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ABSTRACT 
The mining industry poses significant risks, heavily influenced by human factors contributing to 

workplace accidents. PT Z, a mineral mining company in Papua, Indonesia, operates complex 
operations involving underground mining and diverse production equipment. With a workforce 

exceeding 29,563 as of February 2023, the potential for accidents involving moving vehicles, 
particularly light vehicles, is notably high. From 2018 to 2022, there were 513 reported incidents 

involving light vehicles, prompting PT Z's focused attention on mitigating traffic-related risks. This 

study conducted at PT Z aims to analyze light vehicle accidents using the Human Factors Analysis 
and Classification-Mining Industry (HFACS-MI) framework. Over a five-year period, qualitative 

data from accident cases at PT Z were collected and classified based on incidents logged in the 
company's management system. The HFACS-MI framework was applied to categorize and analyze 

these accidents, revealing that 88% occurred in highland operational areas. The analysis 
identified multiple layers contributing to light vehicle accidents: organizational influence factors 

(106%), unsafe leadership (9%), precondition for unsafe acts (109%), and unsafe acts 

themselves (77%). These findings underscore the critical role of human factors in mining 
accidents and highlight the potential for reducing incidents through improved error management 

strategies. Ultimately, the HFACS-MI framework proves effective for structured analysis of mining 
accidents, emphasizing human factors' significant impact on safety within the industry. 
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INTRODUCTION 
PT Z is an affiliated mineral mining company of a mining company from the United 

States and the Indonesian Mining Industry Holding BUMN, which has been operating 
since 1972 in Mimika Regency, Central Papua Province (Prayogi, 2019). PT Z operates 
at an altitude ranging from 2,800-3,500 meters above sea level and employs more than 
30,000 employees (Jutras et al., 2021). The mined ore is located at an altitude of more 
than 4,000 m above sea level in the Ertsberg and Grasberg areas in an area of 100 km 
(Leys et al., 2020). The ore produced from the mine is sent via downward vertical tunnels 
and conveyor belts to the Ore Processing Plant located in a narrow valley at an altitude 
of 2,800 m above sea level (Bustillo Revuelta & Bustillo Revuelta, 2018). At the Ore 
Processing Plant, valuable minerals such as copper, gold and silver are extracted using 
flotation techniques (Bakalarz, 2019). The foam is then collected into concentrate slurry 
and sent via pipeline to the Concentrate Drying Plant in the Amamapare Port area which 
is located about 120 km south of the Ore Processing Factory (Susanto, 2017). Drying is 
carried out by high pressure filtration (filter press) and heating. Dry concentrate in the 
form of fine black sand grains is PT Z's final product (Shirato et al., 2017). 

According to the International Council on Mining and Metals (ICMM) report, 
“Safety Performance: Benchmarking Progress of ICMM Company Members in 2021”, the 
total number of work-related deaths in the mining sector is relatively consistent with 
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2020, considering 43 deaths in 2021 compared to 44 deaths in the previous year. This 
occurred despite a 7% increase in the number of hours worked in the previous year 
(Bliese et al., 2017). In the past year, moving vehicles replaced rockfall as the most 
prolific killer of miners worldwide (Rosser & Massey, 2022). This last happened in 2018, 
when 15 deaths due to moving vehicles accounted for 30% of deaths in 2.3 billion hours 
worked. In 2021, moving vehicles accounted for 28% of deaths in 2.5 billion hours 
worked (Farmer, M., 2022). In Indonesia, based on data from the Ministry of Manpower 
of the Republic of Indonesia, in 2023 the number of work accident cases in Indonesia 
will be recorded at 370,747 cases (Udoikah et al., 2024). 

Incident Management System (IMS) data used at PT Z as a database for 
recording and managing incidents, there were 513 accidents involving light vehicles. Of 
the total light vehicle accidents, 88% occurred in highland areas (Podofillini et al., 2015). 

The Swiss Cheese Model developed by James Reason in 1990 is a metaphor to 
describe how accidents or incidents occur (Howard & Dimick, 2024). This model can also 
be used to understand how latent dangers can emerge and develop in an organization 
(Long et al., 2022). In an organizational context, holes in a slice of Swiss cheese can 
represent various factors that contribute to latent dangers, such as procedural design 
flaws or poorly designed systems that can create gaps where latent dangers can hide. 
Human error, such as negligence or lack of knowledge can introduce latent dangers into 
the system (Woods et al., 2017). Inadequate asset maintenance can also contribute as 
a latent hazard, as lack of maintenance or inspection of equipment and infrastructure 
can cause undue wear and tear and damage that can ultimately lead to accidents 
(Hassan et al., 2017). An organizational culture that does not focus on safety or tolerate 
violations can also allow latent dangers to develop (Komljenovic et al., 2017). 

Human Factors Analysis and Classification System (HFACS) is a framework used 
to analyze and understand human factors that contribute to accidents and incidents. 
HFACS was developed by Dr. Scott Shappell and Dr. Douglas Wiegmann based on an 
analysis of United States naval plane crash cases. This model was specifically created to 
describe active and latent failures in layers of a protection system, based on the concept 
of Reason's Swiss Cheese Model (da Cunha et al., 2022). Further developments in 2010 
saw Patterson and Shappell develop a more specific framework for the mining sector 
known as the Human Factors Analysis and Classification System in Mining Industry 
(HFACS-MI). HFACS-MI has five levels, namely, outside factors, organizational 
influences, unsafe supervision leadership, preconditions for unsafe acts, and unsafe acts. 
HFACS-MI provides a systematic and comprehensive approach to analyzing incidents in 
the mining sector, with a focus on human and organizational factors (Joe-Asare et al., 
2023). 

PT Z in incident management uses the Root Cause Analysis Process (RCAP) 
method, which is a systematic method for identifying the basic causes of an incident or 
accident that occurs. The aim of this research is to analyze the contribution of human 
factors in light vehicle accidents at PT Z in the period between 2018 and 2022 using the 
HFACS-MI framework which will try to classify it into five predetermined levels. The 
author uses the HFACS-MI method because it was developed specifically for the mining 
industry and not only focuses on the direct causes of accidents but also on latent factors 
that can create an environment that is prone to accidents. 

 

RESEARCH METHODS 
In this study, the HFACS-MI framework is used to analyze accidents in the mining 

sector (Figure 1). HFACS-MI has 5 levels or layers for analyzing work accidents, 
consisting of Unsafe Acts, Preconditions for Unsafe Acts, Unsafe Leadership, 
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Organizational Influences, and Outside Factors. Overall HFACS-MI consists of 26 
elements. 

This research was conducted at PT Z which operates in Mimika Regency, Papua 
from April to June 2024. The type of research used was a case study with a semi-
quantitative descriptive approach. This research aims to analyze light vehicle accidents 
at PT Z for the 2018-2022 period where the process of collecting or retrieving data and 
measuring variables is carried out at the same time. This research looks at the 
percentage of factors causing accidents from each category analyzed using the HFACS-
MI method. Then this research also uses a cross-sectional methodology where data is 
collected at the same time as variable measurement. Research data was collected 
through literature reviews, interviews, and a triangulation process with safety 
practitioners at PT Z. 

The research population is light vehicle accident information data at PT Z which 
has been verified and recorded in the incident management system for the period 2018 
to 2022. Light vehicle accident investigations have been carried out systematically using 
the RCAP method and carried out by competent personnel in their field. In the research 
period, there were 513 accidents involving light vehicles at PT Z, of which 451 accidents 
occurred in the highlands (Highland/HL) and the remaining 62 accident cases occurred 
in the lowlands (Lowland/LL). The proportion and number of light vehicle accidents can 
be seen in Graph 1. 

This research requires a thorough review of the contents of accident investigation 
reports. Data analysis uses a univariate analysis approach, where each processed data 
variable is examined individually to determine its characteristics. These findings are 
presented through descriptive statistics for independent and dependent variables, as well 
as frequency distributions, proportion measures and percentages. 

Ethical assessment procedures have also been carried out for this research, and 
approval for research implementation was obtained with “registration number: Ket-
504/UN2.F10. D11/PPM.00.02/2024”. 

 

RESULT AND DISCUSSION 
Using the HFACS-MI framework, a total of 513 light vehicle accident cases were 

analyzed and classified at five standardized levels. This research seeks to analyze work 
accident data at PT Z from the perspective of the HFACS-MI framework. Because RCAP 
and HFACS-MI have categories and elements that are not exactly the same, the 
researchers carried out a "matching" process using the triangulation method. The 
researcher carried out this poleulation process by analyzing data with the support of 
observation and an interview process with the parties. Researchers conducted discussion 
and interview sessions with Safety Experts from representatives and the Mining Safety 
Division of PT Z and Safety Practitioners from one of the Divisions at PT Z. It was found 
that each level played a role and contributed to light vehicle accidents, but not at the 
Outside Factor level. The results of analysis and classification using the HFACS-MI 
framework can be seen in Table 1 and the contribution of each level each year can be 
seen in Graph 2. 
Level Unsafe Acts 

 Based on data on light vehicle accidents at PT Z for the 2018-2022 period, it can 
be seen that the contribution of unsafe acts is quite significant every year. The highest 
contribution of unsafe acts appeared in 2019, reaching 92%, while the lowest 
contribution occurred in 2021, namely 59%. In 2018 unsafe acts contributed 73% to all 
accidents or contributed 101 of the 138 accident cases that occurred. For 2020, unsafe 
acts contributed 89% or 128 of the total 144 accident cases that year. Meanwhile, in 
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2022, the contribution of unsafe acts has decreased to 72% or accounts for 42 of the 
total 58 accident cases. 

In the HFACS-MI framework, unsafe acts consist of two groups of variables, 
namely errors and violations. From the data we can conclude that the contribution to the 
occurrence of unsafe acts at PT Z is more caused by errors than by violations. The 
highest contribution of errors was in 2018 at 84% or 85 of the total 101 unsafe acts that 
occurred. The lowest contribution of errors was in 2019, which only contributed 59% or 
70 of the total 119 unsafe acts recorded. The type of error that contributes the most 
each year comes from the decision error category, where each year the error contribution 
is more than 80%. The remainder is a contribution from skill based errors of 20% and 
during the research period no perceptual errors were identified. For the violation 
category, the highest contribution comes from routine violations, reaching more than 
80% every year. Meanwhile, for exceptional violations, the highest contribution was only 
17% in 2021, in fact it did not contribute at all (0%) in 2020 and 2022. To see more 
clearly, see Graph 3. 

From the graph we can see that the number of Unsafe Acts appearing increased 
from 2018 to 2020. In 2021, PT Z succeeded in managing unsafe acts by reducing their 
occurrence by 80% compared to the previous year. However, in the following year, in 
the 2022 period, an increase in the occurrence of unsafe acts was identified by 60%. PT 
Z needs to note this in managing the emergence of unsafe acts in the coming year. 
Level Preconditions for Unsafe Acts 

The contribution of Preconditions for Unsafe Acts has a significant contribution 
trend exceeding 100% contribution every year. 2018 was the year with the highest 
contribution of preconditions for unsafe acts, reaching 122% or contributing 168 of the 
total 138 incidents that occurred. Meanwhile, the lowest contribution of preconditions 
for unsafe acts occurred in 2020, with a contribution of 100% or 144 of the total 144 
accident cases that occurred. If we look at the three groups of variables that make up 
Precondition for Unsafe Acts, the Condition of Operators variable is the largest 
contributor with an average contribution of 72% each year. The second position of the 
largest contributor comes from the Environment Factors variable with an average 
contribution of 26% every year. The variable with the smallest contribution comes from 
Personnel Factors, which only contributes 2% each year. In the condition of operators 
variable, adverse mental state is the highest contributor, followed by physical/mental 
limitations, and adverse physiological state is the lowest contributor. For the 
environmental factors variable, the technical environment contributed more than the 
physical environment in the 2018 to 2020 period, but for the 2021 and 2022 periods 
conditions reversed, making the physical environment a superior contributor. Although 
the contribution between the technical environment and the physical environment is not 
too significantly different and is almost equal every year. 

From graph 4, researchers see that PT Z's positive performance in suppressing 
the emergence of the Preconditions for Unsafe Acts variable started in the 2021 to 2022 
period. PT Z succeeded in reducing Preconditions for Unsafe Acts by up to 64% in 2021 
and succeeded in maintaining it in 2022. 
Levels of Unsafe Leadership 

 Unsafe leadership in this research did not make a significant contribution. This 
can be seen from the largest contribution of this variable which is only 19% or 11 out of 
a total of 58 cases of light vehicle accidents that occurred in 2022. The lowest unsafe 
leadership contribution occurred in 2019, where only 1 unsafe leadership was recorded 
or if we look at the percentage contribution only about 0.8%. Unsafe leadership in the 
HFACS-MI framework consists of four variables, namely Inadequate Leadership, Planned 
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Inappropriate Operations, Failure to Correct Known Problems, and Leadership Violations. 
Based on the research results, during the period 2018 to 2022 not a single Planned 
Inappropriate Operations variable was identified. However, if we look at the trend, the 
Leadership Violations variable has the greatest contribution, dominating for 3 years, 
namely the 2018, 2021 and 2022 periods. 

 From graph 5, we can see that the contribution of Unsafe Leadership is relatively 
small and insignificant when compared to the total incidents that occur each year. 
However, attention needs to be paid, researchers see an upward trend starting in 2019. 
This needs attention from PT Z to pay more attention to this variable, so that it does not 
become a bigger contributor in the future. 
Organizational Influence Level 

Based on data analysis, the Organizational Influences factor has a very significant 
contribution. This is shown by the organizational influences variable which contributes 
more than 100% every year in the period 2018 to 2022. The highest contribution of 
organizational influences occurred in 2021 amounting to 109% or 41 of the total 48 
accident cases that occurred in that year. Meanwhile, the lowest contribution from 
organizational influences was in 2019, namely 102% or the equivalent of 132 of the total 
129 cases of light vehicle accidents that occurred in that year. In the HFACS-MI 
conceptual framework, Organizational Influences consists of three sub-sections, namely 
Resource Management, Organizational Climate, and Organizational Process. Based on 
research conducted at PT Z in the period 2018 to 2022, it can be identified that the 
Organizational Process factor is the largest contributor to the Organizational Influences 
variable, with an average contribution of 85%. Meanwhile, the Resource Management 
and Organizational Climate factors have relatively the same contribution to the 
Organizational Influences variable, with an average contribution of 10-11%. 

From graph 6, we can conclude that Organizational Influences at PT Z experience 
fluctuations every year, where in the research period 2020 was the highest year and 
2021 was the lowest year for the number of organizational influence variables in light 
vehicle accident cases. It is hoped that PT Z can reduce the emergence of negative 
factors from organizational processes in the workplace which are the main contributors 
so that in the end it can reduce the Organizational Influences variable. Meanwhile, the 
Resource Management & Organizational Climate factors can be managed well by PT Z 
as shown by the frequency of occurrence which is relatively small and tends to decrease 
every year. 
Outside Factor Levels 

 Based on the analysis carried out by researchers on data on light vehicle 
accidents at PT Z in the period 2018 to 2022, no variables were found that could be 
included in the Outside Factor either in terms of Regulatory Factors or Other Factors. 

 

CONCLUSION 
Based on the results of the analysis of light vehicle accident data at PT Z for the 

2018-2022 period using the HFACS-MI method, several conclusions can be drawn as 
follows: No outside factors were found in the analysis of light vehicle accident data; 
Preconditions for Unsafe Acts are more dominant than Unsafe Acts; Preconditions for 
Unsafe Acts that contribute most to light vehicle accidents are Adverse Mental States, 
such as mental/psychological abilities, mental or psychological stress, and inappropriate 
motivation/behavior. Meanwhile, Technical Environment, includes inadequate guards or 
barriers, inadequate or inappropriate protective equipment; defective/damaged tools, 
equipment or materials; and inadequate warning systems; At the organizational level, 
Organizational Process factors dominate as a cause of accidents. Organizational 
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processes include communication issues, change risk management, and 
inspections/audits. 

Based on the results of research on accident data and the results of interviews, 
discussions and triangulation processes, there are several recommendations that need 
to be carried out, namely that in PT Z's accident data system (IMS), there are still many 
duplicate data and incomplete data found. The author still sees room for improvement, 
especially the quality of data input and analysis in the future; The RACP used by PT Z 
has less potential to explore outside factors and management control. The code selection 
at the management control layer (section 9) contains normative words and tends to use 
positive sentences (cannot be blamed). This can actually bias the results of the 
investigation, especially if there are recommendations that are related at the 
organizational level; Based on the results of this research, psychological, behavioral and 
stress factors contribute quite significantly to light vehicle accidents. Further research 
needs to be done regarding these factors to prevent accidents in the future; Based on 
the results of this research, at the organizational level the issues of communication, 
change risk management, and inspections/audits need to receive more serious attention 
from PT Z to obtain better K3 performance in the future. 
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