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Abstract

This thesis discusses central aspects of decisakingy on a Ship Bridge
in its natural context with focus on the task o¥igating in fairway. The
background springs from the fast development dfrumsents related to
work on the ship bridge. If not implemented andduserrectly new
technology may even contribute to accidents.

Initially a field study and a Hierarchical Task Aysis (HTA) are

described. These exemplify how the task of navigatn fairway can be
described and uncover aspects worth further inyatstin. Examples of
results of the field study are examples of riskfedences in expected
workload between Masters and Pilots and Pilots epegices of
instruments. The HTA work model is used to identdgd describe
ordinary problems of navigating in fairway.

This is followed by a detailed proposal of a studa full mission bridge
simulator using a composite of data collection rodth The main
objective of the proposed study is to compare thip bridge types, one
equipped with advanced technology and the other emeépped with
traditional instruments. A second objective is t@mlaate the different
data collection methods to find out more about hthig kind of data
could be collected.

More knowledge of decision making on a ship bridgeld be of use

when discussing changes of instruments or workresg#ons related to a
ship bridge, promoting safety and efficiency.
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1 Introduction

“What are your intentions?” is a frequent questsied when two ships
communicate because of doubts regarding the intefudare position or
actions of any of the involved ships. The intentwith this thesis is to
present proposals of how to obtain more knowledgth® work on the
ship bridge in general and to understand factoisctiig Ship Bridge
decision making in particular. The research memiibm this thesis is a
part of the project “Knowledge based platform toe tievelopment of the
interaction between technical systems, work orgdina and the decision
making on the ship bridge” mainly sponsored by VIDNWA and partly
sponsored by Swedish Maritime Administration. Thabject is of
interest to the maritime domain, one example of thian investigation
launched by the Swedish Government, through thesifynof Enterprise,
Energy and Communications, in December 2006 (Kotédiiektiv
2006:116). The investigation was to concern how tesknology can be
used to facilitate piloting and make it more effigi. The ministry also
wants to investigate the prerequisites for “shageldl pilotage”.

This thesis springs from an interdisciplinary pobjeéncluding both
technology and psychology. When aiming at enhakeeaviedge of the
work on the ship bridge understanding both the remwhent, including
technological constraints, and human factors isress.

1.1 Background

The development of technology related to the shijuge and its
implementation has been rapid during the last desackspecially
automation technology. One example is the intradacbf computer
systems for navigation. When comparing the numblerequipment
specified by ISO-standards at the main workstatiosisveen 1990 and
2006, Lutzhoft et al found that it almost had beenbled from 22 to 40
items (LUtzhoft, 2006).

One example of new technology, still not implemdra¢hough tested as
a prototype, is a program for calculating ship sitgbrelated to ship
managing. The program can instantly calculate aevaldicating the ship
stability. This is very useful when loading carga bf special interest in
case of damage to the ships hull (Nilsson & Rutgers 2006a). To
obtain information and calculate ship stabilityardamage situation is a
difficult, possibly even hazardous from work safpgrspective, and time
consuming process. This kind of instrument with rewoted gauges and
computers to perform calculations makes vital infation easily
accessible and is intended as a decision suppdrénWeasoning about
decision making in crises it is a reasonable startioint to examine the
decision making on the ship bridge during normaiwmnstances.

Another example of new technology is the ECDIS ¢Etmnic Chart
Display and Information System), which is one o ihstruments that



can be found on a ship bridge that has been eciiippéh the latest
technology. The functions and information flow imdaout of ECDIS can
be seen in Figure 1. ECDIS is a good example ahstnument that can
replace several other instruments and increasesp@tor’s possibility
to stay at the same place on the ship bridge wbkmg different tasks.
Today the ECDIS can be used to create, displaynaodtor a route plan
without a paper chart. One can also obtain infolwnadbout other ships
speed and position, which former was given by aothstrument. The
ECDIS may offer possibility to integrate the image the Electronic
Chart System with the radar image, which in tumdes possibility to
compare the virtual chart with an image of theitg&lom the radar.
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Figure 1. Functions and information flow in and adfitan ECDIS.

Information that easily can be obtained is notself equivalent to higher
safety. This can be exemplified by the accident‘®byal Majesty”,
where information regarding the position of thepshvas unreliable
(Lutzhoft, 2002). New technology does not automatically ecassarily
mean higher safety. It depends on how well the aiperknows the
instrument and its constraints. New bridge equipnm&rautomated to a
higher level, computers do calculations and infdromathat earlier were
spread can be gathered in one place. The automaftidre ship bridge
has possibly led to that the work to a higher deg@nsists of monitoring
and supervising task&érstholt & Passenier, 2000).



New possibilities are in it self not always benedicThere is at least one
example where radar instructors have identified helaviours during
simulator training that actually violated existinges for navigation (Lee
& Sandquist, 1993). It is easy to imagine that waelld be calmer with
navigating closer to another ship if you had trdstgormation about a
distance, assumed to be enough, to another shipifty@u would have
had to base the same navigation decision on mogaelpnsive
information. Another interesting issue is that aitbh it has been shown
that integrated displays tend to give navigati@lantages it also incurs
higher operator cost, particularly fatigue (Saur aét 2002). If the
navigational advantages are to be prioritized iulddbe logical to ask
ourselves if the bridge organization supportsitiiseased operator cost?

1.2 Research objectives

The work on the ship bridge is complex and dynamabe able to learn
more of this work, it is necessary to decide whabppropriate starting-
point for research is. It is also necessary to ngkae assumptions and
impose constraints. In this section the aim of tesearch, central
guestions at issue and constraints are presented.

1.2.1 Aim of the research

The aim of this research is to learn more aboutwbek that is being
conducted on the ship bridge with focus on the taSkavigating in
fairway. Central for this research are personal expergentéhe work on
the ship bridge and an increased understandingpeofconsequences of
given prerequisites.

The aim is further to propose a composite appradaiesearch that will
provide a platform of basic knowledge about différenstrument and
technological settings, that are currently usedship bridges, from the
perspectives of safety and efficiency. An additlonatcome of this
research is a possibility for a broader Human Elgrievareness which
according to P. Ayllot (Géteborg, 26 June 2§0i& promoted by the
Regulations of Standards of Training, certificateord watch keeping for
seafarers (STCW).

1.2.2 Central questions

Two central questions are posed. Both questions ainmcreasing the
knowledge of work that is conducted on a ship lidgorder to increase
reasoning about how technology can be used in jpostiye and efficient
manner.

! Transas Simulation users Conference, title of present4Stemdards of training,
Certification and Watchkeeping 78/95”



1 A clear description of the task of navigatingairway

This question aims at identifying important featuoe themes that could
be studied further. One first step is to identihddearn more of central
tasks and their goals.

2 Design measurements to be able to assess theowalship bridge

To be able to compare different conditions, to tdgmpossible effects of
different technology related to the ship bridge dadtors related to
decision making, appropriate measurements neee idelntified.

1.3 Constraints

The task of navigation can differ depending on g¢hg to be navigated
and the area to be navigated through. Normallyetherno need for
piloting out in the open sea. When modelling tHetgask, Norros (2004)
divided piloting into two different types of piloig called sea piloting and
harbour piloting. Sea piloting refers to the natiga through the
archipelago and/or fairways and harbour pilotingfer® to the
“maneuvering of the ship in the harbor area” (Nsyr2004, p. 186). The
focus of this research will beavigating in fairwayswhich is comparable
to what Norros refers to as sea piloting.

Safety issues are central for the interest in wstdrding factors affecting
navigation in fairway. An accident close to shoraymhave a direct
impact on several stakeholders. One example isaticelent of the oil
tanker Prestige outside of Spain and Portugal @n 1Bth November
2002. A lot of oil leaked into the ocean and actidar mitigation of
consequences were delayed due to argumentation smponsibility. An
accident of this kind can have high potentials oflateral damage
affecting the environment.

There is an interest from the shipping industrySimeden to make sea
transports more efficient, to some extent througésgbilities provided by

new technology. The Swedish Ministry of Enterprigenergy and

Communications launched an investigation in DecemB@06 on

possibilities regarding the use of new technologiated to piloting.

Navigating in fairway is a central part when pihgfi in the Swedish
archipelagos. Norros (2004) discuss the effechabfts” on task solving.
These “habits” may develop differently in differeatganisations and
cultures. In this study we are primarily interestedthe situation in

Swedish waters, and the work situation related Habits” that may

develop here.

This research is based on the assumption that sirnaa the best
possible methods and work strategy available towesg@roblems and
achieve goals under given circumstances. Althoughams do their best
there is no possibility to know everything and dems and actions have
to be taken on the basis of available informatiod enterpretations, this
limitation and work constraint has earlier beerenefd to in different



theories asbounded rationality(Simon, 1982),ecological rationality
(Gigerenzer, 1999) docal rationality (Woods et al, 1994). We strived
for high ecological validity which means that we sat to study the task
of navigation in its natural setting and wantedfdous on studies and
methods that could be used closely related to dtaral work and the
task in its wholeness. We did not want to sepatia¢etask into small
pieces and study them separately in fear of mis&etprs that could
have an effect on the work in situ.



2 Frame of reference

In this section the frame of reference is presenbedh regarding the
equipment available on the ship bridge and centiahntific theories.

2.1 Systems related to the ship bridge

One part of this research is to study human-madhieeaction. The aim
of using aids like machines is to perform well adoog to the expected
goals and objectives. Smither (1998) writes:

“Human factors is often defined as the study of
‘human-machine systems.” From a human factors
perspective, the machine and its operator are a
system that must be considered as a whole. For
example, a pilot and a control panel, or a typimst a

a word processor, are actually systems with
mutually  interdependent parts designed to
accomplish some goal. Aspects of both parts -
operator and machine - affect production” (p. 448).

Although we want to study human behaviour on thp bhidge as a part
of a whole system, we still need to be able to #dlkut the different parts
of work or instruments and their potential effecs. give readers, with
less ship bridge experience, an introduction oftdehinical systems and
information sources central for the work on thepsbridge will be
presented. Readers with bridge experience may noosection 2.2.

2.1.1 Systems on the ship

In Figure 2 an example of how a ship bridge caretpgipped and look
like is shown, in this case the bridge in a fulssion bridge simulator at
Chalmers University of Technology. On the centidganstruments and
controls for navigation can be seen. Electronic ijaion Charts and

Radars are available on both sides of the cenie.tln the middle of the
displays the conning display provides informatidroat the ship like for

instance speed, draught and course. CCTV is a oramsed to show the
function of binoculars in a simulator. The table fautical chart is not
shown in Figure 2, in that picture it is placedhtipeneath the position of
the camera taking the picture.



Conning
Radar2 Display

Figure 2. Example of a ship bridge and positionssfruments.

The following parts of the bridge system will bether described as they
are central for navigation in fairway and servebasis for understanding
the ship system from the perspective of instrumémds are used on the
ship bridge:

* RADAR

* Nautical Charts

* Passage plan

« GPS

« AIS

* Means of Communication

« Depth indicator

e Compass

* Speed indicator

RADAR

RADAR (Radio Detection And Ranging) is an instrumnémat can be
used both as means for navigation and traffic chnfthe RADAR can
provide information that enables understandinghaf $urroundings by
sending out radio waves. These radio waves arectefl by different
objects in the surroundings and then received. ditiance and position
of objects, large enough to be detected, relatvéhé sending RADAR
are then presented as an image at an screen dafédPlan Polar
Indicator). In this way the RADAR functions as agithl eye and
information from the RADAR is often described ab€'treality”. Two

functions available on the RADAR are Variable Ramndarker (VRM)

and Electronic Bearing Line (EBL). These can beduse establish
distance and bearing to different objects in retato the ship.



ARPA (Automatic Radar Plotting Aid) is a collisiamarning system. In
1976 technical demands for an ARPA were establis@edording to

International Maritime Organization (IMO) the comi@n of SOLAS 97

(the rules of Safety Of Life at Sea) al ships brgidpan 10 000 BRT built
after 1984 and all tank ships must be equipped aithARPA, unless
there are some circumstances for exception duaffictarea. The ARPA
is an aid for plotting (marking) other ships andcisnnected to the
RADAR. Its function is to show other ships speed @ourse thereby
provide information about the traffic situation amolw it is changing due
to other ships.

Nautical Charts

A nautical chart is a representation of the topplgyaof the sea bed.
Basically a nautical chart provides information aeting the depth of
water. The depth can be based on data collectettiie 1§ century and

its accuracy varies between different areas depgndn how careful
depth soundings have been done. To establishitdyidkhe International

Maritime Organisation and the International Hydaggric Office have
set demands regarding the accuracy of charts (ldaeig3 — navigering
med teletekniska hjalpmedel, p.155-156). In FigBran example of a
nautical chart table can be seen.

Figure 3. Example of a nautical chart table.

Besides the traditional paper charts, nowadaystrel@c charts are
available. A part of a paper chart can be seenguaré 4 and a part of an
electronic chart system can be seen in Figure 5.ERattronic Chart
System (ECS) is basically an electronic represiemtaif the traditional
paper chart. The electronic chart allows the inftion from the nautical
chart to be integrated with other systems likeeikkemple the RADAR or
AIS (Automatic Identification System). If an EC&rcsatisfy demands
and guidelines regarding technical standards ofpeaitility with other
equipment, issued by IMO, the ECS can be considesexth ECDIS.



Figure 4. Picture of paper chart with a segment of aspge plan marked.

Figure 5. Image of Electronic chart with trails of pagea marked.

Passage plan

The Master of a ship is responsible for having aspge plan for the
whole passage from “quay to quay”. The passageqight to be marked
in an approved nautical chart and also ought tdude information
related to safe navigation of the ship. Part ofasspge plan: track,
heading for one of the legs and waypoint numberbsaseen in Figure 4
above.

According to the Bridge Procedures guide:
“The passage plan should aim to establish the most

favourable route while maintaining appropriate nvesgf
safety and safe passing distance offshore. Wheididgc



upon the route, the following factors are amongsisé
that should be taken into account:

e the marine environment;

e the adequacy and reliability of charted hydrograph
data along route;

e the availability and reliability of navigation adcoastal
marks, lights and radar conspicuous targets famdixhe
ship along route;

e any routeing constraints imposed by the ship e.g.
draught, type of cargo;

e areas of high traffic density

e weather forecasts and expected current, tidakl,win
swell and visibility conditions;

e areas where on shore set could occur;

e ship operations that may require additional seareq.
tank cleaning or pilot embarkation;

e regulations such as ships’ routeing schemes and
reporting systems;

e the reliability of propulsion and steering systemns
board.” (1998, p.17)

GPS

GPS (Global Positioning System) is a radio navagyatsystem that is
provided by the Defence Department of the UniteateSt of America. A
European system Galileo is under development. ysems are based on
satellites which are sending signals containingorimition of their
position. These signals are in turn collected bseeeiver on the ship
allowing the system on board the ship to deterrtheegposition.

If a more accurate data than the one provided &y&RS is wanted there
is a possibility to use Differential GPS (DGPS).eTBGPS-system is
enhanced through an additional station on landcedaleference station
that sends information regarding the reliabilitydarorrections regarding
the satellites in space. By using these stationdand more accurate
position data can be obtained.

AlS

AIS (Automatic Identification System) is a systerhatt provides
information about other ships that is transmittétle between ships or
between ships and land. The positioning systenhénAlS is based on
GPS information. Other information available on &18 include name of
the ship, course, speed, depth and destinationirA®®mation can either
be represented on a Minimum Keyboard Display (MKID)ntegrated in
an electronic chart. Example of how a MKD look likan be seen in
Figure 6.

10



Figure 6. Example of Minimum Keyboard Display.

Means of communication

A ship is equipped with a radio for external commation as well as an

internal communication system. Traditionally a VIdeHo is used for

external communication. Computer communicationge(iret and email)

and cellular phones are becoming more regular andenthese means of
communications are also used in the work.

Depth indicator

Information about the depth is, on merchant shipest commonly

acquired through an echo-sounder that emissionsise @t a certain
frequency (sonic “ping”) towards the bottom. Thislge is reflected and
received and hence the actual depth can be cadutatd presented on
the ship bridge.

Compass

Information regarding the ships bearing is accaydio regulations
acquired by a gyro-compass and/or a magnetic canpHse gyro-
compass is commonly used. It is exposed to difterkimds of
disturbances, like for example accelerations ified#int directions. The
values from the gyro-compass can be compared tm#gnetic compass.
When navigating, two terms related to the shipdfioa is used, Course
over Ground (COG) and heading. The ship can becteffeby current
and/or wind and the heading, direction of the belated to the north, can
differ compared to the COG which is the directidrilee ship movement
related to North.

Speed indicator

Two different terms are used to relate to the skipsed. One ispeed
over groundwhich can be acquired through the GPS or a Dogplgr
The Doppler log uses sound pulses to measureuwelatbtion between
the ship and the ocean bottom. The other terspeed through water

11



The values can be slightly different depending arrent and/or wind.
Speed through water is measured by an electroniadogtor a Doppler
log.

2.1.2 Systems outside the ship

Perception of systems outside of the ship bridgebmaessential for how
the situation on the ship bridge is experienced Gardthus have a great
impact on the decisions on the ship bridge. In f@stion examples of
factors outside the ship will be presented.

Fairway

In Figure 7 a picture of the last part of the fagwto the harbour in
Norrkoping can be seen. On the top to the left yan see a lighthouse
and how the fairway is marked by buoys. The mansad is a channel
called “Pampusrannan”. Essential information regaydhe fairway is
how it is constructed, examples of important feaduare:

* How the fairway passage is marked with buoys

* How deep the fairway is

* How wide the fairway is

» How special circumstances like grounds are indithtefloating
or permanent markings

Figure 7. Example of a fairway, with a lighthouse dmbys marked.
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Surveillance

VTS (Vessel Traffic Service) is used for informatieegarding traffic and
other information that can be relevant for the dikip for example special
conditions regarding bad weather.

2.2 Decision Making Research

In this section decision making research that eselato the present
research is presented. First an introduction isrgiand then frequent data
collection methods are described.

2.2.1 Introduction to decision making research

Since the beginning of research regarding decisitegy and screening
for choice, which started with Bernoulli in 1738dafascal in 1670,
“decision theories has provided strategies to gudeision making” (
Zsambok, 2002, p.5). Since the beginning this retehas developed
into different directions using different methodgyo In the beginning it
was often assumed that the human being to a vegly degree was
rational and made decisions on the basis of som & objective logic
based on what the best possible outcome of thatsituwas, as if all
affecting factors were known and could be consuletéassical decision
makingtheories are based on these assumptions. Theaclesamtinued
and eventually there was a belief that humans ndedésions based on
expected valueExpected valueplayed a fundamental part mormative
decision makinghat assumes that there is a best solution folgihen
problem. Normative decision makingan be considered as prescriptive
since results often were based on how people shdwlth perform the
best. These theories proved to be inadequate gésnos of how
decisions are made and evidence presenting cociagdi results
regardingnormative theorywas presented (Kahneman, 2000). From the
background of these contradictories a new directialed descriptive
theory was formed. Descriptive theories aim at explainimgapsychic
decision process. One example of a descriptive rghé® “prospect
theory” presented by Kahneman & Tversky (2000jospect theory
posits the existence of several alternatives teel@mnong when making a
decision. The alternative which will have the highevalue for the
decision maker will have the biggest impact andckelpe chosen. This
value is dependent on a personal reference pajardeng individual and
subjective estimates and can hence be difficudprify.

Traditionally a lot of focus within the cognitiveem has been directed
towards subjectiveexpected valuesThis has according to Juslin and
Montgomery (1999) led to many phenomena showing lthieman are
victims of cognitive limitations in the decision kiag process. The
human is described as a victim due to the reasairstie can not reach the
high rational demand that is expected. There aus theories based on
the perspective that humans do what they thinkhés liest, that they
believe their decisions to be the best and that Hre not victims but
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actors as a part of a system (Zsambok et al., 1ORjErenzer et al., 1999,
Woods et al., 1994, Hollnagel, 2002).These theotig® from the
perspective of an objective logic that everybodymasedly can use and
focus on systems consisting of available infornratad interpretation of
information. Based on these premises decisions ataba studied as
separate and individual actions but only as a pl# system. Decision
processes and actions ought not to be evaluatenbbyative and best
possible ratings from an objective perspectivellyutatings related to the
constraints of the situation.

Within the Swedish decision making research thaseleen a tradition of
following a different philosophy than the classicicision making and
subjective expected values. One line of researcBweden “has been
influenced by the probabilistic functionalism of dggBrunswik” (Juslin
& Montgomery, 1999, p.2) that advocategological modelswhich
propose that the situation that is to be examimed high degree must
correspond with the real problem and situation ihainder investigation.
This Brunswikian line of research was unusual ie tkst of Europe
before 1965 (Hammond, 1999). In several casesrtwiarlds” like for
instance computer simulations of a system desigtwedartificially
resemble reality have been used. Microworlds hagenba popular
method for research within theories afynamic decision making
Research within yhamic decisioimakinggrew from the disappointment
of not getting adequate answers to some problensy uwrmative
models

“it is concerned with what people actually do iegh
kinds of tasks, rather than with the optimalitytioir
decisions. As we examine their behaviour, we shall
find that although this behaviour may not be optima
it is at least reasonable in the sense that is ‘et job
done’... they explain why the world is not in the sad
state that we would expect from the blanket statéme
that man is an irrational and incompetent decision
maker“(Brehmer,1999, p.10).

Brehmer further states that “dynamic decision tdsk&e three important
characteristics:

® they require a series of interdependent decisions;

® the state of the task changes, both autonomously an
as a consequence of the decision makers actions;

® the decisions have to be made in real time.” (1999)

The decisions that have to be made on a ship badgebe considered as
dynamic. A clear example is the task of navigationonfined water like
for instance an archipelago. The ship has to beomamed from one
position and place to another. The movement ofvaer around the ship
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is affecting the way that manoeuvring has to bedooted and how the
ship reacts to the current position is partly deleer on how the ship was
brought in to the position. When planning aheadtti@ next manoeuvre
one needs to estimate how the ship will be affeategarding the

transition from the current position to the nexts$, decisions are
interdependent and the state is changing both antously and due to
previous decisions. How to manoeuvre the ship bdsetdecided in real
time.

Another research area that grew from the unsat@fa@xplanations of
classical decision making naturalistic decision makingNDM). Within
naturalistic decision makinfpcus is directed towards how decisions are
made in natural problem or work settings wherecthrgext is assumed to
have great impact on decisions that are made andtheseby not be
neglected. “NDM is the way people use their expexe to make
decisions in field settings” (Zsambok, 1997, pBhis direction within
decision making research has also focused on elifters between how
experts and novices make decisions in their natengironments and
context.

Eight key contextual factors that affect the reaka decision making
and that distinguish NDM from traditional decisioraking paradigm are
according to Zsambok (1997, p 5):

1. Ill structured problems (not artificial, well struwced problems)
2. Uncertain, dynamic environments (not static, sirrmdasituations)
3. Shifting, ill-defined, or competing goals (not alead stable
goals)

Action feedback loops (not one shot decisions)

Time stress (as opposed to ample time for tasks)

High stakes (Not situations devoid of true consegas for the
decision maker)

Multiple players (as opposed to individual decismaker)
Organizational goals and norms (as opposed toidaaisaking

in a vacuum)

o ab

© ~

Several of these key factors can be traced toyhardic work on the ship
bridge. Unexpected situations like breakdown of mvaes or instruments
can be treated as ill-defined problems. In bad kexatwhich can occur
very sudden and unexpected, both high stakes aral firessure can be
experienced on the ship bridge. On bigger shipgethee normally more
than one person working on the ship bridge and thexsisions can be
assumed to be affected by multiple players.

One model closely related to NDM is Recognitionni&d Decision
making (RPD) theory (Klein, 1997). This theory wasmulated in 1985
and was one of the themes under consideration wimerNDM-label

emerged in 1989 (Zsambok et al., 1997, Lipshital.e2006). The theory
treats how decision makers make decisions baseal merge of earlier
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experience and knowledge. A situation (or problengssessed and some
central cues important for the situation at harelidentified. These cues
guide the decision maker, through the individuailkbaf experience and
knowledge, towards a solution that is regarded libst. No choices
between different options are necessarily made.

2.2.2 Example of methodology used within decision
making research

Until the 1990s mainly two methods have been used studying
underlying cognitive processes (Ford et al., 198®)e isstructural or
statistical modellingand the other is process modellingstructural
models focus on describing the relation between infororatstimuli
(input) and decision responses (output)” (Ford let 2989, p75). By
manipulating factors for input and measuring fastmr output statistical
models are developed in order to predict individttabices and to draw
inferences of possible underlying cognitive proessd-ord et al. states
that research usingtructural modellinghas shown robust linear models
for predicting choices. They further states thatré¢hare models that
according to Einhorn shows more than the prediadbjudgments “they
may capture a fundamental characteristic of thésaermaking process”
(Ford et al., 1989, p.76). From another perspedtieestatistical model
may give more information about how the model agneih the task or
problem characteristics than it indicates char&ties of human
behaviour. Two different underlying processes mayehcharacteristics
that in some way resemble each other without dgtiing the same,
although they are assumed to be the same, perlemaside of the low
sensitivity in the statistical model. This meansttithe model could
predict the right decision but for the wrong reasaddow these models
are developed have an effect on the possibilitygeferalisations and
applicability. Process modellinfocuses on observing behaviour before a
decision and the process that led to a decisioocgss tracing). Two
common techniques aneerbal protocol(think aloud) andinformation
boards Both techniques can be used to identify differeetision
strategies. Verbal protocols have according to Pagtnal. (1993) been
argued to be valid and can provide information rdigg intermediate
stages of decision making processes. Payne etrtief state that verbal
protocols is a useful technique regarding tracingnitive process but
also stresses that they are labour intensive (Petyale, 1993, p.145). The
verbal protocol works best if the protocols areipteted in relation to a
theory or model. Problems can occur if thoughtsharel to verbalize and
there is a risk of missing parts if the particiganhem selves have
forgotten them or are unaware of them. Only praee#isat are conscious
can be traced with the verbal protocol but of ceulss method could be
combined with observations of information seaiafofmation boardg

An information board usually involves the task dfoosing between

existing alternatives. If studies of informatioraseh are to be conducted,
the information search has to be observable. Tbanebe a problem to
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follow the work if the registration of informatiosearch involves an
unnatural behaviour, for example, might directingrkers and clicking
with a mouse instead of just looking at an icontabate to additional
cognitive work load. Payne et al. has also condudinulations of
decisions. Different decision strategies were dgpedi and later assessed
by measuring effort through Elementary Informati®nocess (EIP)
measured in time units. The strategies were thstedeunder different
conditions and the results indicated that resutismfsimulations agreed
with the results from observing participants doihg information search.
Of course, think aloud, information search, questares and regular
interviews can be combined.

Methods of task analyses have been developed. Hgampclude
Hierarchical Task Analyses (HTA) and Cognitive Tashkalysis (CTA).
Task analyses can be seen as a method vptboess modellingnd aims
at identifying central parts of a task through arkvanalysis. A task is
examined through specially developed series of togues and
methodology that aim at identifying central andeasisl parts of the
work. CTA in it self has served as starting poind doeen developed into
different methods. One further development of CBiled Applied CTA
has been tested if it could be used by layman andep the method
efficient even without any special domain knowledgéout the
investigated area (Susi, 1999, Lutzh¢fi999). However, it was also
shown that these lay men need skill of intervieshteque and some
insights in subjects related to human factors d@eoto collect good data.
Core Task Analysis is another method developedinvttie later decision
making research (Norros, 2004). In addition to arkwanalysis this
method also includes an examination of the workucelincluding the
tracing of how one usually solves the tasks, siedahbits

2.3 Workload

One of the aims of the present research is to ifggnbssible impacts of
changes of equipment on the ship bridge. When cangpdifferent ship

bridge equipment discussions of workload is of &lecterest, especially
since technology has been more and more automatedder to make
tasks easier to perform and hopefully to less huareors. In this section
we will present workload as it is related to insthiesearch. Thus,
Westrenen (1999) notes

“The reason that researchers are often interested i
mental workload is that there might be an increased
level of human failure in situations of high load.
However, the relationship between high workload and
human failure is not clear” (Westrenen, 1999).

Westrenen (1999), who studied workload during pijet further states

that there are two types of risks connected witihhivorkload. One is
related to a high workload under a long period iofet resulting in
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exhaustion. The other risk is related to the comipleof task and time
pressure. Many decisions have to be made under piregsure and if
there is a high workload coinciding with the demafdiecision there is,
at least theoretically, a higher risk of erronedesisions.

This kind of reasoning is strengthened by studiesving that problems
on a ship bridge are dealt with sequentialgistholt& Passenier,
2000).

According to Wickens & Hollands (2000) workload cha viewed in
three contexts: workload prediction, assessmemtavkload imposed by
the instrument and workload experienced by the mumgerator. The
second view aims at optimizing systems whilst thiedt view aims at
choosing between operators or to know more of gpmte training
possibilities. Any of the three contexts can idiyide “represented by a
simplified single-resource model of human processiresources”
(Wickens & Hollands, 2000, p. 459), see Figure BisTmodel assumes
some kind of absolute workload which | believe bandifficult to relate
to when you have complex work with several pargitelcesses that have
to be controlled over the same time.

Primary task performance
A /
................................. Area indicating reserve (residual) capacity

Maximum --

Resource supply

Resources
supplied

v

Resources demanded

Figure 8. Simplified single resource model (Wickens & Hhal|&2000).

Wickens & Hollands list five criteria that should [eally met when
assessing workload:

Sensitivity:the measurement index should be sensitive todidistulty

or resource demands.

Diagnosticity:the measurement index should both indicate wodkloa
variations and the cause of variation.

Selectivitythe measurement index should be selectively seestily to
differences in resources demand that is assumaiffietct the workload.
Obtrusivenessthe measurement method should not affect the pyimar
task, especially not when the task is solved ihtiee and can be related
to risk, or include safety perspective, like fostemnce navigating in
confined water.
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Bandwidth and reliabilityThe measurements should be reliable. The
measurement should also be able to give informagtatively quickly so
that transient changes can be estimated.

Three different types of measurements are propdsedVickens &
Hollands (2000): primary-secondary task, physialaimeasurements
and subjective measuremeri®condary task techniquesbased on the
possibilities of estimating how much resources tisateft when the
primary task is being solved. The secondary tastopmance is assumed
to be inversely proportional to the demands of firemary tasks.
Different measurements have been used as secotd&ryneasurements.
Some examples are generating series of number®duge finger taps at
a constant rate. It is important that the secondsilt is adequate to the
kind of residual resource you want to investigathysiological
measurementsan be used to assess workload. When using thdbedse
one measures of manifestation of workload or resouarobilization from
autonomic or central nervous system. Examples aisomes are heart-
rate variability, measurements of pupil diameted asmsual scanning.
When using these measurements one has to be afdre possibility
that factors not related to the tasks may have Hecteon the
measurement. If, for instance, a participant sulydesmembers that he
has forgotten to pay an important bill, this coaféect the heart rate and
give unexpected readingSubjective measureme based on self-reports
from participants that can be acquired for exantipleugh questionnaires
or interview questions.

High workload is not necessarily bad, but worklcgtda level where
resources are not enough can have a negative.affgdtens & Hollands
(2000) state that there are at least four diffetgpes of adaptations
possible for handling excessive workload:
1. People may allow performance of task to degrade.
2. People may perform the tasks in a more efficient,ygansuming
less resource.
3. People may shed tasks as they experience themnoste
optimal, for example not prioritize unimportantkas
4. People may shed tasks without taking optimizatibtine
performance into account.

These four types of adoptions may be compared tabeur changes
related to decision making according to a theopppsed by Payne et al
(1993). In this theory the tradeoff of accuracy iagheffort plays an

important role. According to Payne et al. one caxgect more effort be
put into decisions that are perceived to be impdrthecause they are
related to higher payoffs. Three strategies fordling higher experienced
demands are presented:

1. The decision maker may do more of what he or sh&esady
doing.
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2. The decision maker may change some parameters dittision
making strategy that is used.

3. The decision maker may change decision strategyn(&
selective non compensatory strategy to a more cosgpery
strategy).

Payne et al. (1993) further states that “We beli¢hat increased

incentives will generally lead to greater effort mot necessarily to the
increased use of more optimal (reduced error) decstrategies” (p.14).

This can be related to the challenge for desigrerd producers of

decision tools that are to reduce workload and supgood decision

making. Payne et al.’s theory hypothesizes thapleetend to change
decision strategy when solving similar tasks dependn the workload.

For example is choosing one of two choices relatedareful and

accurate comparisons between many factors whilesthg one out of 20

possible alternatives is related to some kind dectiens strategy

dependent on key factors weighted as importanthi@iselection. It ought
to be mentioned that although this is interestimgtiself, Payne et al.

(1993) focus on preferences for and choices ambiamatives more than
“inferences about the real world” (Gigerenzer, 19926). When solving

problems, one does not always have prepared ditersato chose

between. One may need to search for informatiogven start a process
to get some kind of feedback.

Research related to Finish pilots’ navigating imfazed water has shown
that personal navigation styles affect more of eovk is conducted than
available technology (Norros, 2004). Westrenen 9)3hows that pilots
workload increase as time to boundaries decreasendgries are in that
case exemplified by turns in confined water or othaffic related to the

own planned passage, the workload increases indeptnf navigation

style as the ship closes the boundary. Questioke@fledge, experience
and skill do seem to have an effect, but wherevamen? If instrument or
bridge systems are to enhance safe navigation akeé mork easier they
have to be carefully designed and more knowledgevarkload and

human performance and limitations, for example teelato specific

instruments and situations, would be useful.

2.4 Perspective of risk and safety at sea

Taking a ship of the berth is in a way always e#laib some kind of risk
and “Seafaring will never be without its dangerBriflge procedures
guide, 1998, p. ¥ The wide scope of threats to safety can also be
understood from the wide description by Boissor9@)9

"In expressions of ’'safety at sea’ and ’'Maritime
safety’ safety is both the material state resulfiogn

the absence of exposure to danger, and the
organization of factors intended to create or peigte
such a situation”g.31)
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Boisson (1999) further states that the concepiséfis more difficult to

define than safety and states that risk can beprged from different
perspectives like technical terms or legal aspbgttawyers. He further
states that risk, although highly diversified, mag placed under two
headings:

“1. Personal risks, namely injuries and accidenttesed by
those aboard ship; such events are the same &®m) s
although their consequences may be increased by
shipboard conditions;

2. Collective risk peculiar to a ship, its cargo onditions of
navigation; these can lead to accidents at saajons
events caused by the occurrence of fortuitous
circumstances or negligent or deliberate acts”1(p.3

In this study focus is directed towards conditiofisravigation. In order
to help seafarers to obtain safety at sea soms euld procedures have
been proposed. One example related to the workestip bridge is the
bridge procedures guidgeveloped by International Chamber of Shipping
(ICS). The recommended procedures are based amatitsnally agreed
rules called STCW (Standards of Training, Certifma and Watch
keeping for seafarers). In tharidge procedures guidé&CS stress the
importance of safe navigation:

“Safe navigation means that the ship is not exptsed
undue danger and that at all times the ship can be
controlled within acceptable margingy.p).

Recommendations from the bridge procedures guidd &TCW
regulations will play a central part in the presemsearch for the
assessment of work and performance on the shigédaridAlthough one
has to understand the context where tasks aredssinee:

“Even for highly constrained task situations sush a
nuclear power operation, modification of instrungo

is repeatedly found and operators’ violations désu
appear to be quite rational” (Rasmussen & Svedung,
2000, p.13)

Rasmussen & Svedung further state that humansrasfpgystems seem
to develop some kind of work strategies that allevieed and that:

“following an accident it will be easy to find soore
involved in the dynamic flow of events that has
violated a formal rule just by following establishe
practice...A task description or an instruction is an
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unreliable model of judging behavior during actual
work” (2000, p.13)

In the safety at sea policy launched by the Swedislp owners’
association “Sveriges redareférening” it is thespanel that are the key
to high safety (Internet, 2007-08-32)One human mistake can make
years of safety work worthless. It is stressed thratiting high safety
awareness is central &iminate the erroneous human factororder to
obtain high safety at sea. Furthermore, the impodaof education,
training and drills as well as social well beingnatrk is stressed.

To eliminate al erroneous actions is a difficuskaSwift & Bailey
(2004) write that:

“Most accidents occur because there is no system in
operation to detect and consequently prevent one
person making a mistake, a mistake of the type all
human beings are liable to commifg.1)

As one step towards fewer accidents SwifBailey propose a practical
guide to bridge team management. These guides eammelpful if
understood and used. Commercial interests may wkeampact the use
of instructions, procedures and rules. Rasmuss8relung state that:

“It should be considered that commercial success in
competitive environment implies exploitations oé th
benefit from operating at the fringes of usual atee
practice. Closing in on and exploring the boundarie
of normal and functionally acceptable boundaries of
established practice during critical situations
necessarily imply the risk of crossing the limitsafe
practices” (2000, p.14)

We believe that safety can be increased througheadasderstanding of
“the erroneous human factor”. One example is derent of proactive
support, through well designed decision aid or wamrdcedures, to make
the handling of risks safer and mitigation of unteahconsequences more
efficient. In the present research we focus onsrigtated to the task of
navigating in fairway. In this study increased lewérisk is related to
factors contributing to lesser limits of safe prees when navigating in
fairway.

2

http://www.sweship.se/Sveriges_Redareforening/Om_ SRiEjfélokument/Sjosaker
hetspolicy DXNI-7487_.aspx
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3 Studying the work environment

The first step in this study was to learn more ted wwork on the ship
bridge with the overall aim to provide input fordatailed plan of study
regarding the continuation of the research. Twalisti with different
techniques of data collection were initially chas®me was to conduct a
field study and the other was to perform a tasKyaig Both studies are
presented in more detail below.

3.1 Introduction of Field study and Task analysis

3.1.1 Introduction Field study

The field study is called “Pre-study for prescioti of method and
description of data requirements for analysis afislen support systems
for navigating and manoeuvring ships in fairway’il§son et al, 2006b).
It was conducted as an initial part of the researuth set the direction for
the rest of the study. In this section a summartheffield study report,
which is available in Swedish, will be presentedilyOparts that are
regarded as most relevant to the continued resediche presented in
this thesis.

The field study was launched from the perspectiMearning more of the
work on the ship bridge in real work settings. This to identify which
data and potential problems that could be of spéciarest for future
studies and was also expected to provide informatifofactors vital for
the decision making on the ship bridge.

Study issue

The main question was to identify central work araad data about the
work on the ship bridge. Initially we chose to fecan four areas that
were regarded as central of the work on the shggbrand that had clear
connection to safety, decision making and worklddéescribed in the

Frame of referencechapter 2). We focused on:

e |dentification of central themes and processdb®fvork

e Use and preferences of instruments

e Experience of work load

e Communication

Constraints

This field study was conducted in the fairway ofe tiport of

Norrkdping. 17 passages were followed due to recendations from
a reference group connected to the project. Tl aobount of arrivals
of ships to Norrképing was 1120 in the year 200% ®so needed
authorization from the shipping companies.
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3.1.2 Introduction Task Analysis

The second method was to perform a task analysmgork description or
“common ground” was needed to be able to reasountdhotors affecting
the work on the ship bridge. This description wis® @&xpected to be of
help in the work of outlining main questions andus of future research.

Study issue

We needed a work model of the task of navigatintnirway to relate the
work and eventual findings to. A model was alsoestpd to clarify
relations of different parts of the work task anfteo possibilities for
deeper understanding of problems related to diftgparts of the work.

Constraints

We focused on the task navigating in fairway The task analysis was
performed from the task goal of safe navigation satety at sea.
When conducting the task analysis we choose toviete 4 Pilots and

7 Master Mariners which opinions will have a gr@apact on the

results.

3.2 Methods used in Field study and Task analysis

When conducting a field study and task analysisettere different
methods and techniques available to choose betwedhis section
methods that were used are presented.

3.2.1 Field study techniques for data collection

Many different techniques can be used for collecté data during a
field study. Today a lot of technical equipmenteliphoto cameras,
video cameras and tape recorders are small andtedsyng during
travel. Although technique using cameras and saeedrding give
high validity of what is actually said and donerthean be problems
with establishing confidence so that the participacan feel
comfortable in their work situation. If the comfastnot accomplished
this may affect the work even more than the meesgnce of extra
manning (researchers) on the bridge (Lutzhoft, 20our study we
did not expect to have time to go through a procedaf getting
allowance for using cameras on the bridge, establisthe bridge
team confidence and setting up the camera geatiallyi eye
movement registration and measurements of HRV ais@ discussed
but these methods were rejected due to uncertaiofieche quality
with available means, for example regarding timecalibration and
the risk of not getting reliable data and distugoin a sensitive part of
navigation. When choosing technique one has to i aim of the
study against resources. Both former Masters anlbtsPiare
represented within the research team. Thereforbekeved ourselves
to have a good basic knowledge of the work on @ &hidge. We
chose three techniques: observations, interviewsd emjuiries for
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collecting information because we judged they wdusdtrustworthy,
efficient and manageable. All methods are describedore in detail
below.

Observations

Observation is a method that is most successfuhwhe observer has
reasonable access to the environment to be stutliedyrea is possible to
quantify and the observation area is limitdtigddington, 1999)From
the perspective of the research team, due to wqokreence and domain
knowledge, the work on the ship bridge was wellarmstbod and thus
regarded as easy accessed. Some problems werlpatrticregarding the
guantification of the data. The ship bridge in lits®mn be considered a
limited area although the work task of navigatindgairway is broad. We
decided to do observations because it would be lafticient and
sensitive enough to obtain data describing the wbet could give us
some new perspectives and deeper understandirmpofite task actually
is performed. We set out to have two observerovioilg each ship,
preferable two observers with different backgroergerience in order to
get a wider perspective of the observations.

An observation technique of open communicated olsiens was

chosen. The objectives and the role of the obsemwere communicated
before and the observers were not to engage inpanty of the task
solving and had no responsibility related to thektd he aim was to make
documentation without disturbing the work. Open owmicated

observation is less questionable from an ethicalspeetive and

observations can be explicit and followed by dirgoestions without
hiding any reasons for asking. Explicit proceduass self conscious and
capable of reconstructions (Weick, 1985). The preseof the observer
risks of affecting the performance.

Observation protocols and observation instructiwese designed on the
basis of which communication that was assumed sacgsand which
instruments that were available and assumed tocgiéntly used during
navigation. The aim of having protocols and obs@wainstructions was
to guide observers and facilitate transcriptionsaofions and central
phenomena. The observation instructions can bedfonrAppendix A
and observation protocols can be found in ApperliXBoth only
available in Swedish).

Talks & Interview

Interview is a flexible method. It can be initiatatlone point in time and
then completed over time. A question can be ansiweheen there is time
which is advantageous when information is gathexbide the person
needs to be available for others due to the taskerWWa Master is
interviewed on a ship bridge s/he might be needeanswer a question
related to the work or the ship with short notide.interviewee does not
need to think about how s/he will be experiencedthers, which s/he
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could be if s/he was to be recorded on a film. Aterview gives the
interviewee possibility to ask questions back érthare any uncertainties
regarding the questions and normally you get arswer all your
questions, which you can not control if you for ewde send a
guestionnaire by mail.

Before the start of task solving, pilots were to &sked questions
regarding experience and preparation in order nhtare background-
and demographical information. The questions were sined which
would make quantification easier and decreaseisieof forgetting any
qguestions. During the work and task solving on linelge, questions
which were not structured could be asked. Thesstiquns could be asked
to clarify circumstances regarding reasons foroastiand perhaps make
work strategies more salient.

After the observations onboard a series of compteang telephone
interviews with pilots were made. One objective viasind out what
instrument that was prioritized by Pilots. The pélene interviews were
semi-structured which gives the interviewer a finase for questioning
although it allows additional questions if needed flirther clarification.
The main question of the telephone interview wassk the pilots to
place instruments in order of preference. Whiclrimsents do they feel
is the most important ones to solve the task ofgaion on the bridge?
We were interested in what instruments would be toeed
spontaneously by the pilots, which was consideoeldet instruments that
was important based on their experience of workinghe bridge. If we
were to give pilots alternatives we thought we rhigitain answers more
related to formal procedures of work or rules thartheir spontaneous
comments which we considered to be connected ta thibg actually do
or believe they do.

Questionnaires

Questionnaires are advantageous from the perspeb@ you do not risk
losing any of the raw data. They are all in thesfjoanaire given the
guestionnaires to be understood and filled in ap@romanner. If
guestionnaires are mailed to the respondent ores ttie risk of getting
low answer frequencies (Ejlertsson, 1996), but wathwell prepared
guestionnaire one may very well have high answeéngs. We were to
hand the questionnaires over our selves and aatgzpto have a high
response rate.

Two different forms of questionnaires were usede Qoestionnaire was
used to gather information regarding the work istign This
guestionnaire was based on the assumption thacivg self assessment
would give us the data we were interested in. Qb measures are
normally easy to derive but one has to be careith \wmterpretations
(Wickens & Holland, 2000). Do the participants hgalnderstand the
guestion you pose and can they describe the andWer®sed pictures of
the fairway to make it easier for participants ¢e svhat we were asking.
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The Pilots and Masters were to indicate the ardteigh work intensity by
marking the track along the fairway with differenblours. Green
indicated normal conditions (low intensity), yellomdicated higher
intensity and red indicated the highest level témsity.

A second questionnaire was used to collect opinicegarding the

communication situation between Pilots and Mastiérsas been shown
that there can be inconsistencies in opinions deggrthe communication
on the ship bridge (Marine Causality Branch of @@nadian Coast Guard
and the Transportation Board of Canada). The sthiyws that the

person (Master, Officer of the deck or Pilot) sexgda message often
think they are clear while the message receivemeoessarily thinks so.
Norros (2004) found that 6 out of 17 studied casesormal pilotage

situations had little shared awareness of thetsiua

We were interested in the communication situatroswedish waters. A
questionnaire was developed. Our aim was to inyasti if
communication between Masters and Pilots was regasatisfying or
not. If not, this could uncover potential problemeas. We focused on
guestions related to communication that was assumée essential for
the task solving. We did not want too many questiasiwe knew that we
were to expose the Pilots and Masters for seveff@rent methods for
information gathering and we did not want to disteinem more than
necessary. Too many questions under time restigtimuld also risk that
the questionnaire would not receive the propentde.

The questionnaire was to be answered both by Maatel Pilots after a
transit. A lot of focused was directed towards mgkihe questions and
the response mode clear and unambiguous. The guestie was tested
on co-workers at Chalmers before the final consisacwhich lead to the
change of some words that were misleading or coeliading (implying

that there actually were communication problemsg &fécided to use a
graphic rating scale, which is one of the most desdly used scales
(Pedhazur & Schmelkin, 1991). An example of a qaestire handed to
the Pilots can be seen in Figure 9, a questionmanesponding to this
was handed the Masters. This kind of questionnaae point out

interesting issues but does not give any explansitad why the situation
is experienced in a certain way.
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PILOT

Did you get enough information about the ship?
-5 Satisfying +5

Did you get enough support from the Bridge Team?
-5 Satisfying +5

To what extent do you feel the Bridge Team padieip in the navigation?
-5 Satisfying +5

If you for some reason had become incapacitate® y@u think the Bridge
Team would have been able to take control of thegadion?

-5 Satisfying +5

In your opinion, how much information did you sypphe Bridge Team
with?

No informatior Information as norm Extender informatior

Figure 9. Questionnaire handed to the Pilots.

3.2.2 Method for Task analysis

The aim of the task analysis was to demonstrate Wwovk tasks and
operations are connected and how the work is cdaduim order to
accomplish safe navigation in fairway. According &ammers and
Shepard (2001) the most direct use of a task agakysvhen evaluation
of an existing system is done. They further sthtg tas redescription
develops, the analyst is able to:

e express the system’s goal more explicitly;

e identify appropriate features of the context witbre precision;

e establish methods for accomplishing the overadl'g(Stammers &
Shepard, 2001).

To describe the work on a ship bridge, a Hieraalhiask Analysis
(HTA) was chosen. HTA is often used as a first stepther cognitive

task analysis (Annett, 2003) and is therefore amred as an
appropriate first step here. HTA could serve asafggm (“common

ground”) for future research. When having a worlsalgption we

anticipated to be able to identifying potential deons related to the
work description in order to identify relevant issufor future research
and planning.
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The method of HTA was developed in the 1960s by etin(R003).

Initially, the method was developed for training pnocess control
tasks performed in steel and petrochemical indestisince then the
method has been developed and has been used @mediffareas.
Today the HTA is used in many different contexie lfor example

interface design and error analysis.

HTA is a way of describing a task through decomipmsi of
operations and goals in the task into sub-operat@m sub-goals. The
decompositions into sub-operations normally clatifg central parts
of a task which makes the understanding of the ¢asker. If the sub-
operations and their goals are properly describeel HTA can work
as a good platform for analyzing the task andotmmonents. HTA in
itself does not include diagnostic categories ohepttools for
analyzing. The analyzer can, through the HTA, fiaaswers and
develop hypothesis and explanations in relatiotihéostated questions.
This is one reason why the research issue hasdteaefrom the start.
The hypotheses and answers worked out through #thooh can be
doubted if the purpose, system of interest or wdw@hponents the
system consists of is misunderstood or interpfétraintly by different
participants. The decomposition of a task may latiKerently
depending on what the perception of the goal wWithtask is and how
the task is to be performed.

Annett interpret a task as “any piece of work tad to be done” and a
goal as “the object of effort or ambition” (Anne&003, p.19). The
HTA is done by decomposition and redescription oilg. The
fundamental unit of analysis is aperationwhich has a goal. First
there is a main task that can be seen as an apethtt has a goal.
This operation can be divided into sub-operatiom$ sub-goals. It is
important that an operation is described with acgjpegoal because
an action, which can be conducted within a taskp®ration, can be
performed in order to achieve different goals. &mmple the task “to
not drive too fast” is not the same as “drivingtfasough” and their
operations may look different although both cantamnthe action of
checking the speedometer. How a goal of an operasoto be
achieved can be explained by a plan containingedifft actions (or
sub-operations). According to Annett (2003) there three different
types of plans. One type is “do this, then thignthhis” and another
type is “if X, then Y”, these two types imply th#ie operator has
knowledge for example of the procedure of the task the
environment it is performed in. A third type of pla time-sharingor
dual taskplan which means that a super-ordinate goal nat lza
fulfilled unless two or more of the sub-ordinatetyoare attained.
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An operation can be divided into sub-operations audb-goals
repetitively and therefore it is important to seftap-rule of where to
stop the deconstruction of task on beforehand. Gépeone is

supposed to stop when further investigation doé<aotribute much
to the answering of the main question. An optimabping rule is

“when you have all the information you need to mbet purposes of
the analysis”.

According to Stammers et al. (2001) “conductionHaMA entails the
following stages

e Considering the systems goal.

e Examine the tasks that have to be carried outéamahese goals.

e Judge whether current systems performance isasztsy.

e If current system performance is unsatisfactdrgntseek to
manipulate task components to ensure satisfacenfpimance- that
is, look for interface design, job-aiding, trainiagd other ergonomics
hypotheses.

e If an ergonomics hypothesis cannot be proposeeésibe the goal
in terms of sub-goals and an organizing plan.

e If the goal can not be properly redescribed, erartine relaxation of
the current constraints.” (p.156)

This description can be guiding when one is anafysk specific
instrument or function and if one wants to findutimins for potential
erroneous actions. A more direct recommendatiorhéw to conduct
a HTA is presented in seven steps by Annett (2003):

1. Decide the purpose of the analysis.

2. Get agreement between stakeholders on the definitio
of task goals and criterion measures.

3. ldentify sources of task information and select nsea
of data acquisition.

4. Acquire data and draft decomposition table or
diagram.

5. Recheck validity of decompositions with
stakeholders.

6. ldentify significant operations in light of purposé
analysis

7. Generate and, if possible, test hypotheses comsider
factors affecting learning and performance (p.22)

We choose to work according to the recommendatimnsAnnett.

Initially we planned to interview pilots in ordeio tconstruct a
description of the task of navigating in fairwayhig description was
to serve as a base for identification of potergrablems related to the
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work description. The problem identification wasamed to be
conducted with Master Mariners. By using Pilots egerts for
creating the HTA, we expected to obtain a good mjetsan of the
work based on experience from several differenp $fapes and ship
bridges related to fairway navigation. We decided use Master
Mariners to identify problems since they have ahdly different
perspective. They are assumed to have less experadrihe particular
navigation but have more experience from diffefaivays. Master
Mariners do sometimes work parallel with Pilots amd thus engaged
in the same task and they usually have the fuppaesibility for the
ship, and are thus assumed to be sensitive topp@gsoblems. To use
Master Mariners to identify the problems relatedthe HTA model
developed through interviews with pilots gave ue possibility of
validating the HTA model. Even though we baseditiberview on this
HTA model we expected the Masters to react and @mjf it was
experienced as unrealistic.

3.3 Process of Field study and Task analysis

3.3.1 Data and data collection during the field study

Collecting data in the field can be sensitive. Frarsafety perspective it
is important to not disturb the work or to increabe workload in
sensitive parts. In this section more of the data abtained and the
process of acquiring it is described.

Sample

During 6 month from the end of 2005 to the middi@06 we followed
17 voyages in the passage in and out of Norrkodhagne ships are not
big enough for being obliged to have Pilots and esaithe Masters have
Pilot competence them selves and do hence not Rdet services
onboard. We wanted to do observations on ships Wwath and without
pilots to see if there were any differences. 12agss were made with
ships going through the fairway with a pilot onland 5 passages were
followed without a Pilot. In total we observed 6-Ro (Roll on Roll off)
vessels, 3 tank vessels, 4 dry cargo vessels amhtainer vessels. The
ship size varied, the smallest ship without obligddt service was less
than 100 m length overall and the largest more gtdhm length overall.
The draught varied between 4 and 10 meters. 9 Sh@ps followed in
and 8 ships were followed out through the fairwd@firee ships were
followed two times, both on the inward and outwgadirney. We
collected observations from all of the ships. Wenaged to conduct
guestionnaires regarding the estimated work intgrisim 5 of 12 ships
following pilots and from 3 out of 5 ships makinggsages without pilots.
8 questionnaires regarding communication were aresWey Pilots and 7
by Masters. 6 of 12 pilots were interviewed by plhoegarding priority of
instrument. The 6 Pilots were chosen by availahilit
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Collection process

Initially observation protocols were designed. Ased communication

and use of instrument was in focus. The protoc@seviested twice in the
fairway of GoOteborg. After the test the protocoleres adjusted, for

example regarding how to write activity relatecatoinstrument. Initially

activity with an instrument was to be written down a timeline. This

was not very practical since it would take a lo@attEntion to administer
the timeline itself. Instead time was written inun® and minutes close to
the activity. Special boxes with place to documgméstions or actions
related to instruments were to be more efficient.

The research team consisted of four persons. Tdfrdee four observers
had personal experiences of navigating in fairnays one had just basic
theoretical knowledge (my self).

Regarding the observations the first step was tomtaod Pilot
organisations, the harbour of Norrkdping and shigners to
communicate the aims of research and to get tipgrozal. Usually we
got information about ships that we could followaiagh survey of the
harbour traffic on the internet. We made requestsvioich ships we
wanted to follow to the harbour organization of N@ping, they in turn
got authorization from the ship owners and managenghip traffic is
very dynamic and we normally set out to do obs@watin sets, several
passages during a couple of days, to minimize rdnesk to Norrkoping.
We were allowed to follow all but one ship that reguested. We were
declined due to doubts that our insurance wascserfii.

Basically we followed the pilots at work. We madktlae arrangements
regarding transport with the local Pilot statione \Wormally interviewed
the pilot at the pilot station, before going outaur transport to the ship,
or in the harbour. But as the work at sea is vemnyathic there was not
always time to do all of our test procedures andhae to adapt to the
circumstances. Sometimes the Pilots were interndewa® the transport
out to the ship and unfortunately sometimes theas wo time judged
appropriate and interviews were not conducted. Tosld be due to
sudden rescheduling of the journeys or that trmunistances on the pilot
boat were inappropriate for interviewing due to thiea or to not disturb
the Pilot during preparation. We interviewed theskéas when the time
was judged appropriate. Questionnaires regardingk wadensity were
filled in both before and after the passage by Ibdisters and Pilots.
Normally we followed the Pilot when boarding theipsh and well
onboard we confirmed our participation with the kéasWe boarded
ships in the harbour or at sea, normally we boamed left the ships
more or less at the same positions at the pilotdig/debarkation point
in the fairway. Our presence was always communichtforehand and
we always informed the Pilots and Masters to stgpifuwe were
experienced to affect the work in a negative manbaring the work we
tried our best to not ask questions at times whiayht interfere with the
work, although this could be difficult. Especialigr me personally, at

32



least in the beginning, who do not have the baakgcexperience of the
work on the bridge and hence not the natural fgedinunderstanding of
when it could be less appropriate to engage briggen members in
conversation. It was not possible to have all thastdrs and Pilots
answering the questionnaires but the ones we dkdmaive it to all
responded.

All but four fairway passages were covered by tweesvers and all but
one passage were covered by an observer withosbmedr navigation

experience. All observers were introduced to tis# tay the observation
instruction. During the observations it became rclieat the observer
protocol showed to be difficult to use for the atvees with maritime

experience. A blank piece of paper or paper copigbe paper chart to
mark special events showed to serve better.

After the field studies telephone interviews weomducted. During two

weeks 6 Pilots were interviewed over the telepHone@pproximately 45

minutes each. Pilots were chosen by availabilityirduthe two weeks

that were available for this work. Pilots were pasy to get hold of over
the phone during normal working hours. When theydiowork on a ship

they are very restricted in time due to the recp\ard rest time needed
before next shift of work. Pilots were contactedotigh the local Pilot

station and asked to participate. If there wasnéerest to participate and
there were no possibility of conducting the intewidirectly another time
was agreed. There was no information given on kéfmd. The purpose
of the interview was given over phone. The Pilotsrevinterested to
participate and no one declined the possibility taking part in an

interview. Pilots were asked to rank the five miagbortant instruments
on the ship bridge generally and if they would like have more

information regarding the ship bridge before comorgoard for pilot

duty, like for instance to see a picture of thelpei.

3.3.2 Work process Hierarchical Task Analysis

We decided to mainly base our work on the work pteioposed by
Annett (2003) and here follows a more detailed dpson of the work
process. In this section we will describe the numb®-4 in Annett
(2003).

1. Decide the purpose of the analysis.

In this research there is a focus on the task wiga#ing in fairway. This
navigation differ in some way to navigation in opsater as it usually
comprises navigating closer to land which meamss there are other
constraints related to the task compared to wheigating in open water.
The purpose of the HTA is to create a platform axphg the task of
navigating in fairway. By decomposing the task a¥igating we want to
identify central parts of the work, which subtaske vital in order to
accomplish safe navigation. A further aim is to nify potential
problems and hazards related to the task. The H¥Atd be generalisable
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to some extent since ship bridges generally diffevhich equipment that
is available. A too specific HTA can be less gelssble whereas this
had to be accounted for when considering stop-rules

2. Get agreement between stakeholders on the defion of task
goals and criterion measures.

Safe navigation is a fundamental goal in the pgiesl maritime world.
It is in all the involved partners’ interest thaetship, crew and cargo
reach the destination of the trade in a safe almbte manner, how this
can be obtained can be treated as overall quesfiaine work (See
section 2.5, Perspective of safety at sea).

3. Identify sources of task information and seleaneans of data
acquisition.

In this study the focus is directed towards nawggatn fairway. Earlier
studies have shown that there are differences, detwdifferent nations
and stakeholders, considering how this task isopedd (Norros, 2004).
In this work we have chosen to study Swedish Cagtand Pilots. Since
Pilots work daily with bringing ships through famyws, working on
different ship bridges, they are seen as experthdararea. This HTA is
based on interviews with Pilots.

4. Acquire data and draft decomposition table or dagram.

The HTA is based on data acquired through intersiexth 4 pilots that
are considered as experts in the work field. Thokehe interviewed
Pilots are currently working as Pilots, the fouatfiormer “Master Pilot”
is engaged in teaching. Each interview lasted al@ohours and was
conducted at two different locations. Two interviewere conducted in a
conference room at Chalmers University of Technplognd two
interviews were conducted at a local pilot-statidnterviews were
conducted after mutual agreement that was considgrpropriate of both
researcher and Pilots. The interview purpose wasnamicated in the
first contact whilst method was explained in detailen meeting. No
preparation from the Pilots were asked for or aber®d necessary. The
interviews at Chalmers were conducted during dagtimhilst the
interviews at the pilot-station were conductedralation to just finished
work, during night time. The interviews were alinclcted in a location
well known by the Pilots and that was well suited falking about the
task and working with the process of developing Wk model. The
interview started with presentation of the aim améthod of task
analysis.

During the interviews a task tree was drawn on@epaheet of A3 size.
After being briefed about how the interview was npled the
identification of subtasks and their goals startéith a question like
“How would you divide the task of navigating in faay”. The

description was drawn and written on the paper thed the interview
continued with identifying subtasks and their go&#ots mainly did the
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talking whilst | was drawing and writing. The tre@as completed with
descriptions of the tasks, subtasks and goals.ame lthe image of the
task tree to grow in front of you facilitated thederstanding of the
connection of tasks and subtasks. Notes of goate dawn directly on
the sheet, after two hours the sheet looked likig anind map.

As each operation was identified, questions weszudised regarding
need of input/information, need of feedback, whadtion that had to be
taken, potential problems and difficulties “whahao wrong and what is
probable or common”. As soon as possible afteriritexview the work
description was rewritten in a protocol. Table bwh an example of how
a protocol is put together. After all the intervielvad been conducted the
results from each interview were merged into orsedgtion.

Table 1 Example of a written protocol from HTA interview.

No. Description of Info | Feed- Problems Redescribed
operation back
1 Navigation in fairway, 1.1-1.2

make the ship follow a
planned track.

1.1 | Controlling the 1.1.1-1.1.2
movements of the vesse

1.2 | Maintaining orientation
of the vessel

1.1.1| Control course Misunderstanding
1.1.2| Control speed of digits

Since the task of navigation in fairways is a brtegk and ship bridges
generally differs a lot in which equipment thatisilable the HTA ought
to be like an Overview Task Analysis which has thain feature of
“facilitate comparison of task content between jolith the same or
similar jobs...it uses a stopping rule of redesaniptwhich specifies that
the tasks are generalisable between different corepand organizations
in the same industry” (Patrick, 1992, p.173). Th&C rule”
(Annet,2003), related tBrobability of failure without proper training and
potential Costs of failure, was difficult to use due to thengexity of
judging values for P and C. Possible failure of ynahthe subtasks can
individually lead directly, but not necessarily, hgh level of risk. The
“P&C rule” would probably be easier to use wheratiag to a specific
bridge, organization and crew. Usually the redgsiom stopped when the
interviewed Pilots were unable to redescribe tekgdurther.
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3.4 Analysis of data in work process part 1

3.4.1 Analysis Field Study

After the return of a fairway passage, data from tfbservations were
transcribed in to protocols. These protocols wanalyeed through a

process of creating themes and later searchingdh&ent of protocols

from the perspective of these themes. First alhefobservation protocols
were read. Second, themes related to risks anty seifsea were created.
The themes were identified on the basis of theasdrf the observation
protocols. Examples of themes that were identified

e Risks

e Procedures

e Decision support

e Perspectives

e Communication

As a third step all protocols were read again antent related to themes
were identified. Each protocol was read by two aedeers. We focused
on presenting important issues related to risk saf@éty. Some of the
themes maybe related to one another and some tfehee content could
perhaps be argued as a belonging to another themeyen several
themes.

Questionnaires regarding work intensity were comgand merged into
one. The analysis rule was that the colour thattnfieguently was
indicated at a special part of the fairway wasigmify that part of the
fairway. If two parts of the fairway had the samrequency of two
colours the colour signifying the most intense waré&s to be chosen.
Due to time restrictions in the analysis phasey gnlestionnaires filled in
beforehand were analysed.

The guestionnaires on communication were analygedtbrpretation of
the answers on the scales. Example of questioncairde seen in Figure
9. The middle of the scales indicatedrmymal andsatisfyingwas treated
as the number zero. The metric system was usecasume the distance
of each answer from zero, and approximation tonarest integer was
used. The gquestions without numerical end valuesl use wordingno
information and extended informationThese textual end values were
transformed to numerical values (-5 to +5). All alatere gathered in
tables and means and medians were calculated. @héts for each
guestion was then analysed individually.

Interview protocols regarding priorities were trarised and summarized.
In some cases Pilots did not want to make diffezebetween the
rankings of two instruments. Therefore, an orderpcgcedence, rank
point system (tied ranks), was established reggrttie most preferred
instrument on the ship bridge. When two instrumevése given the same
rank we decided to split the rank-point of the tpasitions between the
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instruments. If for example ECDIS and GPS were battked as the most
prioritized instrument, they were to be assignetkrane and rank two
which corresponds to five respectively four poimsthe rank point

system. The ECDIS and GPS would hence be assighgubits.

3.4.2 Analysis of Hierarchical Task Analysis

In this section the work process related to wortkpges 5-7 according to
the procedure for HTA proposed by Annett (2003)ascribed.

5. Recheck validity of decompositions with stakehdérs.

After making the outline description of a work mbdiis was
communicated with the interviewed Pilots and evaijyu some
amendments were made. When the HTA work model wa®ldped
seven Master Mariners were interviewed regardiraplems related to
the tasks given by the model (see work packagén@his way we had
additional opportunities for feedback regarding HIA work model.

6. ldentify significant operations in light of purpose of analysis
When the HTA work model based on Pilot interviewas\viinished it was
used as background for further work of understapdire work on the
ship bridge. Seven Masters Mariners were interviewéh the aim of
identifying problems related to the work on the pshoridge when
navigating in fairway. The Master Mariners were s by the criteria of
availability, some were asked when undertaking arsm at Chalmers
University of technology and some were asked bgg®al contacts. We
strived for a sample that would be of different agel experience. The
seven interviewed Masters were between 27 and &8 y&d, three of
them were for the time being not working to sea amye, two were
working at sea full time and two still worked atasttom time to time.
Two of the masters interviewed were teachers emfagesimulator
training at a maritime academy. The one with leagterience of life at
sea had 10 years of experience (still active atlsaagh) and the Master
with most experience had been working at sea foryd@rs. The
interviews were conducted in pairs two times andividually three
times. Each interview lasted between one to twordiolihe interviews
were conducted in different locations, al in calnmdasuitable
environments for interviews. The interviews weresdzh on the work
model given by the interviews with Pilots. Eachkt@&s the model was
worked through in order to identify problems rethte that specific task.
After seven interviews, the data on problems seesatarated, in this
case less new information was gathered and it wasled that enough
data to start the analysis had been collected.

37



7. Generate and, if possible, test hypotheses catesiing factors
affecting learning and performance.

We expect to be able to relate findings to the H¥@k model which
also is expected to simplify analysis of the workgess. For further
discussion see section 3.6.

3.5 Results

3.5.1 Field study

In this section results of the field study are préed. First examples of
themesidentified in the observation protocols are desatibAfter that
Pilots priority regarding instrumentsand estimated workload are
presented. At the enelxperienced communication between Masters and
Pilotsis presented.

Themes

Risks

One potential for higher level of risk is if theage no procedures that
definitely determine conditions for what size ofsthat is to be taken in

and under what circumstances the size of ship i tallowed to be taken

in or out through the fairway. If the Pilot himse&hen asked has to set
the boundaries, these can differ and individualeeigmced pressure can
lead to a higher risk if the Pilot is not sure & bwn or the bridge team

capacity.

Errors can happen suddenly and without warningetones accidents or
incidents are avoided due to sheer luck. At one tafter taking a ship
through fog a Pilot expressed “lucky the fog liftesthce the compass
indicated wrong”. The compass error was weird atiogr to the Pilot
since his compass courses gave the correct heazhniger in the
beginning of the fairway but not when the ship veashe end of the
fairway, closer to the quay. According to the Ptloeé compass error was
identified when he operated on visual cues ontoaigh some feedback
probably was sought since the error was detected.

Procedures

Procedures or procedures not followed can congilbathigher levels of
risk. One example is a bad planning of the passagfee fairway which

ought to be done by the Master before each jourfikis indicates that
Masters have high confidence for the work and dapaxf the Pilot.

Several errors were detected in the Pilot-card ith&b be a part of the
MPX (Master Pilot Information Exchange) that iskie conducted when
the Pilot joins the ship. In a conversation witlPiéot an example of a
locally agreed rule was given. The Pilot mentiomeglace he knew of
where a ferry was supposed to give way for othemraercial, traffic in

that fairway, even though this was in conflict MBIOLREGS (Collision

regulations). Locally agreed rules can be consileceincrease risks,
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especially if these agreements are forgotten todmemunicated to new
personnel or temporary substitutes.

Information and experience is not always spreaithénorganisation. One
example of this is that one has to be careful wime light sectors of a
certain lighthouse due to that possible crack$églass could give the
wrong information. When discussing this phenomend®came evident
that the Pilot did not know if anybody else hadenignced it or thought
about it during work.

Decision Support

Decision support like radar can cause a highel lefvesk if it is difficult
to use. Pilots usually have to work with many digfet types of
equipment and are used to adapt quickly. Usually tves all the
information needed. But, in one occasion nobodykhew to get the
information of speed over ground presented at isyi@daly. This ended in a
work situation where one member of the bridge oneas put on the task
to manually read the speed out loud. In most oleskases the used
paper charts were of an inappropriate scale. Thetshvere not detailed
enough which indicates that the bridge team releedot on the
competence of the Pilot and that there were a lawdundancy than
necessary. In one case an ECS was observed toalesl slown below
recommendation. Although a sign in the corner iatid “not
recommended scale” this setting was used.

Perspectives

Different perspectives by the different stakehaddenay affect the
experience of risk. For example, differences irfggences were observed
regarding passage choices through the fairwaytsPilormally chose the
passage close to land whereas Masters, with Rilopetence, tended to
choose the other passage a bit further from lartdleAdst one time a
master on a ship with a Pilot on board explicithperienced higher risk
when going close to land compared to going on #ss@age some distance
from land. The passage choice situation can beedew Figures 10 and
11 at the section describing workload, both passageicate high
anticipated work intensity.

Generally, three factors were observed to inithagger work intensity on
the ship bridge. These were (1) when passing anealsed red in Figures
10 and 11, (2) when passing other ships, and (3nwime weather
became bad.

Communication

Lack of communication can induce risk. One examplhen a Pilot at
one time decided to take a shortcut without brggfihe Master, which
initially caused some confusion. In another situata Master left the
bridge without briefing anyone. That the Mastet kb bridge was not
noticed until the Pilot called for the Master tdk as question. The Pilot
then looked around the bridge before deciding to @ of the Mates
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instead. Use of different languages or agreeméwisare made in non-
common languages and not translated can causerHglels of risk.

New technology like mobile telephones is more widating used in the
daily work, for example between Pilots and tugboaSince

communication through mobile telephones is not anoed through the
speakers at the bridge, or perhaps is not carngdnoan agreed work
language, it runs a higher risk of not being unier by all which in turn
may increase level of risk.

Priority regarding instruments

Table 2 shows how instruments were ranked by thesPiThe results in
points are based on ranking that Pilots did whesy ttvere asked to
spontaneously mention the most important instrument

Table 2. Pilots ranking of instruments.

Instrument Points
Radar 30
Gyrokompass 19
(D)GPS 16.5
ENC (ECDIS) 12
AIS 3.5
Rodder indicator 3.5
VHF 3
Logg 2
Rate-gyro 1
Mobile telephone 0.5

None of the Pilots answered that they would berésted in having a
picture of the bridge layout presented before gougto the actual ship

Workload

Workload was studied through anticipated work istgn during the
passage through the fairway. Pilots and Master®e vasked to rate the
expected work intensity on a chart representing theway into
Norrképing harbour. In Figures 10 and 11 the ap#tad work intensity
rated by Pilots and Masters is shown. The operissieethe right side and
the harbour is to the left side of the picture. €brandicates normal
conditions (low intensity), yellow indicates highamtensity and red
indicates the highest level of intensity.
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Figure 10. Pilots rating of anticipated workload.

Figure 11. Masters rating of anticipated workload.

Experienced communication between Masters and Pilst

The results are based questionnaires from 8 Pd#mid 7 Masters
(Captains of the ship). Results to specific questi@garding experienced
communication can be seen in Table 3.

The results show the participants’ experience afirooinication situation.
Both Pilots and the Masters are generally satisfigtl the information
they receive. Pilots tend to feel that they cowdstehinformed the Masters
more, which is interesting to note since Masterd that Pilots gave
enough information. The questions regardinfprmation | gaveand
experience of participatiorby the bridge team varies much between
different bridge teams.
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Table 3. Results of experienced communication.

Pilots’s opinion Captain’s opinion

Mean | Median Mean Median
Information | received 2 2 2.3 3
about ship/route plan
Information | gave about -1.5 0 2.8 5
route plan/ship
Support | received from 1.7 Between Clear
bridge team/were 2 and 3| intentions. Two
intentions clear? captains

confused once.

Experienced 0.8 0 2.3 5
participation in
navigation by bridge
team

3.5.2 Results Hierarchical Task Analysis

The main objective of the HTA was to describe @ktof navigation in
fairway. Task and sub-tasks were decomposed iffiereint levels. In this
section an example of how the task can be decordpetiebe explained,
the whole HTA work model can be seen in Appendixiie example of
task decomposition will be followed by examplespobblems that were
identified based on the HTA work model.

Example of HTA work model

The HTA work model consists of decomposition of thgk of navigating
in fairway from the perspective of navigating thepsin a safe manner.
The HTA work model will be exemplified by relatinrge main task of
navigating in fairway with one of the tasks at tloavest level, after
decomposition, in this case the task of turningip.dn Figure 12 we can
follow the decomposition of tasks through the whalerk modeltree.
The highlighted squares indicate the flow of hoe thsk of navigating in
fairway is decomposed into subtasks. The arrowsatel the relationship
of the tasks and subtasks. Arrows indicate thectie of the task flow.
Some tasks and subtasks are sequential, as irdliogtan arrow in one
direction. Some boxes have several arrows goingoout, indicating
parallel processes.

The task of navigation in fairway is decomposed ihie task of planning
and executing a plan. Executing a plan is then meosed into
supervising, navigating ship, communicate plan aacbnstruct plan.
Navigating ship is further decomposed to speedrobrand steering.
Steering is in turn decomposed into turning or t@mcourse. Turning
can be conducted through the use of either autopilbelmsman, which
both may initiate the turn.
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Figure 12. Example of how a task is decomposed in thewbirk model.

Every task is explained in a table stating nameneftask, description of
the operation, the goal, and input needed forakk. tExamples are
presented in table 1 section 3.3.2.

Problems identified, based on the HTA work model

In the HTA work model focus is directed towardsktgelated to
supervising. Analogous with this follows that predols identified in
relation to the HTA work model concerns the taslsabervising. All of
the problems identified in relation to the HTA warlodel can be found
in Appendix D.

In general three types of high level problems widentified; error in
execution of task, technical breakdowns and dilfi@xternal factors.
Four examples of errors related to execution df &as: to read the wrong
value on an instrument, to wrongly interpret anceon the radar as a
target although it eventually shows that there wathing there, to take
the wrong measurement on a nautical chart or tdusenone of the
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cardinal points. East and north is especially simesio be confused close
to the zero meridian, which may result that thep shiheading towards
the wrong direction. Technical breakdowns are exdieg by
malfunctions of the instruments or other artefdlcts is not connected to
any erroneous usage, for example autopilots or essgs breaking down.
Problems related to difficult external factors aspecially related to bad
weather or currents.

3.6 Discussion Field study and Task analysis

The aim of the field study and task analysis was&on more of the work
on the ship bridge and to provide a task descnptd navigating in
fairway. Before we can reason about factors andsaresghem we need to
know how and why we ought to measure. To this aredused the field
study and HTA which shows the complexity of the kvon a ship bridge
when navigating in a fairway. Potential risks, éiffnces and similarities
regarding work strategy, experience and instrurpeotitising have been
presented. By this, several areas that can beefugkamined has been
uncovered. Additional areas worthy of further studil be uncovered in
the discussions of specific methods below.

During the field study and task analysis we usedlitative methods to

get detailed examples of action in context. We ugpeelstionnaires as a
complement to gain quantitative data. We documewied procedures
and the circumstances during which they were maghedvide possibility

to track, evaluate and replicate them. None of ghmples, observed
ships, are randomised in any way that we can afgue representative
sample for any statistical calculations. But, ooalgwas to gain insight
and collect information of how navigation in fairyvé conducted in its

natural setting.

We argue for high reliability since we have beesesbing work being
performed on ships in a natural setting. We hawn ssnd experienced
everything that is written down in our protocolsThe question of
repeatability can be discussed. Repeatability asatl/ related to the
interpretations of the observations and observatam not be conducted
without interpretation L{ipshitz, 2000).We are assuming that the team
making the observations had enough knowledge ofnestigated area
to make realistic interpretations. If a similausition would be observed
again it is probable that the same observationflde®l made. But, when
observations are made in the “real world” on shipldes one is not in
control of the study environment, and clearly dejfgsm of interpretation,
which implies that even if our study was to be edpd it is not sure that
it would give repeated results. We made observatmmboard different
ships within the range of ships that visit the mdriNorrképing. This gave
us the possibility to see a large variety in hoe task of navigating in
fairway can be conducted.
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We did not distribute questionnaires on all shifye judged that in some
situations this was not appropriate due to theig@pants work load.
However, all questionnaires that were distributegrevanswered. This
shows the sensitivity of the situation of measudngng work.

The fact that we had to have authority from both ship owners and the
Master of ships may have had an impact on whicpssiie were allowed
to join. How large this effect was is difficult &stimate, but we were only
declined to join one journey.

Below follows discussions related to specific daadlection methods and
their results.

Themes

Since there is no formal procedure to determineclwlships to grant
entry, and under what circumstances, there is meeagent that both
Masters and Pilots can refer to. This can be omgriboiting factor to
what Norros (2004) found as little shared awarenédise situation.

If no formal system for spreading information ancperience is used
there is a higher risk of losing information ancerence that could be
valuable for Pilots when solving tasks. Informatidistribution can be
related to culture aspects and attitudes. Perlggpsiformal information
distribution is regarded sufficient? An exampleioformation sources
that can be used but may not be reliable is whectreinic charts are set
to the “not recommended” scale. This exemplifieat th information
sources can be used, these may actually be udsaligit not always
reliable. Related to the perspective of safetyudised in section 2.4, it
would be good to put a constraint on the instruniemtrder to not allow
actions such as zooming in below the original sazfleethe scanned
nautical chart when using ECS.

The different choices of passage through the faireculd be due to the
feeling of control which is described by Westrer{@899) who argued
that some tend to navigate on the boundaries te hd¥eeling” of them
and some wanted to keep away from the boundariésidav that they
were safe. Is it possible to measure and reasout &xperienced control
on the ship bridge? Could it be that a more procddMaster Pilot
information exchange might lead to an increasedetstdnding of
different perspectives that decrease levels of oy ?

Ranking of instruments

The ranking of instrument based on the rank poystesn indicate that
there are some instruments that most Pilots consmee important. For
example, the radar is unambiguously ranked as mgsbrtant by all
Pilots, which means that the radar is seen as §awinentral role. The
lower ratings at the lower part of the table maypresent personal
differences. One interesting question is if theardehs the same meaning
for all the Pilots and if a central work strateggpendent on the radar
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could be identified? This could also be studied arding other
instruments. Differences of preferences can beaeelto Norros (2004)
findings that how the ship is navigated dependsenumr the personal
“style” of the Pilot than what equipment that isadable on the ship
bridge. To identify different personal styles woulik interesting,
especially since strong personal preferences may te what could be
called “irrational” choice. This has been shownoither domains, for
example activity scheduling, related to choice ket means of
transportation (Géarling, 2004). For example, peothlat are used to
taking the car are more likely do so even thougly tmight just as easily
have walked. This may seem irrational if you arexcaswned for the
environment. Working in a complex environment wéhhigh pace of
change, such as a ship, may lead to resistancsirig or learning new
equipment, and instead “you do what you have alviays”.

Workload

The perception of which part of the passage inwivere workload was
homogeneous within the two groups. The Pilot ratirgpem to be
somewhat more nuanced. This may depend on thais Rikually have
more experience of making the passage and alsgatavwwith ships of
various types. Their ratings may represent a wieential of problems.
For example, the yellow part marked on the chatfway through the
fairway, was sometimes described as risk of sddasters that filled in
the questionnaire were usually navigating smalepssthat perhaps did
not have potential problems with squat in that alieaould complement
the data well if we were to measure experiencenefvtork situation in
one more way, for example how the work is relategersonal affect and
emotions.

Experienced communication

Overall the communication situation seems to besfsatory, although
according to the Pilots, more information could énddeen given. Results
to the question omformation | gaveanswered by Masters, is skewed. In
this case it indicated that the answers varied nanththat answers not
were positioned close to the calculated mean vdalbhes also applies to
the question oparticipation of navigation answere@®ne reason for this
may be the lack of a common reference of what isnat too much or
too little information or participation. This maymfirm the findings of
Norros (2004), that there is discrepancy regardshgred awareness
between Masters and Pilots.

HTA

The HTA work model clearly shows the complexity thfe task of
navigating in fairway. One example is the inter@ctbetween the stages
of 2.1 to 2.4 related to supervising, navigatingmmunicating and
reconstruction of plan, which are clearly depend#neéach other. It is
further evident that a large part of this HTA warlodel is concerned
with tasks related to supervising. This is very mua line with the
statement made in the introduction of this thdsas the automation of the

46



ship bridge has led to that the work to a highegrele consists of
monitoring and supervising tasksdrstholt& Passenier, 2000).

The HTA work model very evidently distinguishes mpiang and

performing the navigation as two different phasgsis distinction in

combination with the loops between supervising aadigating the ship
suggests that a comparison of the HTA work modal theory of control

and activity, the Extended Control Model (Hollngg@D02) may be
rewarding. The Extended Control Model (ECOM) ddsesi multiple

levels of activity, which is exemplified through model of a process
control. This process control model proposes andigbn of four levels

of activity; targeting (goal setting), tracking,gtgating and monitoring.
Activities exemplified in ECOM related to the folavels can be seen in
Figure 13. The different parts of the HTA work mbded the ECOM

model of activity and control have several simtlas. ECOM could be a
highly relevant theory to use in analysis of futdega.

»| Planning Scheduling »| Execution
T T T A 4
Targeting Monitoring Regulating Trackning Process
& Goal “Navigating
setting in fairway”
A
Interpretatior Recognition| Detection J

Figure 13. Activity and control model of process conétmdording to ECOM.

Problems identified, based on HTA work model

The problems identified have a great variety. Sarablems are more
frequently mentioned and seem very likely to haplies for instance,

buoys moving due to ice or heavy wind. Other protseare rare and
seem unlikely to happen, for instance, in one aoocasvhen the

electrician by mistake turned off the rate gyr@aimoment when this was
especially needed. The last example can be compargt situation in

the field study when we were “lucky the fog liftedSee section 3.5.1.
Talking about safety can be related to procedufesstablishing a safe
manner to work. The last two examples shows tha oannot be

prepared for everything and that an important aspécsafety is the

capacity of handling new and unexpected events.

Two subtasks related to the task of supervisingewelated to a higher
frequency of identified problems. These subtaskssapervising position
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through radarandsupervising courseOne interesting difference between
these is that fosupervising coursehe problems are mainly technical,
whereas forsupervising positiorthe problems are both technical and
erroneous usage. Is the supervising of course,owth possibly
problematic, less related to activity and inter@ctirom the operator?

Lessons learned

When using these data collection methods the uspilof tests and
preparation time has turned out to be essentidlifdsight this could be
conducted even more systematically. If observapiostocols had been
tested more, and inter-rater reliability tests peried, the differences in
how to note observations could have been avoided.

As an observer | have learned a lot about observali is important to
have a clear objective with the observation. Whdty, how and when
are important questions when you want to obseneziip situations.
When you are discovering a new area it is import@ntstate your
assumptions openly when going in. Make the obsemvaiand you try to
push the conscious interpretation away until itinge for the analysing
phase. If this is not possible, one should makeseb as to be able to
separate observations from early interpretations.

After about 6-8 passages | started to write lessmiy observation
protocols as the situation became more familiaméo | started to think
like “now this turn is conducted like that”. Whendalised this | had to
concentrate to try to focus on what actually wasdpelone and how |
could write about it.

As an observer | was not supposed to be engagedyirtask solving or

responsibilities. At one time on a big ship in askefog, the situation was
a bit tense. Everyone was engaged in looking ouh@fbridge window,

trying to identify buoys. | found my self engagedtihe search for buoys
without consciously considering it.

When conducting the questionnaires | must admitfeeeised a lot on
how the questions would be experienced by the refgmds. If | had
focused more on what | was to do with the data, lhavas to analyse
them and taking that into account when constructhmg answers and
scales, this could have saved me some effort iarnladysing phase.
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4 Recommended further studies

We set out to learn more about the work on the bhiglge. Through the
field study and the task analysis potential areasfirther studies have
become uncovered. In this chapter it is explained hthe knowledge
obtained in the field study and generic modelstexkan the task analysis
can be used to investigate concrete questions.

4.1 Aim and purpose

As presented in the introduction of this thesis neehnology and
instruments on the ship bridge are of interest. ph@ose a study to
compare two different types of ship bridges, oridd® equipped with
state-of-the-art instruments and one more conveatibridge. The
aim of the study is to compare if there are anfed#hces of how the
work of navigating in fairway is conducted and expeced when
using these ship bridges. To validate a set ofedfit methods for
collecting data is also a central question in stigly.

4.2 Proposal of study in a Full Mission Bridge
Simulator

We propose to use a simulator for studying the rga@tke impact of
different advanced instruments on bridge work, eisflg during fairway
navigation. In the field study it was difficult separate potential effects,
for example weather or ship type that had an acdtmphct on how the
work was conducted. To gain more knowledge of ifipeguestion, we
recommend that the next step in this researchriduied in a simulator.
Then factors like weather, ship type and instrumémat are of interest to
be studied can be controlled and kept the samalfdest participants.
Potential hypotheses are easier to test if thegabkng and adjustments
of instrument settings by the participants are méed. A simulator study
also allows research that can test different measeint methods which
potentially may disturb the solving of a task is ftatural setting. In this
section a recommendation for such a study is dssdr{Nilsson et al.,
2007).

When Funke (1988) discusses the use of simulat@rsstates that “it
should be analyzed how participation in simulatiafiects problem

solving in ‘real’ life problem situations” (p. 297yhe simulators of today
are considered highly realistic which for instanalbow pragmatic

training. The relevance of the full mission bridgenulator used for
preparation for “real life problems” can be undeost from the stress on
simulator training expressed by cruising compatlikesStar Cruises. One
example, given by the former director of the Stami§€es ship simulator
H. Hederstrom (personal communication, Chalmers véisity of

Technology, 10 November 2006.), is a ship crew tratigated during
demanding conditions for at least one hour of a foours sail up the
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Saigon River. The crew had not been sailing up tiver before and it
was the biggest ship ever to sail up the river tee KChi Min City. The
training was thoroughly carried out in a simulatmfore going into
practice “live”. The crew conned the ship them seelunder supervision
of a Pilot and managed well. Afterwards they emzeasthe importance
of simulator based training and th& Qfficer reported that he felt like he
had “been there” many times before. Another argunfen using a
simulator for this kind of study is exemplified bystatement by Jansson
(21999) who studied effects of strategies on théopmance of work: “we
can onlyhope to understand what a participant is doingafkmow what
he or she is trying to achieve” (p.24). By havirgtizipants solving tasks
in a simulator that are well communicated and séialwe know both the
given prerequisites and what participants are tyangchieve.

4.3 Aspects to study

We propose to focus on six aspects of the workhenship bridge with
the purpose to reason about factors affecting mecimaking on the ship
bridge. The six aspects are performance, workegfyatcommunication,
experienced work situation, workload and contrdie Bspects are chosen
due to the close relationship with decision malongthe ship bridge and
have clear connections to the previous field sty HTA. Performance
is primarily to be used to compare different bridgpes. Work strategy
and communication, experienced work situation, \w@# and contril
have been discussed in the field study (ChapterTBg question of
control became even more evident during the wottk wie HTA work
model.

4.4 Proposed data collecting methods

In this section methods for collecting data rela@dhe different aspects
to study are presented. All aspects and theirioglai different data
collection methods can be seen in Figure 14. Thpgweed data collection
methods can be used for triangulation. In this weey different factors
can be compared against each other and can theisgivanced analysis
of the work on the ship bridge related to the twidde types. The dotted
line between the data collecting method of Swedisine affect Scale
(SCAS) and Heart Rate Variability indicate thatliearstudies of SCAS
has shown to correlate with variation of heart dastfjall & Garling,
2007).
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Aspects to study Method

Performance Performance measures

Work strategy [ Observations and
and interviews

Communication

Swedish Core Affect

1

_ Scale I

Experienced I

work situation NASA TLX [

I

I

Workload Heart Rate Variability |-
Control Self Report Control

Figure 14. Methods related to aspects to sl

4.4.1 Performance

We want to investigate possible differences ingrenfince due to the use
of different bridge typeg¢the bridge types will be presented in section
4.5.1) It is important to stress that when measurindoperance we are
not interested in assessing the bridge-teams peafuze individually. We
are interested to see if there are similarities/@ndifferences between
teams and groups of teams. Collecting data for siiestion or
subdivision, due to earlier experience of the pgrdints, is necessary.
Our main objective is to identify potential diffeies between the use of
a traditional and advanced bridgygpe. In this study, measurement of
performance will be focused on navigation in faiyvia relation to safety
at sea

Judging performance related to safety at sea mnglex matter. We
propose the use of experts to assess performarssal lwa existing
rules and procedures. Expert ratings have beenhefede (Saur et al.,
2002) and we argue that it is important tleapert rating is to be
conducted by a professional with much experienag@fwvork field. One
advantage with the use of expert rating is the ipoitg to capture the
situation that is to be assessed from a holiseev\vof safety. The holistic
approach of experts, although based on rules arakgdures, may contain
factors like advance planning, use of instrumentsl aavailable
information directly related to the actual probl@nhand. The holistic
approach is important since the task of navigaitinfairway is dynamic.

51



How each ship and bridge-team will encounter tla@apéd problems may
differ depending on previous decisions relatedutag and speed. Expert
ratings provide possibilities for a deeper undeditag of the constraints
of the situation. This is in line with theories bbunded rationality
(Simon, 1982), ecological rationality (Gigerenzer, 1999) orocal
rationality (Woods et al, 1994) mentioned in section 1.3.

One way of measuring navigation is the use of Cibsgk Error
(XTE) which can be used as an indicator of perforoea(Saur et al.,
2002, Donderi et al., 2004). We argue that XTE im ocase is less
accurate from the perspective of safety at seafollow a planned
route in detail is not necessarily safer than teiate from the plan
since the environment is dynamic and deviation migghexplained by
an attempt for higher safety. Furthermore, to akk taptains
(participants) to focus on staying on the tracktl@s main task is
considered unrealistic. It will probably lead toethisk of the
participants not doing what they would normally idoorder to try to
stay on track. Instead we want to use measurenoérsigfe margins
that measurement is based on one or several spgaints along the
passage in the fairway that it generally is gootawee a large distance to.
This measurement is based on the fact that in @lage unforeseen event
keeping a safe margin would mean having a larggaxice to potential
dangers and hence result in a bigger window of dppity to act. We
argue that although Masters may perceive the gitualifferently, these
points are to be chosen so that larger distancedeiter than smaller
distances. Although some Pilots according to Wastne(1999) like to
navigate close to boundaries to have a sense triotomo one is likely to
sail on the verge of stranding a ship.

We propose an adjusted measurement of Closest Bbspproach

(CPA) which is a typical measurement for collisewoidance (Saur et
al., 2002, Donderi et al., 2004). CPA is a measifrbow close two

ships will pass each other if course and speednaiatained by both
vessels. This is a measure that has to be dedit caitefully to not

overestimate the danger. A ship can pass anothebghhe stern with
a pretty small CPA and still have acted safely. $ame CPA could
probably be less safe if the ship was to be pasgdlde bow. One way
of adjusting the CPA is to measure time for CPAuJesl below

recommendations (Saur et al., 2002).

4.4.2 Work Strategy and Communication

The main question of this aspect is to identify kvatrategies and
potential changes of work strategies due to therdiht bridge types?

First, we need to identify work strategies in orttebe able describe

the work on the ship bridge in more detail whichtum would make
discussions of potential affects due to differeniddee equipment
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easier. Eamples of work strategies related to the taskiofihg a ship is
described in the HTA work model in section 3.5.BeTMaster may use
either the autopilot or manual steering and mayeeitake the whole turn
all in one or divide the turn into smaller segmefthich method that is
used has been related to the need of control ardbéek and are hence
central for decision makingsecond, we are interested to se if we can
identify any changes of work strategy due to th&#ecdknt bridge
types?

We propose observation for identifying potentialrkvstrategies. “It is a
truism that we learn about our physical and soemlironment through
observation” (Pedhazur & Schmelkin, 1991, p.142)e \Argue that
systematic observation (Weick, 1985) is usefuldfaleeper understanding
of the work on the ship bridge since through obsgons we may
describe and paraphrase the prerequisites, evedtaaions on the ship
bridge during the scenarios in more detail.

When conducting observations it is important to Wwnwhat you want
observe and that observation “...is an active proc&bss implies a
specific frame of reference, which entails selettiin the ‘What’ as well
as the ‘how’ of observation.” (Pedhazur & Schmelki®91, p.142).
When making observations the perspective of theervks actor is
important, in this study we propos the perspectidgocated by Weick
(1985) who states that “...the model of an observaligtatement is...’If
a person is in situation X, performance Y will helged appropriate by
native actors™ (p.572). Observations of the workdaommunication on
the ship bridge can be based on and compared ¢o kbearch related to
decision making on the ship bridge, like for inst&mdicators of actions
describing the work during pilotage (Norros, 2004)recommendations
from the bridge procedures guidéinternational Chamber of Shipping,
1998).

In the Full Mission Bridge Simulator that is propdsto be used, the
work on the ship bridge may be recorded by two widameras that
can be manoeuvred. Recording of audio is also plesdin this way

the recordings of the work conducted on the shiggercan be played
several times during analysis.

Although the task solving is recorded, we propasedd observations
during the task solving on the ship bridge. Genebalervations related to
the task solving should be registered. In this wagstions related to the
task solving and clarifications regarding certagtivaties could be sorted
out during debriefing after the fairway scenarios Haeen completed.
Central questions regarding communication is ifrehare any salient
changes in communication, related to the diffestip bridges that might
affect the work?
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4.4.3 Experienced work situation

In this study we recommended to focus on possibfeerdnces of

experience related to the use of two differentdeitlypes when solving
the same task. The reason for this is that how & veituation is

experienced is essential when reasoning aboutreliffeprerequisites for
work and appropriate instruments.

Measurements of experience of work situation caprbélematic due to
the question of what to measure and why. Vas#ijgdl. (2002) argue that
although

“A consensus seems to be slowly emerging about how
to define concepts like emotion mood, affect, fegli
and temperament (Averill, 1975; Frijda, 1993; Le&is
Haiveland, 1993, Watson and Clark, 1994b; Zajonc,
1997). Clarification is, however, still necessatybath
theoretical and empirical levels” (p.19).

We propose to use the Swedish Core affect Scal&$p@r measuring
experience of a situation. SCAS measures coretaffetich according to
Vastfjall et al. (2002)

“...are cognitively accessible elements of a current
mood, an emotional reaction, or anticipated emation
reaction. They are present at any given time, exteam
neutral level.” (p.19).

According to Vastfjall et al. (2002) the core atfecan be described in
two dimensionsyalenceandactivation

“The valence dimension is interpreted as reflgctime
degree of affect that provides information aboutent
well being (Russel & Feldman Barret, 1999).” and
“...activation, refers to the subjective experiende o
energy and mobilisation (Russel & Feldman Barret,
1999).” (p.20).

We argue that because valence “is clearly a fundeahdimension of
human experience” (Vastfjall et al., 2002, p. 20)siappropriate for
comparisons of experience related to the use ofiwileeship bridge
types.

We propose measurement of the two dimensions lnygradjectives
both before and after the solving of a task in ptdadentify potential
differences in experience of the situation. Va#itga al. (2002) argue
that adjective ratings are “reliable measures efitidependent valence
and activation dimensions proposed” (p. 19). Thehoe to be used
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has to be easy to make use of and not very conspher it has to be a
part of several measurements and we do not wargxbaust the
participants with too many or to demanding measergs Thus, a
method where only two scales are to be rated gdcfficient.

In addition, SCAS has been shown to have a posttiveelation with
Heart Rate Variability (Vastfjall & Garling, 200Which is one of the
proposed measurements for workload.

4.4.4 Workload

In the field study we identified differences iningis of anticipated
work intensity by Pilots and Masters (3.5.1). Tbhmuld be due to
many different factors like for instance experieraoed knowledge.
When comparing two bridge types, we propose to areagorkload
in order to find out if there are any differencas experienced
workload related to the different bridge types.

We propose the use of two methods for measuringkload, a
subjective measurement and a physiological measurerdsing both
subjective and physiological measurement has seadrantages. It
provides two information sources that can be coegband evaluated
against each other. Strength and weaknesses camrbbined for
optimal analysis. If results correlate, which itngeally does for
comparable tasks (Wickens &ollands 2000), the results can be
interpreted as confirming. If they do not correlJatee might have
caught important differences of constraints givilegper insight. One
example is if workload will show to be difficult teerbalise, then
physiological measures may give insights into thigeat of workload.
On the other hand, sometimes physiological meashee® been
shown to be affected by factors not related to tequested
measurement. If the HRV data is to be proved nafulsthen
subjective measurements may be more frugal. Intsheing two
methods provides possibilities for a broad and nadrdescription of
workload. Neither of the proposed methods is iet@nfy with the task
on the ship bridge. That is also one reason why NARX is
recommended more favourable than Secondary-Taskhnicge
(Wickens &Hollands 2000), which is another measurement technique
that has a long history in the field. The Secondask technique
engages the participants with additional tasksiartence difficult to
motivate if one strives for task performance iralistic environment.
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Subjective measurement of workload

We are interested to measure how much workloadishexperienced
in the scenarios, this could be used both as aalaftthe scenarios as
it will serve as information regarding the workloaxperienced in the
different bridge settings. We propose to use theSNATask Load
Index (NASATLX) as a method for assessing workldaath physical
and mental. When using NASA TLX the workload isidefl as the
“cost incurred by human operators to achieve a ipelevel of
performance” (Gawron, 2000, p.130). When using NABAX the
participants are asked to rate the task on sixemifft dimensions
directly after the task solving in the simulator.

Compared to another subjective measurement caediTSthe NASA
TLX has a “greater number of scales and has aareasolution per
scale that allows it to convey more information apgears to provide
a more reliable measure” (Wickens Kollands 2000, p. 467). We
propose to use the NASA TLX for two reasons. Oresoe is that
NASA TLX is a measurement that has a long histofyusage
(Wickens &Hollands 2000) and is regarded useful for answering the
question of potential differences. This will aldowa the results to be
compared to other domains. Two, measurements canabe swiftly
and thus possible to combine with the other measenés. In our
research approach we want to test different mettdsve do not
want to disturb the participants too much with omsasurement.

Physiological measurement of workload

Heart Rate Variability (HRV) has been used to measoental workload
as “variability is generally found to decrease he toad increases”
(Wickens & Hollands, 2000, p.465). In aviation r@sd, tests have been
conducted to compare reactions in the real worlth weactions in
simulators (Magnusson, 2002). The results indicateat the
psychophysiological reaction patterns for the tweitisgs are very
similar, either because the mental workload registeore evident than
physiological or because there is anticipationteeldo the task.

Westrenen (1999) who studied pilots in work wrid®ut HRV measures
that “At low and intermediate levels of workloadyhprovide a sensitive
measure of mental workload” (p. 129-130). One reasdy this
motivates the use of the HRV as a data collectiethod is because this
concurs with the realistic testing environment tlsatepresentative for
normal work, which is proposed for the scenariae(Section 4.5.3).

4.4.5 Experienced Control

The main question related to the aspect of congaf there are any
differences of experienced control related to tiffer@nt bridge types.
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One way of interpreting experience of control isunderstand it as
congruence between anticipated and experiencedrpehce of a Joint
Cognitive System. From the Joint Cognitive Systd@S) point of view
both the bridge crew and the bridge equipment arestdtuents of the
system that we would like to study (Hollnagel, 2002

The Contextual Control Model (COCOM) is a systematodel of
control that “requires that that the human musabeodel of the process
in order to control it” (Hollnagel, 2002). This téfs from other models
that more frequently are based on that human “inagé a model of the
process to be able to control it” (Hollnagel, 2002,).

Hollnagel describes COCOM as:

“COCOM focuses on the functions deemed necessary to
explain orderly performance and is intended to be
applicable to a range of systems, including indiaid,
joint cognitive systems, and complex social tecainic
systems” (p.9)

This is comparable to the work environment on thie sridge where all
the above described different systems can be seactave and studied.
The captain, an individual, is working on the bedgvhich is a part of a
joint cognitive system to control the ship, whichturn is a part of the
social-technical system of the whole ship togethwath the land

organisation owning and commanding it. COCOM haseltonstituents
which are: competence, control and constructs.

e Competencerefer to what a system can or cannot do. Thesdhare
constraints of what is actually expected from thisteam. The model of
competence is controlling the level of possiblelysig, the system is not
expected to go beyond the model of the systemutncase competence
could be exemplified by the HTA work model (se gmtt3.5. or
Appendix C). We will initially relate findings tdits model and we do as
a start not expect to find something outside theleholn time it may
become evident that the model is insufficient imeoaspects and then
development of the model may be necessary.

e Control characteristics in COCOM simplify the descriptidncontrol
to four generic control modes called scrambled oojpmistic, tactical and
strategic. These control modes are “...regions oficaom, which ranges
from no control to completely deterministic perf@nce.” (Hollnagel,
2002, p. 9)

e Constructs refer to the systems understanding of the sitnaiohand.
“Constructs are artificial...Constructs are similar the schemata of
Neisser (1976) in the sense that they are basisdiecting actions and
interpreting information” (Hollnagel, 2002, p. 9).
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Important from the control perspective is to knowatvto do with the
system from the systems perspective in short-tefhe four control
modes are related to different type work methods$ @maracteristics of
performance. Although the JCS control of a paréicuituation may
change continually COCOM stresses to distinguistwéen the four
control modes. Johansson (2003) who studied dymagstems and its
relation to time explained the four control modes:

“Scrambled mode is when the next action of the
controlling system is apparently irrational or rand In

this mode the controller is subject to trial ancbgrand
little reflection is involved.

Opportunistic mode describes the kind of behaviour
when actions is a result of salient features in the
environment, and limited planning or anticipatios i
involved. The results of such actions may not bey ve
efficient, and may give rise to many useless attemp
Tactical mode is characteristic of situations where
performance more or less follows a known procedure
rule. The controller's time horizon goes beyond the
dominant needs of the present, but planning igmtdd
range and needs taken in account may sometimed be a
hoc. If a plan is frequently used performance nmesns

as if it was based on a procedural prototype —
corresponding to, e.g., rule based behaviour —thoeit
underlying base is completely different.

Strategic control represents the mode where the
controller uses a wider time horizon and looks dhega
higher level goals. The choice of action is therefess
influenced by the dominant features of the situmatio
Strategic control provides a more efficient andusib
performance than the other modes.” (p. 31)

COCOM has been used before in relation to work ship bridge. One
example is a study where control and the “boatfgélirelated to the
movement of a ship was studied (Jacobson, 2006)pMfgose to use the
same questionnaire as Jacobson where participatetsvhich of the four
statements, directly related to one of the contrmdes, that most
correspond with the experienced situation. Withs tdiata collecting
method we may identify potential differences of exgnced control
between the bridge types.

This data collection method is the only one whickyrbe obtrusive to the
participants. Cooperation and task performanceealated to the task will
be required from the participants since they wal &sked to rank an
experience during navigation. The situation indtf s not necessarily
unnatural, it could for example be compared tot@asion where another
ship is calling up the ship bridge regarding cleafion of position or

intention. The answering of the question of whichat @f the four
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statements that is most significant for the expese situation is not
assumed to disturb the work or cause any additigmablems. The
participants are to be trained on the four categobefore entering the
ship bridge which will enable a quick response.

4.5 Proposed bridge settings and procedure

In this section proposed test setting is descrilbéé. proposals are based
on that the study is to be conducted in a full isdridge simulator as
suggested in section 4.1. First the proposed brigges proposed to be
tested are introduced. This is followed by recomdagions regarding
participants to recruit and scenarios to be usethé study in a full
mission bridge simulator. Last a proposed testqutawe is described.

4.5.1 The bridge types

We propose a study to compare two different tydesh@ bridges, one
bridge equipped with state-of-the-art instrumentsd aone more
conventional bridge. We want to compare two bridipag have different
technology available. One ship bridge is to be goed with traditional
instruments and the other ship bridge is to havintegrated navigation
System (INS). The proposed differences betweenskig bridge types
can be seen in Table 3. The ECDIS may be useddagation if it is
approved according to IMO requirements (Safetyité At Sea, SOLAS,
chapter 5, regulation 18-21). We propose to compagetwo extremes
that are authorised by IMO. This means that the $hidges should
provide the possibility to navigate either with thelp of ECDIS or with
paper charts. We propose this, since “It is culyeestimated that most
SOLAS ships have some form of ECS aboard althowegi few actually
meet the ECDIS requirement” (Edmonds, 2007).Theafisen advanced
autopilot with the functions of curved headline araitomatic
compensation for drift is supposed to make nawgatasier. Curved
headline is a function that shows an estimated-déuposition of the ship.
The possibility of overlay which enables mergingseferal instruments
information is supposed to make important inforoatmore salient. A
study of different interface designs by Sauer e(2002) shows that an
integrated display tends to give navigational atlwges but it incurs
higher operator cost contributing to higher lew#latigue.

One problem encountered during the selection dafungents for the two
bridge types is familiarity with the equipment. gHiridges differ much
in which instruments that are available and howntetogically advanced
they are. This is a finding from the HTA interview#h pilots. It is very

salient, for example, when pilots mention that tlhesyally only use the
most basic functions of the radar, like Variablenga Marker and
Electronic Bearing Line, and that these are eadyntbon good radars.
There is a risk that the preparation time for thielde types will not be
sufficient enough to show all the assumed posgi¥ects of the available
technology. This might from one perspective questtbe mundane
realism - how similar the situation is to the re@irld. On the other hand,
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anecdotal evidence suggests that many officerditjettraining on the

bridge equipment before or after signing on to & ship. However, we
expect to have a high experimental realism - tihat task is taken
seriously (Pedhazur & Schmelkin, 1991). The riskunéler-training has
to be taken because proper training can take useteceral weeks
according to H. Hederstrom (Personal communicati@gveral weeks of
preparation for each participant cannot be providedthis study.

However, how participants will perform with limitg@eparation time can
be interesting in itself. If the available techrpfoproves to be very
difficult to use, this may give new insights intdagtation to new work
environments on a ship bridge.

Table 3. Major differences regarding the ship bridges.

Planned setup of the Ship Bridges

Traditional Bridge Advanced Bridge
- Paper Chart - Electronic Chart System and
- AIS through MKD Paper Chart

- AIS Integrated in ECS or Radar
- Radar and ECS overlay possible
- Curved headline/EBL

- Conning Display

4.5.2 Participants

Each bridge is to be navigated by a bridge teamed®mmendation for
the bridge team is that there are at least twowvadtfficers. The tasks of
navigation will be of that kind that two officers iappropriate. This
provides possibilities to study work organisation.

The participants conducting the navigation in timeuator ought to be as
representative for the population as possible, his study focus is
directed towards Swedish Masters. The prerequigitebecoming a
participant in this study is that participants eitthave papers as Master
Mariner or are in the last year of the study todmee a Master Mariner,
this because we want to study professionals im tieural context.

4.5.3 Scenarios

The task of navigation has to be as realistic assipte. The problems
encountered ought to be representative and aremrmaeaded to be
chosen among the presented problems related téiTiAe work model

presented in section 3.5.1. We propose the useraiflgms related to
difficult external factors. Some problems relatedechnical breakdowns
or errors in executing tasks are dependent ondtuakinstrument, which

% Head of Chalmers Simulator Centre, Chalmers Universiteohfiology, 10
November 2006.
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may vary much. By focusing on external problems, different bridge
types can be tested against external factors.

The overall goal in the tasks of the proposed satnuh is to be well
known and although the environment is complex aywalachic there
are instruments supposed to make the task easiperform. Each

scenario that is to be used is proposed to be st different parts
related to specific problems. These problems cam theparately by
assessed by experts following a protocol. The sanéor the proposed
study in the simulator are to be considered as abamd realistic and not
a study of crises management. This implies thataklk in it self is not to
be considered as causing high level of stress, hwlaccording to
Westrenen (1999) enables measurements of HRV s dbmain, see
section 4.3.4.

4.5.4 Proposed procedure

To obtain sensitive data it is proposed that eaalgb team solves the
task of fairway navigation during journeys in twaesarios using the two
different ship bridge types. To test the ship beidgpes two different
scenarios will be developed so that the order efsthip bridge to be used
can be balanced (Kirk, 1995). Although the ordewhbich bridge type or
scenario to start with ought to be balanced, theroprerequisites for the
problem solving ought to be as equal as possibleetample, the same
ship model should be used when participants amatigate with the two
different ship bridge types. In Figure 15 a recomdaion of test
procedure is shown.
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Introduction
Presentation of what to
expect, why and how
(15 minutes)

Equipping
Putting all measuring
equipment on participants
(10 minutes)

Familiarisation
Getting to know the
ship bridge
(60-120 minutes)

Questions
Both related to the bridge and
measurements like e.g.
SCAS, (15 minutes)

Navigating scenario
(60-90 minutes)

Debriefing

Both individually and as a
bridge team
(15 minutes)

Figure 15. Recommended procedure for simulator testing.

First the participants are to be welcomed and tmpgse, background
and planned proceeding explained. This is to mdie participants
relaxed in the environment and to confirm thatpghacedure is following
ethical policies and regulations. Next the partcis are to be equipped
with instruments for collecting data related to HRVis is recommended
to be done before familiarization so that partiotsawill be trained in the
same situation they are to perform the task. Farshtion aims at
making the participants comfortable with the enmim@nt and equipment
they are to use. The familiarisation is followed &yphase were any
uncertainties can be sorted out and questionsdiegathe measurements
of demographic data of the participants and SCAS lba asked. The
participants will also be introduced to the statetaeelated to COCOM.
This is followed by that the participants will ngate one of the
scenarios. Afterwards additional questions of SGwib be asked and
debriefing will be initiated. Initially every padipant will be interviewed
individually. Afterwards a team debriefing will beonducted, so that
observers may ask questions to clarify circumstaribat have caused
uncertainties during observations related to te&.tdhe same procedure
will be repeated the next day when the participanlishe back to test the
other bridge type. The scenarios should be condudtging the same
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time during the day so that results will not bduahced by effects that
are related to the time of day, for example sleeggnTo avoid carryover
effects between the scenarios and bridge typesnamomm time limit
between the start of the two scenarios has to tableshed.

4.6 Expected results
In this section the data for analysis and possibteomes are presented.

4.6.1 Data
We expect the following data to be accessible:

1. Video recordings. The work with the electronic guoueéent like for
instance radar and ENC (Electronic Navigation Qhaitt be
recorded.

2. Expert evaluations of each scenario trial.
3. Independent performance measures such as:
Time (average speed)
Measures of relevant safety margin
Measures of relevant CPA
4. Heart Rate of participants solving tasks(HRV)
5. Subjective measure of experienced work load (NASX)T
6. Subjective measure of experienced core affect (SCAS
7. Subjective measure of experienced control duriegsttenario

trials

These data will serve as a foundation for compatimg two bridge
settings. Having scenarios recorded for analysésrvedrds provides
possibilities for tracking special situation ancegtions related to the task.

4.6.2 Possible outcomes related to research question

The proposed study in the simulator has a statedl @ocomparing
two bridge types. This is a specific question coregato the more
probing questions in the field study and task asialyWe expect the
results to provide information on the impact offeliént bridge
equipment, for example, regarding experienced waidk| experienced
work situation, core affects and controfhese data, containing
subjective measures, physiological measures andriexatings, render
possibilities for comparisons that will state pbssidifferences related to
the equipment. This in turn may give new insightd aerspectivedVe
expect to learn more about how the task of navigain fairway is
conducted under given circumstances. We have gosdilplities of
finding work strategies that can explain how a fjaagnitive system
including a ship bridge is used.
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4.6.3 Possible outcomes related to data collection
methodology

During the field study it became evident that itynhe difficult to
collect data in the natural context, see sectién Ihe proposed
composite of data collection methods may answeadtltuitional
question of which methods that are appropriatesteowhen studying
the ship bridge and what the constraints of speniithods are.
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5 Discussion

In this thesis results from field studies and tasklysis are presented. A
proposal for how this knowledge can be used fothtir studies is also
presented. By doing this we have studied phenonreriae real world,
interpreted them and turned them into researchtigmssthat we argue
would lead us further to the understanding of hurfeantors related to
decision making on a ship bridge.

We set out to study the work on a ship bridgesmdtural setting and
have several times argued for the importance dbgamal validity,
which briefly can be explained as the study of mimeana in its natural
context. The next step, to further investigateifigd from the field
study and task analysis is proposed to be condirct@dull mission
bridge simulator. This can be understood as leatiagriginal goal
of studying the natural setting. Through the usa bigh fidelity
simulator we argue that we do not leave the petifgeaf high
ecological validity. We still study the task of ngating in fairway in
its wholeness. We do not break down the task inbtasks related to
specific instruments and test them individuallythdlugh we may
focus on specific details we still observe thernthim context of
navigating in fairway.

When studying task solving in a full mission bridgiewulator, we do
risk to be observing task solving that are typical a simulator but
still not representative for the reality. Some aspelike, for instance,
the personal consequences of damage due to aiaoltgannot be
simulated. Other aspects, like cargo planning, pay®k preparing
for docking or time pressure due to last minutenges of cargo
logistics will not be simulated. These are all epéen that clearly have
an effect on the work on a ship bridge and mosroétre related to the
work of navigating in fairway. This risk of not logj able to identify
potential effects from some aspects is then a ki risk, if we want
to use proposed data collection methods in a stoylaspecially in
combination since this demands time for calibratibrwe can not
control the environment that we study it is difficto argue that we
are actually measuring under the same, or equalrastances. As
shown, the work on the ship bridge is complex amgetident of many
factors. If one factor like weather or one partasf instrument is
changed, this may be dependent of many other fagthich make it
difficult to know the extent of the change if we dot control the
environment. When investigating specific questiotike the
comparison of two bridge types, the proposed dallaating methods
in a simulator can give reliable data. We have psep data collecting
methods that are closely related to the aspectsabavant to study
and that in several cases have been used beforaride for high
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validity due to the use of a high fidelity simulaté-or instance, one
study has shown that there is no difference inthreée dependent of
task performing in a simulator or the real worldemtprofessionals are
tested in high fidelity simulators (Magnusson, 2002

We further argue for high reliability in those cagbat we propose to
use data collecting methods which have been vdrlhiefore like for
instance: NASA TLX, SCAS and HRV. These data caltecmethods
are to be used in a simulator which provides goodsibility for
repeatability. Through documentation regarding loé tother data
collection methods like observations and COCOM, wek can be
tracked if needed. Validated data collection meshoprovide
possibilities for generalizing results. During #tedies we have to be
careful with the analysis of the constraints of ¢liteation, so that we
may generalize in a correct manner. One exampla gotential
constraint due to the ship model used by the sitoul&Verely on the
functioning technology in the simulator and factéike how well the
ships model is programmed and interact with thegimary sea. This will
have an effect on the experience of ship behawdadrhas to be realistic.
The feeling of “this is not for real anyway” withisome sense be present.
However, in a simulator we at least have the oppitt to describe the
prerequisite for the scenarios in detail, and pleyrecordings again and
thus learn something, at least from these situation

Swedish research conducted under the paradigm mdmic Decision
Making has several times used microworlds and exyetal settings
(Juslin & Montgomery, 1999). Defending Brunswikiasychology
Hammond (1999) criticises the use of microworldhéy are to be
chosen indifferently

“If it is a creation of someone’s imagination,
someone who merely wanted to create a complex
opaque, and dynamic system, then we need more
justification: why these arrangements?” (p. 312).

Within the Naturalistic Decision Making there haseh an argument
that traditional study in experimental settingsna®o miss
phenomena affecting the real situation (Zsambo®y719n our
proposed study we argue for the use of a highifideimulator. We
have shown how we can relate problems from thétydaltasks to be
solved in the simulator. This is one reason for wi@yargue to have
better prerequisites than previously mentioned omorlds for
studying what participants “actually do”. If | wiouhave to place the
study of ours in a paradigm, | would, although \ge a simulator like
to place it under the umbrella of Naturalistic B@an Making due to
fundamental similarities. “NDM is the way peopleeukeir experience
to make decisions in field settings” (Zsambok, 1994), which is
what we did in the field study and task analysi@ argue to do in the
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high fidelity simulator. Another similarity is tHact that we study
“experts” working in their natural setting whiclsalis typical for
NDM.

By the proposed data collection methods we haveoags prerequisite
to investigate the differences of the bridge tydédss will probably
uncover new questions that can lead us further pfbgosed study
will render a deeper understanding of the workhenghip bridge and
provide good possibilities for learning more of wisacentral for the
task of navigating in fairway. This may be used whensidering
changes related to the joint cognitive system idiclg a ship bridge,
like for instance discussions of buying or condingcnew bridge
equipment or reasoning about work organizationegpr knowledge
may provide a more nuanced reasoning about howaile on the
ship bridge can be supported in a constructive mariris in turn
may give a safer and more efficient prerequisitenfovigation.
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