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Abstract

This study proposed a safety supervision tool to HRA-based monitoring of ship maintenance operations via a digital plat-
form. It is conceptualized to assist safety supervisors in the best proactive measures along with maintenance works onboard
ships. The tool refers the marine maintenance and operations human reliability analysis (MMOHRA) concept. Moreover,
it facilitates the timely and consistently practice of MMOHRA. Indeed, it accurately identifies critical tasks and associate
recovery acts. Fundamentally, a rule-based mechanism supported with relation matrix response to general task type selection,
EPCs’ assignment, and human error probability (HEP) calculation, respectively. Then, the system automatically calculates,
visualizes and manages HEP values of operation steps. Consequently, this study digitalizes maritime HRA investigations
particular to maintenance operations. The proposed tool, compliance with the relevant sections of updated inspection regimes
such as SIRE 2.0 and DryBms, has very high utility to effectively control human element onboard. This study also enables

a further research potential to conduct an extended human reliability database in ship fleet level.
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Abbreviations
APOA Assessed proportion of affect

ASEP Accident Sequence Evaluation Program

ATHENA A Technique for Human Error Analysis

CARA Controller Action Reliability Assessment

CREAM Cognitive Reliability and Error Analysis
Method

EPC Error producing condition

GEP Generic error probability

GTT Generic task type

HCR Human cognition reliability

HEART Human error assessment and reduction
technique

HEP Human error probability

HRA Human reliability analysis

MMOHRA : Marine maintenance and operations human
reliability analysis

NARA Nuclear Action Reliability Assessment
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PSF Performance shaping factors

RARA Railway Action Reliability Assessment

SLIM Success Likelihood Index Method

SOHRA Shipboard operations human reliability
analysis

SPAR-H : Standardised Plant Analysis Risk—Human
Reliability Analysis Method

THERP Technique for human error rate prediction

1 Introduction

Since human error is the dominant factor which causes acci-
dents in many industrial facilities, researchers have been
conducting human reliability analysis (HRA) studies with
various applications [12, 33]. By means of HRA, safety
issues related to the human error had been detected and
removed prior to operations within the bounds of possibility.

In the literature, several HRA methods can be utilized in
proportion to the operational characteristics. Some methods
take human beings as another mechanical components of a
system [6]. Therefore, they mostly focus on the difficulties of
tasks as well as performance shaping factors (PSF) to obtain
the human error probability (HEP). To exemplify, according
to Technique for Human Error Rate Prediction (THERP), the
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factors that affect the human reliability are mainly sourced
by PSF [26]. In parallel, Accident Sequence Evaluation Pro-
gram (ASEP) focuses on safety issues as a simple version of
THERP to carry out post-accident analysis [27]. Similarly,
Human Cognition Reliability (HCR) also utilizes PSF to
find HEP values. [24]. Correspondingly, Success Likelihood
Index Method (SLIM) utilizes expert judgments to analyse
human reliability. Here, the experts consider the probable
effects of PSF when making judgment [7].

Even so, HRA literature produce other methods to con-
duct more accurate analysis. For this reason, cognitive
approaches have been proposed due to unveil causes of
errors from behavioural perspective. One of the most uti-
lised approaches among them is Cognitive Reliability and
Error Analysis Method (CREAM) [11]. This technique
takes advantage of cognitive aspects such as perception,
interpretation, planning and action to calculate error prob-
ability. Therefore, CREAM can be considered as one of the
most proper approaches, where cognitive situation of human
actors is critical. Accordingly, A Technique for Human
Error Analysis (ATHENA) method proposes a comprehen-
sive framework to analyse human behaviour [5]. It utilizes
combinations of operational conditions as well as cognitive
factors to explore if a task would be completed with suc-
cess or failure. Correlatively, the Standardised Plant Analy-
sis Risk—-Human Reliability Analysis Method (SPAR-H)
strongly dependent on cognitional and behavioural aspects
in combination with critical skills of human beings, namely,
perception skills, short- and long-term memory, working
memory, thinking strategy, decision-making skills of human
operators [8].

However, the HRA studies kept developing for carrying
out more effective researches via focusing on more specific
problems. These problems can change significantly in ref-
erence to the type of industrial fields [15]. For this reason,
to boost effectiveness,some safety critical industrial fields
have generated their own HRA methods based on conven-
tional human error assessment and reduction technique
(HEART) method. Since then, domain-specific techniques
have become more widespread in safety critical sectors [13].

The conventional HEART proposes EPCs and GTTs
to quantify performance shaping factors as well as char-
acteristics of tasks to conduct human error probability
(HEP) calculations. There are 38 different EPCs as deter-
mined by Williams [30] in HEART method. Adoption of
this method to a specific domain has been executed by
modifying EPC values in accordance with the industrial
circumstances and requirements of the target domain. For
instance, Nuclear Action Reliability Assessment (NARA)
for nuclear industry [16], Controller Action Reliability
Assessment (CARA) for aviation [17], Railway action
reliability assessment (RARA) for railway transportation
[9], Shipboard Operation Human Reliability Analysis
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(SOHRA) for ship operations [2] and Marine Maintenance
and Operations Human Reliability Analysis (MMOHRA)
have been generated for various marine engineering opera-
tions [14]. All of these methods have been utilized suc-
cessfully through numerous case studies to detect safety
issues as well as identifying most proper countermeasures.
The newest one among them is MMOHRA.

MMOHRA approach was developed empirically to
identify HEP values of human error in marine engineer-
ing operations. This method mainly focuses on the mainte-
nance and operational tasks which are related to machinery
and equipment of ship propulsion systems. These tasks
may belong to engineering officers who are responsible for
many technical operations in a ship engine room, or belong
to supervisors and safety practitioners who perform in off-
shore services or similar responsibilities. This method has
proven itself as a successful domain specific HRA through
several case studies [14]. Nevertheless, the implementa-
tion process of MMOHRA is open for some improvements
as similar with other HEART-based approaches. Previous
case studies have shown that this type of methods should
be applied in more practical way. This necessity mainly
comes from the time constraints of operations and com-
plexity of HRA application process. Moreover, it should
be noted that there are some new challenges as compat-
ibility with digital devices and keeping social distance of
human beings due to some coronavirus types. Hence, HRA
techniques can be enhanced with software tools and sup-
portive systems which may have the features described
below:

Allowing easy and practical application
Minimizing time consumption

Operability in digital environment

Providing remote analysis option when needed

According to previous studies [3, 12—14],researchers,
marine engineers, supervisors and other safety practitioners
had spent minimum of 317 min to complete each case study
with SOHRA and MMOHRA, while the highest record was
608 min, which belongs to a diesel generator overhaul opera-
tion. In marine engineering ecosystem, where the time is so
significant, there could be unwillingness toward safety appli-
cations due to overloaded schedules. Therefore, time saving,
simpler, digitalized and human health friendly solutions can
contribute greatly to overcome such problems. According to
the literature, these challenges can be achieved by some tools
and modules which are integrated into the safety methods.
Safety decision tools, decision support tools, expert systems
or simply support tools have been proposed to enhance the
effectiveness of a relevant safety approach to provide more
effective, innovative, user friendly, time saving options.
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In the maritime, Virkki-Hatakka and Reniers [29] have
proposed a safety decision tool which helps safety man-
agers to help them take decisions on prevention measures
more efficiently. This tool requires no additional time dur-
ing the application process but increases the effectiveness
of safety countermeasures. Likewise, [19] introduced an
artificial intelligence-based expert system to support a ship
owner’s crew management system considering the shipping
safety. For ship personnel, Cebi et al. [4] proposed a deci-
sion support system for shipboard personnel which aims to
provide more practicable troubleshooting of ship auxiliary
machinery errors. Hence, they established an effective rule-
based system to response malfunction situations in a timely
manner. Similarly, Perera et al. [23] developed an onboard
decision support system to contribute in ship safety through
identifying potential consequences of the different ship han-
dling scenarios. This decision support helps safety practi-
tioners in terms of time management and easy application.
In search and rescue operations, [20] established a decision
support tool using a set of threat factors and a four-level
ship safety categorization. They have provided an effective
information sharing ecosystem for supervisors as well as
more rapid application procedure for determining safety
level of ships. Zodiatis et al. [34] suggested the “Medi-
terranean Decision Support System for Marine Safety” to
strengthen the maritime safety related to oil spill pollution in
the Mediterranean Sea. Therefore, the emergency response
activities can be more urgent, where the time is so significant
(see also: [28]. With the same purpose, Sarvari et al. [22]
designed a real-time decision support system for evacuation
planning in ferryboats [21] intended a safety decision tool to
support safety acts via assessing and visualizing the level of
hazard in terms of ship navigation through encountering the
other ships. Likewise, Zhang et al. [32] suggested a probabil-
ity assessment toward autonomous cargo ships focusing on
the human-autonomy collaboration in emergency response
process. They aimed to provide easier safety management
with their comprehensive human error focused approach.

Nevertheless, considering the safety enhancing tools in
the literature, HRA-based tools remain limited. For instance,
He et al. [10] provided a simplified CREAM prospective
quantification process to carry out more practicable HRA.
Thus, they created an easily applied and time saving module
for CREAM. These tools enable safety practitioners to man-
age their time more effectively. Correspondingly, the study
of Serwy and Rantanen [25] introduced the problem of time-
consuming process of CREAM approach thus they proposed
a software-based tool to achieve this challenge. They also
provided an easy implementation in comparison to process
of classical CREAM application. Similarly, Wu et al. [31]
have suggested a reasoning-based tool for maritime acci-
dents. Hence, they have provided more practical application
tool of CREAM for the maritime industry. As seen, the tools

that integrated into safety approaches can provide substan-
tial responses to their focused challenges. Similarly, a safety
supervision tool can overcome the challenges of HEART-
based methods. Nevertheless, the literature is poor for pro-
posing practicable, easy-implementation, digitalized and
remotely controllable application tools for HEART-based
studies. In the literature, Akyuz and Celik [1] have identified
a software-based tool for easier process of HEART. This
tool allows to calculate all processes via computer in a user-
friendly way, however, there is no significant effect on other
features such as reducing time consumption. For this reason,
this study proposes a software-based safety supervision tool
for MMOHRA (as a HEART-based method) applications in
response these matters in marine engineering domain. The
aim of this tool is to conduct rapid, easier, practical, social
distance friendly and simpler implementation of MMOHRA.
Since there is no effective tool for HEART in the literature,
the rule-bases of this tool not only operable for MMOHRA
but also enhancing EPC and GTT selection procedures of
HEART method. Thus, all HEART-based methods can be
benefitted from these rule sets. Furthermore, a flowchart is
introduced to explain how this tool is expected to provide a
decision support ecosystem through providing tan option to
conduct remote HRA for safety supervisors.

2 Methodology

Since the proposed tool is designed to provide more practical
application; the whole process should be reviewed from the
beginning to the end. For this reason, MMOHRA steps are
introduced in Sects. 2.1 and 2.2 with details. The proposed
tool is structured on MMOHRA through using rule sets for
EPC and GTTs. The details of rule set establishment are
given in Sect. 2.3.

2.1 MMOHRA method

In HEART-based HRA methods, domain-specific
approaches were proposed through modifying EPCs in
accordance with the requirements of a target field. In this
sense, the first developed approach for maritime industry
is SOHRA [2]. In SOHRA, the marine specific EPC values
were determined, while nominal human unreliability values
in the GTT remained untouched. Similarly, MMOHRA was
developed for marine engineering specific HRA calculations
via modifying EPC definitions and EPC values. In parallel
with SOHRA and other domain specific methods, nominal
human unreliability values remained as the same of the con-
ventional HEART method. Hence, the implementation pro-
cess of MMOHRA can be listed as below [14].

Step 1: Task analysis A task analysis should be performed
to specify task characteristics of operations. Therefore, each
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task can be categorized in accordance with the generic task
types (GTT) which are listed in Table 1.

Step 2: Analysing safety issues Operational conditions
should be analysed and safety issues must be clarified. Such
issues can be various conditions such as unreliable instru-
ments, narrow working environment, fatigue, unfamiliarity
of crew, and etc.

Step 3: Selection of GTT and EPC As mentioned before,
these two parameters are crucial to calculate final HEP
values. The GTT selection is carried out to detect generic
human error probability. For each task, a generic task type
is assigned. Similarly, the EPCs should be assigned with
respect to the conditions. The full list of EPCs is shown in
Table 2.

Step 4: APOA calculation The assessed proportion of
affect (APOA) calculation determines proportion effect of
each existing EPC on a specific task. It can be determined
with a multi criteria group decision methods such as analyti-
cal hierarchy process (AHP) to reveal the weights of nomi-
nated EPCs. If each EPC has equal affect in accordance to
the safety experts; then APOAs of EPCs should be the same
for a specific task.

Step 5: HEP calculation HEP value should be calculated
for each task. To conduct, Eq. 1 is used. In the equation,
EPC; is the ith (i=1, 2, 3, ... n; n<38) EPC and APOA
(0<pi<1)is ith the assessed proportion of ith EPCs:

HEP = GEPx { [ [(EPC, - 1)APOA, +1] &. (1)

i

In some cases, safety practitioners can also obtain the
overall HEP value for whole operation, or for multiple
tasks. In such circumstances, logic relation and dependen-
cies between tasks should also be determined to calculate
an overall HEP value. For instance, if failure of one task

Table 1 GTTs and their values [14]

leading to failure of multiple tasks and these tasks are highly
dependent to one another; the highest HEP of all tasks can
be obtained as overall HEP. In different situations, the for-
mula of this calculation may change. However, the proposed
tool of this paper calculates HEP values for each task. Since
there are no combining HEP values, there is no need to carry
out a further process. More information on logic relation
and dependencies can be found in He et al.’s [10] research.

2.2 Procedure

The application of the MMOHRA depends on the data
obtained from marine experts. Marine experts often follow
the procedure which is listed below for a specific operation:

e Pre-meeting: a pre-meeting is conducted to give informa-
tion to the experts in terms of the methods about to be
implemented, what should they do and how to make it
right.

e Determining hierarchical task process: the operation
about to begin should be determined step by step hierar-
chically. Each task step should be clarified.

e Observing the conditions: which of the EPCs do exist
among 38 EPCs of the MMOHRA should be observed
and noted.

e Reviewing the conditions: each expert’s EPCs should
share with the others to establish a mutual agreement.

e Determining GTTs: a GTT for each task should be
assigned in accordance to the task description. There are
9 GTTs in HEART-based methods.

e Determining EPCs: tasks are not affected from exist-
ing EPCs in the same way. Some EPCs may not affect
some tasks. At this point, experts should assign EPCs
for each task in a mutual agreement.

Generic task type Nominal
human unreli-
ability

A Totally unfamiliar; performed at speed with no real idea of likely consequences 0.55

B Shift or restore system to a new or original state on a single attempt without supervision or procedures 0.26

C Complex task requiring high level of comprehension and skill 0.16

D Fairly simple task performed rapidly or given scant attention 0.09

E Routine, highly practiced, rapid task involving relatively low level of skill 0.02

F Restore or shift a system to original or new state following procedures with some checking 0.003

G Completely familiar, well-designed, highly practiced, routine task occurring several times per day, performed to  0.0004

highest possible standards by highly motivated, highly trained, and experienced personnel, with time to correct
potential error, but without the benefit of significant job aid

H Respond correctly to system command even when there is an augment or automated supervisory system provid-  0.00002

ing accurate interpretation of system state

M Miscellaneous task for which no description can be found 0.03
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Table2 EPCs of MMOHRA [14]

Code EPCs EPC values
EPC1 Unfamiliarity 17.00
EPC2 Time Shortage 14.03
EPC3 Low signal noise ratio 3.66
EPC4 Inadequate instructions 5.78
EPC5 Unreliable instructions 10.47
EPC6 Poor SER design 1.13
EPC7 Task irreversibility 4.63
EPC8 Information overload 1.58
EPC9 Opposing philosophy required 4.06
EPC10  Knowledge transfer required 4.08
EPC11  Ambiguity in performance standard 1.37
EPC12  Misperception of risk 4.00
EPC13  Poor recording 14.53
EPC14  Poor system feedback 1.96
EPC15 New or inexperienced operator 8.17
EPC16  Poor information transfer between the crew 1.50
EPC17 Inadequate inspection 5.80
EPC18 Long and short-term objectives conflict 2.60
EPC19 Insufficient data variety 1.63
EPC20  Educational mismatch 2.59
EPC21  Dangerous procedures 6.91
EPC22  Lack of body and mind exercise 1.06
EPC23  Inadequate tools and spare parts 2.07
EPC24  Absolute judgment required 3.64
EPC25  Poor responsibility distribution 2.08
EPC26  No progress monitoring 3.26
EPC27  Physical capabilities exceeded 2.68
EPC28  Lack of given importance 2.83
EPC29  Emotional stress 2.84
EPC30 Ill-health 1.47
EPC31  Low workforce morale 2.04
EPC32 Inconsistent drawings and procedures 1.24
EPC33  Poor environment 1.65
EPC34  Low mental workload 1.90
EPC35  Irregular work—sleep cycle 1.43
EPC36 Intervention of task progress 1.02
EPC37  Abnormal number of operators 1.48
EPC38  Improper age for perceptual tasks 1.86

e Calculating HEP values: since the two crucial param-
eters of GTTs and EPCs are assigned; the HEP values
should be calculated for each task. In this step, APOAs
can also be specified.

e Recovery actions: when the HEP values are found, the
tasks with high probabilities should be noted and the
most proper recovery actions should be identified.

All these phases can take plenty of time and experts may
make some mistakes during the process. In some cases,
there can be more than 50 tasks to complete an operation
in marine engineering. Thus, more practical, supportive,
user friendly safety supervision tool is required to boost the
effectiveness of such safety focused actions while reducing
the required time.

2.3 Establishing rule bases

Rule bases are established for selecting GTTs and EPCs for
each task group. To accomplish this aim, a consensus should
be agreed amongst marine experts. In the case of the cur-
rent research this consisted of 3 researchers and 2 engineers
who review and discuss all processes. Two of the research-
ers have the title of professorship as they have studied on
HRA more than 13 years with numerous published studies.
Another researcher works as research assistant with more
than 8 years of HRA experience. One of the engineers is
second officer who have the experience of 5 years in ship
engine room operations as well as involved in HRA case
studies. Finally, the other engineer works as a safety supervi-
sor offshore for more than 10 years in addition to his marine
engineering career on-board.

2.3.1 Rule base for GTT selection

GTT selection is a complex task for the supervisors who are
responsible to take safety precautions prior to a ship engine
room operation. The complexity of this process is arisen
from the task categorization process due to long descrip-
tions of GTT categories, which are not prepared for specific
domains in HEART-based methods. For each operational
task, GTTs and definitions were examined by responsible
experts over again, so this process becomes an exhaustive
and time-consuming action. For this reason, this process
should be transformed into more practical way.

Considering the descriptions of GTTs (see Table 1), there
are four important aspects come into prominence: (1) task
complexity, (2) task pace, (3) unfamiliarity, (4) operational
support and aid.

These aspects make it is possible to establish a matrix
which can be compatible for the rule base of GTT selection.
To accomplish this aim, a consensus of marine experts con-
sisting of a marine director, 3 researchers and 2 engineers are
involved. Thus, in light of the GTT descriptions and these
four aspects, a matrix is established, as shown in Fig. 1. This
matrix enables to create an if-then rule structure to execute
practical GTT selection process. As a result, the rule base
can be generated, as listed in Table 3.

According to this rule set, responsible experts can
carry out GTT selection process via a simple procedure by
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Complex Task
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Operation

Simple Task
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Complex Task | Simple Task &
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Unfamiliar
& No Support

Unfamiliar
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Support

Familiar
& No Support

Familiar

& With F

Support

Fig.1 GTT selection matrix

questioning a task’s nature in terms of four different aspects.
They can assign GTTs with specifying the existing aspects
of corresponding task. This can also be utilized by other
HEART-based methods” GTT selection process.

2.3.2 Rule base for EPC selection

Since there are 38 different EPCs in MMOHRA, EPC selec-
tion phase can be considered as more complex work in com-
parison with the GTT selection. Safety practitioners should
examine all EPCs for each task over again. Hence, likewise
the GTT selection process; it takes a long time to determine
EPCs in a certain time period. Instead of carrying out such

exhaustive process, safety practitioners should only deter-
mine what EPCs do exist prior to the operation, for once. In
this way, a safety supervision tool can match all EPCs with
the proper tasks automatically. To provide this, tasks can be
classified into groups. According to the previous case stud-
ies (see: [3, 12—14] and expert judgments marine engineer-
ing task groups can be determined as: lifting coverings or
blocks, equipment disassembly, equipment transfer, equip-
ment alignment, measurement, cleaning, inspection, repair
and replacement, equipment re-assembly, test and control.

A comprehensive operation may contain all of these task
groups; however, simple operations may only have a cou-
ple of them. Therefore, the supervisors should specify the
overall conditions (EPCs) and should select the task groups
at the beginning of an operation. According to the tasks,
the EPCs which can affect the operational safety can be
automatically determined in accordance with the matrix in
Table 5 in the Apprentices section. Likewise, the GTT selec-
tion matrix, this matrix is established by the consensus of the
same experts. In this way, EPCs can be assigned instantly
and dynamically.

3 Safety supervision tool

The safety supervision tool is designed to process practical
HEP calculations using the if—then rule base of GTT selec-
tion process and EPC selection matrix.

Therefore, it can provide rapid information about criti-
cal tasks of the operation in terms of their risk level. In this
sense, a software code which is written through “Python 3”
language is structured. Besides, “SQLite” database is also

Table 3 If-then rules for GTT

Rule no.

If~Then structure

Rule 1
Rule 2
Rule 3
Rule 4
Rule 5
Rule 6
Rule 7
Rule 8
Rule 9
Rule 10
Rule 11
Rule 12
Rule 13
Rule 14
Rule 15
Rule 16

If Unfamiliarity is YES AND Complexity is YES AND Rapidity is YES AND No Support YES Then A
If Unfamiliarity is YES AND Complexity is YES AND Rapidity is YES AND No Support NO Then A
If Unfamiliarity is NO AND Complexity is YES AND Rapidity is YES AND No Support YES Then B
If Unfamiliarity is YES AND Complexity is NO AND Rapidity is YES AND No Support YES Then B
If Unfamiliarity is YES AND Complexity is YES AND Rapidity is NO AND No Support YES Then B
If Unfamiliarity is YES AND Complexity is YES AND Rapidity is NO AND No Support NO Then C
If Unfamiliarity is NO AND Complexity is YES AND Rapidity is NO AND No Support YES Then C
If Unfamiliarity is YES AND Complexity is NO AND Rapidity is YES AND No Support NO Then D
If Unfamiliarity is NO AND Complexity is NO AND Rapidity is YES AND No Support YES Then D
If Unfamiliarity is YES AND Complexity is NO AND Rapidity is NO AND No Support YES Then E
If Unfamiliarity is YES AND Complexity is NO AND Rapidity is NO AND No Support NO Then E
If Unfamiliarity is NO AND Complexity is YES AND Rapidity is YES AND No Support NO Then F
If Unfamiliarity is NO AND Complexity is YES AND Rapidity is NO AND No Support NO Then F
If Unfamiliarity is NO AND Complexity is NO AND Rapidity is YES AND No Support NO Then G
If Unfamiliarity is NO AND Complexity is NO AND Rapidity is NO AND No Support YES Then G
If Unfamiliarity is NO AND Complexity is NO AND Rapidity is NO AND No Support NO Then H
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used to embed EPCs and GEPs with their values according
to MMOHRA approach. Eventually, the framework of safety
supervision tool system is illustrated in Fig. 2.

The tool is prepared to calculate HEP values through
MMOHRA in a user friendly and practical way. The open-
ing menu is shown in Fig. 3. As shown in the figure, the
process has 7 main functionalities as; adding and removing
GTTs or EPCs, monitoring existing GTTs and EPCs as well
as calculating them. The calculation process can be initi-
ated after all operational conditions are determined. The task
groups and their GTT assignment process can be carried out,
as shown in Fig. 4. At first, a user must enter at least one task
group type for a given operation. In the figure, user selects
“Task group 2” (which is the code of “disassembly of an
equipment”). Afterward, system asks four different aspects
of GTT if they exist or not, for each task group.

EPCs can be selected with simply adding them one by
one prior to the operation. The system simply asks a reply
for the code of EPC to memorize it. After determining
the GTTs and EPCs, then the calculation process can be
conducted with “calculate (7)” function. Therefore, safety
supervision tool automatically calculates the HEP values
for each defined task types as indicated in Fig. 5. Accord-
ing to the results, further analysis can be conducted.

After determining the GTTs and EPCs, then the cal-
culation process can be conducted by entering “7” at the
opening menu. Therefore, the tool automatically calculates
the HEP values for each defined task types.

Fig.2 Flowchart of safety
supervision tool

Welcome to MMOHRA Practical Calculation Tool

[1] Enter GTTs

[2] Enter EPCs

[3] View Existing GTTs
[4] View Existing EPCs
[S] Remove GTT

[€] Remove EPC

[7] Calculate

[Q] Exit

GTT: General Task Type

EPC: Error Producing Condition

Fig.3 Opening menu of the programme

4 Proposed approach

The proposed approach with the safety supervision tool
can be executed with the framework, as shown in Fig. 6. In
this figure, turquoise coloured boxes must be done via the
tool. Descriptions of this framework are expressed below
step by step:

e Step I: Hierarchical task analysis At the beginning,
it is required to carry out an operation plan to specify

Observation

Select Task Groups

/’/ (et i \\
g Decision
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Fig.4 GTT selection for a task

group
Task No: =2

Does Unfamilliarity exist for this task? Y or N: n

Is the task is complex? Y or N: y

The task must be performed rapidly? Y or N: v

Information support for this task doesn't exist? Y or N: =

Selected Task added

Your Choice:

For Task 1 HEP= No Probability
For Task 2 HEP= Very High!!!
For Task 3 HEP= No Probability
For Task 4 HEP= No Probability
For Task 5 HEP= No Probability
For Task € HEP= No Probability
For Task 7 HEP= Very Low

For Task 8 HEP= Very High!!!
For Task 9 HEP= Low

For Task 10 HEP= Medium

Fig.5 Calculation results section

hierarchical tasks clearly. In general, the operation plan
already exists for majority of the operations.

e Step 2: Specifying task groups Tasks should be cat-
egorized into the task groups in accordance to their
descriptions. There are 10 task groups determined in
safety supervision tool (see Table 5).

e Step 3: GTT selection GTTs of each task group should
be identified via safety supervision tool.

e Step 4: EPC selection Operational conditions should
be analysed and clarified corresponding with 38 EPCs.
The most appropriate EPCs should be determined.
These EPCs should be chosen from the list of 38 pos-
sible EPCs as they can be various such as unreliable
instruments, narrow working environment, fatigue,
unfamiliarity of crew, and etc. (see Table 2).

e Step 5: HEP results HEP results can be identified for
each task group by simply using the “calculate” function
of the safety supervision tool. If the probability levels
are low, operation may continue as it can be considered
as safe operational conditions. Nevertheless, it is highly
recommended that further analysis should be conducted
when there are high HEP values for related task groups.

@ Springer

e Step 6: Further analysis If HEP value of a task group is
assessed as high, all tasks in that group should be exam-
ined as it is executed in the classical approach, one by
one. Therefore, safety practitioners can focus only to the
critical tasks while ignoring the low HEP valued task
groups.

e Step 7: Take recovery actions Recovery actions should be
taken in response to the existing EPCs of critical tasks.
Some actions can remove more than one EPC; so, this
part of the process should be carried out carefully. After
successfully removing some EPCs, safety supervision
tool should calculate HEP levels once again in regard to
the new situation. The process can be repeated until all
task groups have low HEP levels.

5 Discussion

The main objectives of the introduced tool are to minimize
the time consumption of implementation process as well
as to provide simpler solution to conduct easy, distant and
smooth application of MMOHRA. Hence, it can also be use-
ful for a working environment which are under threat of dan-
gerous virus types such as COVID-19. The tool is designed
as compatible for dynamic analysis in case of changes in
operation planning or existing conditions which are related
to human error. Moreover, it can be updated with the latest
data of key parameters when further studies will have found
new EPC and GTT values. Furthermore, it can be modi-
fied into any domain specific HEART-based methods. The
generic framework of the process can be utilized in such
opportunities.

In the classical implementation, time consumption lev-
els of an average level marine engineering operation may
take more than 7 h. However, it may reduce to less than
3 h via safety supervision tool. These values reflect the
average time consumption of past studies (See: [3, 12-14].
Moreover, all experts who are introduced under Sect. 2.3
were involved in past studies and they also agreed of time
consumption results. Moreover, they have participated in
both types of classical and rule-based approaches. For each
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Fig.6 Framework of the pro-
posed approach

Select a Marine Engineering Operation

Identify EPCs

case study, pre-meeting, hierarchical task analysis, observ-
ing the operational conditions and reviewing the conditions
via meeting were completed. However, the next actions dif-
fer through the type of approach; as they mainly consist of
determining GTTs, EPCs and HEP values. For this reason,
the initial time consumptions are the same for both appli-
cations. At first, classical approach was done in accord-
ance with MMOHRA. Second, the process was done via
safety supervision tool. At this point, the operations were
not restarted but the tool was utilized with specifying task
classes to reveal this approach’s time consumption in addi-
tion to the common actions. Since the rest of the actions
are completely different, classical approach has very lit-
tle effect on the rule-based approach’s activities. Eventu-
ally, the approximate timelines of the two approaches are
revealed, as shown in Table 4. As shown in the table, first
four actions are exactly the same, while rest of them dif-
fers greatly.

Despite the approximate values in Table 4, it is very
likely that an HRA can be planned to conduct by safety
practitioners who have already experienced about the
method as well as the whole process of a specific opera-
tion. In case of such circumstances; the required time for

Input all EPCs to the Tool

Conduct Further Analysis

Conduct Hierarchical Task Analysis

Specify Task Groups

Identify GTTs via the Tool

Calculate

All HEP levels
are low?

Continue to Operation

Take Recovery Actions

MMOHRA application could reduce to 90-100 min, as the
first two steps would likely to reduce largely.

The advantage of the tool is not only reducing the time
consumption but also providing simpler solution which is
important for safety practitioners. In this way, they can apply
MMOHRA easily and smoothly. As a result, the method
can be applied more frequently for any operation. Since the
proposed framework is compatible for all HEART-based
methods, it is expected that use of such applications become
more widespread in industrial organizations as they can
benefit from them more effectively.

6 Conclusion

In the HRA literature, The HEART-based domain specific
methods have been utilized more commonly in various case
studies. These methods can be very effective when they are
implemented meticulously. However, the implementation
phase can be very exhaustive, complicated and difficult for
safety managers due to its labour-intensive procedure. For
this reason, this study proposes a safety supervision tool for
MMOHRA, as a HEART-based marine engineering specific
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Table 4 Comparison of the time consumptions

Actions Required time in

classical approach

Pre-meeting 30
Hierarchical task analysis 55
Observing the operating conditions 35
Reviewing the conditions via meeting 20
Determining GTTs for each task 95
Determining EPCs for each task 145
Calculating final HEP values 45
Total 425 min
Actions Required time
in rule-based
approach
Pre-meeting 30
Determining hierarchical task process 55
Observing the operating conditions 35
Reviewing the conditions via meeting 20
Specifying task classes 15
Determining GTTs for task classes 5
Determining EPCs 5
Calculating final HEP values 1
Total 166 min

HRA method. The tool is established upon the rule base of
the most complicated processes of GTT assignment, EPC
selection and HEP calculation. Therefore, it can provide a

these methods. Moreover, marine engineering tasks are
classified into “task groups” to allow simpler application.
In this way, a matrix is created for matching task groups
and 38 EPCs. Hence, EPCs are corresponded with the task
groups and automatic assignment of them is provided. In
addition to these, HEP calculations can be performed by
the safety supervision tool through a simple “calculate”
function. Considering these advancements, whole process
can save significant amount of time in comparison with
classical approach. Besides, complexity of whole imple-
mentation process is also reduced greatly for safety prac-
titioners. The proposed tool has very high utility to effec-
tively control human element onboard which is following
the relevant sections of updated inspection regimes such
as SIRE 2.0 and DryBms. Furthermore, safety supervision
tool allows an advantageous HRA procedure for working
environments under the threat of contagious virus types,
i.e., COVID-19.

Apart from these aspects, input data of a user can be
updated during the middle of any operation when it is
required. It is compatible with dynamic analysis with sim-
ple functions such as adding or removing EPCs or GTTs. In
addition, the tool itself can be updated with the latest values
of EPCs or GTTs in case of there will be new results from
a future research. Moreover, the framework or the rule base
of this study can be utilized for future HEART-based studies
with specific modifications.

. I . Appendix
practical application environment.
The rule base for GTT selection is established for not See Table 5
ee Table 3.
only MMOHRA, but also all HEART-based HRA methods.
The selection of GTT has been an important challenge for
Table 5 Relation matrix for EPC and HFACS
1 |2 |3 |4 (5|6 |7 8 [9 [10|11]12|13 |14 |15 16|17 |18 |19 |20 |21 |22 |23 |24 25|26 |27 2829 |30 |31 |32 |33 |34 |35 36 |37 38
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Lifting of Coverings & Blocks X X X X
Di: bly of the Equi X | X X X X
Equipment Transfer X X X X X X X
Equipment Allignment X X X X X X
Measurement X X| X X X X | X X| X X| X X
Equipment cleaning X| X X X| X X X
Inspection X| X X X | X X X X| X X X
Repair & Replacement X | X X X X X X X X X
Assembly of the Equipment X X | X X X X
Test & Control X[ x X X | x X[ x|x X X | x X X x| x X
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