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ABSTRACT

Occupational Health and Safety (OHS) is a fundamental aspect of the industrial world, playing a crucial role in
protecting workers and ensuring operational continuity. Various reports indicate that the majority of workplace
accidents in industrial sectors, such as mining, construction, and manufacturing, are still dominated by human error.
Therefore, a comprehensive evaluation of the probability of human error is necessary to reduce the number of
workplace accidents and improve safety performance. Objective to analyze and integrate research findings related to
the implementation of the Systematic Human Error Reduction and Prediction Approach (SHERPA) and Human Error
Assessment and Reduction Technique (HEART) methods in identifying, measuring, and reducing the risk of human
error in various industrial sectors. This study is a systematic literature review compiled according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Articles were searched through Google
Scholar and PubMed databases using the keywords "Human Error," "Occupational Health and Safety (OHS),"
"HEART," "Human Reliability Analysis," and "occupational accident." Inclusion criteria included articles published
between 2021 and 2025, with full text, and discussing human error analysis using the HEART method in the industrial
sector. Of the 313 identified articles, nine met the criteria and were analyzed qualitatively. The HEART method
produced varying Human Error Probability values, with the highest values for manual work in underground mining
(0.89), manual valve operation in oil tank facilities (0.95), and cutting machine operation in the furniture industry
(0.888). The dominant factors triggering errors included work fatigue, unclear instructions, time pressure, and lack of
training. The HEART method is effective in providing a quantitative and holistic picture of human error risk.
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INTRODUCTION

Occupational Safety and Health (OHS) is a crucial component in the industrial sector, playing a
vital role in protecting workers, maintaining operational sustainability, and increasing
organizational productivity. OHS serves as a primary instrument in creating a safe and healthy work
environment to ensure the physical and mental safety of workers during work activities. The basic
philosophy of OHS emphasizes worker protection by controlling all potential hazards in the work
environment (Adiratna et al., 2022). The availability of adequate occupational safety facilities and
support systems is directly proportional to the reduced risk of workplace accidents. A workplace
accident is defined as an unexpected and undesirable event that can result in injury, equipment
damage, material loss, or even loss of life (Gelisar & Sari, 2024). In line with the development of
modern industry, companies' focus is no longer limited to achieving productivity alone, but also on
operational efficiency based on ensuring the safety of every individual involved in the work process
(Kasnawati et al., 2024).
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The rapid development of automation systems and industrial technology has not necessarily
eliminated the role of humans in the production process. The interaction between humans and
machines remains an integral element. Although various risk control efforts have been
implemented through engineering and safety policies, the number of workplace accidents in the
industrial sector remains relatively high. Various studies have shown that workplace incidents are
not solely caused by equipment failure or environmental conditions, but are also significantly
influenced by human error.

Human involvement is often the weakest point in work reliability systems. Human error has been
recorded as a significant contributor to workplace accidents in various industrial sectors (R.
Cahyani & Susilawati, 2024). Statistically, approximately 70-80% of workplace accidents are
reportedly triggered by human error. This situation demonstrates that even the application of
advanced technology cannot guarantee optimal workplace safety if human behavior and reliability
are not properly managed (S. N. Cahyani et al., 2022). Human error is defined as a human action
or decision that deviates from established work procedures or standards, potentially leading to
accidents or losses. Factors such as work fatigue, time pressure, excessive workload, lack of
training, and unclear work instructions are key triggers for human error. In high-risk industrial
sectors such as mining, manufacturing, and oil and gas, even small errors in equipment operation
or decision-making can seriously impact worker safety and result in significant material losses
(Zetli, 2021).

Conventional risk analysis approaches generally focus on technical aspects, thus failing to fully
capture the contribution of human factors to workplace accidents. Therefore, an analysis method
specifically designed to systematically identify and quantify the probability of human error is
needed. One method widely used in human reliability analysis is the Human Error Assessment and
Reduction Technique (HEART). This method allows for a quantitative assessment of Human Error
Probability (HEP) by considering various Error Producing Conditions (EPCs) relevant to work
activities (Sullyartha et al., 2023).

Analyzing potential human error factors using the HEART method is expected to provide a
comprehensive overview of the sources of occupational safety risks. The results of this analysis
serve as an important basis for formulating more effective occupational accident control and
prevention strategies through strengthening standard operating procedures, improving workforce
competency, and developing a sustainable OHS culture in the industrial sector. The purpose of this
study is to analyze and integrate research findings related to the implementation of the Systematic
Human Error Reduction and Prediction Approach (SHERPA) and Human Error Assessment and
Reduction Technique (HEART) methods in identifying, measuring, and reducing the risk of
human error in various industrial sectors.

METHOD

The design used in this study is a literature review. This literature study uses the SPIDER model,
which includes the Sample (S) category, which consists of adolescents with overweight or obesity;
the Phenomenon of Interest (PI) category, which includes the use of digital media and technology,
such as smartphone-based applications, social media (Instagram), and digital educational media (e-
booklets and flipbooks) as tools for health promotion and nutrition education; the Design (D)
category, which is a pretest-posttest control group design; the Evaluation (E) category, which is
knowledge, attitudes, and behavioral changes (eating patterns, breakfast habits, and fast food
consumption habits); and the Research type (R) category, which is qualitative and quantitative
research conducted between 2021 and 2025. The keywords used are "Human Error," "K3,"
"HEART," "Human Reliability Analysis," and "Workplace Accidents." The selected articles meet
the inclusion criteria: journal publication time within the last 5 years (2021-2025), research subjects
are workers, and open access articles. Search for research articles published on the internet through
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open access channels, namely Google Scholar. Of the 313 identified articles, nine met the criteria
from keywords and were analyzed qualitatively. The following is an overview of the literature
search results:

Google Scholar Pubmed
(n=235) (n=78)
Results of articles
found
(n=313)
A Article Screening
Article Screening P a) Articles from 2021-2025
n=98) - b) Articles that are open access and
can be downloaded
Article Inclusion Criteria
a) Literature reviewed must be from
2021 to 2025.
b) Articles must be accessible in full
PDF format.
¢) Discuss human error, occupational
health and safety (K3), HEART,
human reliability analysis, and
occupational accidents.
Downloadable articles Article Inclusion Criteria
(n=35) ¢ a) Articles published before 2021.
b) Articles that do not discuss human
error, K3, HEART, human
reliability analysis, or occupational
accidents
y
Articles found for
review
(n=9)
Figure 1: Literature search results
RESULT
Table 1.
Characteristics of the Analyzed Articles
Author Name Title Research result Findings Implications
Alfarabi et al., Risk Management Risk identification in the The main errors The company needs
(2024) Optimization in conveyor area shows that occurred due to lack to conduct routine
Mineral Processing: Checking Error is the most  of concentration due inspections and
Evaluation of Human dominant type of error to inaccurate special periodic
Error Probability with (codes C5 and C2). The instructions and training for each
SHERPA and highest HEP values were fatigue, which has operator to reduce
HEART Methods at found in operators in the the potential to stop the number of
PT. Bumi Mineral control room (0.256) and the entire  operational errors.
Sulawesi. coal conveyor operators production process.
(0.544).
Putra & Human Reliability Research on  ground Human error The need for a
Wahyuningsih, using the Fuzzy- support, drilling, mucking, contributes to 85% transition from
(2024) HEART Method in and hauling activities of accidents in the manual to
Underground Mining shows that manual mine. The most mechanical  work
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Author Name Title Research result Findings Implications
Material Handling handling methods have a critical activities are  and tightening
Work. lower human reliability moving the boom supervision during
value (HEP 0.89) truck and drilling critical hours to
compared to mechanical with very high HEP reduce the potential
handling (HEP 0.61). values (above 0.4).  for fatal accidents.
S. N. Cahyani et Human Error 22 potential errors were The main causes are Recommendations
al., (2022) Analysis to Minimize found from 12 sub-tasks. repetitive cycling include providing
Workplace Accidents The highest HEP value factors and low sufficient rest hours
Using the HEART (0.888) occurred in the quality of to maintain focus
and SHERPA activity of cutting wood information/work and updating SOPs
Methods at  PT. slabs wusing a circle instructions that that are easier for
Wonojati Wijoyo. machine. cause workers to field workers to
rush. understand.
A. D. R. Putra et Human Reliability Analysis of the lifting Accidents occur Emphasis is placed
al., (2024) Assessment using the work shows a high HEP because workers on mandatory
HEART Method in value in the lifting often ignore the competency
Lifting and Rigging equipment installation lifting plan and certification for
Work in a sub-task (0.931). there is a lack of lifting personnel
Construction communication and strict
Company. between the rigger supervision of the
and the crane use of PPE and
operator. communication
equipment.
Febriansyah et Human Error In the oil transfer process, The biggest The need for an
al., (2025) Analysis  of  Oil errors in opening/closing triggering factors automation system
Transfer Activities at manual valves have the are time pressure on the valve or
the Department of highest HEP wvalue of and noisy improvement of a
Tank Farm Specialty 0.950. environmental more reliable two-
Fats Using the conditions that way communication
HEART Method at disrupt coordination system to minimize
PT. X. between operators. fatal errors (oil
spills).
Fadlurrohman, Implementation of the The highest HEP value Fatigue and Companies are
(2024) HEART Method for was found in hauling forgetting to lower advised to
Human Error activities with a score of the vessel (truck implement a fatigue
Analysis in Dump 0.432, especially when bed) were the main management system
Truck Operators at a maneuvering in narrow causes of dangerous and conduct a brief
Mining Services areas. incidents (near health check (fit to
Company. misses). work) before
operators start their
shifts.
Ma’aarij & Human Error The highest HEP value The main cause of Even though the
Nugraha, (2022)  Analysis to Minimize was 0.594 in the task of accidents is workers company is small in
Workplace Accidents using a hammer. who are not focused scale, providing
Using the SHERPA and do not wuse standard OHS
and HEART Methods complete PPE when facilities and hazard
(Case Study: CV performing  basic education remains
Sarana Sejahtera mechanical work. an absolute
Tehnik). obligation to
prevent hand
injuries.
Rosyidah, (2023) Human Error  Eight potential errors were Many operators Regular  refresher
Analysis of Head identified with a high HEP neglected unit training and the
Truck Operators at a category. Errors in brake checks at the start of implementation of a
Manpower  Services checks and trailer locking the shift due to the reward and
Company using the were the most critical delivery deadline. punishment system
HEART Method. points. related to
compliance with
vehicle inspection
SOPs are needed
Aliabadi et al., Human Error This study uses a hybrid Expert assessments The development of
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Author Name Title Research result Findings Implications

(2022) Probability method to improve the indicate that a decision support
Determination in accuracy of HEART. environmental system and strict
Blasting Process of Detonator installation conditions standardization  of
Ore Mine Using a activities have a (temperature  and blasting operations
Hybrid of HEART significant probability of lighting) greatly are essential to
and Best-Worst  error. affect the accuracy prevent fatal
Methods. of blasting premature

operators. explosions.
DISCUSSION

Human error is a dominant factor contributing to workplace accidents, operational disruptions, and
decreased productivity in various industrial sectors (Rahma & Tranggono, 2025). Human error is
defined as an individual's actions or decisions that deviate from established procedures or standards,
potentially leading to safety risks, material losses, or environmental impacts (Maulidya et al., 2023).
Despite continuous technological advancements, the role of humans in industrial work systems
remains irreplaceable, thus the potential for human error remains a major challenge in the
implementation of Occupational Safety and Health (OHS) (R. Cahyani & Susilawati, 2024).

Meanwhile, in the energy and mining industries, human error is often associated with failure to
adhere to safety procedures, errors in controlling heavy equipment, and inappropriate decision-
making in high-risk situations (Nazeer Ahamed & Mariappan, 2023). The complexity of
technology, extreme working conditions, and the potential for significant hazards make human error
a critical factor that can trigger major accidents and industrial disasters (S. N. Cahyani et al., 2022).
Overall, human error in various industrial sectors cannot be viewed solely as an individual failure,
but rather as the result of interactions between humans, work systems, the environment, and the
organization (Ren et al., 2024). Therefore, efforts to prevent human error need to be implemented
comprehensively through improving safety culture, worker training and competency, improving
work system design, and strengthening supervision and risk management (Naji et al., 2021). This
systemic approach is expected to reduce the number of workplace accidents and improve safety
performance across all industrial sectors (Zetli, 2021).

The Occupational Safety and Health (OHS) approach positions humans as an integral part of the
work system, interacting with equipment, the environment, and the organization. In the context of
human error, OHS focuses not only on individual errors but also emphasizes risk prevention
through hazard identification, risk assessment, and systematic control. This approach aligns with the
principles of safety management systems, which emphasize continuous improvement and a safety
culture as key factors in reducing the number of workplace accidents due to human error (Sullyartha
et al., 2023).

In practice, the OHS approach utilizes various risk analysis methods, one of which is Human
Reliability Analysis (HRA). The HRA method is used to assess the likelihood of human error and
its impact on the work system. Two HRA methods frequently used in high-risk industrial contexts
are HEART (Human Error Assessment and Reduction Technique) and SHERPA (Systematic
Human Error Reduction and Prediction Approach) (Alfarabi et al., 2024).

The HEART method focuses on quantifying the probability of human error (HEP) based on the type
of task being performed. HEART classifies work activities into Generic Task Types (GTT), then
identifies Error-Producing Conditions (EPCs) that can increase the likelihood of errors, such as time
pressure, fatigue, inexperience, or poor interface design. In occupational health and safety (OHS)
discussions, HEART is particularly useful for identifying critical tasks with a high risk of human
error, allowing for the design of controls in the form of training, improved work procedures, or
modifications to the work environment (O. A. Putra & Wahyuningsih, 2024).
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Meanwhile, the SHERPA method is qualitative and focuses on predicting the types of errors that
may occur at each stage of the work process. SHERPA begins with a Hierarchical Task Analysis
(HTA) to map work steps in detail, then identifies potential errors based on action categories, such
as action errors, checking errors, communication errors, and selection errors. Within the OHS
approach, SHERPA plays a crucial role in evaluating the suitability of work procedures and
supporting the design of safer work systems (Febriansyah et al., 2025).

The integration of the HEART and SHERPA methods within the OHS approach provides a more
comprehensive overview of human error risk (Rammadaniya & Mahbubah, 2022). HEART
provides a quantitative estimate of the likelihood of errors, while SHERPA provides a deeper
understanding of the types and mechanisms of errors that can occur. The combination of these two
methods enables organizations not only to identify risk levels but also to formulate more targeted
prevention strategies.

Overall, the implementation of an OHS approach supported by the HEART and SHERPA methods
has proven effective in controlling the risk of human error across various industrial sectors
(Puspitasari et al., 2025). This approach emphasizes that reducing human error requires a systemic
strategy encompassing human, technological, and organizational aspects. Therefore, efforts to
improve occupational safety depend not only on individual compliance but also on the design of
safe, prevention-oriented work systems.

Based on a comprehensive analysis of nine reviewed literatures, the Human Error Assessment and
Reduction Technique (HEART) method consistently demonstrates its ability to measure risk levels
across various industrial sectors, from mining and manufacturing to construction and logistics
transportation (La Fata et al., 2023). In general, the findings indicate that the probability of human
error (HEP) tends to increase significantly in tasks characterized by manual, complex, and high-risk
characteristics (A. D. R. Putra et al., 2024a).

Synthesis of data from all journals revealed that the highest HEP values are often found in activities
involving direct human interaction with critical equipment without automated control systems. For
example, in the oil processing and construction industries, HEP values reached above 0.90,
theoretically indicating that errors are almost certain to occur if triggering factors are not promptly
controlled. This is heavily influenced by poor work environment conditions, also known as Error
Producing Conditions (EPC). The most dominant EPC factors appearing throughout the literature
are time pressure, worker fatigue, and poor quality work instructions (Permatasari, 2020).

In the transportation and heavy equipment operations sector, HEART revealed that repetitive tasks
combined with workers' poor physical condition were the primary triggers for incidents.
Meanwhile, a comparison of manual and mechanical work in the mining sector demonstrated that
mechanization can drastically reduce the HEP value, confirming that reliance on human physical
and mental abilities alone has a very fragile reliability limit. Overall, the use of the HEART method
throughout this paper provides a strong quantitative basis for companies to determine risk
mitigation priorities, where activities with HEP values close to 1 should be the primary focus for
procedural improvements, increased training, and technological updates.

CONCLUSION

Literature analysis indicates that the HEART method produces varying Human Error Probability
values, with the highest values for manual work in underground mining (0.89), manual valve
operation in oil tank facilities (0.95), and cutting machine operation in the furniture industry
(0.888). The dominant factors triggering errors include work fatigue, unclear instructions, time
pressure, and lack of training. Based on these results, the HEART method is effective in providing a
quantitative and holistic picture of human error risk.
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