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ABSTRACT

Although, the maritime modernization and shippieghnological improvement, maritime accidents stdtur
and according to European Maritime Safety Agency3&Wreport 2015, accidents moderately increasechdutie last
four years. Therefore, great efforts exerting tprove the ship construction and whole system riitigbOver decades,
diversity of researches and reports proposed thiaian errors are the major reason contributing tatime casualties.
This promote a great concern to the research aptirament of innovative safety assessment regardiesavailability

of human failure statistics in the maritime domainkich is scarce.

Human reliability assessment HRA tools/ methodsjctviproven valuable tools since they used in nuclea
industry and aviation, involves the use of qualitatand quantitative methods to assess the humamnilmation to risks in
maritime safety “critical” domains, typically likeuclear industry and aviation, and they aimed toimize the probability
of accidental events. The paper reveals the cdigrapf human element in marine accident, and resiaidely used
HRA tools of first and second generations, whichedgped by human reliability experts and by camgyout a comparison
based on elastic criteria, it reveals a visiondssessors to extricate the proper tool for a taskssment. In addition, to

describes why HRA second-generation tool “CREAMAajpropriate for maritime domains.
KEYWORDS: HRA — CREAM — THERP - Common Performance Conditions

INTRODUCTION

The international tendency of ship fatalities isiidecline, the maritime transport system is foues riskier than
air transport causing 33% deaths per 100 milliorsq@e Over the last four decades, the shippingstmginas concentrated
on developing ship structure and the reliabilitysbip systems in order to decrease the rate ofattéesiand increase
proficiency and productivity. In addition to the pnovements in hull design, propulsion systems ktaband navigational
equipment, until ship’s systems turn out to be medbgically advanced and highly reliable, the niarét casualty rate is
still high with all these enhancements because sthigture and system reliability are a relativatyall part of the safety

equation. The spine of maritime system or any degdion is a human system.

As far as human operation carried on in a compfesrenment, errors will occurs, and its possibilibcreased
particularly under the Maritime critical situatiorn3espite the high qualifications of seafarers rdays, human errors,
“human failure”, still powerfully contributed in saalty situations. About 75-96% of marine casusltaused, at least in
part, by some sort of human errors. The contrilutibhuman errors, which are Part of the totaufailin major maritime

accidents, was observed as following:
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*  84-88% of tanker accidents.

e 79% of towing vessel groundings.
* 89-96% of collisions.

* 75% of fires and explosions.

Such mishaps include capsizing, collision, and, fired often result in pollution. Enough concern barerated
that scientists around the world have developedsthdy of the human factor and presumption of huewaars into an
independent scientific discipline, and making geeadtrides towards reducing the number and sevefitynaritime
casualties. Moreover, emphasis on assessing tmiicamt forms of human errors that cause caswslite maritime
domains especially during the critical maritime @ti®ns.

Over the period, 2011-2014, more than 390 perswststheir lives and 350 were injured; around two thirds of
the total existences directly involved damages $hip, whereas one third was about mishaps to perso board. While
the majority of ships that sank were fishing vessehrgo ships represented 44% of all ships ineblizés important to
mention that 67% of accidents in the mentionedagkerelated to human erroneous activities.
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Figure 2: Relation between Accidental Events and #hMain Contributing Factors
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Figure 1 and 2 illustrates the accidental events participation factors that led to the accidemtsthe of
period.2011-2014, and Human erroneous actions latioa with shipboard operations signified by ertiee the main
accidental event with 55% of the total of 908 aeoial events assessed during the investigatiorspit@ethe increase of
the technology in maritime domains, the frequentynishaps that human factor is the main causeeasad through the
period 2011-2015. (EMSA, 2015)

Since the human factor plays corner stone as aafuadtal concern of safety and total safety starsddmadman
reliability assessment HRA, is the way to recogsibew reliable the operator to achieve a givenoaftisk without
failure, and estimate the probability of human esréor a certain task or operation. Applying the AdRonceders
sophisticated tools to minimize the human erromiqadarly for maritime high-risk operation that@ves causalities and

loss of lives.
Human Reliability Assessment- HRA

Humans are contribute in all life stages of moshigcal systems, from design through constructaperation,
management, maintenance, and system upgrade. Hlrae@s tendency to make mistakes and it is repigegaid “to err
is human”. Human error is a foremost provider ® ttisks and reliability of systems, as over 90%him nuclear industry
over 80% in the chemical and petro-chemical indestrover 75% of marine casualties and over 70%awidtion

accidents; so that human requires a suitable resfomitigate such failures . (French et al, 2009)

e Human error: An out-of-tolerance action, or deviation from tmerm, where the limits of acceptable

performance defined by the system.

* Human reliability: The probability that a person:

» Correctly performs some system-required activitg irequired time period (if time is a limiting fac}

* Performs no extraneous activity that can degraéesyktem.(Rausand, 2013)

e Human error Probability HEP

“Is the probability that an action will be perfortheut of tolerance during observation period”. (awa et al, 2014)
The human error can be quantifies as

 HEP=n/N

* nis the number of incorrectly managed tasks,

* Nis the total number of managed tasks.

* On the other hand, the probability for an actiorp#sform successfully during an observation isechllHuman

Success Probability”
e HSP, (HSP = 1HEP).
The Attributes of HRA tools

A human reliability assessment HRA originally titl§robabilistic risk assessments PRAs”, becaudeals with
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human errors assessment and prediction. Thesedewtdoped to meet the requirements of probalilissk assessment
(PRA). It is a methodical identification and valioat of the human potential errors, which made, Iperators,
maintenance personnel, and other operating personogganization during operations, to perform aagk on the failure

probabilities of successive tasks.

Moreover, HRA tools designed to support the assessrand minimization of risks associated with human
failures. HRA may be qualitative or quantitativieaims to decrease the harmful and negative effestdting from human
errors and failures through the operations perfomaaaffecting the safety of lives. In addition, HRAse to recognize

phases or activities in a process that targetech@tifications that could reduce the probabilityhaiman error.

Furthermore, the importance of HRA in maritime @tiens appears when predicting human errors likelihof
high-risk shipboard, critical, operations and niaré critical operation as a general applicationrider to reduce accidents

circumstances as it is working through over all hurperformance in operation activities. (Kirwan97p

The number of HRA tools approaches are exceeded@thigques nowadays, but the widely uses tools abéut
tools/ techniques, those tools are defers in a eumbkey aspects, in general HRA tools estimagepttobability of human
error for a certain tasks or operation consideting influence of Performance Shaping Factor PSHReMformance

Shaping Factors PSFs are the factors that can éfifflcences) the ability of the person to carnt a task.

External PSFs are out of the individual’'s contnats as (design of the task, tools and equipmenir@mmental

factors, and procedures)

Internal PSFs are human characteristics carrigtigdask by the person that, in some cases, irdeciby the
person such as (skills, knowledge, abilities, adt#s). When PSFs are recognized, their impact erptitential human

error is determined so that the basic human eateracan be adjusted per the explicit circumstandesSA, 2006)
The HRA Basic Process

The general process of HRA is concise in phasegi(€i3):
Problem Definition

The problem definition is the first phase in theqass and it uses to determine the scope of tHgs@jancluding what

type of analysis (qualitative or quantitative).
Task Analysis

Task analysis is a methodical way to identify,, l@hd decompose each task into “steps and sub-diegis
describe the required human activities in termplofsical actions and cognitive procedures througiinge of techniques
to understand what humans are required to do ierdcdachieve a system goal. The Hierarchical PasMdysis HTA is to

expresses a job or task in terms of “aims, opanatand plans”. The task analysis begins after etifumal analysis ended
Error Identification

Human error identification is the significant phadeHRA process as the aim of HRA is to estimate fibtential
contributions to hazardous events. The analysig rdestify and the dissimilar types of human errtirat can affect the

operation. Human actions and interactions withBystem categorizes into two main forms of funda@sn& cognitive
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reaction or a physical action, and their correlaadrs.
Representation

Representation or Human error modeling is to ga&rcgption into the reasons, susceptibilities, redeg, and
possible risk mitigation plans associated with asi operation scenarios. Each scenario startsanitimitiating Event; an
Initiating Event commonly settled and supplied he tmodel as a frequency from the sources outsielestknario. The

Human errors denotes as a contributor to an limgaEvent.

Quantification

Quantification is the process used to designatbalitities to the human errors, and it achieved asreening
analysis or as a detailed HRA. The HEPs integriatesthe PRA to afford inclusive accident-sequequantification and
allow the analysts to determine which human eaee the most substantial providers to system gdation risk. The
ways to get quantitative data are historical respmbllected data, estimation techniques, and jumege and experience.

Anyway, quantification steps depending upon thehoetbeing used.
Error Management and Reduction

Human error management and Reduction is philos@gogpts that humans will persist imperfect. Everenwh
well-trained crew will cause errors. However, thewpoint specifies that probable human errors eGaneloognized; some
errors eliminate and minimize others.

In addition to lessen the negative impact of méshose lasting. Human error management striveléeloping
a system that minimizes errors and tolerates thbae persist to provide the assurance, which thetesy will not
experience, a disastrous failure or a major actjadlspite the human errors that may arise. (Kiri294)
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Figure 3: The Process of HRA Phases

Generational Approaches and DEVELOPMENT oF Hra Took

The human errors prediction mission originally carfrem nuclear power industry, through the toold arperts
judgments techniques developed. HRA techniquegpproaches divided essentially into two categofiiest and second
generation in addition to other classification gatges of those tools that are using database tl@ogk using experts’
opinions, even the tools use database need expeitins in reality. (Kirwan, 1997)
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HRA First Generation Tools

The first generation class of HRA tools, techniquesre developed after the second world war duextensive
acceleration in military equipment and weaponsn ttie primary method of HRA was in the year 19703 8980s, they
have been strongly influenced the probabilistiegafissessment (PSA). The tools initially developedhelp the risk
assessor in predicting possibility of the humamrsirutilizing a simple error categorization, theyphasis the skill and
rule based level of human activity, and they enaged the assessor to decompose a task into conipoars, then
deliberate the potential impact of adjusting factach as time pressure, equipment design, and stvedetermines the

potential nominal human errors.(Julie, 2009)

The limitations of the first generation tools carlyoemphasis on the inherent defect, nevertheletiseadecision
of the individuals and environmental factors afiegthuman performance, but the second generatiotR# that included

advanced evaluation tools the problems were sol¢dddah et al, 2015)

J v

Tas Percepti L 5 Data s Activity

Gan

Figure 4: Human Behavior in HRA Tools of First Geneation

Table 1: Broadly Used Hra Tools of the First Genertion

Tool/Method Full Name Description Creators
A tool for predicting human error rates and for
assessing the humiliation of a human-machine
THERP Technique for Human system which caused by human errors .The | Swain & Guttman,
error Rate prediction | method exploits performance-shaping factors tdl983
make judgments about particular
situations.(swain, 1989)
Comparatively quick to apply and understood py
Human Error assessors and human factors specialists. This Wlliams 1986:
HEART Assessment and positively used in various activities, including 1988 ' '
Reduction Technique| the nuclear, chemical, aviation, rail, and
medical.(Williams, 1986, 1988, 1992)
ASEP Acc'dent Sequence A short version of THERP. (swain, 1987) swain, 1987
Evaluation Program
SPAR-H applied to over 70 U.S. nuclear POWEN ~ . tran
Standard Plant plants. SPAR-H was originally developing as a Blackma}l Marble
SPAR-H Analysis Risk HRA | screening methodology, but later the tool was Byers Ha'ney '
Method extended for occupied HEP quantification. &Smit’h 2005
(Julie, 2009) '

The first generation tools have restrictions in @nalysis of Human errors in that they are missingell-defined
systems taxonomy, an understandable model, anéserimeage of dynamic system relations. Most of thescribe each
operator action with a success or failure path. @dwver, the representation of PSFs emphases thenhpenformance is

somewhat poor, and the tools are quantitative ratfen qualitative with, high level of uncertairgtieThese deficiencies
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are fundamental reasons for the development of¢lcend generation of human reliability assessnuars.t (Myrto et al,
2006)

Technique for Human Error Rate prediction THERP

THERP is inclusive HRA tool/method, that develofsdSwain & Guttmann for assessment of human réditigbi
in nuclear power plants. It is the most compositd aomprehensive effort made to produce data ferntiethodical
assessment of human error. THERP is the most cotgrpaeectical tool for human performance reliabilitgelihood. It is
a method for predicting human error rates and $sessing the humiliation of a human-machine syditeaty caused by
human errors. It uses as a screening or a detailelysis tool. Moreover, it uses performance-stgfantors PSF to make

judgments about specific task. In some cases, ythealifficult to provide all factors that considesignificant.

THERP has the advantage of simplicity but it doetsatcount for a dependency of human performar@ability
with time. This tool/method uses in circumstancésamposite work. There are many types of humanrsrthat the
prospective event identified by this method. THERRuired an enormous human reliability databas¢aiting Human
Error Probabilities HEPs, that based upon bothesyaiata and expert judgments. The method doesomsider human

performance reliability in time. The method congaihe following phases:
e Describe the system or procedure.
e List all the human operations performed and thesioaiations to the system or tasks procedure.
» Predict the error rates for each human operatigraup of operations.

» Determine the effect of human errors on the sysbenprocess, including the consequences of the embr

detected.
* Improve and recommend changes that will reduc@tbeedure failure rate.

THERP tool/method determine the probability whicheror “class of errors” will caused a system orgess

failure, the error which governs a system failgretated as HEPthe Human Success Probability (HSP)
HSP = 1-HEP,
Probability that a class of errors will cause pssckilure given by
Qi =1-(1HEPR)
WhenQ; is the partial probability of errors
Q Human = Qr = 1-[(TT"(1-Q))]

The calculation of the total probabili@r based on the nominal values of HBRd choosing the rate of the error

factor depends on the formerly completed qualifialiation.

Quuman is the probability which one or more failure cdrmhs will product of errors in at least one of tfrg failure
classes. (Havlikova, 2014)
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HRA Second-Generation Tools

The second-generation tools utilizes a concept bhaed on error classification, the concept matetits the
human behavior cognition. To expedite errors idigation, and quantification, it develops elaboratatch scenarios and
conceders the cognitive behaviors of the human ehrfoperator). The second-generation tools deeelap the year
1990. (Havlikova et al, 2014)
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Figure 5: Human Behavior in HRA Tools of Second Gegration

Table 2: Broadly Used HRA Tools of the Second-Genation

Tool Full Name Description Creators
“ATHEANA is the product of a multi-phase research
sponsored by the U.S. Nuclear Regulatory Cooper, Forester
Commission. The initial effort started in 1992, &g ' R
Kolaczkowski,

A Technique for | for more comprehensive coverage of operator respons
q P 9 P ® uckas, Parry,

Barriere, Bley,

ATHEANA Human Event in the PRASs of nuclear power plants, particularly :
) . ) Ramey-Smith,
Analysis EOCs. It contains a detailed search process that Thompson
promises to determine cognitive vulnerabilities in mpson,
Whitehead &

crews that may not be discovered when applyingrot
HRA methods”.

“CREAM established for general applications and
based on the Contextual Control Model. It used as a
screening analysis or a detailed analysis. CREABLdO
not provide specific guidance on all steps of tteAH

h9\/reathal|, 2000

Sgﬁgg:ﬁ/te and process described earlier. CREAM requires the ahdly
CREAM Error AnZI sis to perform task decomposition that breaks the task | Hollnagel, 1998
Method y down into subtasks. Each subtask matched to one of

the pre-specified cognitive activities in the listr
each subtask, the activity further classified as an
observation, interpretation, planning, or execution
activity”. (Hollnagel, 1993)

Cognitive Reliability and Error Analysis Method CREAM

In 1998 HRA tool/method CREAM developed by “Eric Ilhagel”. It represents a second-generation HRA/too
method with developed applicability and accuracypared to most of the first generation methodss. iroadly used tool
of the second generation HRA, and based on thie@py areas of work; task analysis, prospects éareiasing errors and
possibility to deliberate the human performanceénwispects to overall safety of a system. It takiesimilar approaches
to modeling human reliability. There are two metharf this tool, “basic and extended method”. CREAsES for
mutually “prospective and retrospective” assessmrispective estimate the human errors expectedigh a certain

task, whereas retrospective quantifies errorsalatdy happened.
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Table 3: Control Mode

Cl\oﬂr:)t(rjol Hep Cii Value
Strategic 0.00005<p<0.01 -7t0 -4
Tactic 0.001<p<0.1 -3tol
Opportunistic 0.01<p<0.5 2105
Scrambled 0.1<p<1.0 6109

CREAM Basic Method

The purpose of basic method is to determine insttaéening the human interaction with the taskiemsegments
under four-control mode that linked with differefailure probability intervals, table3. CREAM toolétihod determined
from contextual control mode COCOM. The purposeC@ICOM is to offer theoretical and applied basisnprove

operator performance in operations. (Hollnagel,3)99

2improve

= M) B Gy~

123456789 Zreduce

M strateqi Tactic M Opportunist Il Scramble

Figure 6: Operator Control Modes
CREAM identifies Common Performance Conditions CP@isich provides the bases of conditions under the

performance is expected, table (4), the controlendtbsen according to combined CPCs.

CPCs expected to be “reduced, no significant, grawed” the combined score of CPCs is countingriineaber

of reduced minus number of improved.

If the number of reduced minus number of improwedailled Context influence index CII.

Cll = Zreduced 'Zimproved

The value of ClI uses to find the control mode sakem the figure (6), then use table 3 to find HEferval, the
basic method is a qualitative process and it isshagive source for CREAM extended method. Moreowés,a screening
way that manage the assessor to evaluate the tabldecided if continue to more detailed and precsthod by

continuing to the extended method.
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Table 4: CPCS and Performance Reliability

Cpcs CPC Levels Effects
Very efficient Improved
.- Not
Adequacy of organization Efficient significant
Inefficient Reduced
Deficient Reduced
advantageous Improved
. o . Not
Working conditions compatible significant
Incompatible Reduced
Table (4): Cond
Supportive Improved
Adequacy of human-machine | Adequate N.Ot. )
; ) : significant
interaction and operational Not
support Tolerable L
significant
Inappropriate Reduced
Appropriate Improved
Availability of the procedures Acceptable Not 3
/ plans significant
Inappropriate Reduced
. Not
Fewer than capacity significant
Number of simultaneous goals Matching current capacity N_ot 3
significant
More than capacity Reduced
Adequate Improved
. . . Not
Available time Temporary inadequate significant
Continuously inadequate Reduced
Time of day when the task is | Day time (adjusted) Not ificant
erformed - - . significan
P Night time (unadjusted) Reduced
Adequate high experience Improved
Adequac_y of training and Adequate low experience N.Ot .
preparation significant
Inadequate Reduced
. \Y fficient I d
Level of cooperation and ety efficien Nrgtp rove
interaction among Efficient significant
department staff. . or
. . .- Not
Crew collaboration quality Inefficient anif
(BREAM) _ significant
Deficient Reduced

The Realistic Criteria for Selecting of HRA Tool

tools has evolved table (5) illustrates a comparisased on important factors consider a contesetect an appropriate

tool for the of human error probability, to assgeantitative risk. Consequently, the choice ofpiheper tool of assessing

Studding of common used tools through' @ 2™ generations) and literature reviews, the four widdtlizes

human errors for a certain task, should base oasadae data. The chosen tool applies by expettgeifield, so it should

be accurate and complete results with flexibilitypractical application and this matter revealad fthe determination of
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human errors probability is an integration of adience and practical experience”. (Maddah etGil52

Table 5: Comparison Between Commonly Utilizes HRA ®ols “Through Elastic Criteria”

1 1 1 2 Number of assessors

Resources require

High low High High Time consideration

* * * Job descriptions

* Describes the backgrourjdOutput through the

_ assessment period
* Analytic Model time

* * Experts judgement

* Scenario descriptions

* Task analysis

* Error type

Outcomes (results) error

)

. . Psychological
considerations

R Probability of human The assessment
error output

. Risk or success/ failure
process

Opportunities to
compensate for the error

Proposals or strategies f
reduce and prevent errors

o

* * Screening

To assessment human action to expect errors piapatmcurrence for a certain task, it is esserttiaselect the

proper HRA tool. There are pragmatic criteria, whase precise and accurate to select HRA tool tmtijfying errors as

following:

The accuracy in defining the risks

Comprehensive method

Compatibility

The resources required for the process

Outputs during the period of assessment and fimigloones.( NEA, 2015)

However, HRA tools are critical elements of PRAscsi the tool used to assess the effects of vapbases of

human performance on risk; they have limitationassessing human action. The basic limitationsremafficient data,
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operational limitations related to prejudice of essament and expert judgment, and uncertainty coimgethe actual

behavior of human element particularly during aentdconditions.
HRA and High-Risk Maritime Domains

The maritime domains is the sort of work perfornoedboard any kind of vessel. It is probable to dbscfive

maritime work tasks:
* Navigation.
e Propulsion.
e Cargo handling (including passengers).
* Platform maintenance.
e Ship management. (Koester, 1999)

Human factor plays an important role in the safdtyarious maritime operation even on board shisppoard
operations) or on shore operations. Applying a HR#ls to control the human errors before high-rigkritime

operations, require decision-making errors maderkefuch operations.

The development of maritime modern technology, humvark has changed as well, from manual skills toran
cognitive nature, also the first generation of HBfferings some deficiencies, mentioned before, &AHools/methods
must be updated. Second-generation human relialalisessment tools that developed in order to owsrcthe
deficiencies in first generation are appropriatesithey can assess cognitive processes toolasUCREAM an examples
of second-generation human reliability assessn@®REAM specifically is a flexible tool/method; it fidbeen applied for

some maritime domains and for general working tasks

The International Maritime Organization IMO in thaidelines of Formal Safety Assessment FSA confik e
utilizing of HRA into FSA process, IMO stated, “Th@oposed HRA guidance should be used whereverS# i

conducted on a system which involves human actiantervention which affects system performanc&@, 2002)

Moreover, in the FSA guidelines of IMO, mentionetlHRP and HEART, as appropriate tools/methods for
maritime field, but Hollnagel, the presenter of@eat generation HRA methods CREAM, stated that “odeling human
behavior the event tree approach used in THERP doesiake sense, because cognitive acts cannatpagased into
subtasks as easily as manual actions”. He disapdrthe detached use of Performance Shaping FaR8¥s that would
submit context independency, so the effects ofeedmin human behavior should include in a modehtifigng human

performance. (Hollnagel, 1998)

HRA CREAM tool is suitable for maritime operatiortsgcause the tool can utilize with both qualitatared
guantitative data to influence safety measuresaritime operations, and the limitation of CPCs barused to predict the

potential human errors of critical maritime opesati/Tasks in progress (prospective)

The identification of the nine CPCs in both bagid axtended methods of prospective quantificatmuldtuse as
guestionnaire to judge the levels of CPCs by egped in some high risk critical operation, tasuieed to be judged to
get accurately CPCs levels. CREAM built on Cogeittontrol Model based on four control modes dependn time-
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availability and context of the operation.
CONCLUSIONS

Statistics of 2015, reveal the increase the ratacnident due to human errors, even with the poefethe
international treaties held by IMO, it is a cluecldees that human actions (reliability) in needassess because human
factor plays a main part in maritime causalities] #o reduce the plausible operational human failihe paper illustrates
the Human Reliability Assessment- HRA different Itoavith its first and second generations, its int@oce as
probabilistic risk assessments PRA, and HRA prodessaddition to an example for both generations] aomparison
between commonly utilizes HRA tools “over compli@nteria” that could help assessor to choose aeirtool/ method
for a certain task. Moreover, the study shows thitakility of the second-generation HRA tools foantime operations
tasks particularly HRA CREAM, which is a flexibledl, and the model include cognitive acts to slstgsroviding

detailed assessment of context and therefore giveplex depiction that meets the requirement ofitma domains.
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