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Abstract: Booming demand for facilities and infrastructure in Indonesia has led to an increase in
construction-related accidents. Court rulings provide valuable data on accident circumstances,
which can help improve safety standards. Although information on these accidents is scarce and
not systematically consolidated, effective data gathering and analysis can lead to better safety out-
comes. This study analyzes 150 court rulings in construction industry accident cases and their re-
lated decision frameworks to identify seven risk categories using scenario analysis. The correlative
patterns and their associated significance are explored via descriptive statistical analysis, and four
categories, namely project, task, accident, and medium, were found to be correlated. The results of
the cross-tabulation test between two categories were used to highlight correlated categories. Toll
road works accounted for 52% of accident cases, with collisions with construction machinery being
the most frequent accident type (36%, 76 cases). Lifting and moving goods had respective phi and
Cramer values of 0.534 and 0.001. It is obvious that future safety improvement efforts should focus
on roadway projects and utilizing construction vehicles for transportation and lifting work. This can
be achieved through increased regulatory compliance, proper utilization of standard operating pro-
cedures (SOPs), and ensuring vehicle suitability. The results of this study are highly relevant to
workplace health and safety officers and risk management personnel.

Keywords: construction; fatal accidents; characteristics; safety services; court rulings

1. Introduction
1.1. Background

Structural development is an indicator of economic growth, and as such, develop-
ment is heavily reliant on the construction industry, which requires significant levels of
industrial coordination. Population increases generally drive an increased need for facili-
ties and infrastructure while increasing employment in the construction industry. As de-
mand for facilities and infrastructure grows, so does the demand for infrastructure to sup-
port the growth process. This dual effect is accompanied by an increase in demand for
skilled and unskilled labor and, regrettably, construction-related accidents. In terms of
overall worker safety, the global construction industry is one of the most hazardous [1].

Many studies have already highlighted the need for increased work safety standards.
Such risks, however, are not always direct. Elsebaei et al. [2] showed that occupational
health and safety issues also arise as side effects of the construction industry. To overcome
this, many efforts have been made to improve construction safety, such as improvements
to and implementation of safety measurements [3], safety programs [4], human factors [5],
and BIM methods [6]. Several studies related to work safety [7] have been conducted over
the last few decades, yet worksite accidents and injuries are still frequent [8]. Reports from
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the International Labor Organization (ILO) [9] show that, globally, around 2.78 million
construction workers die each year from work-related accidents or illnesses.

With 277 million people, Indonesia is the world’s fourth most populous country (Fig-
ure 1) [10], and its rapidly transforming economy has created huge demand for infrastruc-
ture development and improvement, thereby drawing significant amounts of labor into
the construction sector, further exacerbating the risk of construction accidents. Data from
Indonesia’s Employment Social Security Administering Agency (BPJS) showed 265,334
construction accidents in November 2022, representing a 13.26% increase from the previ-
ous year [11]. Based on an ILO [9] review, Indonesia accounted for nearly 4.2% of global
construction industry accidents in 2019, despite accounting for less than 3.5% of the global
population, and this trend has continued to exacerbate since then [11]. This indicates an
urgent and persistent need for improvements to working conditions, planning, and risk
anticipation and mitigation.

2023 Population (million)

India I 1428.6
China I 1425.7
United States | 340.0
Indonesia N 2775
Pakisan [ 240.5
Nigeria I 2238
Brazil N 2164
Bangladesh I 173.0
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Country
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Figure 1. Indonesia’s population relative to other leading nations (2023). Source: https://worldpop-
ulationreview.com/countries (accessed on 20 March 2024).

Several courses of action have been suggested to improve safety in the construction
industry [12]. The current safety management literature is based on highly credible data,
and it contributes strongly to the development of risk management best practices [13].
However, further research and improvements are needed. For the best effect, accident and
safety data must be sourced as close to the cause of the problem as possible, but, to date,
no studies have used workplace safety decisions from Indonesia’s Construction Accident
Court Decisions (CACD) as a potential data source. Several case studies have indicated
the value of court decision data. Chong and Low [14] used statistical data analysis of court
decisions to survey safety and health conditions in Malaysia’s construction industry. Bir-
ganoul et al. [15] used court case data to test the reliability accuracy of a scheme to evaluate
the causes of fall accidents with error rates in different scenarios. Li [16] used court deci-
sion data to highlight construction accident compensation based on interpretations using
mathematical modeling. Li et al. [17] analyzed the impact of 3000 court compensatory
rulings on accident prevention in Hong Kong’s construction industry. Davis and
Akenhead [18] used autoactivate analysis to reveal the importance of court data as a ref-
erence in construction, engineering, and IT disputes. CACD rulings have lasting legal im-
plications for the construction industry, safety regulations, and general worksite practices.
Therefore, court decision data may offer useful insight into the causes of workplace acci-
dents, allowing for the re-classification of accident characteristics. It is hoped that these
data can be used to describe accidents from the perspective of project categories that dom-
inate accident numbers, causes of accidents, media that cause accidents, or other
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important project implementation elements. Accordingly, this study used CACD data to
categorize accidents and generate a series of sub-categories from which one can derive the
relationships between various factors. Court data also reflect permanent legal force [19];
thus, an accident analysis based on such data will reflect the most accurate scenario char-
acteristics. Such accuracy should improve research outcomes and validity, potentially
contributing to the development of strategies that effectively reduce risk [20].

This study presents a scenario analysis to identify characteristics requiring greater
detail, followed by a descriptive statistical analysis to describe categories with strong cor-
relations and explain the relationships between the categories and sub-categories. This
analytical process is applied to highly accurate and actionable court decision data based
on situational characteristics to determine key characteristics of construction site acci-
dents, as shown in Figure 2. Although court decisions are secondary data, they are ex-
pertly curated and have yet to be used in previous research to explore worksite accident
characteristics to enhance accident prediction and mitigation [21].
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Figure 2. CACD data processing flow.
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1.2. Research Objective and Gaps

This research develops an alternate approach to construction workplace safety pro-
tocols based on court decision data and represents the first such effort to apply this data
source in the field of safety management. Accurately translated court decision data, sce-
nario analysis, and descriptive statistics are used to show the correlative relationship be-
tween accident categories and reveal valuable workplace safety information.

Various research papers have examined construction worksite accident records to
identify accident characteristics and safety protocol weaknesses. However, many checks
on large projects, such as bridge construction, are still conducted manually [22], as are
records related to building fires [23]. There is a distinct need for standardized and struc-
tured reporting mechanisms, hence this study’s initial reliance on CACD. This kind of
reporting relies on strong confirmation rather than standard types of reporting that re-
quire further validation and standardization processes to allow for effective data integra-
tion and analysis [24]. Li et al. [25] and Olcay et al. [26] demonstrated the potential value
of court decisions as an alternative data source for worksite accidents in different national
contexts, and Asibey et al. [27] encouraged the use of court decisions as a means of deter-
mining fair compensation for accident victims. Li [15] used mathematical modeling to
highlight the utility of court data to calculate financial losses due to construction accidents,
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and Li et al. [16] used court decisions to identify legal loopholes for potential exploitation
in minimizing accident compensation risk. Davis and Akenhead [18] used an autoreactive
analysis to demonstrate the effective application of court case data in resolving worksite
accident disputes. However, no prior research has applied Indonesia’s CACD data in as-
sessing construction safety, and these decisions are potentially a valuable source of insight
for the development of new safety improvements. This paper applies CACD data to clarify
the key characteristics of common construction accidents, thereby providing valuable in-
sights for workplace health and safety professionals and presenting a new, potentially
useful data source for future research in occupational hazards.

2. Literature Review

To obtain the initial appropriate hazard characteristics, several studies, theories, and
important terms were analyzed to clarify the research path.

2.1. Worksite Accidents

According to the International Labor Office (ILO) (1989), an accident is an unplanned
and uncontrolled event caused by humans, situations, environmental factors, or a combi-
nation of these factors that disrupts the work process and may (or may not) cause injury,
illness, death, property damage, or other undesirable side effects [28]. Heinrich defines an
accident as an unplanned and uncontrolled event that is an action or reaction from an
object, substance, human, or radiation that can cause injury [29]. Accidents can occur ei-
ther in or outside work hours, and accidents can be classified into several types, as shown
in Table 1.

Table 1. Accident classification.

Type of Accident

Falls; being hit by an object (falling or otherwise); being caught in equipment; excessive
movement; exposure to high temperatures, electric current, hazardous materials, or radi-
ation.

According to objects

Project engine; project equipment; lifting equipment and transportation facilities; scaf-
folding; other.

Type of Injury

Bone fracture; dislocation, sprain; concussion; laceration; breathing difficulty.

Wound Location

Neck; body; hand; multiple locations.

Worksite accidents can be effectively described in terms of a mechanistic theory.
Two common approaches are as follows:

1. Chain-of-Events: This theory states that accidents sometimes occur due to a chain of
activities connected in a series. Each link in the chain is an important component, and
thus, each link is a potential target for accident prevention [28].

2. Domino Theory: Heinrich’s Domino Theory suggests that an accident can be described
as one of five factors in a sequence that results in injury or loss [30]. The Domino
Model proposes that bad habits can lead to unsafe actions, thereby raising physical
or mechanical risks for accidents. The Domino Model proposes that through inher-
ited or acquired vices, people can commit an unsafe act, which leads to a physical or
mechanical risk, which in turn leads to a dangerous accident.

Noor [31] attributes workplace accidents to the following two main causes:

1. Immediate Causes: These are actions or situations that have the direct potential to cause
a worksite accident. The direct cause is due to unsafe acts on the part of workers,
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unsafe worksite conditions, or some combination of the two. Project workers fre-
quently describe unsafe conditions as precursors to an increased accident rate.

2. Indirect Causes: These are activities or situations that can indirectly create a risk that
later leads to an accident. Indirect causal factors can be work-related or personal.

McKinnon [32] ranks workplace accidents causing injuries to workers (personal in-
juries) into the following four categories:

1. Death: This is the worst possible result of an accident, namely the death of a project
worker.

2. Permanent Total Disability (PTD): This is any injury from which the victim cannot
effectively recover and causes a permanent inability to work.

3. Permanent Partial Disability (PPD): These are injuries that cannot be healed and re-
sult in workers losing partial bodily function.

4. Non-permanent Total Disability (TTD): These are injuries that do not result in death
or permanent damage but leave workers effectively unable to work effectively for
several days.

Using information from the ILO and the research results of Wijaya et al. [33], the
combined findings are presented in Table 2.

Table 2. Classification of workplace losses.

Type of Loss Loss Information

Losses resulting from the implementation of worker welfare
benefits.
Continuing full wages to injured workers after they return to

Welfare costs

Pay full salary work, even if their work capacity is reduced.
Company profits Lost opportunities due to rec_luced pro.ductivity of injured
Cost workers and idle machines.
Standard overhead costs (lighting, heating, and rent) continue
Typical costs per injured worker  despite declining worker productivity, highlighting the impact
of hidden costs borne by organizations.
Incidental losses due to production in- Failure to fulfill orders on time, loss of bonuses, payment of
terruptions fines, etc.
Losses due to loss time Worker injuries result in downtime.
Losses due to loss time of other work- Workers stop working out of curiosity, concern, or to help an-
ers other employee.
Time Supervisor attention is diverted to attending to injured work-
Losses due to loss time for foremen, ers, investigating accident causes, maintaining production pro-
supervisors, or other leaders cesses, recruiting, training new workers, or preparing accident
reports.
Losses arising from tension or reduced morale after an acci-
. Mental loss .
Physical and dent (e.g., depression).
mental Losses resulting from use of first aid

. . Causes that are not covered by insurance.
and internal medical staff y

Due to assisting injured employees, investigating the causes of
Objectsand  Losses due to damage to machines, accidents, organizing the continuation of the production pro-
equipment tools, or other equipment cess, selecting, and training new workers, and preparing acci-
dents reports.

The International Labor Office (1989) also revealed several ways to improve indus-
trial workplace safety [33], as summarized in Table 3.
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Table 3. ILO guidance on mitigation of industrial workplace accidents.

Priority Workplace Accident Mitigation
1 Fulfill regulations related to work safety
Determine standardization

Enforce regulations that must be complied with in the form of supervision

Conduct technical research

Conduct psychological research

Conduct medical research

Conduct statistical research

Conduct education and training regarding work safety

O [0 [([J[N|CT | |[W(N

Apply various persuasion methods

—_
—_

Provide insurance coverage

—_
N

Ensure each worker takes appropriate safety measures

2.2. Occupational Safety and Health in Indonesia (OSH)

Occupational Safety and Health (OSH) standards in Indonesia are set by Government
Regulation Number 50 (2012). This regulation specifies that all activities must guarantee
protection of the safety and health of workers by preventing work-related accidents and
occupational diseases [34]. OHSAS 18,001 describes how anticipation, recognition, evalu-
ation, and control of potential dangers have a significant impact on worker health and
wellbeing. It also describes how these hazards impact surrounding communities and the
general environment [23].

OSH is implemented in Indonesia through an official legal framework of regulations,
guidelines, and standards that are continuously developed, reevaluated, revised, and ra-
tionalized. However, this process takes significant coordination, including synergistic in-
put from industry and government offices and collaboration with the relevant ministries
and institutions. The following lists laws and regulations under OSH guidelines that out-
line the national OSH legal framework: (1) Steam Act of 1930 (Ordinate, 1930): (2) Law
no. 1 (1970)—Concerning Work Safety; (3) Inspection in Industry and Commerce
(ILO) Convention No. 81 —Concerning Supervision: (4) Government Regulation no.
88 (2019) — Concerning Occupational Health: (5) Presidential Regulation Number 7
(2019) —Concerning Occupational Diseases.

Indonesia ratified ILO Convention 187 under Presidential Regulation 34 (2014),
which adopts a promotional framework for OSH. This convention is an umbrella law that
seeks to improve the existing OSH framework in Indonesia by strengthening the national
OSH policy generally, along with specific national sub-systems and sub-programs [34].
Data for this study were drawn from Indonesian court proceedings that found for the
plaintiff in the specific context of construction site accidents. A total of 150 cases from the
High Courts and Supreme Court of the Republic of Indonesia (RI Supreme Court) were
identified, and workplace accident data were collated for each. Indonesia’s legal system
features multiple layers, as follows:

1. District Court (PN): The District Court deals with matters pertaining to local districts
and is the court of first instance in Indonesia. Each district/provincial capital usually
has one District Court, which decides criminal, civil, and state administrative cases,
along with other cases authorized by law.

2. High Court (PT): The High Court is the court of appeals in Indonesia. Each province
has one High Court, except for the DKI Jakarta Province, which has three. The High
Court examines and decides on appeals filed against District Court decisions within
its jurisdiction.

3. Supreme Court (MA): The Supreme Court is the court of cassation in Indonesia. Lo-
cated in Jakarta, it examines and decides on cassation cases filed against High Court
decisions throughout Indonesia.
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A total of 150 cases related to workplace accidents were taken from the highest court
decisions in Indonesia, including the Supreme Court (Mahkamah Agung Republik Indo-
nesia) [35]. To increase the amount of supporting data and the reliability of the analysis
results, data sampling ranged from 2010 to 2022 (12 years).

2.3. Previous Research

Effective analysis requires the use of appropriate data. In the context of improving
occupational safety, Lu [36] studied the characteristics of 197 laboratory accidents in
China over a period of 39 years, finding significant correlations between accident propen-
sity, the number of students present in the laboratory, and the implementation of indoor
activities. Another study applied Structural Equation Modeling (SEM) to questionnaire
data, finding that the factors influencing the latent variables that caused tunnel accidents
were construction workers, materials, design, exploration, technical management, and
natural conditions [37].

Xu and Xu [38] collected data from 7275 fatal construction industry accidents and
found that the highest death rates were due to falls from heights and collapses. To cate-
gorize such accidents as rare, stochastic, or dynamic, Jin et al. [39] proposed an accident
prediction model based on historical data involving 6005 accident events. Choi et al. [40]
developed a prediction model that identified potential fatality risk on construction sites
using machine learning based on official industrial accident data in Korea from 2011 to
2016. Chan et al. [41] followed accident cases in Hong Kong from 2021 to 2022 and used
detailed validity and reliability checks to create a modified causal model to analyze situ-
ational variables, sequences of events, and accident causes. Their results show that “fall-
ing” and “being hit” were the most frequent types of accident-caused injuries.

Comparative research is needed to avoid confusion due to the use of various data
sources and to support suggestions based on CACD data analysis. Previous studies in
Indonesia include Hidayat et al. [42], who conducted a content analysis of news media
data of 205 accidents from 2005 to 2015, finding that the leading accident and project type
were, respectively, electrocution and building construction. Dangga et al. [43] surveyed
accident reports in Indonesia over 10 years using Ventana Simulation (Vensim) to identify
the key factors, including a lack of work safety experts and not specifying the cause media
and type of work based on 12 work accidents on toll roads as the project type. Martiwi et
al. [44] analyzed 23 reported accident cases, finding that the leading accident types were
crushing and falling from heights, particularly in building projects. Sulistyaningtyas [45]
used accident case data from 14 construction accident titles in Indonesia in a literature
review that found human factors to be the key cause of accidents through the performance
of unsafe actions but did not specify the causal factors further. This paper uses 150 CACD
findings, applying scenario and descriptive analysis to improve the accuracy of categoriz-
ing dominant accident causes and resolutions.

Yuan et al. [46] reviewed Form 154 Environmental Impact Assessment Reports, is-
sued by the Ministry of Ecology and Environment of the People’s Republic of China, seek-
ing to explore various risk scenarios and their attendant probabilities of environmental
harm, as measured by environmental impact accident assessments (EIAAs). Chong and
Low [14] applied statistical data analysis to court data to develop suggestions for safety
and health improvements in the Malaysian construction industry. Birganoul et al. [15]
used court case data to test the reliability accuracy of DsSafe, a research approach that
seeks to minimize subjectivity in expert witness testimony to evaluate the causes of fall
accidents with fault rates in different scenarios. Li [16] used court decision data to mathe-
matically model construction accident compensation. Davis and Akenhead [18] illustrated
the utility of court data as a reference in construction, engineering, and IT disputes.

Various data-driven efforts have been made to inform legislative improvements to
construction industry work safety. Individual countries have developed context-specific
legal frameworks for handling occupational accidents, providing a range of potential so-
lutions from different legal perspectives [14-18] that could form a potentially important
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resource for construction industry practitioners and regulators seeking to improve work
safety guidelines. This work is the first to systematically analyze court findings from In-
donesia’s CACD, applying scenario and descriptive analysis to 150 CACD decisions to
identify key impact factors in various types of construction accidents and explore correl-
ative patterns and their level of significance.

Data can be interpreted qualitatively and quantitatively. Qualitative analysis uses de-
scriptive data, commonly in the form of text or images, which provide a richer meaning
than numbers or observational frequencies. Descriptive statistics are used to explain or
describe various data characteristics, such as averages or variances, without further inter-
pretation, presenting a summary of the data to make the topic understandable to the wid-
est possible audience while avoiding the drawing of premature conclusions.

3. Research Methodology

Accident characteristics obtained from the construction accident court decisions
(CACDs) were used to determine trigger events. This process included analysis of various
workplace safety service studies using data about work-related accidents and deaths. Us-
ing CACDs as an alternative source of secondary data will provide a new perspective on
construction workplace accidents. The present research seeks to highlight areas of risk
and provide actionable risk reduction strategies. Comparing accident characteristics from
credible sources with other risk analyses can enable improved anticipation of potential
risk areas. This paper utilizes 150 plaintiff decisions from high-level Indonesian courts,
specifically those related to construction site accidents.

Data were obtained from the official Mahkamaagung.co.id website, using a combi-
nation of keyword searches related to the Indonesian terms for workplace accident, con-
struction accident, building accident, foreman accident, worker death, building collapse,
and various combinations thereof (singular, plural, changes in tense, etc.). Restricting the
search to construction accidents produced a total of 150 reports, which were then sorted
based on their primary characteristics and arranged for coding. Scenario analysis was
used to clarify the categories. Descriptive statistics were used to map the accident infor-
mation and reveal patterns in the accident characteristics. The results of the analysis were
evaluated by examining correlative structures, starting with the biggest contributors to
accidents. The following sections discuss the analysis results in Figure 3.

Construction accident data Characteristric category
continues to exist attributes

v 4

3 ‘ it
Ahalyzing court decision Reduce attribute : scenario
data (alternative)

analysis

> i y
Determine the basis and Attribute = Drury & Brill Characteristic
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¢

Analysis frequency

Descriptive analysis
Interpretation data

Determine research

cases

parameter data

v

Search for court decision data

Discussion
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¢ v

Conclusion

Determine the definision of acci-
dent characteristic attributes
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Figure 3. Flow chart of analysis methods in CACD.
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3.1. Determine CACD Characteristic Parameters and Accident Categories

Each document was searched for measurable data points using established norms to
allow for the analysis of the respective importance of various factors. There are several
categories in which this is possible:

1.  Worker Age: Age influences productivity at work and susceptibility to accidents [47].
There is also an identifiable relationship between age and worker stress level [48].
The age of workers involved in accidents was classified as (1) if aged up to 18 years,
and (2) >18 years (i.e., legal working age in Indonesia).

2. Worker Status: Management consists of supervisors or foremen with supervisory re-
sponsibility for workers engaged in brick masonry, plastering, welding, steel frame-
work, demolition, formwork, reinforcement, pipe installation, foundation work, and
other types of labor. Workers could also be direct hires or subcontractors.

3. Accident Media: Where the accident is due to impact with a particular media or ma-
terial (e.g., electrical cables, construction vehicles, roofing damage, liquids, concrete
beams, steel beams, etc.), as opposed to being directly caused by another person.

4. Accident Type: (1) Falling from a height; (2) being struck by a laterally moving object;
(3) being struck by a falling object; (4) being buried by material; (5) laceration; (6)
explosion or heat-related injury; (7) drowning.

5. Task Type: Status of all involved in the accident including the (1) owner, (2) foreman
or manager, (3) workers, and (4) outside parties (i.e., people unrelated to the project).

6. Injury Location: Injuries are classified as being located on the (1) head, (2) upper
body, (3) lower body, or (4) unstated.

Based on these data categories, one can construct a nominal scale in discrete numbers,
where each element has no meaning according to its size or position and the numbers are
only representative symbols.

3.2. Research Hypotheses

To provide a clear description of the relationship between accident cause categories
and, in accordance with the research objectives, a series of hypotheses statements are for-
mulated to measure the relationships between the categories and sub-categories. These
hypotheses will be used to describe the relationship between categories and later guide
the analysis to better understand the relationship or independence of two variables be-
tween industry categories, job classification, medium accident, type of accident, body in-
jury, and worker status. Hypothesis testing proceeded using the steps shown in Table 4.
Hypothesis 1 (H1). Worker status and worker age have no correlation.

Hypothesis 2 (H2). Worker status and body part have no correlation.
Hypothesis 3 (H3). Medium type category and worker age have no correlation.
Hypothesis 4 (H4). Medium type and accident type have no correlation.
Hypothesis 5 (H5). Medium type and body part have no correlation.
Hypothesis 6 (H6). Task type and worker age have no correlation.
Hypothesis 7 (H7). Task type and body part have no correlation.

Hypothesis 8 (H8). Project type and worker age have no correlation.

Hypothesis 9 (H9). Project type and accident type have no correlation.

Hypothesis 10 (H10). Project type and body part have no correlation.
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Hypothesis 11 (H11). Worker status and accident type have no correlation.
Hypothesis 12 (H12). Task type and accident type have no correlation.

Table 4. Hypothesis testing.

Step Action
Propose hypothesis

1 Ho: @ =0 (i.e., There is no correlation between the two variables.)

Hi: @ # 0 (i.e., There is a correlation between the two variables.)
2 Level of significance,
3 Statistical test using Equation (1): E;; = %
4 Rejection boundary, Ho is rejected where y? > y? with df = 1, referring to table Chi-square.
5 Accept or reject the hypothesis using the statistical values with reference to the critical value.

"

Note: “E” is the expected value, “R” is the number of rows, C is the number of columns and “n” is
the total number of observations.

3.3. Scenario Analysis

Scenario analysis is an established method of breaking down problems into manage-
able sub-problems and then determining appropriate courses of action by filtering the
factors that cause serious accidents [49]. Each situation is described in terms of its constit-
uent elements and their relationships by asking and answering questions such as who is
involved, with what processes and products, under what circumstances, under what con-
ditions, and what dangers are present. Scenarios should be specific and mutually exclu-
sive, and the obtained results should be limited to applicable scenarios. Subsequently,
items can be analyzed according to their severity, nature, and extent of the problem. Aziz
et al. [50] describe how Drury and Brill derived hazard scenarios in terms of actors (indi-
viduals), props (tools, instruments, and equipment), scenes (environment), and actions
(tasks) from real-life accident reports. This process emphasizes that each scenario suggests
at least one feasible and effective intervention. However, such interventions are appropri-
ate only for a given scenario. The scenario analysis method has been successfully used by
Dempsy [51] for mining audits by identifying and eliminating potential sources of disaster
risk related to the Minuteman missile system, thereby facilitating subsequent analysis.

This study adopts a scenario analysis system and characterizes the main causes of
accidents and hazard patterns based on the CACD rulings. The court documents describe
root causes and patterns of harm, which are then used to specify data collection categories
that can provide effective intervention strategies [50]. Thus, accident prevention measures
can be developed from this analysis.

3.4. Analyzing CACD Reports

Statistical analysis of the CACD documents is conducted using correlation analysis
with Pearson’s correlation coefficient. This correlation requires that the data used be meas-
ured on an interval scale, the significance of the test must meet the measurement require-
ments, and the observations are assumed to be from a normally distributed population.
For a nominal-scale data set, the contingency coefficient C (Cramer’s coefficient) is used.
The contingency coefficient does not make any assumptions regarding the shape of the
data population, nor does it require continuity of the variables being analyzed; it only
requires nominal measurements. Attribute category data are translated into non-paramet-
ric statistics with a nominal scale, and the relationship between the attributes can be de-
scribed and applied to the hypotheses.

To correctly interpret the strength of the relationship between two variables, the fol-
lowing criteria are used: (1) a correlation coefficient value r = 0 implies there is no corre-
lation between the two variables; (2) a correlation coefficient value 0 < r < 0.25 implies a
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very weak correlation; (3) a correlation coefficient value 0.25 < r < 0.5 indicates sufficient
correlation; (4) a correlation coefficient value 0.5 < r < 0.75 implies strong correlation; (5) a
correlation coefficient 0.75 < r < 0.99 implies a very strong correlation; and (6) a correlation
coefficient value r =1 implies a perfect correlation, which should be regarded as suspicious.

To determine whether the correlation between two variables is significant, we con-
duct the following hypothesis test: Ho: =0 (there is no correlation) and Hi: ¢ # 0 (a corre-
lation exists). If the phi correlation coefficient value shows a smaller value, with a signifi-
cance value below a = 0.05, Ho is rejected, and there is no correlation. To apply the x2 test,
the following steps were used [47]:

1.  First, arrange the frequencies into a contingency table measuring 7, x, and k, using k
columns for the groups.

2. Determine the expected frequency under Ho for each cell, and then divide this prod-
uct by N, where N is population of all observations, noting that a very large value for
N makes this test invalid.

Calculate y2 as follows:

E;j = 1)

where 0i j is the number of observations categorized in row i in column j, and E, i, and j
are the number of cases expected under Ho to be categorized in row i and column j. For
data in the 2 x 2 contingency table, the following formula is used:

T c ~
X2 = zzw

i=1j=1

as shown below:

)

“u_ g7

where “r” is the number of rows, “c” is the number of columns, “O” is the observation
value, “E” is the estimated expected value, “N” is the total number of observations, and
“L” is the minimum number of rows or columns in the table contingency.

If the probability given for an observation value y? for the value db is equal to or
smaller than @, Ho is rejected and Hi is accepted. The phi correlation coefficient is obtain-
able when the data are measured on a nominal scale. In addition to the Cramer coefficient,
the phi coefficient can also be used. To determine the phi correlation coefficient, a 2 x 2
contingency table is formed. Because the data are dichotomous, each variable assumes a
value of either 0 or 1. Thus, there is a relationship between the phi correlation coefficient
and the y? value:

2 X2 3
X2=@2N C = ND (3)
From Equation (3), the correlation coefficient is obtained as follows:
X2=p2N
ad — bc
4)

@ —
J@+b)(c+d)a+o)b+d
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3.5. Descriptive Analysis

The 150 CACD reports were scanned and categorized based on their accident char-
acteristics. The data were then tabulated according to the main categories and sub-catego-
ries. Once coded, the number of cases and percentages were computed to show the sizes
of the categories and sub-categories. The steps described in Table 5 were applied to the
150 final CACD decisions, with scenario analysis revealing 7 categories and 39 sub-cate-
gories. The seven categories are based on a series of events, with reference to the phi value
showing a direction of correlation between the various attributes. The analytical results
using Cramer’s coefficient and the phi coefficient are then linked to a series of events from
the scenario analysis. Each value is calculated using descriptive statistics and attributed a
reason based on the relationship between the event and the decision framework.

Table 5. Procedural steps for generating the descriptive statistical data.

Step Overview Description
1 Collect data Collect the data to be analyzed. Make sure the data are complete, valid, and relevant to
the purpose of the descriptive analysis.
. Organize data in suitable form for descriptive statistical analysis. Organize the data in a
2 Organize data
structured format.
Calculate data center measures such as mean (average), median (middle value), and
Calculate the central . . . .
3 mode (most frequently occurring value) for each variable to be analyzed. This provides
measures ) Y Y
an idea of the “middle value” or value that represents the data.
. Calculate the size of the data spread such as range (the difference between the maxi-
Calculate the size of . . . . .
4 mum and minimum values), variance, and standard deviation for each variable. This
the data spread . DL .
will provide information about how far the data are spread around the mean value.
) Create appropriate graphs or charts to visualize the data. For example, a histogram can
Describe the data PPTOP grap L P &
5 raphicall be used to see the frequency distribution of data, a bar chart or pie chart to compare
grap y categories, or a scatter plot to see the relationship between two variables.
Further analysis can be performed by comparing frequency distributions, identifying
6 Analyze the data  outliers (values that are far from other values), or looking for patterns or relationships
between variables.
Interpret the results of your descriptive statistical analysis, and draw relevant conclu-
7 Interpret results sions based on the findings. Present results clearly and concisely, using appropriate
metrics for each variable analyzed.
Present a report or document containing the results of descriptive statistical analysis.
8 Report findings ~ Use tables, graphs, and narratives to explain your findings clearly. Make sure your re-

port is easy to understand for readers who do not have in-depth statistical knowledge.

4. Results
4.1. CACD Data Coding and Patterns

Accident characteristics were determined from the CACD decisions, with numbering
and notation used to distinguish different categories for analysis. Figure 4 shows the cod-
ing data for the accident category characteristics. While Indonesia has 34 provinces, the
150 reports were sourced from only 26 provinces (see Figure 5), with the greatest concen-
trations in East Java (24 cases), West Java (20), and Riau (16). With a population of 150
million, Java accounts for over 53% of Indonesia’s total population [10] and is the center
of national economic activity and infrastructure development; thus, the high concentra-
tions of accidents in East and West Java are not surprising.
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Figure 5. Distribution of CACD accident cases by provincial area.

Reports were categorized as prior to 2010 and then annually from 2011 to 2022. The
greatest concentration of accidents was in 2020 (19%), led by accidents due to falling ob-
jects or materials, with 25 cases involving workers and four cases involving management
(foremen and supervisors). This was followed by 2019 (16%), including 30 deaths and 9
injuries. The time distribution is shown in Figure 6a. Referring to Figure 6b, the highest
concentration of accidents was in October (14%), while February had the lowest (3%).
About half the months in the year had accident rates below 10%, and 58% of total accidents
were clustered in the continuous period from October to December. The leading type of
injury was falls, followed by material impact, vehicular impact, electrocution, and lacera-
tion by construction equipment. Figure 6¢c shows the accident distribution by day of the
week, leading with Monday (22%), followed by Tuesday (17.33%), while Friday and Sun-
day, respectively, only accounted for 12% and 5% of cases. Sunday is traditionally a
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religious holiday, and thus has the lowest number of cases. Workplace accidents appear
to be evenly distributed except for weekends. This implies that the day of the week does
not impact the type of accident, but the number of accidents is reduced on holidays. As a
large nation, Indonesia has three different hourly time zones. To simplify the analysis pro-
cess, and in keeping with Indonesian working habits, this analysis adopts an eight-block
effective-working-hour system, consisting of four divisions each day, up to the beginning
of the night shift. The report data shows that incidents were far more likely to occur in
normal daytime shifts. Specifically, the first shift of the day accounts for 33.33% of cases,
followed by the 12.01-17.00 shift (21%). The accident rate decreased throughout the day
and was lowest during the 00:01-04:00 shift. Figure 6d shows the remaining distribution
of incidents across a 24-hour period.

m2022 ®m2021 wm2020 w2019 w2018 w2017 ®January @ February =March April
= May = June = July = August

2016 m2015 w2014 w2013 w>2010 = September m October  m November m December

(a) year of occurrence (b) occurrence.

®Monday ®Tuesday = Wednesday» Thursday | m09.00-12.00 M 12.01-17.00 W 17.01 -21.00
u Fnday # Saturday  ® Sunday 21.00-24.00 M 00.00-04.00 = 04.00-09.00
(¢) day occurrence (d) event hours

Figure 6. CACD distribution.

4.2. Scenario Analysis Results

Hanapi et al. [52] characterized the causes of fatal falls by following Drury and Brill [53]
to summarize the key factors that cause accidents. Scenario analysis is used to determine
several main categories based on key factors (e.g., primary incident cause), which are then
each assigned a classifier to allow for the quantification of specific aspects of the event
based on factors including age, task factors, management factors and sub-causes [51,54].
Each item is coded to allow for a broader analysis. The list of possible root causes initially
appears long, but many aspects can be eliminated or subsumed into a higher-level cate-
gory, facilitating the formulation of effective risk management intervention strategies [50].
In this analysis, seven CACD categories were identified as follows: worker status, age,
project type, task type, accident medium, accident type, and injury location. Based on the
appropriate categories, this report summarizes the correlation values and related signifi-
cance values.
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4.3. Coefficient and Statistical Significance

SPSS (v.26) was used to compute Cramer’s v and the phi for the collected data. The
Cramer calculations used seven categories as described in Section 4.2, producing four cat-
egories that demonstrate some degree of correlative significance. The results are presented
in Table 6.

Table 6. CACD categories showing highly significant correlations.

Category Medium Project Task
Project 0.350/0.001
Task 0.380/0.000 0.350/0.001
Accident 0.474/0.000 0.537/0.000 0.474/0.000

Of the 150 court decision cases, 96% cases involved accident victims aged > 18 years.
By accident type, the greatest concentration was collision with construction machinery
(46.61% of all cases). In terms of project type, the highest number of incidents was in the
Transportation Engineering sector (52% of all cases). In terms of delivery media, the great-
est number of injuries were caused by collisions by project vehicles (36%). Of the seven
categories examined using parametric methods, four met the data requirements: accident,
project, task, and medium. The total Cramer value was 0.534, indicating a strong correla-
tion, with a phi value of 0.001. Examining the relationship between accident type (i.e.,
being struck by construction machinery), the media that caused the greatest number of
worksite accidents were construction machinery (phi value of 0.005). Of the 150 cases, 133
cases involved workers on construction projects (age >18 years old). There were 51 cases
involving construction machines, 39 of which were related to “hit by construction machin-
ery”). The significance of this result was relatively low (0.020 > 0.005). Cross-category tests
for task, project, medium, and accident types were carried out, and the results are pre-
sented in Table 7.

Table 7. Description of phi analysis category to sub category.

Accident Type Medium Analysis Sig.
Phi 0.000
Liquid -
Cramer's V 0.000
Electric wi Phi 0.315
Tic wir
ectric wire Cramer’s V 0.315
Phi 0.224
1
Steel beam Cramer’s V 0.224
Phi 0.359
t
Concrete beam Cramer’s V 0.359
. . Phi 0.000
Total Construction machine Cramer's V 0.000
) Phi 0.274
Material Cramer’s V 0.274
Transportation and lifting equipment Phi 0.041
p & equip Cramer’s V 0.041
Phi 0.415
Roofi
oofing Cramer’'s V 0.415
Phi 0.003
Total -

Cramer’'s V 0.003

The results in Table 7 show the product of calculations using three matrices, as de-
scribed below:
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Accident Characteristics—Court decisions based on age factors: Age is divided into
two categories, under 18 years (a legal minor under current Indonesian labor laws 74 and
76, Law Number 13, 2003) and 18 years and over (legal working age). Only 4% of cases
were found to involve underage laborers. The leading accident type for legal workers was
collisions with transport machinery (67 cases, 44.66%), followed by collisions with a and
falling objects (42 cases, 28%), and falls from heights (18 cases, 12%). The remaining acci-
dent cases, in decreasing order of frequency, were limb loss, electrocution, and burns from
operational equipment, each accounting for less than 3% of occurrences.

Accident Characteristics —Court decisions based on worker status factors: According
to the worker status categories, the vast majority of those injured were employees (133
cases, 88.66% of total), followed by management (14 cases, 9.33%), and then outsiders,
with just 3 cases involving incidents in which a lack of adequate markings or barriers
around the project site failed to isolate the worksite from passersby, resulting in fatalities
due to collisions with project vehicles. In terms of body part(s) injured, the highest number
of accidents occurred in transportation projects (52% of all incidents, or 78 cases), followed
by public buildings (39 cases) and home communities (33 cases). In terms of injury loca-
tion, the leading category was “multiple” body parts (70 cases, or 50% of the total), fol-
lowed by “undefined” (25 cases, 35.71%), primarily resulting from collisions with
transport vehicles. The phi (¢) value for project type and body part was not significant
(0.0357 > 0.005 (2)) and Cramer’s v only showed a weak correlation (0.121). From this, we
conclude that there is no connection between the project type and the injured body part(s).

Most bodily injuries were experienced by workers (88.66% or 133 cases), while inju-
ries to management were significantly lower (9.33% or 14 cases), followed by outside par-
ties (3 cases). The Phi (¢) value for this relationship was not significant (0.788 > 0.005) (a),
and Cramer’s v was 0.076, showing only a weak correlation. We thus conclude that there
is no correlation between worker status and injured body part(s).

In terms of the effect of media type on project type, transportation engineering is the
leading project type (52%, or 78 cases), while construction machinery is the leading me-
dium (28%, or 42 cases), forming a linear relationship. This was followed by public build-
ings (26%, or 39 cases), and accidents caused by a medium accounted for 35.89% of cases
(14). The lowest accident frequency occurred in community housing projects (15 cases)
involving workers being crushed by or buried under construction material. The relation-
ship between media type and project type exhibited a significant phi value (0.001 < 0.005)
with a Cramer’s v sufficient to determine a correlation (0.350). From this, we conclude that
there is a correlation between these two factors.

5. Discussion
5.1. CACD Category Determination

The main causes of construction worksite accidents were related to unique construc-
tion project characteristics. Such variables include diversity of work location, worker level
of knowledge, and general safety management. According to Joghataei et al. [55], the char-
acteristics of worksite accidents can be classified according to industrial sector, cause,
type, body part(s), location, time, month, and outcome. Yang et al. [56] categorized 154
chemical accidents according to special job categories, industrial distribution, company
scale, provincial location, time volatility characteristics, and accident causes. By using sta-
tistical data from 2010 to 2019, Shuang and Zhang [57] examined data for 7275 accidental
deaths to determine accident characteristics based on time, occurrence, location, severity,
and geographical area. Noor et al. [31] investigated the construction of multi-story build-
ings in Surabaya, Indonesia, classifying extracted accident characteristics according to
type of accident, nature of injury, location of injury, and object collisions.

As the first to use CACD for an analysis of worksite safety, this study constructs cat-
egory groups for the years 2019 to 2021, with, respectively, 70, 26, and 75 cases. This
demonstrates that the potential for worksite accidents remains high and requires
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increased attention [58]. Understanding accident characteristics provides a framework for
anticipating and mitigating future accidents. The Drury and Brill scenario analysis was
used to develop a descriptive analysis with cross-tabulation to determine characteristic
categories as follows:

5.2. CACD Characteristics by Location and Time

The cases reviewed for this study were sourced from 26 of Indonesia’s 38 provinces
(Figure 4). Accidents were most frequent in West Java (20 cases), East Java (24 cases), and
Riau (20 cases), and attention to improved safety should be focused in these areas [59].
West Java is home to the capital Jakarta, and thus it attracts a disproportionate amount of
capital investment and labor, resulting in disproportionately high numbers of construc-
tion accidents and deaths. Article 23 of the Indonesian Constitution (1992) requires em-
ployers to ensure workers are provided safe working conditions and protective equip-
ment. In densely populated areas, management should seek to implement the 12 actions
proposed by Wang [53] (see Table 5). In many cases, it appears that developers and con-
tractors are prioritizing speed and cost reduction over implementing government safety
policies.

Figure 6a shows consistently higher incident rates in three consecutive years, 2018—
2020. Data from the Social Security Administration Agency (BPJS) (2018) reported 123,041
cases in 2017 and 173,105 in 2018. The Minister of Manpower (Menaker), Hanif Dhakiri,
said, “To prevent construction accidents from occurring this year, the Minister of Man-
power again invites all employers, trade unions, workers and the public to continue to
increase awareness of the importance of construction safety and its supervision”. Data for
2017-2019 showed that accidents were primarily due to incidents on toll roads or other
road works (e.g., Bocini toll road, Paspro toll road, Cikampek toll road, Ciputra Bridge,
Pemalang toll road, girders on the Depok—Antasari toll road, and toll road concrete pier
work) and some related to light rail transit (LRT). This matches the major project types
being undertaken at the time.

Figure 6a shows that accident rates increase from August to December, matching the
project implementation cycle in Indonesia, with projects winding down toward the end
of the year, where the rainy season begins. This follows similar seasonal findings by Szer
et al. [60], who showed that the risk of accidents in Poland increased during the period
July-September. The proposed solution in this situation is the installation of environmen-
tal monitoring equipment, allowing for work to be delayed in adverse conditions, thereby
mitigating weather-related injuries. In terms of days of the week, the highest number of
accidents are concentrated on Monday, Tuesday, and Saturday, during effective working
hours, with the morning shift accounting for 31% of cases, followed by the afternoon shift
(21%). The International Labor Office (ILO) notes that fatigue due to insufficient rest can
lead to accidents and requires management to ensure workers have adequate rest periods
and that work schedules are limited to a reasonable number of hours.

5.3. Scenario Analysis and Descriptive Statistics

In terms of the seven CACD categories, the greatest concentration of accidents is re-
lated to collisions with construction machinery, accounting for 62 cases out of 133 (46%),
followed by being struck by falling or flying objects. This indicates that safety ordinances
need to be followed more closely and that workers must be better trained to operate work
vehicles safely. Improved vehicle suitability standards are also required to prevent acci-
dents due to improper vehicle use [29]. Negligence and non-compliance with safety stand-
ards had a direct impact in several cases, such as heavy equipment operators failing to
adequately clear the work area. Other incidents resulted from failure to adequately secure
lifted loads, resulting in crushing injuries. Another case resulted from poor brake mainte-
nance of a vehicle which subsequently struck workers. Improved regulatory compliance
and understanding of vehicle operational parameters are important parts of reducing
such worksite accidents. Compliance is also required for safety equipment. The use of
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high-visibility materials is critical to preventing collisions and other objects, and personal
protection equipment (PPE) such as helmets, vests, gloves, glasses, boots, and earplugs
needs to be worn as standard equipment.

In terms of the accident medium, 36% of accidents were attributable to construction
machinery, primarily involving workers being struck by project vehicles during on-site
vehicle maneuvers, loading, unloading, and transportation of goods. In terms of accident
type, being struck by a project vehicle accounted for 44.67% of cases, and a similar per-
centage of cases impacted multiple body parts. Nnaji et al. [61] found a rising trend in
injuries and deaths on highway construction projects, mainly due to unsafe driver behav-
ior, often described as “driving while distracted”, or attributable to nighttime highway
construction work. The use of appropriate data can provide effective accident prevention
strategies tailored to the relevant job and the types of accidents to which the job is prone
[62-64]. Koulinas et al. [65] showed that the most critical project risks are related to the
use of machinery and vehicles, workers falling from heights, structural failures, and
ground collapse.

Analysis results show that temporary work has a significant Phi (¢) value, 0.000 <
0.005 (a), and a Cramer’s V value of 0.708 (strong correlation) as the cause of accidents in
highway work. Preventive measures include the use of appropriate PPE and the installa-
tion of warning signs and lights when working at night. The analysis results provide in-
sight into the type of media related to accidents, namely construction machinery, with a
value of 0.000 < 0.005 for (2) and a Cramer’s V value of 0.863 (showing a strong and posi-
tive correlation for causes of accidents on roadway works).

Continuous and on-the-job professional development programs need to be imple-
mented for machine operators that carry out loading and unloading processes, along with
the establishment of standard operating procedures to ensure vehicle suitability, worker
conditions, climate conditions, and worker suitability (i.e., managing health issues or al-
cohol consumption). These factors are very important in preventing accidents related to
road construction projects. The value of research results for construction practitioners and
regulators could be improved by increasing the number of CACDs and cases currently in
process (during the trial period) and providing data differentiation notifications to obtain
more optimal solutions in the process of characterizing causal factors and accident trends.

6. Conclusions

This study uses CACD reports in Indonesia to evaluate accident likelihood scenarios
and explore effective methods for reducing potential risks to workers. It was found that
most accidents between 2018 and 2021 occurred in the West Java province, followed by
East Java and Central Java. Furthermore, accidents were most frequent in August and Sep-
tember and on Mondays, Tuesdays, and Saturdays. The morning shift (09.00-12.00) had
the highest risk, followed by the afternoon shift (12.01-17.00).

Using scenario analysis, the CACD data were rearranged into accident categories.
Tests were conducted on descriptive statistics (Cramer’s v and Phi). Correlation and sig-
nificance values for each category were determined. From the initial categories, based on
the calculations following Drury and Brill, seven categories were obtained. The following
analysis uses descriptive statistics with inter-category values between project type and
media (0.350), project type with task type (0.350), task type with medium (0.380), accident
type with accident (0.474), accident type with project type (0.537), and accident type with
type task (0.474) with a phi value range between 0.000 and 0.001. From a value that meets
Cramer’s v and phi, four significant categories were obtained (project type, task type, ac-
cident type, and medium type). The results of the cross-tabulation test between two cate-
gories were used to highlight correlated categories. Analysis results showed that toll road
works accounted for 52% of accident cases, with collisions with construction machinery
being the most frequent accident type (36% or 76 cases). For work type, lifting and moving
goods had respective phi and Cramer values of 0.534 and 0.001.
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CACD rulings provide a potential data source for further improvements in construc-
tion safety, allowing for the effective establishment of improvement priorities for various
types of road work projects because most previous research results were based on a vari-
ety of data sources (e.g., accident case reports, official incident reports) and focused on
high-rise developments and falls from heights. Witness testimony can also be a source of
useful information for the design and implementation of effective safety measures. CACD
reports provide important information for practitioners and regulators to strengthen the
implementation of safety protocols and thus deter behavior that can lead to accidents.

The research findings highlight the need to redouble efforts to ensure that all
worksite regulations are followed. The development and implementation of SOPs can ef-
fectively improve work habits, thereby enhancing safety in loading and unloading activi-
ties, maneuvering project vehicles, and worker movement in the project area. The instal-
lation of proper signage and lighting in work areas and material storage locations would
also help reduce accidents. Management should also make efforts to ensure employees
have access to the correct PPE to reduce accidents on roadways. Characteristics extracted
from accident cases provide another perspective for safety management practitioners to
focus on roadway projects with different types of transport and material moving tasks.
Further improving the analysis of CACD decisions requires expanding the sample of cur-
rent and future cases.
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