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Abstract

In an attempt to incorporate human factors into technical failures as accident causal factors, researchers have promoted the concept of human
factor analysis. Human factor analysis models seek to identify latent conditions within the system that influence the operator’s action to trigger
an accident. For an effective application of human factor analysis models, a domain-specific model is recommended. Most existing models
are developed with category/subcategory peculiar to a particular domain. This presents challenges and hinders effective application outside
the domain developed for. This paper sought to propose a human factor analysis framework for Ghana’s mining industry. A comparative study
was carried out between three dominated accident causation models and investigation methods in literature; AcciMap, HFACS, and STAMP.
The comparative assessment showed that HFACS is suitable for incident data analysis based on the following reason; ease of learning and
use, suitability for multiple incident analysis and statistical quantification of trends and patterns, and high inter and intra-coder reliability. A
thorough study was done on HFACS and its derivative. Based on recommendations and research findings on HFACS from literature, Human
Factor Analysis, and Classification System — Ghana Mining Industry (HFACS-GMI) was proposed. The HFACS-GMI has 4 tiers, namely;
External influence/factor, Organisational factor, Local Workplace/Individual Condition and, Unsafe Act. A partial list of causal factors under
each tier was generated to serve as a guide during incident coding and investigation. The HFACS-GMI consists of 18 subcategories and these
have been discussed. The HFACS-GMI is specific to the Ghanaian Mines and could potentially help in identifying causal and contributing
factors of an accident during an incident investigation and data analysis.
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1 Introduction It is acknowledged that, without much
understanding of accident causation models and
theories, accidents will continue to occur within a

The mining sector since its commgncement has been complex sociotechnical system (Hollnagel, 2016).
regarded as a hazardous profession and always at Understanding accident models and theories help in
war with nature and its forces. Iliness, injuries, and the identification of causal and contributing factors
accidents are seen as part of the job, leaving safety to accidents and inform apt system reforms and
practitioners and researchers with the tough task of accident countermeasure development (Salmon et
identifying the latent and active failures within the al., 2012). Development of appropriate
system in the hope to prevent or mitigate future countermeasures can only be achieved through
occurrences(Patterson and Shappell, 2009). As a incident investigation and analysis. Incident
safety-critical domain, the strategy adopted across investigations and analyses are critical in ensuring
the world is to control the accident frequency and one understanding of the underlying factors that
severity ~ through technological ~advancement contributed or initiated the accident as well as
(Amegbey et al., 2008). Although the sector has indicating the weakness in a system where safety
seen an improvement in safety, it is still recognized can be improved (Salmon et al., 2012). For this to
as one of the most high-risk professions across the occur, the organisation must put in place a well-
world (Mitchell et al., 1998; Coleman and structured procedure and process to ensure
Kerkering, 2007). The sector only employs 1% of comprehensive incident data collection, quality
the global workforce but account for 8% of work- investigation and analysis, and implementation of
related fatalities (Stemn, 2018). In South Africa, the lessons and recommendations from the investigation
mining industry recorded 51 fatalities in 2019 which and the analysis process (Stemn et al., 2018).
is the lowest figure in the history of the industry Effective implementation of the lessons and
(Farmer, 2020). The South African mines also recommendation within a system enable double-
recorded 2406 and 2447 injuries in 2019 and 2018 |00p |earning and present Opportunities for
respectively (Farmer, 2020). From 2004 to 2019, the improving the system safety (Stemn et al., 2020).
United State mining sector on average recorded 44

fatalities each year and rated second-highest An accident occurs within a complex socio-
concerning the fatality rate recorded in the private technical system as a result of the interaction
sector in 2007(Poplin et al., 2008; Garside, 2020). between technological, environmental, human, and
In Ghana, the sector records on average 5 fatalities organisational factors (Rasmussen, 1997; Reason,
and 51 serious injuries every year (Stemn, 2018). 2008). Losses occur when there is a failure in the
These alarming figures are a clear indication that defence or barriers at the technological,
causal factors identification and analysis focused environmental, or organisational level which is

research is required in the mining industry.
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mostly triggered by the human factors as depicted in
Fig. 1.

Human factor has received significant attention in
the field of incident investigation and analysis for
the past ten years due to its contribution to the
occurrence of accident (Newbold, 1926; Reason,
1990; Gordon et al., 1996; Reason, 2000; Patterson
and Shappell, 2010; Liu et al., 2018). Human factor
according to the International Ergonomics
Association is the interactions among humans and
the sociotechnical component of a system taking
into consideration ways to optimize human well-
being and improve the system's overall performance
(Shappell and Wiegmann, 2013). The subcategory
of the human factor which is given much attention
in the industrial setting is the error component
(Brehmer, 1993; Maiti and Bhattacherjee, 1999;
Amegbey et al., 2008; Hosseinian and Torghabeh,
2012). Error in this context refers to events in which
a planned sequence of mental or physical activities
fails to achieve its expected outcome (Reason,
1990). Much attention is given to human error as it
is the trigger of accidents. Adopting newton’s law of
inertia to safety, a deficiency or failure within a
system will remain latent unless acted upon by an
external force (human error) which results in an
accident.

Recent models and studies on accident causation
tend to look at accident/incidents taking into account
the whole system and how the component within the
system interact with each other(Reason et al., 2006;
Von Thaden et al., 2006; De Landre et al., 2007;
Shappell and Wiegmann, 2013). These shift the
focus from a single element of accident causation
(Human error) to system failures and deficiencies.
These recent models and studies focus on the system
or organisational approach to accident investigation
and prevention to eliminate failures and deficiencies
rather than identify culprits at the operating end.

Defense/Barriers

Losses
Event

Human

Environmental

—Technology

Organization
Fig. 1 System Component Interactions

This study seeks to identify opportunities for
improving the safety performance within the Ghana
Mining industry through effective incident

investigation by proposing a human factor Analysis
framework for the Ghanaian Mining Setting.

1.1 Human Error Taxonomies

In an attempt to move from the concept of
technological malfunction in accident causation,
human error was introduced as the cause of
accidents within the industrial setting in the mid-
twentieth century. This concept of human error
considers the system as error-free and needs to be
protected from humans at the operating end (Woods
et al., 2010). With this assumption, the basic cause
of accidents was associated with human error and
the only way to prevent accidents or minimize its
consequence is to improve the individual at the
sharp end. In view to understand the contribution of
human factor/error in accident causation, many
human error models have been proposed. These
models address human error from five perspectives;
the psychosocial perspective (Helmreich and
Foushee, 1993), the cognitive perspective
(Rasmussen, 1982; Wickens and Flach, 1988), the
ergonomic perspective (Edwards, 1988), the
behavioral perspective (Petersen, 1978) and the
epidemiological perspective (Suchman, 1961).

However, recent models and researches on accidents
have shifted the focus from human failure to system
failures or deficiencies. (Woods et al., 2010).
System approach models and studies seek to reveal
the latent conditions(Reason, 1990), such as poor
illumination, poor standard operating procedures,
manufacturing  defects, poor design, and
maintenance failure, that created the conditions
causing the operator to trigger the accident. With
this line of research, human error is not considered
as the basic cause of an accident but, rather as an
outcome of a latent condition within the system. The
system approach model, which seeks to understand
the role of human error in accident causation and has
gain must popularity and attention in safety
literature is the Swiss-Cheese model.

Swiss Cheese Model (SCM)

In an attempt to explain why and how an accident
occurs within a complex system, Reason (1990)
succeeded in his study on accident occurrences
within complex systems and proposed the Swiss
Cheese Model (SCM). The SCM represents the
planes/levels; senior management/decision-maker,
line management, precursor/precondition,
production activities, and defences, of an
organisation or a system as a slice of cheese and the
deficiencies or failures; poor communication, poor
equipment design, and maintenance, violation of
safety procedure, in each plane/level as the holes
within the cheese slice as shown in Fig. 2. The holes
in the slice (deficiencies in the planes) are the active
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and latent failures that cause nearly all accidents
within an organisation (Reason, 2000), which is
mostly triggered by the operator or the individual at
the sharp end. The system becomes susceptible to
an accident when the hole in each plane in the
system line up. Active failures are acts committed
by the operator or the individual at the operating
level resulting in an accident, which is mostly
referred to as the immediate cause of the accident.
Latent conditions are error provoking conditions or
situations that create long-lasting holes or
weaknesses in the defence of the system (Reason,
2000). These conditions remain dormant within the
system until it combines with an active failure and a
trigger to create an accident opportunity.

In the mid-1990s, the SCM mark | was modified
(SCM Mark 1) to reduce the four productive levels
to three, organisation, workplace/task, and
individual, with an extension of the defences plane
from one to three as shown in Fig. 3. The
modification was necessary, to give specific and
detailed understanding with regards to how each
level of the system contribute to the occurrences of
accident (Reason et al., 2006). The SCM Il
introduces a latent path leading from the
organisation level directly to the defence planes.
This pathway account for accidents such as
Challenger and Piper Alpha accident, in which there
was no immediate active failure, (Reason et al.,
2006).

While the SCM | and SCM 11 give a conceptual idea
on how an accident occurs, they failed to give a clear
and detailed explanation of the stages in the
development of organisational accident/incident and
how to investigate these accidents to find the causes
and deficiencies within the system.
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PlaﬂeS.-'LeVelS \ * Active failures
\ nd
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\ | Unsafeacts
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Active faskiros N
Psychological !
precursors of
unsafe acts O ]
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Fig. 2 SCM Mark | (Reason et al., 2006)
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To fill this gap, Reason in 1997, developed the third
version of the SCM (see Fig. 4), taking into account
the path or direction to find causes and investigate
accidents (Reason, 2016). With the SCM II1, the top
rectangular block indicates the main elements of an
accident/incident whereas the triangular shape
below illustrates the system producing the event.
The red arrow indicates the direction for accident
causation and the black indicate the step to
investigate an event. The SCM IlI focuses on the
barriers, controls, defences, and safeguards within

Accident
/Incident

the planes of the system.
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Hazards
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Fig. 4 SCM 111 Adapted (Reason, 2016)

1.2 Human Factor Accident Causation
Models

Whenever an accident/failure occurs within a socio-
technical system, it is the organisation’s concern to
find out in detail exactly which defence fails. To
meet this hard-hitting task, researchers over the
years have developed conceptual models to unravel
the mysteries of accident causation. Some of these
models aid in understanding how incidents occur in
theory whereas others are very useful in
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accident/incident investigation. These models help
investigators to gain a detailed understanding of the
causal and contributing factors of an accident so that
effective corrective actions can be recommended
and implemented. Examples of human factor
accident causation models and investigation
methods that dominate the literature include risk
management framework and AcciMap (Rasmussen,
1997; Rasmussen and Suedung, 2000; Svedung and
Rasmussen, 2002), Human Factor Analysis and
Classification System (HFACS) (Wiegmann and
Shappell, 2003) and Systems Theoretic Accident
Model and Processes Model (STAMP) (Leveson,
2004)

1.2.1 Risk Management Framework and AcciMap

Rasmussen (1997) proposed a risk management
Framework for accident investigation and analysis,
popularly known as AcciMap as a contribution to
understanding accident causation in a typical
sociotechnical system. With the rapid advancement
and complexity in technology, organisations are left
with no option but to develop complex structures to
ensure their safe operation. The operation of these
structures is mostly influenced by dynamic
environmental conditions such as economic and
political pressure, legislation, market competition,
and increasing awareness of safety which in the long
run influences the work practice and human
behaviour (Rasmussen, 1997). Existing causal
model although study or consider the rapid
technological advancement and its complexity, they
fail to assess the influence of these dynamic
environmental conditions in the operation of these
complex systems. Rasmussen (1997) argued that the
complex system together with the dynamic
environmental conditions should be considered as
one entity during risk management and how
decisions and actions at each level interact to
influence the performance of the system. The
AcciMap model gives a graphical representation of
system-wide failures, decisions, and actions
contributing to the occurrence of an accident. The
AcciMap method focuses on six organisational
level: government policy and budget; regulatory
bodies and associations; company planning and
budgeting; physical processes and actor activities;
and equipment and surroundings and analyses how
these levels interact with one another to shape the
occurrence of an accident. The risk management
framework and AcciMap method, have been used
widely to analyse accident (Johnson and De
Almeida, 2008; Debrincat et al 2013; Salmon et al
2014; Underwood and Waterson, 2014; Newnam
and Goode, 2015; Kee et al 2017; Zhang et al 2018).
Fig. 5 shows a graphical representation of the
AcciMap method.
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1.2.2 HFACS

Until Reason (1990) proposed the swiss cheese
model, industries for centuries have always embrace
human error as a sequential theory. The introduction
of the SCM in 1990, changed the industrial
perspective of human error, and industries began to
examine it systemically. Although, the SCM became
popular and was extensively applied across
industries, the absence of taxonomies of active and
latent failures within the levels of the SCM limited
its usefulness for accident analysis in some
industries such as aviation (Wiegmann and
Shappell, 2003). To address this gap, Wiegmann and
Shappell (2003), developed taxonomies for each
level within the SCM | and name the proposed
“SCM I with taxonomies” Human Factor Analysis
and Classification System (HFACS). Currently, in
the field of accident causation, HFACS is one of the
most extensively applied tools for human factor
analysis(Harris and Li, 2011). The HFACS serve as
a practical tool for investigators, analyst, and safety
professionals (Wiegmann and Shappell, 2003),
which enable them to systematically categorized the
causes of accident/incidents. The HFACS structure
is hierarchical, with nineteen causal factors
categorized under four levels of failure. Deficiencies
within the four levels include an active failure:
unsafe act; and latent conditions: precondition for
unsafe act; unsafe supervision and organisation
influences, with each upper level influencing the
subcategories at the lower levels as illustrated in Fig.
6.

1.2.3 STAMP

With the essential changes in the aetiology of
accident due to technological advancement,
Leveson (2004) argues that existing accident
causation models fail to take into account
accidents/failures that may result from the use of
digital systems and software. Leveson argues that
digital systems and software introduces new failure
modes and must be accounted for in accident
investigation and analysis to prevent future
occurrences. Existing accident causation models
mostly focus on the electromechanical component
and how it is protected against human failure.
Leveson (2004) is of the view that this changes and
advancement in technology stretches the limit of the
current model and proposed the System-Theoretic
Accident Modelling and Process (STAMP) model
which take into account digital system and software
failure, cognitive complex human activities and
societal and organisational influence during risk
assessment, incident investigation and incident data
analysis. Whereas existing accident models are
event-based, the STAMP model is a constraint-base.
With the STAMP model, accident occurs as a result
of inadequate control of component failures,
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dysfunctional interaction and external disturbance.
To prevent accident within a socio-technical system,
safety constraints are imposed from the upper level
on the lower levels on mechanisms and factors that
influence human behaviour to trigger an accident.
The model assesses the socio-technical system as
hierarchical levels of control with each level
imposing safety constraints on the level

below. The STAMP model proposed the following
taxonomy of control failure: (1) inadequate control
of action; (2) inadequate or missing feedback; (3)
inadequate execution of control of actions (see Fig.
7). Due to the model’s origination from the
engineering setting, current applications such as
Ouyang et al. (2010) have introduced the “mental
model flaw” to account for human structure in the
system.
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2 Resources and Methods Used

2.1 Comparison of AcciMap /HFACS
ISTAMP

With the recent shift from finding a single cause of
accidents to understanding the failures in a dynamic
complex system such as organisational or
management deficiencies, accident theory/model
has also evolved from the chain model (Domino
theory); and human behaviour and actions model
(cognitive reliability and error analysis model) to
system analysis model (such as AcciMap, STAMP,
and HFACS). The system analysis models allow the
investigator to consider both blunt end factor
(management level, government, and regulatory
agencies) and sharp end factor (operator acts) that
contributed to the occurrences of the accident and
also analyse the relationship or influence between
the blunt end and the sharp end. The application or
use of a particular system analysis model for
accident analysis or investigation depends on three
variables namely usability/ease of learning, the
validity of its analysis, and reliability of its analysis.
The usability of a system-based model is mostly
influenced by the features of the model, the
characteristic of the investigator/analyst, the type of
incident under investigation or analysis, and the
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technical, organisation, and physical environment of
the socio-technical system (Cathy and Nigel, 1996).
Considerable knowledge is required for novice users
in the application of AcciMap, HFACS, and
STAMP for incident analysis. Effective application
of the STAMP model for accident analysis requires
in-depth knowledge and understanding; and control
theory concept (Igene and Johnson, 2019) as
compared to AcciMap and HFACS. Despite the
easier use of the AcciMap as compare to the STAMP
model, guidelines are required for correct
identification and placement of contributing factors
at the appropriate level and mapping causal
relationships between them (lgene and Johnson,
2019). The taxonomic nature of the HFACS enables
easy application and ease of learning, compare to
AcciMap, although it has its root from the aviation
setting (Salmon et al 2012; Zhang et al 2018).
HFACS has been successfully applied in the mining
sector (Patterson and Shappell, 2009; Lenné et al
2012; Liu et al 2018) with little or no alteration for
accident analysis in the identification of causal
factors of an accident. Little is known about the
applicability of the AcciMap and the STAMP in the
mining industry. Even though the AcciMap and
STAMP are quite flexible in their application as
compare to the HFACS (Salmon et al 2014;
Underwood and Waterson, 2014), they cannot
statistical quantify the relationship among

@E® Vol. 20, No.2, Dec., 2020



contributory factors (Wang et al 2018; Zhang et al
2018) and not suitable for multiple accident data
analysis (Salmon et al 2012; Zhang et al 2018; Igene
and Johnson, 2019).

The AcciMap, STAMP, and HFACS were all
developed with the objective of modelling a socio-
technical system when a failure occurs to determine
the contributing factors. Each model although
applied a different methodological approach for
incident analysis, they were all developed based on
a recognized accident causation theory or principle
and have been adopted in different domains for
incident data analysis (Salmon et al 2012;
Underwood and  Waterson, 2014). Most
practitioners or researches measure the validity of a
model by comparing the output to set
recommendation from multiple analysts or expert
opinion (lgene and Johnson, 2019), little of such
study exist for the validation of the Accimap,
STAMP, and HFACS model.

Reliability of a model is referred to as the extent to
which the model upon its repeated application or
trail yields the same result (Carmines and Zeller,
1979). Reliability in this context is measured or
determined in two ways; intra-rater and inter-rater
reliability. Inter-rater reliability measures the degree
of agreement of the outcome of different analysts
classifying failure within a system whereas intra-
rater reliability measures the consistency of an
analyst over time in classifying failure within a
system (Olsen, 2013; Ergai et al 2016). The HFACS
due to its taxonomic nature, measure both

high inter and intra-reliability as compare to the
AcciMap and the STAMP(Salmon et al 2012).
Research on the reliability of the HFACS models
has been successful and exhibited an acceptable
level of reliability (79%) (Ergai et al 2016) whereas
other works measured lower reliability, 52%
(O'connor, 2008), 39.9% (Olsen and Shorrock,
2010) and 35.6% (Olsen, 2011). Few studies exist
on the reliability of the STAMP and AcciMap
model. Goncalves Filho et al. (2019) in their inter-
rater reliability study of the STAMP and the
AcciMap observed high reliability with the STAMP
(68%) than the AcciMap model (38%), which is
below the benchmark of 70% as suggested by
Baysari et al. (2011), Olsen (2011), Olsen and
Shorrock (2010) and Wallace and Ross (2006). The
summary of the comparative assessment between
AcciMap, HFACS, and STAMP are presented in
Table 1.

From the comparison analysis, HFACS is
recommended for incident/accident analysis in the
Ghanaian mining industry base on the following
reasons:
(i) Ease of learning and use due to its
taxonomic nature
(ii) Suitable for multiple accident/incident data
analysis and statistical quantification of
patterns and trends among contributing
factors (Li and Harris, 2006; Tvaryanas et al
2006).
(iii) High inter and intra-coder reliability as
compared to the STAMP and AcciMap
model.

Table 1 Comparison Summary of HFACS/AcciMap/STAMP

Model/Tool
Category Sub-category
AcciMap HFACS STAMP
Novice x N X
Expert/Specialist N x N
Multiple incident Analysis x N X
Usability/Ease of P y
learning Trends and path Analysis N N x
Statistical Quantification x N X
Flexibility N x N
Inter-rater N N N
Reliability Intra-rater x N X
V= Yes x=No
66 @E® Vol. 20, No.2, Dec., 2020




3 Results and Discussion

3.1 HFACS and Its Derivatives

While the HFACS framework was initially
developed and applied successfully in military
aviation for accident analysis, other industrial
settings have also successfully applied the HFACS
framework in their domain for accident analysis
with little or no alteration. Most
alterations/modifications made were to address the
deficiency in the HFACS framework, not taking into
account the influence of external factors such as
government and regulatory bodies in accident
occurrences. These include the marine, HFACS-MA
(Chen et al 2013); coal mining, HFACS-CM (Liu et
al 2018) and HFACS-IM (Patterson and Shappell,
2010); railway, HFACS-RR (Reinach and Viale,
2006); oil and gas, HFACS-OGI (Theophilus et al
2017); and aviation, HFACS-ADF (Inglis et al
2010)and HFACS-ME (Rashid et al 2010). Fig. 8
shows the key modifications made to the original
HFACS framework for use in several different
domains or sectors.

Although the issues of external influences or factors
have been addressed in most of the derivatives, most
of the subcategories such as misinterpretation of
traffic calls and hypoxia are not applicable outside
the aviation industry. Salmon et al. (2012) and Olsen
and Williamson (2017) argue that for effective usage
and achievement of high reliability outside the
military aviation setting, the HFACS framework
should be made domain-specific. The HFACS
framework is underpinned by the SCM mark I,
though the layers from SCM mark | have been
modified (Reason et al 2006), reducing the
levels/layers from four to three in the SCM mark I11.
Modification of the HFACS framework base on the
SCM mark 111 could result in a reduction in the size
of the coding system, which is acknowledged as a
key factor to attaining high reliability(Olsen and
Williamson, 2015; Olsen and Williamson, 2017).
Based on these reasons, a modified HFACS
framework, HFACS-GMI, is proposed for the
Ghana Mining Industry.

3.2 HFACS-GMI Framework

The framework proposed is a derivative of the
HFACS proposed by Wiegmann and Shappell
(2003). The modified framework by the authors was
based on the SCM |1l proposed by James Reason,
with input to better correlate to the Ghanaian mining
industry.

The modified framework, Human factor Analysis,
and Classification System — Ghana Mining Industry
(HFACS-GMI) have 4 tiers, namely; External
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influences/Factors, Organisational Factor, Local
Workplace/Individual Conditions, and Unsafe Act.
The addition of external factors/influences was
based on recommendations proposed by several
scholars (Reinach and Viale, 2006; Patterson and
Shappell, 2010; Salmon et al 2012; Liu et al 2018;
Igene and Johnson, 2019). The organisational
factors level was adopted from the original
framework with some alterations including
renaming; organisational climate to corporate
climate, resource management to management
decision, and organisational processes to operational
processes. A new tier, local workplace/individual
conditions, was introduced. At this tier, the term
‘leadership’ was preferred to ‘supervision’ because,
in the mining setting, there are some peoples who
are not supervisors (e.g. site foreman and shift boss)
but oversees the activities of the worker and also to
eliminate instance where coders may refer to the
term supervision as the operator’s immediate
supervisor (Patterson and Shappell, 2010) during
incident data analysis. With the Unsafe act tier, the
category of the error was changed to slip, lapse, and
mistake. The violation term was also renamed to
contravention. Fig. 9 shows the proposed HFACS-
GMI framework, thick lines, and short dashes
indicating the category and subcategory under each
tire respectively.

3.3 Description of HFACS-GMI Tiers
3.3.1 External Influences/Factors

Research on accident investigation and analysis has
proven that factors contributing to accidents go
beyond the organisational factor or level (Chen et al
2013). Companies or organisations do not operate in
isolation but within a certain environment govern by
regulations, laws, and standards. These factors as
well as the conditions within which the organisation
operate can influence their activities and considered
as a contributing factor to a mishap as shown in the
Deepwater Horizon blowout of 2010 investigations
finding (Theophilus et al 2017). These external
influences/factors  include;  political/economic
factors, national regulatory factors, and international
industrial standards.

In the Ghanaian setting, the mining sector is
regulated under the Minerals and Mining
Regulation, 2012, with health and safety under LI
2182. This L1 2182 (Health, Safety, and Technical)
is enforced by the Inspectorate Division of the
Minerals Commission. The LI 2182 mandates the
Inspectorate division to regulate and give guidance
on the health and safety of the workers.
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Framework

Lapses in the responsibility of the Inspectorate
Division could result in suboptimal enforcement of
the regulation and inadequate guidance on health
and safety concerns which could be a major
contributing factor to accidents occurred within the
mines.

The Mines for effective management and control of
work-related hazards have adopted some
international standards such as the 1SO 45001 and
ISO 31001. These industrial standards give guidance
on the management and control of health and safety
issues and concerns within the workplace as well as
measures for effective implementation. Deficiencies
within the standards could affect the management
and control of workplace hazards. Apart from this,
there are also standards and guidelines from industry
peak bodies such as the Ghana Chamber of Mines,
International Council for Mining and Metals, which

Mining Industry (HFACS-GMI)

can affect the safety of a mine and contribute to the
occurrence of accidents.

In terms of political factors, the absence of
occupational health and safety law and national
industrial standards for workplace health and safety
could be one of the causes of safety-related mine
accident. Some sections of the adopted standards do
not fit into the Ghanaian industrial setting and this
affects their effective implementation in the
management and control of work-related accidents.
Economic factors such as reduction in gold prices,
high taxation, and royalty can force the mines to
reduce their investment in safety in order to cut
down costs. The economic pressures can also result
in the lay-off of employees in order to reduce costs.
This increases the workload of the worker and
increases the risk of work-related accidents.
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3.3.2 Organisational Factors

The organisational factor is the third tier of the
framework. These deficiencies and failures are
latent conditions provoke by the highest levels of the
organisation. ldentification of these causal factors
during incident investigation and analysis is quite
difficult because top management mostly presides
over investigation activities and are not ready to
assign the blame to the organisation for fear of
liability. Three causal factors are considered under
this tier: Management decision, Operational process,
and Corporate climate. Management decision refers
to the corporate decision and priority concerning the
allocation of the company’s resources and
maintenance of its assets such as its human resource
and equipment. Corporate climate refers to the
organisation’s policies, culture, and structure which
reflect the working atmosphere of the organisation
at any given time. The structure refers to the
organogram and the order of command employed
within the organisation. The culture reflects the
fundamental beliefs, values, norms, attitude, and
customs that resides within the framework of the
organisational system. The policies refer to written
and unwritten procedures that govern all activities
and operations within the organisation. Operational
processes refer to the day-to-day processes (e.g.
operational tempo and schedules) and procedures
(e.g. Standard Operation Procedure (SOP)) that
governs the operations of the organisation.

3.3.3 Local Workplace/Individual Conditions

These are error provoking or violation-producing
conditions within the organisation. These latent
conditions influence the behaviour and actions of the
operators to engage in an unsafe act that triggers an
accident. Causal factors consider under this tier are;

Task/job factors: leadership flaw,
communication/coordination and failure to
access/correct known hazards; Environmental

factors: physical environment and technological
environment; and Operator’s conditions: fitness for
duty, physical/mental limitation, and adverse
physiological/mental state.

People with leadership roles within the mines are
often tasked with the responsibility of providing
employees with the opportunity to operate safely
and also ensure a good culture with respect to
established law and regulations. Leadership flaw in
the context refers to the act of leaders that allows the
breeding of violation and oversights within the
organisation. Communication and coordination are
means through which management relay instruction,
procedures, and information to its employees and
also means for getting feedback from the employees.
Poor communication and coordination could result
in a misperception of a given instruction or
procedure and a breakdown in the organisational

70

pathway and teamwork toward the achievement of
its safety goal. Failure to access/correct known
hazards is referred to instances where a supervisor
allows for unnecessary risk due to improper
assessment of the hazards associated with
operation/activity or failure to correct a known
hazard that could provoke an unsafe act or situation.

The Physical environment refers to the ambient and
working surroundings such as the lighting, noise
levels, and workshop layout, of the operator whereas
the technological environment, focuses on
equipment design and control, display/interface
features, automation, and checklist outline issues-
related.

Fitness for duty is referred to the individual
readiness, both physical and mental, to perform his
or her duty without any influence such as drug and
alcohol, or factors that can reduce the individual
functional capability which can contribute to the risk
of failure within an organisation. Physical/mental
limitations account for those situations and instances
where the task allocated to the employee exceeds his
capabilities. Adverse physiological/mental state
refers to medical (e.g. acute illness or injury) or
mental (e.g. fatigue) conditions that preclude safe
performance of the essential duties of the job.

3.3.4 Unsafe Act

These are the active failures within the organisation
and are often observed at the sharp end. They are
referred to as the actions and decisions of operators
that directly influence or trigger the occurrence of an
accident within a socio-technical system. Under this
tier, slip, lapse, and mistake, and contravention are
considered as causal factors. Slips refer to failure of
attention, memory, or technique. This type of error
mostly happens with little or no conscious response
during highly automated tasks. Lapse error occurs
when there is a distraction of the sensory input
visual, auditory, and olfactory, and the operator
makes decisions based on the misinterpreted input.
Mistakes are mostly knowledge-based errors that
occur when the operator selects an incorrect/wrong
procedure for a situation/task, or when solving a
problem. Contraventions are intentional bending of
rule and regulation or application of short-cut by the
operator in the execution of his duties. Short-cuts are
habitual deviations from the set rules and regulation
and are most tolerable by management except when
it yields an undesired outcome. Rule-bendings are
isolated deviations from the set rule and are not
acceptable by management.

3.4 Exemplars of Causal Factors

A list of causal factors under each tier was generated
to be used as a guide during incident data coding and
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investigation. Most mines in Ghana have a list of
causal factors that serve as a guide during incident
investigation in the identification of the possible
causes of an accident. These lists were

Table 2 A list of External influences/factors Nano-codes

obtained from the mining industries, in addition to
some possible causal factors of accidents within the
mining sector from literature (Patterson, 2009). The
authors then had a brainstorming section on
grouping the list of causal factors under the tiers of
the HFACS-GMI framework. Tables 2, 3, 4, and 5
show a partial list of causal factors considered under
each tier.

Regulatory
(i) Regulator’s failure to oversee site activities
(if) Infrequent/ inadequate inspections
(iii) Inadequate/ambiguous regulations
(iv) Inadequate enforcement of regulation
(v) inadequate communication/coordination

Political/Economic

(i) Economic pressure to forgo-safety practice
(if) Workforce decrease due to economic pressure
(iii) Political pressure

(iv) Fear of prosecution/legal pressure

(v) Workload increase due to economic pressure

Industrial Standards

(i) Deficiency in standard

(ii) Standard applicability to sites

Table 3 A List of Organisational Factors Nano-Codes

Management Decisions
(i) Inadequate staff training
(if) Inadequate contractor selection
(iii) Excessive cost cutting
(iv) Improper/inadequate PPEs
(v) Inadequate adjustment/repair/maintenance
(vi) Inadequate staffing/manning

(vii) Inadequate monitoring of compliances

Operational Process

(i) Lack of SOP

(if) improper attempt to save time

(iii) Outdated SOP

(iv) Inadequate performance feedback

(v) Improper work schedules

(vi) Unclear definition of instruction/procedure

(vii) Inadequate job hazard analysis

Corporate Climate

(i) Unclear chain of command

(if) No accountability of SOPs

(iii) Inadequate enforcement of policies

(iv) Uneasy access to workplace policies

(v) Unclear/undefine organisational custom/values

(vi) Inadequate organisational communication

(vii)Conflicting assignment of responsibility
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Table 4 A List of Local Workplace/Individual Conditions Nano-Codes

Leadership Flaw
(i) Inadequate instructions, orientation and training
(if) Failure to ensure competency
(iii) Inadequate

exposure

(iv) Encourage rule-bending/short-cuts
(v) Failure to provide appropriate PPE
(vi) Inadequate work planning or programming
(vii) Disregarding of SOP

Failure to access/correct Known Hazards
(i) Inadequate hazard identification/assessment
(i) Failure to stop/correct unsafe acts or situation

(iii) Failure to enforce/update SOPs, policies and

procedures
(iv) Failure to correct reported hazard

(v) New process introduced without adequate training

(vi) No or inadequate rest periods
(vii)Poor pairing of crew members

Technological Environment
(i) Inadequate guards and barriers
(if) Defective/dysfunctional tools and equipment
(iii) Inadequate warning system
(iv) Poor man-machine interfaces

(v) Inadequate consideration of human factors or

ergonomics
(vi) Inadequate equipment and tool maintenance
(vii)No installed or missing safety devices

Physical/Mental Limitation
(i) Visual/vision/hearing deficiencies
(if) Memory failure
(i) Low learning aptitude
(iv) Emotional disturbance
(v) Temporary disabilities

(vi) Inappropriate height, weight, size and strength reach

identification/evaluation  of  loss

Communication/coordination
(i) Lack of teamwork
(if) Misinterpretation of instructions
(iii) Inadequate communication of hazards
(iv) Lack of coaching
(v) Unavailable/ineffective communication method
(vi) Inadequate communication between work peers

(vii) Inadequate vertical communication between workers

and leader
(viii) Standard terminology not used

Physical Environment
(i)  Poor housekeeping
(i) Temperature extremes
(iii) Inadequate or excess illumination
(iv) Inadequate ventilation
(v) Slippery floor, walkway, roadways
(vi) Confined spaces
(vii) Congestion or restricted action/motion

Fitness for Duty
(i) Inadequate rest requirement
(if)  Use of illicit drug/alcohol
(iii) Overexertion of duty
(iv) Lack of sleep
(v) Lack of physical fitness

Adverse Physiological/Mental State
(i) Fatigue due to task load or duration
(if) Fatigue due to mental task load or speed
(iii) Exposure to health hazard
(iv) Constrained Movement
(v) Conflicting/confusing demands/directions

Table 5 A List of Unsafe Act Nano-codes

Slip
(i) Inadvertent operation of incorrect control
(if) Improper lifting/loading
(iii) Poor reaction time
(iv) Incorrect application of procedure
(v) Omitted steps in a procedure
(vi) Wrong isolation of equipment
(vii)Failure to lower equipment attachment when
parked
Mistake
(i) Working at height without fall restraint/arrest
(ii) Failure to use PPE properly
(iii) Horseplay
(iv) Serving equipment in operation
(v) Wrong response to emergency situations
(vi) Failure to identify hazard/risk
(vii) Operating equipment without authority

Lapse

(i) Misinterpretation of safety signs/warning
(if) Under/over estimation of object’s weight
(iif) Misjudge surface/weather condition

(iv) Misjudge work depth/height

Contravention

(i) Failure to use provided PPEs

(if) Fear to wear seatbelt

(iii) Disregard of SOP, procedures and policies

(iv) Entry into unauthorized area

(v) Operating equipment without
training/authorization

(vi) Operating/equipment at speed greater than
the set limit

(vii)Violation of training rules and procedure
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4 Conclusions

This study sought to propose a classification system
for investigation, analysis, and coding of incident
data within the Ghanaian Mining Industry. A
comparative study between AcciMap, STAMP, and
HFACS reveal that the HFACS is most suitable for
multiple incident data analysis and coding as well as
quantify trends and pattern between causal factors.
The comparative analysis also revealed that the
HFACS vyields high inter and intra-rater reliability
than AcciMap and STAMP. HFACS-GMI was
proposed after a thorough study of the original
HFACS framework and its derivatives and
consideration of recommendations proposed by
several scholars. A partial list of causal factors nano-
codes were generated to serve as a guide during
incident coding and investigation. The HFACS-
GMI is now at the developmental stage and requires
a demonstration of its applicability, usefulness, and
acceptance in the Ghanaian Mines. There is ongoing
work that is seeking to contribute to that effect.

References

Amegbey, N., Ndur, S. and Adjei, R., (2008),
"Analysis of Underground Mining Accidents at
Anglogold Ashanti Limited, Obuasi Mine",
Ghana Mining Journal, Vol. 10, No. 1, pp. 25-
29

Baysari, M. T., Caponecchia, C. and Mcintosh, A.
S., (2011), "A Reliability and Usability Study of
Tracer-Rav:  The  Technique for the
Retrospective Analysis of Cognitive Errors — for
Rail, Australian Version", Applied Ergonomics,
Vol. 42, No. 6, pp. 852-859.

Brehmer, B., (1993), "Cognitive Aspects of Safety",
Reliability safety in hazardous work systems:
approaches to analysis design, Vol., No.
Lawrence Erlbaum Association Limited, East
Sussex, UK, pp. 23-42.

Carmines, E. G. and Zeller, R. A., (1979), Reliability
and Validity Assessment, Sage publications, Vol.
17, 77 pp.

Cathy, T. and Nigel, B., (1996), Usability Context
Analysis: A Practical Guide, Serco Usability
service, 96 pp.

Chen, S.-T., Wall, A., Davies, P., Yang, Z., Wang,
J. and Chou, Y.-H., (2013), "A Human and
Organisational Factors (Hofs) Analysis Method
for Marine Casualties Using Hfacs-Maritime
Accidents (Hfacs-Ma)", Safety Science, Vol. 60,
No., pp. 105-114.

Coleman, P. J. and Kerkering, J. C., (2007),
"Measuring Mining Safety with Injury Statistics:
Lost Workdays as Indicators of Risk", Journal of
Safety Research, Vol. 38, No. 5, pp. 523-533.

De Landre, J., Irving, M., Hodges, I. and Weston, B.,
(2007), Learning from Accidents and Incidents,

73

Hampshire: Ashgate Publishing, Aldershot, pp.
131-142

Debrincat, J., Bil, C. and Clark, G., (2013),
"Assessing Organisational Factors in Aircraft
Accidents Using a Hybrid Reason and Accimap
Model", Engineering Failure Analysis, Vol. 27,
pp. 52-60.

Edwards, E., (1988), "Introductory Overview", In
Chap. of Human Factors in Aviation, edition,
Elsevier, pp. 3-25.

Ergai, A., Cohen, T., Sharp, J., Wiegmann, D.,
Gramopadhye, A. and Shappell, S., (2016),
"Assessment of the Human Factors Analysis and
Classification System (Hfacs): Intra-Rater and
Inter-Rater Reliability", Safety Science, Vol. 82,
No., pp. 393-398.

Farmer, M., (2020), Mining Fatalities in South
Africa at Record Low: Mining Technology.
https://www.mining-technology.com/mining-
safety/msha-announces-first-us-mining-fatality-
0f-2019 Accessed: Sempteber, 08 2020.

Garside, M., (2020), Mining Fatalities in the United
States from 2004 to 2019: Statista.
https://www.statista.com/statistics/541314/mini
ng-fatalities-in-the-united-states/ Accessed:
Sempteber, 08 2020.

Goncalves Filho, A. P., Jun, G. T. and Waterson, P.,
(2019), "Four Studies, Two Methods, One
Accident —an Examination of the Reliability and
Validity of Accimap and Stamp for Accident
Analysis”, Safety Science, Vol. 113, No., pp.
310-317.

Gordon, R. P., Flin, R. H., Mearns, K. and Fleming,
M. T., (1996), "Assessing the Human Factors
Causes of Accidents in the Offshore Oil
Industry”, SPE Health, Safety and Environment
in Oil and Gas Exploration and Production
Conference, Society of Petroleum Engineers,
pp. 635-644.

Harris, D. and Li, W. C., (2011), "An Extension of
the Human Factors Analysis and Classification
System for Use in Open Systems", Theoretical
Issues in Ergonomics Science, Vol. 12, No. 2, pp.
108-128.

Helmreich, R. L. and Foushee, H. C., (1993), "Why
Crew Resource Management? Empirical and
Theoretical Bases of Human Factors Training in
Aviation", In Chap. of Cockpit Resource
Management, E. L. Wiener, B. G. K., & R. L.
Helmreich (ed.) edition, Academic Press, pp. 3—
45.

Hollnagel, E., (2016), Barriers and Accident
Prevention, Routledge, 20 pp.

Hosseinian, S. S. and Torghabeh, Z. J., (2012),
"Major Theories of Construction Accident
Causation Models: A Literature Review",
International  Journal of Advances in
Engineering Technology, Vol. 4, No. 2, pp. 53.

Igene, O. O. and Johnson, C., (2019), "Analysis of
Medication  Dosing Error Related to

@E® Vol. 20, No.2, Dec., 2020


https://www.mining-technology.com/mining-safety/msha-announces-first-us-mining-fatality-of-2019
https://www.mining-technology.com/mining-safety/msha-announces-first-us-mining-fatality-of-2019
https://www.mining-technology.com/mining-safety/msha-announces-first-us-mining-fatality-of-2019
https://www.statista.com/statistics/541314/mining-fatalities-in-the-united-states/
https://www.statista.com/statistics/541314/mining-fatalities-in-the-united-states/

Computerised Provider Order Entry System: A
Comparison of Ecf, Hfacs, Stamp and Accimap
Approaches”, Health Informatics Journal, Vol.
1, No. 1, pp. 1-26

Inglis, M., Smithson, M., Cheng, K., Stanton, D. and
Godley, S., (2010), Evaluation of the Human
Factors Analysis and Classification System as a
Predictive Model, Aviation Research Analysis
Report-AR-036, Australia: Civic Square, 44 pp.

Johnson, C. W. and de Almeida, I. M., (2008), "An
Investigation into the Loss of the Brazilian Space
Programme’s Launch Vehicle VIs-1 V03",
Safety Science, Vol. 46, No. 1, pp. 38-53.

Kee, D., Jun, G. T., Waterson, P. and Haslam, R.,
(2017), "A Systemic Analysis of South Korea
Sewol Ferry Accident — Striking a Balance
between Learning and Accountability”, Applied
Ergonomics, Vol. 59, pp. 504-516.

Lenné, M. G., Salmon, P. M., Liu, C. C. and Trotter,
M., (2012), "A Systems Approach to Accident
Causation in Mining: An Application of the
Hfacs Method", Accident Analysis & Prevention,
Vol. 48, pp. 111-117.

Leveson, N., (2004), "A New Accident Model for
Engineering Safer Systems", Safety Science,
Vol. 42, No. 4, pp. 237-270.

Li, W.-C. and Harris, D., (2006), "Pilot Error and Its
Relationship with Higher Organizational Levels:
Hfacs Analysis of 523 Accidents”, Aviation,
Space and Environmental Medicine, Vol. 77, No.
10, pp. 1056-1061.

Liu, R., Cheng, W., Yu, Y. and Xu, Q., (2018),
"Human Factors Analysis of Major Coal Mine
Accidents in China Based on the Hfacs-Cm
Model and Ahp Method", International journal
of industrial ergonomics, Vol. 68, pp. 270-279.

Maiti, J. and Bhattacherjee, A., (1999), "Evaluation
of Risk of Occupational Injuries among
Underground Coal Mine Workers through
Multinomial Logit Analysis”, Journal of Safety
Research, Vol. 30, No. 2, pp. 93-101.

Mitchell, R. J., Driscoll, T. and Harrison, J. E.,
(1998), "Traumatic Work-Related Fatalities
Involving Mining in Australia”, Safety Science,
Vol. 29, No. 2, pp. 107-123.

Newbold, E. M., (1926), "A Contribution to the
Study of the Human Factor in the Causation of
Accidents", A Contribution to the Study of the
Human Factor in the Causation of Accidents,
Vol., No. 34.

Newnam, S. and Goode, N., (2015), "Do Not Blame
the Driver: A Systems Analysis of the Causes of
Road Freight Crashes”, Accident Analysis &
Prevention, Vol. 76, No., pp. 141-151.

O'Connor, P., (2008), "Hfacs with an Additional
Layer of Granularity: Validity and Utility in
Accident Analysis”, Aviation, Space and
Evironmental Medicine, Vol. 79, No. 6, pp. 599-
606.

74

Olsen, N. and Williamson, A., (2017), "Application
of Classification Principles to Improve the
Reliability of Incident Classification Systems: A
Test Case Using Hfacs-Adf", Applied
Ergonomics, Vol. 63, No., pp. 31-40.

Olsen, N. S., (2011), "Coding Atc Incident Data
Using Hfacs: Inter-Coder Consensus”, Safety
Science, Vol. 49, No. 10, pp. 1365-1370.

Olsen, N. S., (2013), "Reliability Studies of Incident
Coding Systems in High Hazard Industries: A
Narrative Review of Study Methodology",
Applied Ergonomics, Vol. 44, No. 2, pp. 175-
184,

Olsen, N. S. and Shorrock, S. T. (2010),
"Evaluation of the Hfacs-Adf  Safety
Classification System: Inter-Coder Consensus
and Intra-Coder Consistency”, Accident Analysis
& Prevention, Vol. 42, No. 2, pp. 437-444,

Olsen, N. S. and Williamson, A. M., (2015),
"Development of Safety Incident Coding
Systems through Improving Coding Reliability",
Applied Ergonomics, Vol. 51, No., pp. 152-162.

Ouyang, M., Hong, L., Yu, M.-H. and Fei, Q.
(2010), "Stamp-Based Analysis on the Railway
Accident and Accident Spreading: Taking the
China-Jiaoji Railway Accident for Example",
Safety Science, Vol. 48, No. 5, pp. 544-555.

Patterson, J., (2009), "Human Error in Mining: A
Multivariable Analysis of Mining
Accidents/Incidents in Queensland, Australia
and the United States of America Using the
Human Factors Analysis and Classification
System Framework", PhD Thesis. Clemson
University, South Carolina, 130 pp.

Patterson, J. and Shappell, S., (2009), "Analysis of
Mining Incidents and Accidents in Queensland,
Australia from 2004-2008 Using the Hfacs-MI
Framework", Simtars, Queensland, 34 pp.

Patterson, J. M. and Shappell, S. A., (2010),
"Operator Error and System Deficiencies:
Analysis of 508 Mining Incidents and Accidents
from Queensland, Australia Using Hfacs",
Accident Analysis & Prevention, Vol. 42, No. 4,
pp. 1379-1385.

Petersen, D., (1978), Techniques of Safety
Management, McGraw-Hill Companies, 414 pp.

Poplin, G. S., Miller, H. B., Ranger-Moore, J.,
Bofinger, C. M., Kurzius-Spencer, M., Harris, R.
B. and Burgess, J. L., (2008), "International
Evaluation of Injury Rates in Coal Mining: A
Comparison of Risk and Compliance-Based
Regulatory Approaches”, Safety Science, Vol.
46, No. 8, pp. 1196-1204.

Rashid, H. S. J., Place, C. S. and Braithwaite, G. R.,
(2010), "Helicopter Maintenance Error Analysis:
Beyond the Third Order of the Hfacs-Me",
International journal of industrial ergonomics,
Vol. 40, No. 6, pp. 636-647.

Rasmussen, J., (1982), "Human Errors: A
Taxonomy for Describing Human Malfunction

@E® Vol. 20, No.2, Dec., 2020



in  Industrial Installations”, Journal of
Occupational Accidents, Vol. 4, No. 4, pp. 311-
333.

Rasmussen, J., (1997), "Risk Management in a
Dynamic Society: A Modelling Problem", Safety
Science, Vol. 27, No. 2-3, pp. 183-213.

Rasmussen, J. and Suedung, 1., (2000), Proactive
Risk Management in a Dynamic Society,
Swedish Rescue Services Agency, 160pp.

Reason, J., (1990), Human Error, Cambridge
university press, 320 pp.

Reason, J., (2000), "Human Error: Models and
Management"”, BMJ, Vol. 320, No. 7237, 768 pp.

Reason, J., (2016), Managing the Risks of
Organizational Accidents, Routledge, 252 pp.

Reason, J., ( 2008), The Human Contribution:
Unsafe Acts, Accidents and Heroic Recoveries,
Ashgate, 295 pp.

Reason, J., Hollnagel, E. and Paries, J., (2006),
"Revisiting the Swiss Cheese Model of
Accidents", Journal of Clinical Engineering,
Vol. 27, No. 4, pp. 110-115.

Reinach, S. and Viale, A., (2006), "Application of a
Human Error Framework to Conduct Train
Accident/Incident  Investigations",  Accident
Analysis & Prevention, Vol. 38, No. 2, pp. 396-
406.

Salmon, P. M., Cornelissen, M. and Trotter, M. J.,
(2012), "Systems-Based Accident Analysis
Methods: A Comparison of Accimap, Hfacs, and
Stamp", Safety Science, Vol. 50, No. 4, pp. 1158-
1170.

Salmon, P. M., Goode, N., Archer, F., Spencer, C.,
McArdle, D. and McClure, R. J., (2014), "A
Systems Approach to Examining Disaster
Response: Using Accimap to Describe the
Factors Influencing Bushfire Response"”, Safety
Science, Vol. 70, pp. 114-122.

Shappell, S. and Wiegmann, D., (2013), "Human
Factors Investigation and Analysis of Accidents
and Incidents", Elsevier Ltd., pp. 440-449

Stemn, E., (2018), "Analysis of Injuries in the
Ghanaian Mining Industry and Priority Areas for
Research", Safety and Health at Work, Vol. 10,
No. 2, pp. 151-165.

Stemn, E., Bofinger, C., Cliff, D. and Hassall, M. E.,
(2018), "Failure to Learn from Safety Incidents:
Status, Challenges and Opportunities”, Safety
Science, Vol. 101, pp. 313-325.

Stemn, E., Ntsiful, F., Azadah, M. A. and Joe-Asare,
T., (2020), "Incident Causal Factors and the
Reasons for Conducting Investigations: A Study
of Five Ghanaian Large-Scale Mines", Safety
and Health at Work, Vol. 6, No. 1, pp. 9.

Suchman, E. A., (1961), "A Conceptual Analysis of
the  Accident Phenomenon, Behavioral
Aproaches to Accident Research”, New York:
Association for the Aid of Crippled Shild, Vol.,
No., pp. 57-59.

75

Svedung, I. and Rasmussen, J., (2002), "Graphic
Representation of Accident Scenarios: Mapping
System Structure and the Causation of
Accidents", Safety science, Vol. 40, pp. 397-417.

Theophilus, S. C., Esenowo, V. N., Arewa, A. O.,
Ifelebuegu, A. O., Nnadi, E. O. and Mbanaso, F.
U.,, (2017), "Human Factors Analysis and
Classification System for the Qil and Gas
Industry (Hfacs-Ogi)", Reliability Engineering
& System Safety, Vol. 167, pp. 168-176.

Tvaryanas, A. P., Thompson, W. T. and Constable,
S. H., (2006), "Human Factors in Remotely
Piloted Aircraft Operations: Hfacs Analysis of
221 Mishaps over 10 Years", Aviation, Space,
and Environmental Medicine, Vol. 77, No. 7, pp.
724-732.

Underwood, P. and Waterson, P., (2014), "Systems
Thinking, the Swiss Cheese Model and Accident
Analysis: A Comparative Systemic Analysis of
the Grayrigg Train Derailment Using the Atsb,
Accimap and Stamp Models", Accident Analysis
& Prevention, Vol. 68, pp. 75-94.

von Thaden, T. L., Wiegmann, D. A. and Shappell,
S. A, (2006), "Organizational Factors in
Commercial ~ Aviation  Accidents”,  The
international journal of aviation psychology,
Vol. 16, No. 3, pp. 239-261.

Wallace, B. and Ross, A., (2006), Beyond Human
Error: Taxonomies and Safety Science, CRC
Press, 120 pp.

Wang, W., Liu, X., Qin, Y., Huang, J. and Liu, Y.,
(2018), "Assessing Contributory Factors in
Potential Systemic Accidents Using Accimap
and Integrated Fuzzy Ism - Micmac Approach”,
International journal of industrial ergonomics,
Vol. 68, pp. 311-326.

Wickens, C. D. and Flach, J. M., (1988),
"Information Processing”, In Chap. of Human
Factors in Aviation, Elsevier, pp. 111-155.

Wiegmann, D. and Shappell, S., (2003), A Human
Error Approach to Aviation Accident Analysis:
The Human Factor Analysis and Classification
System, Ashgate Publishing Ltd., 165 pp.

Woods, D. D., Dekker, S., Cook, R., Johannesen, L.
and Sarter, N., (2010), Behind Human Error, ,
CRC Press, 298 pp.

Zhang, Y., Jing, L. and Sun, C., (2018), "Systems-
Based Analysis of China-Tianjin Port Fire and
Explosion: A Comparison of Hfacs, Accimap,
and Stamp", Journal of failure analysis and
prevention, Vol. 18, No. 6, pp. 1386-1400.

Authors
Theophilus Joe-Asare is a Teaching and
) Research Assistant and PhD candidate at
. '" the University of Mine and Technology

¥

A (UMaT), Tarkwa, Ghana. He holds a BSc

. in Environmental and Safety Engineering

from (UMaT), Tarkwa, Ghana. He is a
member of Ghana Institute of Safety and
Environmental Professionals, Red Cross

@E® Vol. 20, No.2, Dec., 2020



Society and Society of Petroleum Engineers His research interest
is in the areas of Fire Risk Assessment, Occupational Hygiene,
Accident Investigation and Control and Environmental Sampling
and Monitoring.

Newton Amegbey is a Professor of
Mining Engineering at University of
Mines and Technology (UMaT), Tarkwa,
Ghana. He holds a Dr-Ing from Technical
University of Berlin, West Germany. He
is a member of Mine Ventilation Society
for South Africa, German Society of
Mining and Metallurgy and Society for
Mining, Metallurgy and Exploration,
USA. His research areas are Mine Ventilation and Safety
Engineering/Human  Factors, Mining Regulations, and
Environmental Management.

Eric Stemn is a lecturer in the
Environmental and Safety Engineering
Department of the University of Mines
and Technology (UMaT), Tarkwa, Ghana.
Eric holds a PhD in Occupational Health

and Safety from the University of

Queensland (UQ), Brisbane, Australia, an

MSc in Environmental Science from the
Kwame Nkrumah University of Science and Technology
(KNUST), Kumasi, Ghana, and a BSc in Geomatic Engineering
from the University of Mines and Technology (UMaT), Tarkwa,
Ghana. Eric’s research interests include Intelligent Risk
Management, Occupational Health and Safety Management and
using Remote Sensing and Geographic Information System for
Environmental Management and Modelling.

76

@E® Vol. 20, No.2, Dec., 2020



