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Thesis title:
Improving situation awareness during safety-critical navigation: A study on

cognitive challenges and factors affecting decision-making of maritime pilots

Abstract

Modern navigation is an inherently complex cognitive process that requires mariners to
process an increasing amount of information while performing navigational tasks. Within
confined waters, the ship bridge crew collaborate with maritime pilots, experienced
master mariners familiar with local waters, to ensure safe vessel passage. In these
waterways, overtaking situations are frequent, requiring precise, rapid manoeuvres often
under operational and time pressure. Approximately 90% of marine accidents are
reported in confined waterways and are frequently linked to poor decision-making, often
caused by a lack of situation awareness. Despite the technological advances in the design
of navigational assistance systems and the automation of many procedures, navigation
errors still occur, due to misinterpretations or misunderstandings of the signals provided
by technological aids and nearly no automation support is available for complex

manoeuvres such as overtaking.

To design systems supporting safe navigation in demanding and critical manoeuvres, it is
crucial to understand the dynamic and complex work domain of sea pilotage. This thesis
contributes to the field of maritime pilotage by investigating in depth the pilots' decision-
making processes during overtaking manoeuvres in restricted fairways. The thesis
systematically explores the cognitive elements that influence the decision making and
situation awareness of maritime pilots during overtaking. Lastly, the research presents a
cognitive model of the factors that marine pilots consider during their decision-making

process and the way these factors affect safe overtaking.

The thesis consists of three studies. The first study comprehensively investigated
maritime pilots' work activities through a series of training sessions, open structured
interviews with expert mariners, review of accidents and field observations on board of
cargo vessels. The focus of the research activities was to obtain familiarization with

various types of ship bridge environments and manoeuvring, and to develop



ethnographic interpretations of experience and work. The results contribute to
expanding the knowledge on the pilots’ goals, values, motivations and beliefs, their
competencies, how their work is affected by organisational, operational, and
environmental aspects, and how pilotage is integrated in the larger work setting of ship
navigation. The findings provided a foundation for a case study on overtaking in the

Bremerhaven port region in Germany, that facilitated the subsequent two studies.

The aim of the second study was to obtain a detailed description of the overtaking
manoeuvre and to understand the cognitive processes of mariners when they perform
this task in the fairway of the Bremerhaven port region. To achieve this, a qualitative
study was designed using an adaptation of Applied Cognitive Task Analysis (ACTA) to
interview five highly experienced sea pilots in northern Germany. The ACTA identified six
phases of the overtaking task and twelve high level cognitive challenges affecting pilots’
decision making and situation awareness. The main contribution of this study is a
Cognitive Demands Table that summarizes these findings, including challenges, errors,

strategies, and cues.

The third study sought to assess and model the factors influencing the pilots in their
decision to overtake with safety. Using the same case study, scenario simulation
interviews and Fuzzy Cognitive Mapping (FCM) techniques with four expert pilots were
applied to understand the concepts and decision criteria and how they contribute to safe
overtaking. The results revealed the significant influence of environmental, ship-related,
traffic, human, and organizational factors, along with their intricate interconnections, and
how these affect pilots in their decision for safe overtaking. The final FCM and the findings

were assessed and validated in a final workshop with three expert sea pilots.

Overall, this thesis provided valuable insights into decision-making, expertise in pilotage,
ship bridge systems design, operational procedures, and pilot training. Additionally, the
findings contributed to the development of the FCM model that may be used to guide
future research on human factors in pilotage, automation support and reduction of

cognitive load during critical manoeuvres.



TitAog Sidaxtopikng Statpfns:

BeAtiwon tng eniyvwong KatAotaong o€ KPLOLUES yLa TNV AoPAAELA KATAOTACELG
vavounAoiag: MeAETN yVWOLOKWVY TTPOKARCEWV KOlL TOLPOLYOVTWV TTOU eMNPeAlouv tTn AnyYn
anodpACEWV TWV MAONYWV

Heptmym

H oUyypovn vawaoumioia eivat pua eyyevawg TTOAVTIAOKT YVWOTIKY Sladikacia Tov arottel
QO TOUG VATIKOUG Vo ETIEEEPYALOVTAL EVAV QUEAVOLEVO OYKO TIAT)PO@POPLWV KATA TV
EKTEAEON TV KABNKOVTWY Toug. Katd v mAgdon oe meploplopéva v8ata (confined
waters), To TANPWUX TNG YEQPLPAS TOL TAOIOL GUVEPYATETAL e TTAoNyoUs (maritime
pilots). Ot TAonyol ivat TTAolapyOL HE EEELSIKEVUEVT] EUTIEPIO KAL YVWOELS GCUYKEKPLUEVNG
BoAdoolag TeploxNG, Kal vmootnpilouv TNV ac@oAn SiéAevomn evog TAolov, OTIOU
EMPBAAAETOU ATTO TOUG KAVOVIGHOUG. X€ QUTEG TIG VSATIVEG 050UG, OL EALYHOL TIPOOTIEPAONG
(overtaking manoeuvres) amoutoUv Kwnoelg pe akpiffelr ko ovpPaivouv cuyvd,

oLVIBWG UTIO CUVBTKEG TIEEGTIG XPOVOL KL ETIXELPTOLOKWV AT TI|CEWV.

[Tepimou 10 90% TwV BOAGCOLWV ATUXNUATWY KATOYPAPOVTAL OE TIEPLOPLOUEV VEAT
KOl ElVOL GUYVA GUVETELX KAKTG ANUMG ATTOPACEWY, 1| OTIOlX TIOAAEG (POPEG OEAeTOL
OTNV QVETOPKT] ETMYVWoN Katdotaong (situation awareness). Ilapd T TexVoAOyIKEG
egedilelg otov oxedlaopd Twv cuoTUATWY LTIOCTPENG vououmAolag (navigational
assistance systems) Kol TNV QUTOUXTOTIOMOT TOAAWVY SASIKACLWY, TA OEIALATA
TAONYNonGS e&axkoAovbolv va cupfaivouy, Adyw TIOHPEPUNVELWVY 1] TIAPAVOT)CEWY TWV
ONUATWV TIOV TIHPEXOVTAL aTd TeXVoAoykd Bononuata. EmmAfoy, 1 vtoompEn amd
QUTOUATIONOVUS OTU CUOTHUATA TG YEQUPAS TIAOIOV Y10t TIOAVTIAOKOUG EALYUOUS OTIWG T

T(POOTIEPAOT) EIVOL OTIAVIAL KO EAALTTNG.

MNa va oxedidoovpe OCLOTHUATA TOU UTOOTNPI(OUV TNV KOG@OAT] TIAOTYNOT OF
QITOUTNTIKOUG  KOL KPIOWOUG Yt TNV OO@AAEI  EALYHOUG, Elval OMUOVTIKO Vo
KOTAVOT|COUUE TO SUVOUIKO Kol TIOAVTIAOKO TOUEA Epyaaiag TG BaAdoaolag Ao yNomS
(sea pilotage). H mapoUoa SiatpPr) ouveloépel oto medio yvwoewy ya ) Boddooix
TAoNyNon Sepevvwvtag o€ BdBog TS Sladikaoieg ANYMG AMOPACEWY TWV TAONYWV
KOTA T SLAPKELX EALY LWV TIPOOTIEPAOTG O€ TiEpLoplopeva vdata. H StatpBr) Siepevva pe
OUCTNUATIKO TPOTIO TA YVWOTIKA OTOLYELX TTOV ETNPEALOVV TN AU ATTOPACEWVY KOL TNV

EMYVWOTN NG KATAOTAONG TWV TAONYWV KATA TV TpooTEpaoct). TEAog, 1N Epeuva



TIPOVOLALEL Eva YVWOTIKO HovTéAo (cognitive model) Twv mapaydvtwv mov Aapdvouv
uTIOYM oL TAonyol Katd T Sladikacior APNG amoPACEWY Kot TOV TPOTIO € TOV OT0(0

oUTOL OL TIAPAYOVTEG ETINPEALOVV TNV KGPAAT] TIPOCTIEPAOT).

H SwtpBr) amoteleiton amd tpeg peAétes. H mpwm peAét Siepevvnoe Sie€odika ta
EPYAOIAKA KABNKOVTA TV TAONYWV HECW TNG TIPAKOAOVONONG EKTIOUSEVTIKWY
oeLVapiwV Yo EAYHOUG, TNG AVUCKOTINGOTG AVAPOPWY OO VOUTIKA QTUXTUOTO KoL TNG
Slevépyelag  MUE-SOUNUEVWY  OUVEVTEVEEWV UE  EUTIEIPOVG  VOUTIKOUG  EmumAfoy,
TIPOYLXTOTION)ONKAV CUCTNUATIKEG GUUUETOXIKEG TIAPATNPNOES TIESIOV OE YEPUPES
TIAOLWV EUTIOPLKWYV TIAOIWV. ZTOX0G TNG LEAETNG NTAV 1] KATAYPUPT] TWV SIaSIKACLWOV Kol
OTOEIWYV a0 TO CUOTNUA EPYACING NG YEPUPOSG TOU TAOIOL Kol 1) avaTTuén
EOVOYPUPIKWV EPUNVELWV TNG EUTIELPIAG Kot TNG SpaoTnplOTNTAS ™G TAoynons. Ta
QMOTEAECUATH GUVELCQEPOLVV OTNV EMEKTAOT] TNG YVWONG CXETIKA ME TOV TWG M
TIAONYT|OT) EVOWHATWVETAL GTO EVPUTEPO TAAICLO TG VAUGLTAOLNG Kot TOV TPOTIO TIOV 1)
gpyaoia TOuG EMMNPEATETAL ATIO OPYQAVWTIKESG, ETYEPNOLNKES KAl TEPBOAAOVTIKEG
TTUXES. Me Bdon Ta suprpata, SnpovpynOnke po HeEAET Tiepimtwon (case study) yu
TOV EALYMO TNG TIPOOTIEPUOTG GTIV TIEPLOXT] TOV SLoriAoL Tou Alpavio) oto Bremerhaven

™G leppaviag, mov amotédeoe Eva TTAAUGL0 Y1 TIG SU0 EOUEVES PEAETES,

1o mAaiola NG HEAENG TIEPITITWOMG, 1) SEVTEPT) LEAETI ATTOOKOTIOVOE GTNV AETTTOUEPN
TEPLYPAPT) KOL KATAVOTOT) TWV YVWOTIKWVY SIEPYACLWOV TWV TIAOTYWV KXTA TNV EKTEAEOT
TOV €Altypov otV Teploy1| Touv Bremerhaven. H peAétn xpnowomonoe o mpocsappuoyn
¢ Applied Cognitive Task Analysis (ACTA), Wag TEXVIKNG YVWOTIKNG OVAAUONG
ePyaciag, yia To 6XeSIAOUO KoL TV TIPOYLATOTIOMOT) CUVEVTEVEEWV LIE TIEVTE EUTIELPOUG
TAGToUG 0N Bopea I'eppavio. Me Baon v avédAvon ACTA, meprypdpovtat £EL pAoELg
TOU EALYHOU TING TIPOOTIEPAOTG Kol SWEEKN YVWOTIKEG TIPOKAN|OELS TIOU £TMPEAOUY T
ANUM amo@ACEWY KAL TNV EMYVWOT TNG KATAoTACNS TwVv TAonywv. H kOpla cupfoAn
auTig TG peAES etvan évag Tivakas IMvwotikwy Amoumoewv (Cognitive Demands
Table) mov cuvoilel OAx T EVPNUATA, CUUTIEPAAUBAVOUEVWV TWV TIPOKATGEWY, TWV
ABWV, TWV OTPATIYIKWY KAl TwV EVSEEEwV IOV TIPOKUTITOUV ATIO TNV AVAAUOT] TWV

OUVEVTEVEEWV.



H tplm peAém eixe wg 0TO)X0 VA SIEPEVVIIOEL KAL VO LOVTEAOTION|OEL TOUG TIPAYOVTES
IOV ETNPEAJOVV TOUG TIAOTYOUG OTNV ATTOPACT] TOUG VX TIPOOTIEPACGOVVY UE XCQAAELQ.
XpNoWOoToLVTHG TNV (Slar LEAETN TIEPITTTWOMG, TIParypaToTIom BnKav SU0 EpyaoTPLA e
TEOOEPLS TAONYOUG, OTIOU OLEVEPYNOMNKOY OUVEVTEVEEIS Kol OXESIAOTNKAV YVWOTIKA
Siktua (cognitive maps) oo TOUG GUUHETEXOVTESG Pe Bdom v pebodoroyia Aca@wv
I'vwotikwv Aiktowv (Fuzzy Cognitive Mapping, FCM). To eviaio FCM povtédo Tou
TpoékuPe epapPavel Toug Tapdayovtes (TeplBdAiov, TAolo, KukAoopia, GvBpwToL
KOL OPYAVWOT) TNG EPYACLAG), TIS TIEPITTAOKES SIAGLVEETELS KL TO Babo emidpaomg Toug
OTNV amO@AOT TWV TAONYWV Yl ao@oA mpootépaot.. To FCM kot ta oxetkd
gvpnuata a&lodoynOnkav Kol EMKLPWONKAY 0 éval EPYNCTIPLO UE TPEIS EUTIELPOUG

TIAON YOV,

Tuvoyidovtag, N SatpPr] oLVEICEPEPEL TIOAUTUIEG YVWOEIS OXETIKA HE TN ANYm
ATOPACEWV, TNV €EESIKEVON OTNV TAOYNOT), TO OXESLAGUO TWV 0PYAVWV TNG YEPLPAS
TOV TIAOLOV, TIG ETIXELPNOLAKEG SLASIKACIES Kol TNV ekTtaibevoT Twv TAonywv. EmumAgoy,
T EVPNHATA ATO TIG PEAETEG GUVEROAQV CUVSLAOTIKA KAl 0TV avartuén touv FCM
HovtéAov Tou pumopel va aglomomBel yix va KaBodnynoeL T HEAAOVTIKT] EPEUVA CYETIKA
LE TOUG aVOPWTIVOUG TIPAYOVTEG GTNV TIAOTYNOT), TNV UTIOCTIPLEN QUTOUATICUOU KOl

TNV LEIWGT) TOL VONTIKOV (POPTOL EPYAGIAS KATA TOUS KPIGLLOUG EALY OV,



