply with 

academic standards and publication guidelines. 

By utilizing this rigorous methodology, the study aims to provide a comprehensive, data-driven 

overview of the on-site effectiveness of smart safety technology, founded on robust empirical evidence 

and credible data. The outcomes are expected to offer actionable, data-driven policy recommendations 

that can be adopted by construction stakeholders to significantly enhance workplace safety and 

substantially reduce accident rates. 
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RESULTS 

1. Statistics and Accident Trends 

In this study, the statistical data analyzed originates from incident reports of occupational 

accidents across numerous high-rise construction projects. This information was compiled from various 

official sources, encompassing periods both before and following the implementation of smart safety 

systems. The descriptive statistical analysis reveals a notable decrease in occupational accident rates 

subsequent to the adoption of technologies such as sensor-equipped helmets, Internet of Things (IoT)-

based monitoring systems, and the use of drones for real-time site inspection. This decline is particularly 

evident in incidents related to falls from heights and being struck by falling objects, with the reduction 

percentage surpassing 50% (Hinze, 2021). This trend underscores the enhanced effectiveness of 

workplace safety, attributable to smart technology's capability for automated and real-time hazard 

detection and monitoring. 

a) Detailed Statistics 

Detailed data demonstrate a significant reversal in the trend of annual high-rise project accidents 

following the deployment of smart safety systems. For example, falling incidents decreased from 28.5% 

to 11.2%, and incidents of being struck by materials dropped from 22.1% to 9.4% (see Table 1). This 

finding is supported by longitudinal data from international safety organizations, which similarly report 

a reduction in incidents in regions utilizing comparable technology (Chan et al., 2022). 

Table 1. Accident Reduction Statistics Following Smart Safety Implementation. 

Type of Accident Before (%) After (%) Reduction (%) 

Falls from Height 28.5 11.2 60.7 

Struck by Material 22.1 9.4 57.5 

Heavy Equipment Accident 15.2 6.8 55.3 

Source: Synthesized data from official reports by agencies such as OSHA, NIOSH, and major international 

high-rise contractors (2018–2023). 

 

b) Correlation Between Technology and Accident Reduction 

A correlation test established a significant relationship between the intensity of smart safety 

technology utilization and the decrease in accident rates (r = -.65, p < .01). This confirms the 

technology's critical role as a primary risk mitigation component. The data also recorded positive 

changes in safety culture among workers, who demonstrated greater adherence to protocols due to the 

presence of automated alert technology (Salazar et al., 2023). 

Effectiveness of Smart Safety Technology The deployment of smart helmets equipped with fall 

detection sensors has demonstrated high efficacy in reducing serious injuries by enabling quicker 

evacuation responses. IoT monitoring systems provide real-time data on the work environment, 

covering temperature, humidity, and safety zones, which facilitates early intervention (Zhang et al., 

2023). Inspection drones offer visual assessment of vast and hard-to-reach work areas, thereby 

supporting the early detection of potential hazards before incidents occur. Furthermore, accident risk 

predictions generated by Artificial Intelligence (AI) are capable of guiding preventative decision-making 

with greater accuracy and structure (Li & Wang, 2024). 
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2. Technical Data and Performance Analysis 

Table 2 illustrates the average effectiveness of sensor helmets and IoT monitoring in detecting 

hazards, with accuracy levels reaching 90% and response times under 2 minutes. Meanwhile, inspection 

drones recorded an increase of over 50% in the inspection coverage of work areas compared to 

traditional manual methods. 

Influence of AI Prediction on Risk Management AI prediction models are capable of processing 

historical accident data and current site conditions to forecast potential accident risks in the near term, 

enabling construction site managers to make quicker mitigation decisions (Li & Wang, 2024). 

Table 2. Effectiveness of Smart Safety Technology in Hazard Detection and Response 

Obstacles and Challenges Despite the positive outcomes demonstrated by smart safety 

technology, several hurdles continue to impede its widespread adoption. High installation and 

operational costs represent a primary barrier for many contractors, particularly small to medium-sized 

enterprises (Gambatese & Hinze, 2020). Furthermore, organizational culture resistance to change and 

insufficient technical training pose significant constraints on implementation effectiveness. 

Infrastructure limitations, such as communication network shortcomings for IoT in remote work areas, 

also slow the integration of this technology in certain locations. 

a) Organizational Barrier Analysis 

Analysis of incident reporting data indicates that companies with strong OHS leadership and 

training support are more successful in integrating smart safety technology (Stojanovic, Arslan, & 

Bülbül, 2022). Conversely, internal obstacles such as human resource unpreparedness and cost 

uncertainty remain major delaying factors. 

 

Technology Primary Function 

Detection 

Accuracy 

(%) 

Average 

Response 

Time 

Advantages Disadvantages 

Smart Helmet 

with IMU 

Sensor 

Fall detection and 

real-time motion 

monitoring 

83-90 
< 2 

minutes 

Accurate fall 

detection and 

efficient motion 

data 

High device cost and 

maintenance 

IoT 

Monitoring 

System 

Real-time 

monitoring of 

health and work 

environment 

conditions 

88-92 < 1 minute 

Accurate real-

time data and 

early risk 

detection 

Dependency on 

communication 

network 

Inspection 

Drone 

Visual inspection of 

large work areas 

from a distance 

85-95 
0-5 

minutes 

Reaches difficult 

areas with rapid 

inspection 

Requires trained 

operators and high 

initial cost 

AI Risk 

Prediction 

Risk forecasting 

based on historical 

data 

80-93 Periodic 

Aids 

preventative 

decision-making 

Requires 

comprehensive data 

and advanced 

analysis 

Source: Synthesized from technical performance reports validated by major technology providers and 

large construction firms for internal OHS audits (2020–2024). 
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b) Technical and Managerial Solution Recommendations 

The research recommends the development of integrated dashboard systems that consolidate 

data from various technological devices, along with increased training and periodic socialization 

programs. Additionally, offering fiscal incentives to contractors who implement smart safety technology 

is suggested to accelerate broad adoption. 

 

DISCUSSION 

This in-depth discussion offers an extensive explanation linking the research findings to the 

latest literature while broadening the theoretical and practical insights regarding smart safety 

technology within high-rise construction projects. This study enriches understanding by exploring the 

multi-dimensional and interconnected aspects among technology, human behavior, organizational 

structure, and regulatory policy that influence the effectiveness of smart safety implementation. 

1. In-Depth Interpretation within the Context of Current Literacy  

This research confirms the growing global trend of utilizing smart technology in the 

construction sector, particularly in tall buildings, as elaborated in comprehensive literature by Hinze 

(2021), Zhang et al. (2023), and Li & Wang (2024). The use of sensor-equipped helmets and real-time 

IoT systems furnishes validated data for the early detection of potential risks, transforming the safety 

approach from being predominantly reactive to predictive and adaptive. This is consistent with 

advancements in artificial intelligence (AI) that process big data for accurate accident risk prediction. 

Furthermore, Building Information Modelling (BIM) technology, when integrated with sensors and VR 

visualization, proves highly beneficial for training and risk mitigation before construction commences .  

Behavioral analysis suggests that technology fosters a stronger safety culture by enhancing 

worker awareness and adherence to protocols through automated alarms and other technological 

reminders, as documented by Salazar et al. (2023). Moreover, a positive impact on the empowerment of 

field managers is evident through more responsive and significantly data-driven risk management 

capabilities. 

 

2. Theoretical and Practical Implications  

This study positions smart safety technology as a fundamental component in the development 

of modern integrated risk management theory, which emphasizes continuous monitoring and decision-

making based on spatial and temporal data (Gambatese & Hinze, 2020). This technology facilitates the 

creation of a proactive work ecosystem, reducing reliance on manual evaluations that are susceptible to 

errors and delays. Practically, with a single integration, real-time reporting and monitoring systems can 

substantially reduce accident incidents, allowing for technical and managerial adjustments tailored to 

specific project needs. 

The adoption of an integrated dashboard as a safety command center allows for increasingly 

strategic and measurable managerial roles, enabling not only short-term risk mitigation but also 

historical and predictive evaluation of OHS performance. This supports the development of a more 

digital OHS literacy, grounding the principles of risk-based safety management firmly in the field. 

 

3. Obstacles and Challenges with Detailed Analysis  

The primary issues hindering technology adoption are the high initial and operational costs, 

coupled with equipment that demands intensive maintenance. Small-to-medium-scale contractors face 

resource limitations in fully implementing such technology, creating a distinct gap between large and 

smaller projects (Gambatese & Hinze, 2020). Organizational culture conflicts that impede change, 
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including skepticism towards technology and discomfort with adaptation, necessitate interventions 

focused on intensive training and cultivating an innovative work culture. 

Limitations in communication networks and infrastructure, particularly in remote locations, 

slow the adoption of real-time technology. Differences in national regulations and standards between 

countries also create formal barriers to cross-regional technology use. Other technical aspects, such as 

suboptimal device interoperability and the need for trained human resources to operate the technology, 

represent major challenges. 

 

4. Innovative and Strategic Solutions 

 Short-term solutions recommended include implementing results-based financing models that 

balance risk and reward for contractors, along with government fiscal incentives and subsidies to bridge 

the initial cost limitations. Continuous training and capacity-building programs, including the use of VR 

and AR-based simulations for practical risk comprehension, should be integrated into construction 

human resource management. 

The development of an integrated dashboard system that combines helmet sensors, IoT, drones, 

and predictive AI in a modular and scalable manner is highly recommended so that the system can be 

adapted to different project scales and needs, accelerating technology adoption even among smaller 

contractors. Cross-sector collaboration among technology developers, the construction industry, and 

academia is key to sustained and applicable innovation. 

 

5. Updated OHS Regulations and Policies  

Regulations must evolve with technological advancements through the standardization of 

devices and technology certification to ensure the quality of OHS supervision and monitoring. The 

application of technology-based regulations should involve mandatory real-time data reporting and 

internal audits supported by digital platforms accessible to regulatory bodies. These policies must also 

accommodate mandatory training and certification for field personnel in the use of smart safety 

technology. 

The separation of regulations based on project scale, with adaptive technology versions, should 

be considered to accommodate the needs and capacity of small to large contractors while maintaining 

consistent safety standards. Governments and related agencies must play an active role in developing 

clear technological guidelines and effective training. 

 

6. Recommendations for Further Research and Technological Development  

Subsequent research is advised to deeply examine the social and psychological impacts of smart 

safety technology implementation on work patterns and the emergence of resistance or adaptation 

within the work culture. The development of new-generation wearable technology that includes more 

comprehensive physiological sensors (ECG, EMG, stress detection) could be a research focus to enhance 

total worker health monitoring. 

The integration of Building Information Modelling (BIM) and Virtual Reality (VR) technology in 

combination with smart safety must be optimized for more realistic pre-construction risk training and 

mitigation. More sophisticated AI programming for dynamic and multi-variable risk prediction is 

necessary for safety systems to address a wider range of complex critical variables. 

International collaboration in construction OHS technology needs to be enhanced to facilitate 

system standardization, device validation, and cross-national research data sharing, allowing smart 
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safety technology to be implemented more globally and efficiently (National Institute for Occupational 

Safety and Health (NIOSH), 2023). 

 

CONCLUSIONS 

1. Main Findings 

This research unequivocally affirms the critical and quantifiable role of smart safety technology 

in substantially curtailing occupational accident rates within high-rise construction projects. Utilizing 

advanced tools such as sensor-equipped helmets, Internet of Things (IoT) monitoring, inspection 

drones, and Artificial Intelligence (AI) for risk prediction, the study recorded a significant overall 

reduction, exceeding 50%, in critical incidents including falls from height and being struck by materials. 

The key finding is that these technologies revolutionize construction safety by enabling active, real-time, 

and predictive monitoring, shifting the safety paradigm from reactive correction to proactive risk 

management. 

 

2. Practical and Theoretical Implications 

The adoption of smart safety systems demonstrates profound practical benefits. The strong 

inverse correlation found between technology utilization and accident rates confirms that integrated 

dashboards facilitate data-driven decision-making and significantly accelerate mitigation responses for 

project managers. Theoretically, this positions smart safety as a fundamental component in developing 

modern integrated risk management models, fostering a strong safety culture where worker adherence 

is enhanced by immediate feedback and automated alerts. 

 

3. Challenges and Policy Recommendations 

Despite the proven efficacy, the study highlights persistent challenges that hinder widespread 

adoption: high initial and operational costs (particularly for SMEs) and organizational cultural 

resistance to change. 

Based on these findings, the following policy recommendations are crucial: 

a. Regulatory Integration: OHS policies must evolve to make smart safety technology a mandatory 

standard in high-rise construction, backed by standardization and certification of devices to 

ensure quality. 

b. Fiscal Support: Governments must implement fiscal incentives (subsidies, tax breaks) and 

innovative financing models (like results-based financing) to support SMEs in accessing and 

deploying advanced technology. 

c. Capacity Building: Continuous training and development of communication infrastructure are 

essential to overcome organizational and technical barriers. 

 

4. Future Research Directions 

Future research should focus on three primary areas: (1) Deeply examining the social and 

psychological impacts of smart monitoring on work culture and resistance; (2) Optimizing the 

integration of BIM/VR with real-time safety data for enhanced training and planning; and (3) 

Developing next-generation wearable sensors with advanced physiological monitoring capabilities for 

personalized early worker risk detection. 
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