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INTRODUCTION

The construction industry is one of the sectors with a high risk of occupational accidents.
The high number of accidents in this sector is due to various factors, including dynamic working
conditions, the use of heavy equipment, and work that is often carried out at heights (Mawisarana,
2019; Ronald et al, 2012; Sinarmas, 2023). According to data from the International Labor
Organization (ILO), the construction industry accounts for nearly 20% of all work-related accidents
worldwide. This emphasizes the importance of ongoing efforts to improve work safety in this sector
(Artha Safety, 2024).

Technological advancements, especially in the field of smart technology, have indeed
opened up new opportunities to improve work safety in the construction environment. Here are
some ways smart technology, such as the Internet of Things (IoT), artificial intelligence (AI), drones,
and wearables, can minimize the risk of workplace accidents:

a. Equipment Condition Monitoring with IoT: IoT technology enables real-time monitoring of
equipment conditions. Data from IoT sensors can be integrated with mine management systems
to provide a comprehensive overview of the mine's operational conditions. This can help
identify potential hazards before an accident occurs (Hanti, 2024a; Kirana, 2024).

b. Use of Drones for Inspection: Drones can be used to perform more accurate and safer visual
inspections, especially in hard-to-reach areas. This can help identify damage or potential
hazards before work begins.

c¢. Use of Wearable Devices: Wearables such as wearable devices can provide real-time data on
employee health and safety conditions. In addition, using GPS and sensors to track the
whereabouts of employees within the construction area can help reduce the risk of accidents.

d. Work Process Optimization with Al: Al technology can be used to analyze big data from various
IoT sensors in construction. These algorithms can learn from historical data to make more
accurate predictions about construction work safety. In addition, the concept of digital twins
enables more in-depth simulation and analysis of construction operational conditions (Hanti,
2024b).

e. Automation of High-Risk Tasks: IoT devices can be used to automate high-risk tasks, such as
operating heavy machinery or cutting hazardous materials, to reduce employee exposure to
potential hazards.

As such, smart technologies such as IoT, Al, drones, and wearables can be effective solutions
in improving work safety in the construction environment.

In addition, the implementation of smart technology can also help improve operational
efficiency, enable faster identification of risks, and enable more effective intervention before
accidents occur. On the other hand, challenges faced in the implementation of these technologies
include budget constraints, resistance from a workforce that is not yet accustomed to the technology,
and a lack of supporting regulations.

Therefore, this research aims to take a closer look at the role of smart technology in

improving work safety in the construction environment. This research will examine various smart
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technologies that have been implemented in the construction sector, evaluate their impact on work

safety, and identify challenges and opportunities that arise in their implementation.

METHODS

To get a more comprehensive picture of the role of smart technology in improving work
safety in the construction environment, this research used a combination of quantitative and
qualitative methods. Literature study, primary data collection, and data analysis are the three main
stages of this research.

A descriptive approach and an explanatory design were used in this study. The descriptive
approach tries to explain the use of smart technology in the context of work safety in the
construction industry, while the explanatory approach explains the relationship between the
application of smart technology and the improvement of work safety in the field. The subjects of
this study are construction workers, project managers, and other related parties involved in the
application of smart technology in construction projects. This study looked at several construction
projects in Indonesia that use smart technology, both large and small. Using a purposive sampling
technique, research samples were selected from construction projects that apply smart technologies,
such as the use of Internet of Things sensors, wearable devices, drones, and artificial intelligence in
work safety management.

First, data was collected through literature research on the topic of smart technology and
safety in construction. The literature sources used included industry reports, scientific articles, and
work safety standards. This literature study aimed to improve our understanding of the technology
already in use and how it impacts work safety. Primary data was collected through a survey
conducted through a structured questionnaire. This questionnaire was distributed to supervisors,
managers, and workers of construction projects using smart technologies. The questions covered
the type of technology used, the frequency of use, the impact of the technology on work safety, and
users' opinions on the effectiveness of the technology. In-depth interviews with project managers
and safety experts were conducted to supplement the quantitative data. These interviews were
semi-structured, with a list of open-ended questions tailored to the participants' experiences to learn
more about their experiences, challenges and opportunities they encountered when implementing
smart technologies for workplace safety. In addition, this research conducted on-site observations
of construction projects. The purpose of these observations was to find out how smart technologies
are used in the field and how they can reduce the risk of accidents.

Descriptive statistics were used to identify patterns of smart technology use, and inferential
statistics (linear regression) were used to look at the relationship between smart technology use and
reduced incidence of workplace accidents. Prior to analysis, the validity and credibility of the
questionnaires were tested. Thematic analysis was used to analyze data from in-depth interviews
and observations. This was used to find the main topics relating to difficulties, opportunities and
experiences associated with the application of smart technology. Coding of interview data can be

done manually or with the help of qualitative analysis programs such as NVivo in this process.
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This study has some limitations. Some of these are that the study is limited to specific
projects in Indonesia and may be biased based on respondents' perceptions. In addition,

technological advancements may affect future findings.

RESULTS

1. Quantitative Data:

To provide a more in-depth overview of the effectiveness of smart technologies in improving
work safety, here is a summary of data from recent literature covering the implementation of smart
technologies such as wearable devices, IoT, Al, and sensors on various construction projects in several
countries over the past three years (2021-2023):

a. Study 1: Decrease in Accidents on Large-Scale Construction Projects in the United States
(OSHA, 2023)

A study by the Occupational Safety and Health Administration (OSHA) in 2021 showed a
significant decrease in workplace accidents in the construction sector following the adoption of
wearable technology and sensor-based monitoring.

1. 2021: Before the use of smart technology, there were about 670 fatal accidents in construction
projects. Of these, 45% were caused by fatigue and lack of supervision.

2. 2022: After one year of IoT and wearable implementation, the number of fatal accidents drops
to 520. The use of sensors monitors worker movements and provides early warning for potential
hazards.

3. 2023: A further decline was seen with only 430 reported accidents, of which more than 50%
involved projects without the application of smart technology.

b. Study 2: Effectiveness of Smart Technology in China in Reducing Construction Accidents
(CCSA, 2023)

Research conducted by the *China Construction Safety Association (CCSA)* examines the
application of smart technology on large-scale infrastructure projects. Data from 10 major
construction companies in China showed a significant reduction in workplace accidents:

1. 2021: Before the implementation of Al and drone technology, 55% of work accidents were caused
by human negligence, totaling 750 serious accidents per year.

2. 2022: After the implementation of Al for automated monitoring, accidents are reduced to 520 per
year, with only 30% caused by human error. Al can detect potential hazards before an accident
occurs, thus improving response to dangerous conditions.

3. 2023: In this year, the number of accidents decreased further to 400, and projects that fully
adopted intelligent technology reported a reduction of up to 65% in the incidence of serious
accidents.

¢. Study 3: Use of Wearable Devices in Europe (EU-OSHA, 2023)

Research conducted by the *European Agency for Safety and Health at Work (EU-OSHA)*
examined the use of wearable devices and IoT-based applications to improve safety on construction

sites in countries such as Germany and the Netherlands.
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. 2021: The study started with a baseline of 620 occupational accidents on construction sites in

Germany, with the majority caused by fatigue or negligence.

. 2022: After the implementation of wearable devices that monitor workers' vital signs such as

heart rate and body temperature, as well as IoT-based applications that provide early warnings

against hazards such as falls, the number of accidents decreased to 450.

. 2023: At sites that fully implement smart technology, only 300 accidents are recorded,

representing a 52% reduction in serious work accidents.

Qualitative Data:

Semi-structured interviews were conducted with various project managers, site supervisors

and workers in the construction sector who use smart technologies. From the interviews, some

important themes regarding the benefits and challenges of smart technology adoption in the

construction environment were discovered.

1.

Real-time Surveillance: Project managers in China and the United States stated that the
application of sensors and Al for real-time monitoring enables early detection of potential
hazards. A major project manager in Beijing stated:

"With the use of sensor technology, we can detect problems such as unstable structures or
dangerous ground movements long before they lead to accidents." (Interview with Zhang Wei,
Project Manager, Beijing, 2023).

Increased Risk Awareness: Workers who use wearable devices reveal that the devices make them
more aware of their own physical condition. One worker at a project site in the Netherlands said:
"When my wearable tells me that my body temperature is rising, I can take an earlier break, which
might avoid a heat-related accident." (Interview with Hans Meyer, Field Worker, Amsterdam,
2023).

Implementation Challenges: One of the major challenges faced in the adoption of smart
technology is resistance from workers who are not yet familiar with the technology. In some
construction projects in the United States, some workers are reluctant to use wearable devices
because they feel the technology restricts their movements or they feel they are being watched.
"Some workers are uncomfortable with the idea of being monitored at all times, but we are slowly
addressing this issue by providing additional training. "(Interview with John Thompson, Project

Supervisor, Los Angeles, 2023).

. Supplementary Statistical Analysis:

The following is a comparison table of accident rates before and after the implementation of

smart technology in several countries based on data from literature studies over the past three years:

Table 1. Table of Accident Rates Before and After the Implementation of Smart Technology in

Several Countries

Year Number of accidents (United Number of accidents Number of accidents
States) (China) (Europe)

2021 670 750 620

2022 520 520 450
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2023 430 400 300
Source: Occupational Safety and Health Administration (OSHA), China Construction Safety Association
(CCSA), European Agency for Safety and Health at Work (EU-OSHA)

From the available data, it can be seen that the adoption of smart technologies, including Al,

IoT, and wearable devices, has a significant impact on reducing accidents in the construction sector.
Not only a decrease in fatal accidents, but also an increase in workers' awareness of physical
conditions and potential hazards on the job site. However, some challenges such as worker
resistance and implementation costs still need to be overcome through education and management
support. The results of this study clearly show the great benefits of using smart technology,

although additional adaptations are needed to overcome challenges in the field.

DISCUSSION

Based on the above research results, it is clear that smart technology has a significant role to
play in improving work safety in the construction environment. The implementation of technologies
such as the Internet of Things (IoT), artificial intelligence (AI), and wearable devices brings
substantial changes in the monitoring and prevention of work accidents. The following are some
relevant and accurate key points from the discussion of the research results:

1. Significant Reduction in Accidents

Data from this study shows a consistent decrease in the number of accidents in the
construction industry after the implementation of smart technologies. In the United States, China,
and Europe, more than 30% reduction in serious accidents was seen after the implementation of
technologies such as wearable devices and Al This decrease is mainly related to the ability of smart
technology to monitor worker conditions and the work environment in real-time, thus providing
early warnings and preventing accidents before they occur.

This significant decrease is also supported by quantitative data, where by 2023 the number
of accidents in China will drop to 400, versus 750 in 2021. Smart technologies such as sensors and
drones help in detecting potential structural hazards, thus minimizing the risk of unforeseen
accidents.

2. Surveillance and Early Warning

IoT and AI technologies have enabled better surveillance at construction sites. The use of
sensors installed in construction equipment, building structures, and even on workers themselves,
enables real-time monitoring of conditions (Miwala & Imanuela, 2022; Toro, 2024). Data from China
and the United States show that Al-based monitoring systems can identify potential hazards such
as unstable ground movement, falling materials, or worker physical fatigue that could lead to
workplace accidents.

This early warning system allows workers and project managers to take corrective action
before an accident occurs. This not only reduces the risk of accidents, but also increases work

efficiency as potential disruptions or damage can be addressed early.
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3. Increased Safety Awareness

Wearable devices that monitor workers' vital signs, such as heart rate and body temperature,
play an important role in increasing workers' awareness of their physical condition (Yustianevan,
2023). Many workers in Europe report that wearable devices help them realize when they need a
break or when their physical condition is approaching a danger threshold. This reduces the risk of
fatigue-related accidents or overexertion, which is a common cause of workplace accidents in the
construction sector(Rahmayani & Sukihananto, 2022).

Safety awareness is also increasing thanks to IoT-based applications that provide data on
environmental conditions at construction sites. The app sends notifications to workers' mobile
devices, alerting them to potential hazards that they may not be aware of, such as excessively high
temperatures or the presence of toxic gases.

4. Long-term Effectiveness of Smart Technology

The application of smart technology not only provides a temporary solution to work safety,
but also enhances safety on an ongoing basis. For example, using Al technology to predict accident
patterns can help construction companies identify high-risk work areas and adjust safety
procedures accordingly. Data collected through IoT technology can also be used to analyze long-
term accident trends and formulate more effective safety policies.

With safety improvements recorded in the past three years, smart technology proves that
the initial investment, which may be high, is worth the long-term benefits of reducing accident
incidents, reducing medical treatment costs, and increasing productivity.

5. Implementation Challenges and Constraints

While smart technology shows many benefits, the study also revealed some challenges that
must be faced in its implementation. One of the biggest challenges is resistance from workers who
are not yet familiar with the technology. Some workers perceive wearables or real-time surveillance
systems as a form of surveillance that limits their freedom, and feel that these technologies interfere
with their work.

In addition, the cost of implementing smart technologies, especially for small-scale
construction projects, can be a major obstacle. While the long-term benefits of these technologies are
clear, the initial cost of installing IoT systems, purchasing wearables, or renting drones and sensors
can discourage construction companies from investing. Management support and incentive policies
are needed to encourage wider adoption of these technologies.

6. Role of Training and Education

The successful implementation of smart technology depends heavily on the training and
education provided to workers. In this study, companies that reported success in smart technology
adoption also emphasized the importance of ongoing training. Workers who understand how these
technologies work and the benefits of them are more likely to accept their use and are more likely
to take advantage of the safety features they offer.

It is important to note that while smart technology offers effective solutions in improving
safety, its success depends on the ability of humans to utilize it properly. Therefore, thorough

training and education on how to use these devices is essential.
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CONCLUSIONS

Smart technology is proving to have a positive impact on improving work safety in the
construction sector, with significant reductions in accidents over the past three years. However,
implementing these technologies requires a comprehensive approach, including intensive training
and education for workers, as well as management support to overcome resistance and
implementation cost challenges. This investment in smart technology will ultimately lead to a safer,

more efficient and productive work environment in the future.
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