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A B S T R A C T   

Incident investigations aim to provide meaningful information that can assist in the prevention of future re-
currences and aid policymakers in identifying inadequate safety standards and systems. There are few, if any, 
studies that have assessed the public investigation effort and its contribution to improving overall site safety in 
the United States. This article assesses the Occupational Safety and Health Administration’s (OSHA) Fatality and 
Catastrophe Investigation Summaries (FCIS) program. The findings indicate that the FCIS does not fulfill all its 
goals in improving overall site safety, and there is a need for improvement. Specifically, the program method-
ology and data collection approach should be reevaluated and revamped to effectively determine the causes of 
work-related incidents. The findings of this study will assist and encourage public agencies to enhance their 
investigation programs. In addition, detailed descriptions of the current deficiencies in the process have been 
provided and should help public entities focus on the most critical elements that need improvement. Precisely, 
the investigation methodology and findings dissemination are the most critical elements that must be revisited. 
Overall, this study identifies the current program’s key weaknesses that hinder valuable opportunities for 
acquiring practical knowledge for improving overall safety performance.   

1. Introduction 

The level of risk associated with work-related injuries depends upon 
the probability of an incident occurring and the severity of harm an 
incident could create. Incident investigation is one of the tools that have 
the potential to help reduce the probability and severity of an incident 
by identifying underlying causes (Colin, 2017). As a result, British 
Standards Institute’s (BSI) OHSAS 18,001 and American National 
Standard Institute’s (ANSI) Occupational Health and Safety Manage-
ment Systems (i.e., Z-10) have included incident investigation as a 
critical element to ensure superior safety performance (BSI, 2007; 
Kausek, 2007; ANSI, 2017). In general, an effective incident investiga-
tion program is a crucial part of superior safety culture (Al-Bayati et al., 
2019). The purpose of incident investigations is to determine how the 

event occurred systematically and to prevent similar future incidents 
through corrective and preventive actions (Oakley, 2003; Brauer, 2006; 
Underwood & Waterson, 2014). There are several approaches to an 
incident investigation (Leveson, 2014). However, the focus of this paper 
is root cause analysis. A systematic incident investigation within this 
paper’s context means well-defined steps to reveal the incidents’ root 
causes and provide practical recommendations. The definition of a root 
cause varies between scholars and root causes methodologies (Gangidi, 
2019). Regardless of the varying definitions, root cause analysis aims to 
determine how and why an incident occurred by identifying the in-
adequacies in risk control techniques and safety regulations. Further-
more, root cause analysis could be achieved by identifying the causes 
behind the absence or lack of risk control techniques. 

In comparison, the direct cause identification could be easily 
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detected by revealing the absence of risk control. Determining the direct 
cause should help identify the root cause, contributing to the develop-
ment of improved management systems and safety regulations (Paradies 
& Busch, 1988). Identifying the root causes and direct causes is a sus-
tainable approach to significantly reducing fatal and non-fatal injuries. 

Investigation methods are often categorized based on their structure 
and complexity (Pitblado et al., 2015). Due to the intricacies of identi-
fying the various causes of incidents, a systematic incident investigation 
methodology is required to ensure consistency and validity (Underwood 
& Waterson, 2014; MacLean & Read, 2019). Thus, a well-designed and 
planned incident investigation (i.e., closed-loop) with standardized 
protocols is vital regardless of professionals’ level of expertise (Chua & 
Goh, 2004; MacLean et al., 2020). In addition, a systematic incident 
investigation may help to mitigate bias in experts’ judgements (Dror 
et al., 2011). However, literature also suggests that professional in-
vestigators may be biased in their judgments even when using system-
atic methods (MacLean & Read, 2019; Jooma et al., 2015). Therefore, 
utilizing systematic investigation methods that have been empirically 
tested is crucial to ensure reliable and valid results (MacLean & Read, 
2019). Traditional incident investigation methods often suggest that 
incidents are caused by uncontrolled events (i.e., direct cause) such as 
equipment failure or an unsafe human action, which represent a missed 
opportunity to learn (Underwood & Waterson, 2014). Systematic (i.e., 
closed-loop) incident investigation methods aim to look beyond the 
immediate causes of incidents to mitigate hazards and eliminate weak-
nesses in management systems (Kletz, 2009). A closed-loop incident 
investigation consists of two levels of outcomes: (1) identify the failure 
elements by revealing incidents’ root causes (i.e., inadequate compo-
nents in the system or safety standard), and (2) utilizing the identified 
root causes to improve overall safety management (Chua & Goh, 2004). 
Thus, a well-planned and performed incident investigation (i.e., closed- 
loop) is essential to augment the learning opportunities presented by 
incident investigations. 

There are several methods that aim to reveal incidents’ root causes, 
including fault tree, domino theory, and swiss cheese models (Mitro-
poulos et al., 2005). Barrier Analysis Method (BAM) is one investigation 
method that assumes there are several layers of safety barriers (e.g., 
OSHA standards and company safety written program) that prevent a 
hazard from reaching a target (e.g., workers) (Pitblado et al., 2015; 
Keffer & Reynolds, 2012). The failure of safety barriers directly leads to 
the incident. The Sequential Cause Analysis Technique (SCAT) is 
another widely used methodology for systematic analysis of incidents. 
The SCAT is a bidirectional method that aims to identify the direct 
causes, root causes, and lack of risk control of an incident (Jooma et al., 
2015). The SCAT categorizes the causes as follow:  

• Direct causes consist of unsafe acts (e.g., operating equipment 
without acquiring the needed knowledge and skills or removing a 
safety device) and unsafe conditions (e.g., inadequate guards, 
defective tools, and fire and explosion hazards) (Pitblado et al., 2015; 
Dewi & Zebua, 2018; Jooma et al., 2015).  

• Root causes, which lead to direct causes, consist of human factors 
and workplace factors (Pitblado et al., 2015). Human factors include 
inadequate capability, lack of knowledge or skill, and stress or 
improper motivation (Jooma et al., 2015). Workplace factors include 
incompetent leadership, inadequate supervision, inadequate 
training, and inadequate maintenance (Jooma et al., 2015). 

The SCAT suggests that the existence of root causes (i.e., human 
factors and workplace factors) result from inadequate management 
control systems (IMCS), which often act at the latent organizational 
level. According to Jooma et al. (2015), inadequate systems, inadequate 
standards, and inadequate compliance are the three causes of IMCS. 
Therefore, according to SCAT and the root cause analysis perspective it 
is necessary to reveal direct and root causes to remedy the inadequacy in 
the management control systems. 

2. Public incident investigation programs in the United States 

Given the vital role of the incident investigation program, public 
agencies, including OSHA and the National Institute for Occupational 
Safety and Health (NIOSH), have established incident investigation 
programs. The following is a brief description of each program: 

• NIOSH’s Fatality Assessment and Control Evaluation (FACE) pro-
gram is an incident investigation program that solely investigates 
fatal injuries. This program is strictly for research and does not 
enforce compliance with State or Federal occupational safety and 
health standards. According to Al-Bayati and York (2018), the FACE 
investigation focusses on the following four areas: 
o Employer information including the number of employees work-

ing for the employer, as well as how many employees were on-site 
at the time of the incident.  

o Victim information including the victim’s primary language, job 
title, and age.  

o The existence of a safety program and whether the employer hires 
someone within the company to implement the program or not.  

o The content and accuracy of safety training records, including 
training measures and whether or not the victim received the 
proper training. 

• Fatality and Catastrophe Investigation Summaries (FCIS) are devel-
oped by OSHA in response to fatal and catastrophic incidents. Ac-
cording to Lowe et al. (2016), FCIS reports contain a summary of the 
reported incidents’ circumstances. OSHA aims to provide a 
comprehensive description of incidents, including the events leading 
to the incident and causal factors (OSHA, 2020a). The incident 
investigation should determine whether a violation of OSHA safety 
and health standards or the general duty clause occurred, as well as 
the implication that the violation had on the accident (OSHA, 
2020b). Thus, the FCIS program’s purpose allows adopting a sys-
tematic approach to reveal the inadequacies within firms’ internal 
safety systems and OSHA standards. OSHA-170 form is used to re-
cord the incident report. OSHA-170 describes the worksite’s char-
acteristics, the employer and its relationship with other employers, 
the employee task/activity being performed, the related equipment 
used, and additional pertinent information to provide report readers 
with a mental picture of the event (OSHA, 2020b). 

Public incident investigation programs should identify a standard 
that may have been violated (i.e., inadequate compliance) (Jensen, 
2012). The learning objectives of the public investigation programs 
should also focus on inadequate standards. Improving health and safety 
standards is crucial since most organizations utilize OSHA standards 
during the development of their safety management program (Ladewski 
& Al-Bayati, 2019). Therefore, both the design and elements of public 
investigation programs should be planned differently from firms’ inci-
dent investigation programs to reveal the safety and health standards’ 
weaknesses. Fig. 1 illustrates the desirable outcomes of public investi-
gation programs, which should be the core of public incident investi-
gation programs. The identification of inadequate standards requires an 
investigation plan that is tailored to the source of the incident. A tailored 
investigation plan is essential in assessing the standard’s adequacy since 
the OSHA standards are based on the exposure. The necessity of having a 
tailored investigation plan is based on the fact that the safety regulations 
and practices are specific to the preformed task. As a result, it would be 
very difficult to identify standard violations or deficiencies without 
employing a tailored investigation plan. According to the Bureau of 
Labor Statistics (BLS), the source of the incident describes the manner in 
which the injury or illness was produced (USDOL, 2020a). Therefore, 
OSHA standards are categorized into sections such as Electrical - Subpart 
K and Fall Protection – Subpart M. 

This study assesses the FCIS program’s ability to provide meaningful 
information that identifies the inadequacies of OSHA standards and the 
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investigated firms’ internal safety systems as a method for continual 
improvement. Workplace incidents result from the standards’ and sys-
tems’ inadequacies, not strengths. Thus, focusing on inadequacies is 
critical since improving any system’s overall performance requires 
locating and limiting any inadequacies that may reduce overall effi-
ciency (Bhuiyan & Baghel, 2005). According to Audretsch et al. (2011), 
the continuous improvement could be defined as “a systematic man-
agement approach that seeks to achieve ongoing incremental perfor-
mance enhancements through a gradual never-ending change process.” 
Clearly, performance enhancements operate on performance in-
adequacies, which should be identified before the enhancement starts. 
Therefore, the system evaluation should reveal the deficiencies in the 
process to overcome them (Rød et al., 2020). Accordingly, the research 
questions of this study are:  

(1) Does the current incident investigation methodology of the FCIS 
program identify inadequate safety systems and weaknesses in 
the standards?  

(2) Does the current incident investigation methodology of the FCIS 
program have different forms to respond strategically to the 
different events of exposure such as fall, electrocution, and struck 
by?  

(3) What is needed to improve the overall performance of the FCIS 
program? 

3. Study approach 

The research team decided to investigate FCIS that had been con-
ducted in response to arc flash incidents. The nature and uniqueness of 
arc flash incidents align with the research objectives. Specifically, arc 
flash incidents’ underlying causes and safety standards will help address 
the research questions, especially the second question. It is anticipated 
that the uniqueness of arc flash incidents will require a unique incident 
investigation form. In other words, a tailored investigation form that 
corresponds to the arc flash hazard controls will be easy to detect by the 
research team. 

Besides, there is a crucial need to reduce electrical incidents in the 
construction industry. According to the Electrical Safety Foundation 
International (ESFI), 54% of fatal electrical injuries occurred in the 
construction industry (ESFI, 2019). While electrical burns and shocks 
are relatively fewer than other occupational injuries, they are generally 
more severe injuries and often result in days away from work (Sarma, 
2001). Fig. 2 illustrates the median of days lost due to electrical burns 

and shocks compared to all causes in the construction workplaces be-
tween 2011 and 2018 (USDOL, 2020b). It is evident that electrical shock 
and burn injuries often lead to a higher number of days away from work 
due to their severity. According to Eastwood et al. (2003), there is one 
fatality for every ten recordable cases involving electrical hazards, a 
ratio thirty times greater than that of general safety hazards. Electro-
cution incidents are disproportionately fatal (Cawley, 2003). As a result, 
the proportion of fatalities due to electrical burns and shocks is much 
higher than of non-fatal injuries. Fig. 3 illustrates fatal electrical burns 
and shocks as a percentage of total fatalities in construction workplaces 
between 2011 and 2017 (USDOL, 2020b). On average, electrocution 
fatalities counted for roughly 7.9% of all construction workplace fatal-
ities between 2011 and 2017, which is higher than the previously re-
ported percentage of 6% which was reported by Janicak (1997). 

The cost of recovery from electrocution incidents is high when 
compared to other incidents. Accordingly, the burden of an electrocu-
tion incident is substantial on injured individuals, their employers, and 

Inadequate 
Standards

Public Incident 
Investigation 

Inadequate 
System   

Improve 
Systems   

Improve 
Standards

Recommendations

Fig. 1. The objectives of public safety investigation programs.  
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Fig. 3. The proportion of electrical fatalities in the construction industry.  
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society. The burden goes beyond monetary cost (e.g., wage loss and 
medical expenses) to lifelong disability and reduced life quality (Fried-
man & Forst, 2007). Accordingly, the research team has decided to 
investigate arc flash incidents and highlight the need for continual 
improvement approach to investigate them. In addition, the uniqueness 
of arc flash safety requirements, as will be discussed in the second sec-
tion, will help objectively assess the OSHA summaries since arc flash 
hazard requires unique measure controls. 

3.1. Definition of key terms and current prevention techniques 

This section reviews the terminologies and components of the inci-
dent investigation and arc flash prevention techniques. Electrical burns 
and shocks include events that result from electrical explosions, flashes, 
or direct contact with an electrical current, which can be fatal or can 
lead to a life-changing condition (Fordyce et al., 2016). The National 
Fire Protection Association 70E (NFPA 70E) provides guidelines to 
reduce shock and burn incidents (NFPA, 2018). According to an OSHA 
letter of interpretation, NFPA 70E is the primary consensus standard that 
addresses electrical hazards (OSHA, 2020c). In addition, the letter of 
interpretation states that while OSHA does not enforce NFPA 70E, OSHA 
may use it to support citations for violations relating to OSHA standards. 
This letter of interpretation aims to fill a gap in the current OHSA 
standard by utilizing NFPA 70E. 

NFPA 70E defines an electrical arc hazard as the possible release of 
energy that could lead to electrical burns (NFPA, 2018). Arcing often 
produces intense heat, shrapnel, molten metal, intense light, poisonous 
oxides, and pressure wavers (Bilal et al., 2018). The likelihood of an 
arcing incident (i.e., burn incident) occurring increases when energized 
electrical conductors or circuit parts are exposed and workers interact 
with them. In addition, many other factors increase the likelihood of 
arcing, such as faulty installation, equipment failure, dust, condensa-
tion, and corrosion. Accordingly, it is a challenge to eliminate arcing 
incidents, which leaves caution and personal protective equipment 
(PPE) as the first line of defense. The likelihood of having an arc flash is 
limited under normal operating conditions when equipment has been 
properly installed and maintained, energized parts are enclosed, and 
there is no evidence of impending failure. When arc flash hazard exists, 
the following precautions must be taken:  

(1) An arc flash boundary, which is the distance from electrical 
equipment where a person would receive the onset of second- 
degree burn (incident energy equals 1.2 cal/cm2) when an arc 
flash occurs, must be established. Voltage must be known to 
calculate arc flash boundary utilizing Table 130.7 (c) (15) (a) 
(NFPA, 2018). 

(2) Protective clothing and PPE must be worn by qualified in-
dividuals who work within the arc flash boundary. Per OSHA, 
qualified individuals have received training explaining their 
anticipated tasks and demonstrated skills and knowledge to 
execute them safely. Training should include arc flash boundary. 
Two methods can be utilized to determine the required protective 
clothing and PPE. One method requires calculating the incident 
energy to determine the potential exposure to a person’s face and 
chest. The other method is the table method which utilizes NFPA 
70E tables [i.e., 130.7 (C) (15) (a), 130.7 (C) (15) (b), and 130.7 
(C) (15)]. 

Shock hazard coexists with arc flash hazard since arc flash exists 
when someone works on energized electrical conductors or circuit parts. 
NFPA 70E defines shock hazard as a possible injury or damage to health 
associated with an electrical current equal to 50 V or greater that passes 
through the body caused by direct contact. Thus, employers must ensure 
that no employee approaches the energized parts unless they are insu-
lated with an appropriate PPE. Furthermore, two boundaries have been 
established (i.e., limited and restricted approach boundaries) by NFPA 

70 E to avoid shock hazards. The limited boundary is the distance from 
uninsulated energized parts to the existence of a shock hazard. The 
restricted boundary is the distance from uninsulated energized parts to 
the distance where there is an increased likelihood of electrical shock. 
Unqualified persons can be within limited boundary when there is a 
justifiable need, but a qualified person must escort them. Unqualified 
persons cannot be permitted to be within restricted boundary under any 
circumstances. Employers can use NFPA 70E tables [i.e., 130.4 (D) (a) 
and Table 130.4 (D) (b)] to calculate these boundaries. 

The limited approach, restricted approach, and arc flash boundaries 
must be communicated to all employees via training and labels. Thus, 
employers shall develop, implement, and maintain an electrical safety 
program at each workplace. The program should at least describe how 
shock and burn (i.e., arcing) hazards will be controlled, including pre-
cautionary measures, labeling, training, required PPE, and define under 
what circumstances working on the energized part can be justified. 

4. Methodology 

This study aims to assess the usefulness of OSHA’s Fatality and Ca-
tastrophe Investigation Summaries (FCIS) as a learning tool that could 
help prevent future reoccurrences. Identifying inadequacies in safety 
management systems and OSHA standards would qualify the investi-
gation report as an excellent learning tool. Satisfactory identification 
will be achieved only by identifying the direct and root causes of the 
incidents. The FCIS database was queried for the words Arc Flash be-
tween 2004 and 2020 utilizing the following Standard Industrial Clas-
sification (SIC):  

• Building Construction - Code 1500–1599  
• Heavy Construction – Code 1600–1699  
• Special Trade Contractors – Code 1700–1799 

A total of 75 FCIS containing the word Arc Flash within the con-
struction industry were found for the period between 2004 and 2020, 
see Fig. 4. The extracted arc flash FCIS summaries provide an acceptable 
sample to access FCIS methodology and its effectiveness. All extracted 
summaries were initially reviewed and coded into a Microsoft Excel file 
highlighting their key attributes, such as the construction task(s) 
involved in the incidents along with the contributing behaviors and 
actions. In addition, a detailed investigation of the root causes has been 
attempted by reviewing the incident summary. This step is necessary to 
extract qualitative data from the summaries (Nguyen et al., 2018). The 
research team utilized content analysis to carry out the initial and 
detailed investigation. Content analysis helps researchers to get more 
insights and better understand written data (Krippendorff, 2004). The 
content analysis was initially performed by two members of the research 
team, and then all findings have been reviewed and discussed until an 
agreement has been reached with the corresponding authors. Fig. 5 
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Fig. 4. The number of Arc Flash summaries per year.  
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illustrates the research methodology this study followed. In addition, 
Appendix A shows an example of the FCIS summaries that have been 
investigated in this study. 

5. Findings 

Incident investigations should aim to systematically reveal the direct 

and root causes of incidents in order to develop means to prevent future 
recurrences through continued improvement of prevention techniques 
and safety regulations (Oakley, 2003; Pitblado et al., 2015). Corrective 
actions and prevention techniques are vital outcomes of incident in-
vestigations (Brauer, 2006). Public incident investigations should also 
assess compliance with the safety and health standards as well as the 
standards’ effectiveness. However, this study’s findings, which will be 

Fig. 5. Research Methodology for FCIS Extraction and Content Analysis.  

Fig. 6. The modified Sequential Cause Analysis Technique (SCAT).  
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presented in the coming sub-sections, suggest that the investigation 
summaries have not strategically responded to arc flash incidents. As a 
result, no tailored investigation strategies have been detected. For 
example, the investigated summaries do not provide information about 
the location of the incident (e.g., within the arc flash restricted boundary 
or limited boundary) and whether the victim was a qualified or un-
qualified employee. 

The research team believes and recommends that the purpose of 
OSHA’s FCIS should be twofold: to determine if a violation occurred (i. 
e., an inadequacy within the firm’s safety system), and to reveal in-
adequacies in OSHA standards (i.e., if a fatality is work-related and there 
is no violation of OSHA standards, then it follows that current OSHA’s 
standards might be inadequate). Accordingly, the research team has 
modified the SCAT to align with and satisfy the proposed objectives of 
the public incident investigation, See Fig. 6. The modified model aims to 
identify inadequacies within OSHA standards. It is important to empir-
ically validate the suggested tool to eliminate any possible biased results 
and ensure evidence-based decisions, as suggested by MacLean and Read 
(2019). Additionally, several versions of the suggested tool must be 
generated based on the primary sources of work-related incidents. 
Readers should be aware that providing tailored investigation plans is 
beyond the scope of this study. 

5.1. Workplaces and victims patterns 

Within the extracted summaries, hospitalization accounted for 
86.7%, followed by fatal injuries (6.65%), and non-hospitalized injuries 
(6.65%). Characteristics of the workplaces where the incidents occurred 
were investigated. Most of the incidents occurred to special trade con-
tractors (90.6%), followed by heavy construction (5.4%) and building 
constriction (4%). Furthermore, the project type where incidents 
occurred fell within a new project or new addition (42.6%), mainte-
nance or repair (26.7%), alteration or rehabilitation (26.7%), and 
others/unknown (12%). The cost of projects where the incidents 
happened fell within the following categories: Under $50,000 (48%), 
$50,000 - $250,0000 (13.34%), $250,000 - $5,000,000 (25.34%), and 
more than $5,000,000 (%13.34). The available data indicates that 
smaller project budgets lead to a greater risk of an incident occurring. A 
higher proportion of the incidents occurred in commercial projects 
(24.67%), followed by powerline and transmission lines (18.67%) and 
manufacturing plants (14.67%). Occupation-related information in-
dicates that most of the victims are electricians (56%), followed by 
construction practitioners (12%) and electrical and electronic engineers 
(5.4%). Interior plumbing, ducting, and electrical works were described 
in 25 FICS (33.4%) as the type of activities the victims were engaged in, 
followed by installing equipment (20%), temporary work such as tem-
porary facilities (16%), and others (30.6%). The demographic infor-
mation (e.g., age, sex, ethnicity) of individuals involved in the 
investigated incidents has not been reported in the extracted FICS re-
ports. Recent studies have found that the demographic variable (i.e., 
worker ethnicity) can predict variation in fatal and non-fatal injuries 
(Al-Bayati et al., 2018). Thus, it is important to start collecting de-
mographic data. Table 1 summarizes this section findings. 

5.2. Direct and root causes 

Identifying the direct and root causes of work-related incidents is 
critically important in evaluating the effectiveness of the OSHA standard 
and providing valid and reliable recommendations to eliminate the 
standards’ inadequacies. As a result, the information from arc flash 
related FCIS reports have been structured based on the modified SCAT 
chart. Fig. 7 illustrates the methodology this study followed to assess the 
extracted FCIS reports. The logic assumes that identifying the root 
causes will eventually reveal the inadequacies in the firm’s safety 
management system as well as OSHA related standards. The logic sug-
gests that if OSHA compliance was in place during the incident, then the 

relating standards do not prevent the occurrence of the incident. As a 
result, revisiting the standard is necessary. 

Selecting the proper personal protection equipment (PPE) to mitigate 
workplace hazards is essential to the overall site safety. Improper PPE or 
the lack of PPE is a direct cause of workplace incidents. Unfortunately, 
only 18 FCIS provide brief details about the use of PPE. Out of those 18 
cases, only six indicate that victims were wearing PPE during the time of 
the incident. However, within those 6 cases, the research team could not 
find any indication of whether the PPE satisfies the NFPA70E regula-
tions. After reviewing the summaries, the research team categorized 
injuries’ direct cause to be roughly 49.4% unsafe act and 50.6% unsafe 
condition, see Table 2. 

The FCIS reports do not provide the information necessary to reveal 
the incidents’ root causes, which means that the program adopts a 
descriptive investigation method and therefore does not infer causal 
relationships. For example, if the incident description suggests that the 
unsafe action was the cause of the incident (e.g., unqualified persons 
work on switchgear), it is almost impossible to tell if this risky action 
was a result of a human factor or a workplace factor without further 
information. Accordingly, determining the deficiency in the safety sys-
tem or the prevailing standard is not achievable. Furthermore, the 
investigation plan that has been developed by OSHA is unable to assess 
the adequacy of related OSHA standards because the plan was not 
designed to achieve that. This finding highlights a critical shortcoming 
of the OSHA program. As a result, the current FCIS investigation 
methodology does not provide the information necessary to fully benefit 
and learn from investigated work-related incidents. However, the 
research team has carefully reviewed FCIS transcripts to speculate the 
possible root causes. Table 3 illustrates the potential root causes based 
on the modified SCAT method. These potential root causes are only 
suggestions due to the current lack of information to demonstrate the 
possible benefit of utilizing the SCAT method. 

6. Discussion 

OSHA regularly conducts “lookback” reviews of existing standards to 
determine their effectiveness (OSHA, 2020d). For example, OSHA Sub-
part CC (i.e., Cranes and Derricks) was revised in 2010 because accidents 
involving cranes and derricks continued to be a significant cause of fatal 
and non-fatal injuries on construction sites (OSHA, 2020e). Thus, the 
incident investigation could be a great source of information to help 
improve OSHA standards. According to OSHA instructions, the FCIS 

Table 1 
Workplaces General Patterns According to the Study Sample.  

Characteristic Number 
(%) 

Standard Industrial 
Classification (SIC) 

Special Trade Contractors – Code 
17 

68 (90.6) 

Heavy Construction – Code 16 4 (5.4) 
Building Construction – Code 15 3 (4) 

Project Type New Project or New Addition 32 (42.6)  
Maintenance or Repair 20 (26.7)  
Alteration or Rehabilitation 14 (18.7)  
Others/Unknown 9 (12) 

Project Cost Under $50,000 36 (48)  
$50,000 - $250,000 10 (13.34)  
$250,000 - $5,000,000 19 (25.34)  
More than $5,000,000 10 (13.34) 

End-Use Commercial Building 32 (42.67)  
Powerline and Transmission lines 14 (18.67)  
Manufacturing Plant 11 (14.67)  
Others/Unknown 18 (24) 

Occupation Electricians including installers and 
repairers 

42 (56)  

Construction Labor and Supervisors 9 (12)  
Electrical and Electronic Engineers 4 (5.4)  
Others/Unknown 20 (26.6)  
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program is an attempt to determine the cause of the event and if a 
violation of OSHA standards occurred (OSHA, 2020a). The findings of 
this study suggest that the FCIS program does not fulfill the investigation 
objectives. The reviewed FCIS do not provide enough information about 
the incidents’ causes and violations of safety standards. Due to the lack 
of information the incident investigation’s effectiveness is questionable 
(Gibb et al., 2014; Marin et al., 2017). For example, the reviewed FCIS 
did not discuss relevant OSHA standards and best practices. The only 
standard related topic was PPE. Of the 75 cases reviewed for this study 
18 contained information relating to PPE. However, those 18 FCIS 
provide only brief details about the use of PPE without assessing their 
compliance with safety standards. The type of PPE required to mitigate 
arc flash hazards per NFPA 70E should be determined based on the 
voltage (e.g., PPE category two is needed for panelboards between 480 
and 600 V). The lack of information regarding PPE, despite it being a 
primary arc flash protection method, suggests that there is no tailored 
investigation form based on the source of the incident. The inconsistency 
of the information provided, in-part due to the lack of a tailored inves-
tigation form, makes it difficult to detect patterns within the data, and 
identify standard violations. As a result, the objectives of the FCIS pro-
gram will be challenging to achieve and learning opportunities will be 
lost. The research team thought more contextual information might be 
available in the full report narratives than is represented in the sum-
maries. The research team reached out to Mr. Jeffrey Wanko, the di-
rector of the Office of Chemical Process Safety and Enforcement 

Initiatives at OSHA. He ensures that the reports are manually reviewed 
by OSHA staff and screened only to remove personal information and to 
choose keywords. This means the summaries contain all the contextual 
information that is needed to assess them. Accordingly, the investigated 
arc flash summaries failed to provide enough information to learn from 
occurred incidents. However, these findings should be viewed within the 
limited number of cases (i.e., 75), which could be considered one of this 
study’s limitations. The second limitation could be the fact that arc flash 
summaries are not representative of the majority of FCIS investigations. 
However, the research team also tried to locate any documentation 
concerning OSHA investigation method or steps, including investigator 
training material, to compare with the reviewed summaries, but no 
documentation has been found. 

Public safety and health agencies should consider the importance of 
a systematic approach when comparing it to the descriptive approach 
(Haddon, 1999). The systematic approach should be the foundation of 
public incident investigation programs (Higgins et al., 2001). However, 
the descriptive method is the dominant approach within the current 
public programs. Furthermore, the data collected for this study shows 
inconsistency and subjectivity (e.g., only a few FCIS provided informa-
tion about PPE). Similarly, a recent study reported that the information 
provided in the FACE investigation reports is inconsistent in both format 
and content and commonly lacks the information necessary to identify 
root causes, which reveals a lack of a systematic approach in conducting 
the investigations (Al-Bayati & York, 2018). While the FACE program is 
not the focus of this study, the authors believe it is useful to consider the 
recommendation of this study to improve the FACE program outcomes 
as well. 

An evaluation of public agencies’ incident investigation methodol-
ogies discloses their weakness in identifying the root causes (Benner, 
1985). The lack of a systematic approach and subjective data collection 
produces ineffective incident investigation reports (Jooma et al., 2015). 
Therefore, learning opportunities are lost as only the surface informa-
tion is analyzed (Dodshon and Hassall, 2017). Public and private entities 
can only fix what they learn through an incident investigation (Lundberg 
et al., 2010). 

7. Recommendations 

Incident investigation programs provide valuable opportunities for 
acquiring practical knowledge for improving safety systems. The 

Fig. 7. The proposed algorithm for public investigation programs.  

Table 2 
The Proportions of Direct Causes within the Study Sample.  

Direct Cause Number 
(%) 

Examples 

Unsafe Act 37 (49.4)  • The worker used a screwdriver to scrape away tape 
adhesive 

• Employee touched the high-voltage side compo-
nents with a low-voltage tester  

• The tip of the tool contacted an energized 2,400- 
volt circuit 

Unsafe 
Condition 

38 (50.6)  • A phase-to-phase short occurred in the buss plug  
• Three loose cables fell downward and made 

contact with exposed energized bus bars.  
• The worker had slipped and fallen causing them to 

touch the energized part of the switchgear box  
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investigation should be executed effectively to add the greatest possible 
value, and thus a carefully designed investigation plan is needed. The 
quality of the information provided by incident investigations could be 
improved by implementing a robust, well-designed systematic 
approach. Otherwise, the failure to capitalize on these opportunities 
contributes to the risk of recurrent incidents. Public agencies such as 
OSHA should explore the currently available root cause analysis 
methods to implement an alternative procedure that better satisfies the 
program’s objectives. This study proposes a modified SCAT to reveal the 
deficiencies in OSHA standards and safety management system in-
adequacies. The study also strongly recommends that the investigation 
procedures and protocol be designed based on the source of injury or 
illness since each hazard (e.g., fall and electrical hazards) relates to a 
unique compendium of OSHA standards. This is crucial since the in-
vestigation’s effectiveness depends on the insights provided throughout 
the investigation processes (Dien et al., 2012). Finally, the recom-
mended investigation methodology must be tested and may be modified 

based on the test results before utilizing it. The test, which could be 
conducted through laboratory studies and/or field testing, would help 
ensure that the suggested methodology produces consistent and accu-
rate results as well as determine conditions that produce more or less 
accurate results. 

Establishing and administrating an effective program requires suffi-
cient resources and time. According to Braithwaite et al. (2006), lack of 
time and resources are the most significant barriers to root cause in-
vestigations. The lack of time and resources is especially true within 
OSHA, which has jurisdiction over more than 7 million work sites with 
limited staffing. One of the strategies that should be utilized to overcome 
the limited staff is to consider the quality of investigation as the main 
interest instead of the number of investigations. Overall, a review of the 
current FCIS program is required to improve its quality and achieve its 
objectives. Also, the review should carefully address the possible bar-
riers to high-quality incident investigations. Potential barriers to quality 
incident investigations include lack of time, limited resources, difficulty 
with teams, interprofessional differences, and unsupportive manage-
ment (Braithwaite et al., 2006). Therefore, all these barriers should be 
addressed to ensure the revised program can overcome them. On the 
other hand, a few factors are out of the investigation teams’ control 
which should be considered and addressed such as witnesses’ refusal to 
cooperate and the physical alteration of the scene before the investiga-
tion can be conducted. 

8. Conclusion 

In the United States, OSHA standards form the basis of most orga-
nizations’ safety management systems. Thus, a continuous evaluation 
process of the OSHA standards is necessary. The occurrence of occupa-
tional incidents provides valuable opportunities for acquiring practical 
knowledge that could help develop more effective OSHA standards and 
firms’ internal safety programs. Failure to learn from prior occupational 
incidents increases the probability of continued reoccurrence. An 
effective incident investigation program is necessary to capitalize on this 
potential. The FCIS program is a unique and valuable program that 
could provide considerable insight into the current deficiencies within 
OSHA standards and organizations’ safety management systems. Un-
fortunately, the current program methodology seems to provide mini-
mal information. This study clearly shows the current program 
deficiencies and calls for overcoming them. Results suggest the need to 
implement an alternative procedure to identify and better understand 
factors that contribute to the ongoing existence of workplace incidents. 
Specifically, the updated methodology should focus on both direct and 
root causes identification. This research contributes to the body of 
knowledge by bridging the gap that exists in the published literature that 
evaluates public incident investigation programs, which could aid gov-
ernment agencies in improving the overall performance of public and 
private investigation programs. 
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Table 3 
The Speculated Root Causes.  

Cause Frequency 
(%) 

Root 
Cause 

Example of Incident summary 

Lack of Training 
and Skills 

41 (54.6) HF* / 
WF* 

The victim was inspecting an 
excavated line of unknown 
ownership to determine if it was 
deenergized and safe to relocate. 
The victim did not contact the 
local electrical utility for 
assistance, and he did not contact 
his regional supervisor who had 
assigned him the job. 

Incompliance with 
OSHA (PPE) 

6 (8) HF / 
WF 

The work was to install a new 
circuit breaker in the existing 
panel and finish connecting 
conductors to the new subpanel. 
Employee #1, the lead on the job, 
removed the dead front guarding 
of the breakers, which exposed the 
live conductors. He was not 
wearing gloves but was wearing 
safety glasses. He attempted to 
slide the new circuit breaker into 
the panel opening, but before it 
was fully in place, there was an arc 
flash. 

Inappropriate 
Maintenance 

4 (5.4) WF Employee #1 opened the 4,160- 
volt 3-phase OFC switch device. 
The OFC switching device 
contains three separate OFC 
switches, one switch for each 
electrical phase. The OFC device 
had a mechanical linkage that 
turns the internal fuses 
approximately a 0.25 turn. The 
turning of the fuse 0.25 turn 
disconnects the fuses from their 
contact points within the switch. 
The fuses are immersed in clear 
dielectric oil, which is intended to 
quench any electrical arc that may 
occur when the fuses are 
connected or disconnected from 
an energized electrical source. 

Inadequate tool 6 (8) WF An uninsulated wrench contacted 
an energized bus bar causing a 
short circuit. 

No Enough 
information 
provided 

18 (24) – Employees were in the electrical 
room of the existing building, 
installing a connector onto the 
ground for the new circuit when 
an arc flash occurred. 

HF: Human Factor; WF: Workplace Factor. 

A.J. Al-Bayati et al.                                                                                                                                                                                                                            



Safety Science 140 (2021) 105287

9

Appendix A. . An example the of the FCISs used in the study
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