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Human factors and ergonomics is concerned with the application of what we know about people

. J . . . . —their abilities, characteristics and limitations—to the design of prodi they use, i
&) \Ne(d\&\p\\na Q\e\d OQ O‘Pp\\qd (st(ch s in which they live and work and jobs they perform. Primary goals of the field of HF/E are to reduce
. * . \ . human error, increase productivity and enhance safety, comfort and enjoyment for all people.
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n\ .UQ) thO\N Qa ’ exmc\me Q\ P°YCh° .O%y « The field is a combination of numerous disciplines, such as psychology, sociology, engineering,
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— Safety Scientist: Transportation safety specialist
— Cognitive Systems Engineer: Human-Computer Interaction (HMI) specialist
— UX Researcher: Research scientist



Aspects to be i when ing safety and in specific context:
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Accident Rates and Onboard Fatalities per One Million Departures
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« CFIT Controlled Flight Into or Toward Terrain = Fatal accidents
- FUEL Fuel Related Tk w«* 0 400
« ICE Icing \(\ Q( 4

+ LOC-I Loss of Control - In flight s P 30

* MAC Midair/Near Midair Collision
« OTHR Other

174
+ RAMP Ground Handling
+ RE Runway Excursion (Takeoff or Landing) s %

Fatal accidents
SRR} PROGUO

« RI-VAP Runway Incursion — Vehicle, Aircraft or Person

« SCF-NP System/Component Failure or Malfunction (Non-Powerplant)
« SCF-PP System/Component Failure or Malfunction (Powerplant) L L e Sivise Desceet initis el Landing
« UNK Unknown or Undetermined

« USOS Undershoot/Overshoot Boeing (2025)
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Characterize ... Enduring, stable patterns of thinking, Temporary, situation-dependent expressions of
feeling, and behaving that persist over thoughts, feelings, or behaviors
time and across situations

Temporary fluctuations in personality - how you

Reflect ... Baseline personality - who you are
are right now (not overall)

in general

Example domains:

- Extraversion - Being shy and introvert - Talkative and outgoing about favorite sports

- Feeling anxious about the result of the exam

- Anxiety - Tendency to worry

- Mood - Optimistic disposition (positive affect) - Happy after the good result

- Agression - Consistently responding to frustration - Becoming very upset after being unfairly
or conflict with hostile thoughts, verbal judged on an exam

hostility or physical agression

- Confidence - Feeling self-assured in most areas - Feeling more confident after recent success
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1. Openness to experience (inventive/curious vs. consistent/cautious)

2. Conscientiousness (efficient/organized vs. extravagant/careless) v&""“‘sD x

3. Extraversion (outgoing/energetic vs. solitary/reserved) § BIG %

4. Agreeableness (friendly/compassionate vs. critical/rational) H FIVE

5. Neuroticism (sensitive/nervous vs. resilient/confident) m%%w f!
-
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Social orientation (soziale Orientierung)

Need for achievement (Leistungsorientierung)
Shyness (Gehemmtheit)

Irritability (Erregbarkeit)

Aggressiveness (Aggressivitat)

Demandedness (Beanspruchung)
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Physical troubles (korperliche Beschwerden)
9. Health sorrows (Gesundheitssorgen)
10.Openness (Offenheit)

11.Extraversion (Extraversion)

12.Emotionality (Emotionalitat)
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. . - Factor analysis - checks whether items cluster the way they should
2. VeSO *

- External criteria - comparing test results with real-life behaviour or other validated
tests
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Performance-Goal Orientation: Mastery/Learning-Goal Orientation:

Focus on demonstrating competence Focus on developing competence,
relative to others — the goal is to look improving skills, and understanding —

competent and gain favorable the goal is personal growth and mastery Must be perfect Continuously learning
judgments. of a task. SRR

E.g., study maths to score highest in class or E.g., study math problems not just to get a il b

to avoid looking “dumb” in class. good grade, but to deeply understand the Qualities set in stone

« Belief in giftedness, aptitude @ ccccc pts.

- Are competitive > win-lose « Belief in ability to learn, self-motivation

» Cooperation/support > win-win
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Pathways of Neural Activation (Reizleitung) within

zh s The nervous system works according to the principle of stimulus perception and (re-)action in
aw . J——— it two modes of operation: .

the Nervous System

1) Afferent neurons pass

stimulation from senses

towards the processing areas
o in the brain.

1. Will-driven reactions: Central processing of
information from sensory system followed by
scious or automated reaction.

2. Autonomous reactions: Peripheral processing
of information for fast reaction based on

2) Efferent neurons pass reflexes directed from the spinal cord.

stimulation from the brain to
the muscle for execution of
reaction.
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Some types of tasks seem to be performed better by one side of the brain than by the other:

Corpos callooom

@ngqe%a b coorawnoies . .
agor & et hemapnere £

\nner Regiond of Brain

L CconnectS perceEhion 40 complex Ancught, tnemary k emoNos

imlic Sytem = procesc @FRGHEHRS b crected Arive (Anirico) It

D invdlued N learing) b memory 1S RIRVANt 1N CIIGASHON (amse s
Uey WO QenononNS

PPPPPPPPPPPPP

Sngh

The Hign foah b Low Fadn of Informadion froceesing
nappens In ANe  IMDIC SyShacin: o Precoridad pavn

L lomoron 1 @lalucieal 'tefcR ConNtions 4ninkin
- [, astomahic , boded ©ON pody xpenences, MmmeAidie emahonal
Qo colled: emakonal conddicning e

NN Cortical padin = conacos feleevon 1
ALY = AhQlQmMoS = SRR = CNBICLOD RQUACMHSN = aehienN
9 dlower, conmled\, R{leCiivQ

DeNoes - speanieed c\> — dblk 4O recewe

A ol D freodied NS SERAAS (O NRALVD Y, e
=) DRIVRD SN\ JANQ) AS brewn

| e
© aght, soond,, s, 4aste fouoen, propricce pheN kpob&\o{w !
Of Oodh) poena emotene
Freephion Yhresinolch {or Sencory Shmolchan
S Mnresno\d depends ON  (ninimal se ShmocanonN) ¢

* 4ne Sendary SNV \NVCWRA ¢ Aifferent 2e03ed howe aifgerenty minknom
dewraao\Rk \eua's

¢ Q\'\\‘S\QG\ QOPRAFD : example db\sxg\w\ne? of Ight, dorchion of doord , eavrenmeny
* nddva) (CerorS = age, kavger, healn, atrenvien e (o
g e
6\6hr\- - light Into aignal> - pupil Aiedion rguiaies - e
amnov Ny % \'\g =2 1e0d coniny - reydlaied (oass - T

= VNG NRILOLD ASSOR conaln. PhaareeeEPIor cald .
= WA conex: fomd NiRbal moge




Phcrorcepios: Cone § Rad Calls
Cone CRID:  CONCRMIMAIQQN \N CRMICR =
- DN O beighy gy y-
* hgn rSoHeN {of daals \

* COWOUC VIDICN <&
RoA\ cQ\s: conenaded I oover areas (O retine)
- OWWen 10 \ocw Lighy
* oW RoWHON for e
* Phedpneal Oidion

O S00-ACCOXx MoR TROJMOR AS \'\s\* Ahan Ccones

Laca b Lgnd AOGEHOO = In visval PhySioicyy = coility Ao adjodr
NCAoS IRuel> of \ighw

Do ASCRNON : +angd 20-20 min oIy adept Fom Drgnt Ao aath —
A% - Ak momR 2RNBMIC —) POREDIVE deaeade 10 -heINa\d Liih dime 10 desh
L Adaphion: Acied © min

Rad Light : ophmal for WomINGHhon = RAORD Neech {or adepion (nigh

Pereechon of Color -

| | ’ (| ’ ‘ ‘ "\” m‘ ‘w-m o)
PrQCOﬂ:bC\cQD Orreai'®. Gt LVioval ] ,'l WW MR
%(CQP“O(\ S % | AN _m_m '\ =
Geshalt s B dymmeiry = @nhelicn (uriReken) —r ©
o e = deuiation Srandd oot =

co\or : vnhtarion b\. lor - ahanyR OVANAD LN

Dighal VS Anaierve Dinpe Groopl InO cce. 40
9 S ! &*&%g\& VoS

f ot w0t 0t

[000.065682] | |[000.005682])| [[000.005682 N [ -
[000.005682] | ([000.005682]| ([000.005682 -

Ungrouped:

Precise, can be processed by machines Intuitive, at one glance, vi * FE LR Rt
» Buw

Convraek 1 Oper. OANNOND  [sisssesy]

ITRTeTe & 4

rrryw

440 48

COVNA  REQIVES SCONA LR — MeeNaNc VINCHON OF Mmemoiane

(Qor deom) = Konomivech Qs VIDANONS O avditery OSSiC\ea — Ahar

Yanfer PrRasVR LWaXS 1N Ak (LLIA\ of cochira — detretieel Dy Speaializech

hair celd = Amansm. Ae braun

Doign or Audidory Aens 2 oy

L afective When CISN aady SesoPeA 10 QLo Quecloaal In AVIC. OF
O Vi) (cerh , smols)

Auo\'\\or\. \COn nahural [ (amiliar SoUNAA = melaphorically Reredent
ogjeat> [ oehon™ = RINING ON INMLUMVR OIDOCCHON (@xp. Sound Wikn deRtiny)

Eascons : qosiael Soonds conury N O dikerent donas for Aifk noMficadieny
— conBSiMeNSy 0 learmnapility Qe Uey

&QQCd\ D\SP\GF s VOKQ MESSARRS con Provde deraledl IN(O — concing, clear b GLOIAA ouetlead wWith INfemMation



DaSigN O Soundh INomoNion oQ OO R
L) QQ( G\Qt’\b , QFSQCWC\) Benefits of Sound vs. Vision in Design il
. _\Qmpora\ qu* mW‘Q mms ' ch\ef - Hearing is special among the senses, as sound can travel a long way and is propagated

through air, ground and water. It “goes” around corners works also at night and . "Sounds

ny \ ive you sensory input that is not limited by field of vision* (Horrowitz, 2012).
RPEHNCN = NGNn Lrgrey ey ry input that is not hmited by !

"You hear anywhere from 20 to 100 times faster than you see, so that everything that

. . . you perceive with your ears is coloring every other perception you have, and every
. P“h k \Mnm . h‘a\g‘ P\«\h a ‘m—\et \m‘m conscious thought you have. Sound gets in so fast that it modifies all the other input
and sets the stage for it." (Horowitz, 2012)

D 0Ok 40 D CVESRE =) QLSIEN QAT LOMYOR - Trebraissudtor vy s o widely st n ne b an e v st
" @oeAVMNg Q\GTNND : NG & NOWS WOWQODBIRY | T iretres o omotons e evottony st rsporss
Fodally \nerease 1N UM OF (IQQORNIRN =D . sy bus s it patrns rat carymormaton
I Ooer RSN ceknoRASR Ahem = pevents Dhanling b oed Vv Ame A R0
Senvory Hismaahn (eye - &)
L MoleN SIUNESD: cooak difRient messages from eye b exc
D SpakQl ADORRMMGHON: PloA'S PercePioN Nov Aighnedh  whh ality
=) coswon, MolionN, AWLAR  —) CaLDEDS SRISTTY MIDNCYCTN

things you don't have to think about.

TO\)C—Y\ DpRCAIZRA\ QRPDICI CRID deiey fQailR JRNTCMOND
= Ao, pRIDVIR & LILraRoN , PN, AN  HaWR & ‘empercaorg

Omell speaiaizedh NAR RRCPISE Of NCSQN casity

D dreiiRC) 1N Qir O A0 (RCREICIS K Anigrs & SNl Anay
Ao 1 — Q\ng*cr\' DOIOS WwHn ORVrON <l Daawes
AQOOM. \(NEC AoWards oWceiery ara Of QDG QOoTA\@x%

Tosve  aemiceds from oo enver Ane Papilae ¢ reach

AGN2 DOAS — spRQIDE RO N3ICR AG 3R Dods aclival

%rmooa RLCEP+OMS =) DI/YNO\ Frand. VG RS & dAng M. O =
an



Teamn performance 10 T Ahe Cocupir 4
- SWISS -
Goc\o a y for {1 (
B ondectand LWy 1ecrwdth In ARk codoir 1o arlical {or fhight Scieh
9 Frockica) Cew Re=corce Hogm. (CRM) & A
O {owe on wrmmonicaiicen, cerdinaion k Stoaken awareness

Charcdeahics of Ihe pilct profession

DECNTDItY, deamuserhk, alienee, Wgh coiily 4o enaedkaie Clb'\\\\\, A0 ook dexi,,

Shrocored communicedion , 4echnidal  Lndersionding, deCSION Molng

Homan fechors Sengly nfloence Craws  Pesformancs

Y eenihing PIOS Ao in codpit V> Shaped Dy homan cbiies b limitadicnd

O core Homan Feclo s> R essecwal

CoOMMUNICSHON = C\eCS, CONADR  COMMONICAION  behweeN » PN « €O BIOY & crew

teomuoria - cooperadion bk moloal sopport {or an  e((echoe eSS ¢

adenmon NGOL : by 1 {oOS oltention ©N Several Acdus s\mo\*c«\eo\sb\\' |
0 O P JccesDioN (2efal moltas\ing)

OC MNOGL *  reeognidiNg, Preveniing L Coreehng mnaned carly 40 A ridk

AeQTioN- MaliNg : MALing 00N ARAICNS LNAET PRISOIR

Two plcke 0 arine eochPis

WHY : mobi-crews operatien o SYW essential what
> Sofely : maondangy, montoring AL

" Werllcoa disiibolion ® handing compleXty of meden alc

®  CRM (Crew Re00ica Mngm.) efiecing voe Of QI Gocilcoir RICOMES 40 enxre eflicent Qg™ op>
WKHRAT: key role> b ool pPertermed Oy PISIS N Mol Clew SeWng

> {as Sharing * of PF(PH (one convrals Ihe alc he oiner commoncadion, ChedhSAS )

* caes-anecu kuenfcaion " commonicalico (bﬂe(xns, cal\- Got, confrmn ahion)

> deasion- making (Pnr csSessment) P astomaion MOGrOt - Lmon‘ﬁo'ﬂr? o vy
HOW: pilcve coldooraie b eosore efieaive operadicns — Oaeeicr

* CRM prnciple (s how plovs werk Aogrdner U309 commuNiQ., 4aamuwera, proedn®d & Al avdlade m‘:\?
> 0OP's (Sandaseh Operaiing Froceaured): slandadited ocions, edOCNg MDY

> E)ﬂ@(ms b O<oreling - shared plon h mode\  » Trosx b Teemwotik  (coopesaion, motval sopport )

how

Worlkh oakely e o leam: ix
Pilcl mstauwes e
(S\Qne Sides pg. AX - 2A)

7 Jdnar Ang \RamMINgS | technalogy
s G QAGI@AGR | DO 1© @OVIrONMH

L Homan eror Caves OO V0% Of aviahonN accidems

S cam ArGINING) 1D ERONAN 10 ISV SEOSICNON AWGRNRSS | Woddoad Mg ) Aan ComMmMROIC.

AdocdoN Aarenesy

Projection / UﬂdQ(@'\Oﬂd '\hQ dQ‘\C DQ‘\ dod\ \-;DQQ
Konsequenzen 4% whar 40 &‘

Comprehension 20%

d

Versténdnis

Perception

Wahrnehmung 76%

191U uoin 'eo18

?"/4 o( SROANON GLIRNRID MmMlaueS

Perceptions Nappen Gt parePhion RUR\ —» PO dO Nk dalech of NoNCe
some\nng



2 PRASITNGNCR VS DESY axr maderaMe \QLEQ\
o V@S| arcena)

/ Performance
S\(m m“sm(* W‘Mﬁ h&\ Eﬁect\v?ﬁess
) | . N N roductivity
A\Co2a \oop commuNICRiion 49 mesrdectandess
D eovore Aol Ane MEOICHR Det 1> (ecaised), '
COAHICOA b Carmied ook (KSRREW) e
u e \\“g O\ess. Activation
A, 0D GRS IHUEMOND L. 1eCRWRE RPN W bock =
3. oender onlims PGAMON 1> Cotrel A feeiks pedarmns calion  O. receiver CONBrmS cahon compl@ieh

Ace moen e
- “ﬂv L
iop> Shaply

- oo\ nak W nok D Whed nomw W) 2N eShons
PonCNOICEH 0 DO RS S SE EVd o hemiiciod (o spaeiung) B ity quesnans,
S 4 Staged

CRW PrASMIQNCR improwes

W@hen QWIS (2a) 30l Ac Spech wE, bQ“QQ\b ot PNC\\Q\QS-\QQ\ DCQQ\'\‘

Oty cami iSAGMS - bevar Salehy D coOMNOOLS IGaIING . PLoPIR Gl QUETHOND Lihow ear (8 cdmit msacwes)

oo oo o > Sowes(ol Pross hange: AN cAaPIS fadher beeanse ney Spral cloet erabiemnS
Paternalism Fose Wocnatencer D eOPIONRR 2088tV : emPoyee (ea\ Valveal Whet INEY' R Idiened 40, eloded
Saf 0 oREDICND
i D PrOMANG IANCOENBN: tacen MemMbErs AGKR 40 SNGCR IPOICMON
. 2 convito g:;- ::o e D IMRauPHNG | eror GNAINS : cnyenk can warn, challense o mimraue
] a parlicpale . .
2 Nr™ RS p—— what et Lreng N leaediier A9 %
& 2 oo -’\%:*:é:‘ st do e L'STEN ooy, (d% (o\emmqm) adn'}y Wwaien xo FO o eogneesr
N sHARED .
Linclusion 5 You 4e8\ actepied ¢S Part Sk e esw KWARENESS S S Lepian GC*\W-N QOCOOMRAERS oNerd YO dpeah Op
Safety nol excodecd Exploitation ?EN(-\)? WA Lhek coprain Mnay NSk Wwe
S

Exclusion Permission

copneer, Gy owear, WY % 10 aNichian DCRIY depPeNAD ON GpeN COMMUNICENSH
cew

1o5ANEE = Shaa SHOGACH AworRNRSD
ea crews Shars ANe Same Mmental Pl of sweawen

DS cheeske mode)\

rocR. . \! LSO
L in cuiehon, Sclely 1D protectedh Oy MOWER \ayerd ©f delence @mm?if:. el gt nb)
O Qoon NONR fRPIRICGMI € LeAMNRSS /\nfear

—) Qe\deOD are Nok caosed)
© an axigent heppens Wwhen e hole Ve op OV one MG - Sesetc)
-) meo.\\'mﬁ &\ delenzed {al ot Wne 2amne Wwane Sral (anores combing

(latent) Threats and defense layers

Lirenginening he error chain

NOL - eaen crewd meanoee afre & ok 1N Ane dalen ehan
2 homan Lachors SWlS mawr 4wk ehan Sronges

Threats

erer NePERNS Dot OV Cf A
oc'> oo Bwong Wnws 4hek Sop Holes reprosent atnt or

active errors

‘\\'\Q QU Qe Q(m mﬁ‘“ﬁs“'ﬁ Incident
40 &0 Wnewdenw

Situational Awareness Teamwork

Effective Communication Stress Management

Decision Making Workload Management

ArocturA ARADISN MalaN (DPORDOEL) ~— ¥

nePS pilot Aok cearly k asaieh eas
LOOEC PSR DYy Lelowh a
DOAWRA IRCSON-—McnS) process

A psychological view of the decision-making process

zh s
aw....

Individual Decision making process, visualized by Simon Carl Hardegger

@ K2 (< b Evidence based training (EBT) Zi L . . .
e Teact % e S a S  assess initial situation & goal(s) Situation
5 out of 9 competencies are Human Factors based LABEBIONA LINSh 1S hapPpemD
Immediate .
« - ]
situation i actions 1l
nnnnnnnnnn jon .

take high priority actions -
00 Are LreeOr

evaluate possible solutions Options

Rl -
Situation Identify o Ic
awareness jumd  priorities Consequences Order /
l 1 ineality Sl communicate
- (- .
o implementation e

Regulating emotions & controlling stress = Ensuring your own ability to act

HOUSE OF ORGANISATIONAL CULTURE

decision

Pros & Cons
O evalsalRk Anem

Choosing the optimum solution

Implement the solution

Review of the result

§ % F
REE




Physiccopeal < =
VOGRS RRSIR, P formerce: S

Hikory oo\ ©oet - fodher o high- alwode Physology

S ayiemeie Stody Of low PrESOR afleetS on ©ody

» effects of DYPORG on homans P PoocNods efectS on oxyern

P DL (grogen suosias forming whan @ drops)
WorldWar T - ncrased ecacn Decavsk fosver b higher {igntd = hypowa. becanme «
=) 03¢ of oxygen N .Q\\sh\ = egolas h\\pobaﬂe charnoec -\m&m\ﬁﬁ (plot>) Problemn

Ph\p\cq\ Booes — prooQ MePD LN aWtde = lecdd {0 nsotiaet
Oxyaen = VOGS cannot \oad enogn O, o Dead = ore@ns become
ondec-aoppied = HNPORA

Amosphere CompoMon = Oxyeen = 2% = asen Ahoogh OxyeRN

CconceOMGAON Sy W% = he PAIC PRIDOMR ACES AN GHHOAR - INPORIA

0o Laws
Boylels Law  PyNL= BNy = prcblemns wihn proscfe equelisaion

5 pan wWhh ear, 3inuses, gesroniesingl prebem
Dolton'a Law R = Pr B+ .+ P = cacn goo controoies part of dhe +oial presscre

9 NpEoORG
Heory'S Lo %- =& e pPre=ore = geed dissahed \n yoor DA come oot
= [ oS bodoles (pikrogrn \eaned Dhaodl)

) o\czcmpfess\oﬂ SdaneSS Partial pressure of oxygen at'sea level:

LQC\;;OQ Ox‘eq,ﬂ = (21 x 760 mm Hg) / 100 = 159.2 mm Hg

= parial PSR

. Wb P 2
CQQD@ PCJ‘\\Q\ WTQ OQ Ox‘seﬂ Partial pres;::e of oxygen atgz,(%o feet

Type Of Cause Incidents of BreathedTair: |1 60 mm Hg . (10,800m):

i rachea: mm
Mpoue disorder occurrence ; 2 = (21 x 190 mm Hg) / 100 = 40 mm Hg !
Hypoxic hypoxia = Breathed air Lack of O, (breathed | = Flight altitudes > 10°000 ft ff - — .

mixture (Wnep) | ainenters WOSD | hEh chidode W ) © - E=

= Alveolar Diffusion barrier = Lung disorders Lung: 105 mm Hg

; o\ Oy
membrane OWBeN always Note: If the partial pressure of oxygen in the blood

Stagnating hyposia = Circulatory system | Disturbance of blood | = Collapse, shock—? 9~ \©r<<| S o highe = drops below 40 mm Hg, the body is unable to
G cocanee, | cireulation * Permanent positive pressure tong = blood — calh absorb oxygen any more; in such a case, the cells
Pt Dood\ Qow | ventiation = avas ok Blood: = Cell: g Y y ’

400 Sowd » Vasoconsticion dlaaton even begin to lose oxygen !

L creoladion
Anaemic hypoxia = Blood Lack of functional = Bleeding

G won deffie. "\it;""g"’b‘” :;Inaekr_“ia'Hb o \Q oNnQ O\ —\\(\Q m queb m S
D vecmegeon) B meey | emn (erobieat £ lowes dhan P o yeor \orep)

s 100 mmHg 40 mm Hg

Histotoxic hypoxia * Cell Cell poisoning = Cyanide poisoning (potassium
S 5
cﬁ:‘z&“:;?;c; s el = Nexy O\Qp CONNON (ReeiVe Q‘\'b@ﬂ
hreohold x roned Oxyaen binding) exapn Phaes of Hyperia
9pad: heep Oz S Shitto th ot 0, bindng SIASC : |
e s oo e p—— © General retardation © oW msesitle coce
B o < - = 2,3-biphosphoglycerate in Ec + .
g 2 / i i fully reversible SXNJen
2 £ o’ (‘_ o ® Disturbances and performance errors
3 g < ;
2 £ £ § / 0, Bindion, fully reversible
-E 2,200m é ‘g E % v Shift to the right —» ;ch\;;m 12 H
° i b 5 3 o Tomperaure T Wy © Failure L 023 of conxunesD
2| ooay i g © = B S irreversible
cany (WY G [ zoaet é ‘unconsmous‘ Ok Loowd / 150, " COa e
; :c‘.\'\r e ;? complle £ reduced P(Wm bov b\‘ neaek ° T T T Pressure column | Pressure (hPa) | Hb saturation
concandx 5! Mo Ame Lo B m Meters | Feet | Po, | Po,,, % 0, supply of organs
P gi qualified e@@ 0z partalpressure P, [mmHg] 0 0 213 137 9% Sufficient suppl;
1 W O, 0y - 3,048 10,000 146 81 90 A
S HypPeroelodoN et e o
6706 | 22000 | 90 il 2 PO —

Gt s

Time

“ breatning 400 (oot (oo decp
Indicahion & Sympion Linook pleduaing more 6o, ‘&me of el concicosNESd

col\\\,\q o HYPERVENTILATION " I
Increased breathing rate volume =) WLWNehH Ow (3]
[ THE HIGHER YOU FLY, THE LESS AIR IN THE SKY ... | PIRETAKNQ ANGY | "vit consans G0 protton N m» neS oW
>y feat  Sypierens SSjole Uaeps yoor DG m o ST New only hase snork e ‘oelore
© o\nerd: squee . L
??liﬂ'fm.a Ves > %[ Reduction of partial CO, pressure | W ua\n m mf\’\“ ! ) & ‘Qﬁl w»
= Hy ilation @ M
s iy Begin of Subjective warning  Incapable of
CO, depletion of tissues insuﬂicielnt 0, signals (symptoms) action
with cerebral vasoconstriction SUpplY] o o
: ractical self- 7o
LAl 4 1 Alttude | <@ Passive Active rescue time A:;:::g:l
. wansfo o =) | corebral hypoxia (stagnating) 43,000t s Mf"w:s"s::w “5sec | =TUC or EPT*) rescue time
[ YOU MAY FEEL GREAT ... UNTIL IT'S TOO LATE | b0 1o et
Tuc Ame ot IEPaonc @sea iroogh 0 e 35,000 [~ 45sec | ~90sec |- 30sec
UNCONCIOUSNESS ......% @noogn O % TR T 300001 ~90sec e
Sualabla e 250001t|  ~3min ~3-5min | ~1min
-F
18000ft | ~30 min ~30mn | ~10min




> ORORO eSPcaNoN  Cmr
RQOQ(\\'\QQ > pressoriced) cocl e B prIso oW 5
X 2 T never occors
Oeceomp Y o) SRR o W oeean
L Lonen exremal PreEsLlk AOPD, AsSuRA SAD COMED Aot OF Salolion
(emeck ok 36 dissolkd 0 & {Wid ® propodicnal Ac e ockia) PrEssi@ ok Ahe gas abowe e Huid)

L) NSSANRO OUrQOREN W YOO ASHIRD Sormns Sodo\Ry

> OWFOSR e O AaNSRIesS - hey Bocu Socd gm, PressS oN NeEeS,
cahaarRk \nf{larmmnciAien

aon We Arzalemiag, L5 uen smal bodo\es Can cantR PG

raer | mww\@ha\e&o\\DCS Type | Symproms Oy Orgen
Mechanical effects & @&@ENS. Loincin oinis DCS & joints (‘bends’) DCS & skin (‘creeps’)
Caused by intra & . bengs « Localised, deep pain
R RO ) glfi:ﬁ'j;‘?f';‘swﬂons + Affected joints: knee > shoulder > + ‘Pins and needles’ at high altitudes

i g elbow > wrist > hip « Disappear again spontaneously
Ll @ @ ez izl + Rubbing increases pain
Secondary effects « Pressure relieves pain
Through activation of: DCS Type ”

« endothelium « Dysfunction of the
« leukocytes central nervous system

DCS & Lungs (‘chokes’)

: e X DCS & brain (‘staggers’)
{hamboeyiee o] me\fﬁ « Impression of difficult breathing « Paralysis
=Y \\\G -\hfﬂo&%ﬂ\“ﬁ . Disturbglnces of visual acuity « Limited inhalation « Crap attacks
+ Pulmonary symptoms « Pain under the sternum « Paresthesia
@ + Cough « stroke-like impressions

@ L\mb;

+ Blurred vision
DCS & heart

* Headache

« Cardio-vascular-collapse « Collapse... and much more.

S Nole: DCS syrmproms aen appear hoors larer (Up Yo 24N \cdec) Lawving)
=) 1REPQGRA expPeSIR A0 PSR ANGNaR & PhysSical Sran
\exercise, heaoy \'\Q\\ng)) can Arigsec SymMmproms
=) QOCN QXPODR ANZSO\RD B R\RCOSES MOIR NHFOFRN

Focdore “iscmsan=d  Rophylows

Onyselegiced eqronmenta » No stay in a high pressure environment DCS Type | — mos\ be Aracied
* Age > 40 fasrers o Phxg{ﬁgl\gctwn‘\y&w (diving ) roem i Lailing dime bekor - 100 % Oxygen = Qused AWGzen ook of Bady
* Dehydration « Rate of climb °f=-¢ - <2bar — 12 h latent period N9 P IFIEIEEY (et =0 Sz ST
3 1 .Y ek axceor « >2bar — 24 h latent period Symptome >2 h
L) denltrogenatlon 0 D|V|ng - =ug‘a(:x&\0fcﬁ?0\ + > 2 bar repetitive — 36 h latent period W SymeneeS more Anan An
“1p-breching O belore axpessre LIWN AR@ZR0 P ised Kpit / sui Mea L, OCS I

+ Q gender « Temperature { L { P FIESEIEET GBI SIS (L T oo P DCS Type Il

- _low demp o, I 100 % prior oxygen breathing - 100 % Oxygen ) e GO
B Helght oher SIS ° QbeSIty ; « Slow ascent; brief sta + Recompression (hyperbaric chamber) ° ffrogen oisoas

) more {ed” Aodue - More NWfOgRN = u‘P!mM chambee Wareey e N stk
* Hypoxia low oxyaea + Repetition, duration -« Alternative to HCT: reduced oxygen breathing :\ézlg:Es&::)?jéltl#;o:g;e;tgﬁibwitors s Swcsienion
(Sesoel consiiiel) % :12,°w¢ device (ROBD) = },‘-i‘:i;fé: ;‘::aﬂw - \an\:;gi \ewenn e Intensive care r'neasures L redwee \nhenm
Ane pra>ootR G WO

H\Pobasic charoer

Y a rocom where Gir Pressore can or lowerd 1o smolade hign cwwode
P Demo {of owgrn delicency: vted A0 Arain ploS (aogniee aarly hypoxa 3go)
B explosSie AeOMPIeSSION: Can DIMOGIC a BVAdeN AP N PRI

® Raearcn &k deslopment : Woed Dy Medicine b mltaey

Trean RQueNRe
-\ A) Men(\ﬁm;s\b—) meaice) enee\y
= \C da( ) & (e 2) ExGMINGAON = Bood P, POIRR, Oz ckorahion Baseing
O*‘s (\ dq Q\C\QQQ\. (:».E:C,o-\“;gf\’\?\s-\owe ) Ae-oxnginodon = oeodk POt O, v ¥ B of eoge®

Eﬁp\Oﬁ\\)Q C\Qcom p‘qmﬂ —\hq\l ROk Satty when O Ap> A) echer enamioae

. ) ) S) meatoring - polse oxitneiny (@, sarore¥on
> for corteck ondecyed wsponse 10 e aueat ok hYPOXG symprems & bsé&cn i Ve = beh:’o&):r i} )

D heart (SA@ AR — —ORRHS oY "
/ Oa Geroun | ‘T b Handschi Decompression sequence = | | Physiology _, @. ae=
i oY » . o . .
| I Sonxedon oo | Vit || F(Ve, Fu, AP, flight altitude) |+ Acute oxygen deficiency
Ly H—(—Wf H M JJM”H‘A\" Ve ey ook Tel « Pressurised CO‘EE‘P” volume » Decompression swknesgn‘?fbn
1 C f W‘ h R W~ | e tu darse | |« Size of leak LRS00t |+ Complaints duetogas o
[V YRR LA ) | ; ' s | 5, e SRTes s o B i th
'n“\’v“ U\Jl (il | A \LBggom | ’ | ; St + Pressuré gradient — wise o expansion in the
'w . ' ‘\J“\J e n i \ | R R « Flight altitude gastrointestinal tract
! [ LM NHIA Py Yooath >t
11\ VU [ Py do
M Ik \l =2 : _—
I ‘ U = Physics Emergency measures_
\“ 2,500m o, + Explosion-like bang & S55F |« Emergency descent
« Suction effect — 2eve ey oe, = Oxygen y
Soded T3
| Gradual Hypoxia e + Development of fog  memoe
1 6 21 181 1 01 * quP in tﬁmpefathe - mcrxmcu
Heartrate: —  Oxygen saturation: —

< TEoay

O small ccoinN (LAdome) = MR daon).

Final oMochions

afrec NYPoRa | decomps. chasdec Aranny
Lor

= No sports activity x 24h — T

= No parachuting x 24h — yempng = attode chqq\ges | + -

= No flying as PIC x 24h (piokincommaod) ™ sdgmeent

* No military flight service as pax on same day
oormal (gt




\nQoerJf\oﬂgroceab\n% Farcap

C%oa\ : koow how nforcneadon W
«KeElioN

o0, Adeion &

uoareneé )

Proesed 0 homan Peepiicn

= Hode\ o Information Pcocess\n%

o atteOhonN 'S

CENTRAL
PROCESSING

PERCEPTUAL
ENCODING

/ Neted P ONDING

parczphion

~

- © 5 \ow only pefeei
f s == - et \p\.\ aMend 4o
/ N e ohon &
a B "13“"‘“ oX ’cama:.\ ook
me— { V C\o\en-\o Aaley

> How © Information {ormed 10 homan peeplion?
L5 D sheps - =:endory POk - allenhion saleciS Whak I Iportaat
= dhe DA QrgrM2ed A \tterprets Ne Bgnals

Selectlon H Executlon

T |
— @ Perceptlol'_1 | ,_,‘
—! 1 . . -
— : What botleneda (¢ Diozes affeck SroaMoN awarenes>?
::: - . Thought — @sawaing), feason
SENSORY >F @eci < | Decision Making choosnd) an adhien OO/ A Problem Description Countermeasure
| REGISTER “1“ :f:_( e T 22‘;*‘“ Oﬁ dec Czbbe§ are Limited atention  Cannot process everything
MEMORY mne! A ( Working memery imits _Forgetting overioad
! =) e o
rrrrrrrrrrrrrrrr LONG-TERM MEMORY 2:;:;“% Confimationbiss  Seek expected
= ) Expectation bias Perceive what you expect
7¢x‘)¢r‘un<“ F
Anchoring ‘Stuck on first ide
Wickens, [C. D., Gordon, S. E., & Liu, Y. (1998). An introduction to human factors
SWO06 av.hf-enyv engineerilE}p 147). New York (etc.): Longman. 5 Complacency Reduced monitoring
=)

) CoMPAE> SO¢ pada ph

What = Fereepicon

Perception involves recognizing, organizing, and

interpreting sensory information to make sense of the

situation in a given environment.

A selection of sensory stimuli such as sights, sounds, smells,
and textures is used to create understanding of the world

around us is formed.

A combination of sensory input and cognitive processes

memory , experience, and expectation) is used to create a

coherent experience of reality.

Perception is a key element in how we navigate, learn, and

respond to our surroundings - from simple reactions to
complex decision-making.

Perception varies across individuals due to differences in
biology, past experiences, and cultural background, all of which

can influence how we interpret the same stimulus.

Goldstein, E. B. (2014). Sensation and Perception (9th ed.). Cengage Learning.

Automation bias Blind trust in systems.
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+ Data not available

w‘ Q(Q sk 2 Level 1-SA: Failed perception or misperception of information
o

- Difficulties in distinguishing

w@ﬁs

Perception

‘ - S Ccmmmas = incheciona)
L ndne -Q\('Q‘\' L \QLR\S cerstending offieneme - Failure to monitororobsene | DWNCAORIS
data. >

Level 3-SA: Inadequate anticipation of future system actions. - - h\a\'\ wWotloach
+ Misperception of data

+ Forgetting data

* Limited attention

v {O’\\O(Q A0 Moo = COoDY
frequent eccor (35%)
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) tasking;
attention timely monitoring
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Inadequate integration
or inadequate
understanding of the
information
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Inadequate anticipation
of future system actions

« Missing or incomplete mental C DC\\G(‘(\O\ ooy
model \p’ \
A - Over-generalization of meny endﬂ'm
’fg‘::%‘l current trend ~ “s UQQQCA‘\C\)*\Q“b [<STe 1]
— perceehcn
K / \ reonrceo\
e W conirmadion
: - goides We tend to lookfor O\AD
l ‘)ss information that
\nd\ca‘\'\Oﬁ OQ OQ 5A whee NO confirm our expectations

«  Ambiguity - information from two or more sources does not match
« Fixation - focusing on one task at the expense of the other

« Confusion - uncertainty or confusion about the situation, often combined with fear or discomfort

Facrord dhar onoionize LesD of SA

Good briefing & debriefing

« Lack of required information
«  Loss of control for critical tasks
» Missing an expected checkpoint or target J

« Failure to eliminate discrepancies (e.g., contradictory data or personal conflicts)

School of
Engineering

aw ... .

+ Time management (avoid overloadk)

« Bad gut feeling, because things are not going quite right

» Bein good health

Z

Worksheet . . o
Minimization of distraction and interruption (task coordination)

1a) How is information processed in human perception? . .
+ Communication (closed-loop)

» Checking the mental model (anti-confirmation)

Mehods 1O Mecoore SA

1) Subjective Rating

1b) What bottleneck and biases affect situation awareness (mention 5 aspects).
D - sacocrore (1- W) | cloccke encopn Yime

-manner ox pradipineh y‘“ﬂ N — colack ol nfo

What countermeasures do you suggest? n":t’\llention 5 aspects with regard to information processing.

S uz. vead Yo ‘ool fec ko which  eonben ooc expeciaion
O %\&M\W- lermotion (Lkred (nasrows  Aoare\ m§\oﬁ>

1).... | was ahead of the traffic.
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Lomvaariky, mindoah ( eesy®, we-toown, actay oas)

\nkecconrRlaMoN

IteractiveScenario | Sef-Rating:  Query: Gaebased:  Implick SA:
(E252:1 Crossng) confict duraion
saSHA Qlscore] SASHAL  E Conflt =
Correct [%] Detection [min]
Net6 oo
N6 nete
Self-Rating: 1 0.1508 -0.0621 0.1985
sASHA_Q score]
Query: 1 il07932¢ 07095+
sasHALcorrect
v
Gaze-baseds i 1 "lo.8s3sres
€T confiie
Detection [min]
Implict SA 1
Confict Duraton
minl |

Table: Pearson correlations between SA measurements in experiment 2
* p<0.05; ** p<0.01; *** p<0.001 (Haeusler et al., 2022)

ok A A

Finding:

Low consistency of subjective rating
scale with other measurement methods
for SA.

-> Easy to measure, but deficient, as lack
of SA will only be realized when conse-
quences occur.

e.g., SASHA_Q (Dehn, 2008):
6 questions
Scale from 0 (never) to 6 (always)
2) Probe technique for SA
e.g., SASHA_L (Dehn, 2008): with/without freezing

and blanking of the screen
e.g., "Do you see any non-conformance?” “Are there any conflicts
between aircraft?”

3) Gaze-based indicators for SA: Eye-Tracking

4) Implicit performance measures for SA: behavioural
observation, communication
e.g., actions for solving a conflict or repeating an instruction about
level-off altitude; time to solve a conflict

SWO6 av.hf-en.v

P —

2)" .. I started to focus on a single problem or a specific area of the
sector.

3)".. there was a isk of forgetting something important (ike transferring
an a/c on time or communicating a change o an adjacent sector).

4) ... | was able 1o plan and organise my work as | wanted.

5)" .. | was surprised by an event | did not expect (like an a/c call.

6)" ... had to search for an item of information.

Table: SASHA_Q (Dehn, 2008)

Image: ATCO in an experiment
using eye-tracking glasses 44
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« Infinite storage capacity and duration - ). . .
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Retrieval reconstruction ° K . . .
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What patterns are we familiar with? N Qmm \%_ AQet mmot\‘ AC QQ(CQP\\QQ -—) Q&PO\Q\'\Q"\$ | pr'\e( LWeow.
Perception draws heavily on recognition (i.e. top-down /) PQ(QQP\V\O(\ D\O&d -\O\QG(& \Qhos\ we Q)‘PQ“\

processing of information)

- We see what we are familiar with / expect / feel a need for

O offecat PR TaY PerCR i kefent mMeaning(el Shaped N A

+ Memorizing is not like “producing a video® ACHNR DNOWD OQW(\S on e anemas
« Itis based on a reconstruction from known el.ervjlenls with as little b‘ CQ@'“Q“ O ¢ \ ’ . L
input as possible MV N SN0 PQ( Q. G \‘ “Weeh \“d\ 0\doa\§
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(e Semante Priming proeduat Wb W\ vdwond.
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+ Rememberance depends on the number of and the strength of associations
between information units within the neural network

erUQ“QQ N (QQQ\\\ 0\ Q &6(\\'\'\60 ——) > amount of spreading activation between neurons connected to unit to be

recalled
reca\l - QYQQ. lYeJ<\\} Qme MRS Recall of information is good, if ...
(‘QCO‘SN‘\\O(\ . (‘Qmamef\hS me p(QﬁQﬂ’(Q-\-\Qh 0‘ 6’““\0\\ — Well connected with many other memory units (many retrieval paths)

— Often used/remembered

— Recently used/remembered

Zh s, e ) p
aw ........Neuroscientific Perspective on Learning Learning and Memory

+ Activation of long-term memory content ocours through mental links between concepts, formed by
shared properties or associations.

[Spreading Activation Model School of
Engineering

zh
aw

+ On the neuronal level memory is built when neurons are simultaneously activated.
- Shorter path between two concepts -> stronger association im memory Hebb (1949): ,Cells that fire together, wire together*
Car-_ B Bus @ Learning = development of neural networks that enable new ~ Synapses are high in plasticity. Stronger connections with more use. This enhances readiness for transmission and

W v enables higher activatability.
\ S . House behavior in specific situations. ~ Faoltation (Bahnung; Hither, 2012): the more frequently neural connections are activated, the easier they get reactivated
Ambulance | Fire and the higher the capability for transmission

Red 3 Hot </Stov\e « Effectiveness of learning = ease of reactivation of new neural . ing is ivation of neural

/
Rose !

' o) -G networks > “Use it or lose it!” efechioe + Knowledge is the readiness for activation of certain neuronal patterns of excitation within the
| ‘Apple Cherry
Violet _ > o~ DA RASSWS large neural network.
Flower Pi — frequency of use of neural networks @5\ feacivcAe i o X . . " .
Pear ) + The more information is rehearsed (maintenance rehearsal), the higher its probability of being
— pleasant consequence remembered. The more i ion is processed ive rehearsal), the better it is
remembered.

Achcn Contol

Analytic approach: e.g., apply new medicine
- ,knowledge-based”

KSA:

Knowledge: State of being familiar with something or aware of its existence, usually resulting from
experience or study . The range of one’s understanding or information (cf. declarative knowledge in

+ Skills (Fertigkeiten): are learnt and include ion of specific activities and proct procedures Well praCtICEd behavior pattern: e.g., standard mission
(cf. procedural knowledge in LTM) of a rescue team
« Attitude (Einstellung) : a relatively enduring and general evaluation of an object, person, group, - ,rule-based”

issue, or concept on a dimension ranging from negative to positive. ... They are derived from
specific beliefs, emotions, and past behaviours associated with those objects.

Ability (Fahigkeiten): capacity to perform a physical or mental act. Routine action, automatism: e, g pu" upa syringe
b :eqg.,

- ,skill-based”

Competencies: involve knowledge about targeted application of skills and abilities to adapt

successfully to a specific situation

1) Knowledge-based action (wissensbasiert) X . 3) Skill-based action (fertigkeitsbasiert)
2) Rule-based action (regelbasiert) . X .

+ When used: New, unfamiliar, complex, or high-risk situations. o ) + When used: Highly practiced, routine tasks.
« When used: Familiar situations with known procedures.

- How it works: Conscious reasoning, analysis, and planning. - How it works: Automatic execution via stored motor programs.

- How it works: Applying learned if-then rules. Situstion Action
eeoymss __morodpu : istics:
- Characteristics: . Characteristics: o e Charactenistics:

N s < . . e « Minimal or no conscious attention
« High attention and working-memory demand + Moderate attention required
« Slow and effortful + Faster than knowledge-based + Very fest and efiicient
- Flexible, but error-prone under stress o - . Depends on correct situation recognition = Rul-based action reaeibasier) « Vulnerable to slips, interruptions, and context changes

. Example (slide): Deciding how to remember a new PIN by thinking of different « Example (slide): /f the pattern looks like an “L-shape in the middle”, then use the learned i Exam;')le (slide): Automatically typing the PIN as a smooth finger sequence without

strategies. ! rule to enter the code. conscious thought.

Knowledge-based = CONSEUS SCtion IS iSh Rule-based « With practice of execution: well-trained skills for familiar tasks S * Highly trained skills / routine tasks

. i i i ill-base : - .
PR, HED Extensive attention required . : « Recognition of learned signals and associated solution (motor * Unconscious execution of automated routine
' + In situations when actor is inexperienced / task is [ Flexible action pattems program) - If-then association (if situation X, then action Y) Automatisms actions
complex and novel " G :
oy f?rs, driving lesson + Immediate retrieval of procedures/behaviours from long term Stimuli directly trigger motor programs
memory that proved to be effective (reinforcement .
Orient - When risks are high = . y pl : ( ) — Schemes work as templates (Schablone)
+ Key for safety: analysis of all relevant informaiiGN + Requires less attention than knowledge-based action control « Minimal/no attention resources required
Plan and consideration of all possible consequences « Key for safety: correct recognition of the situation « Foundation for complex skills and multi-tasking
Draft action +  Key for safety: matching of context with routines
(if not, switching to rule-based or even
Pe"’o"T action Perform action R EEiEm knowledge-based control mode)
Evaluate outcome Evaluate outcome

Evaluate outcome
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Decden Malng exmph-

S G proasd of reaching
a dxment or dncoBinsan SPHON; SOMAIMES Caledh & <ot of cclian,
A0 toeet \ne Oeeds O& (X S\\nﬁ SwoaMon Elements of decision making:

1. Situation assessment / definition of the problem

Feedback
inkgreion of percewedh eemen
WO & mecanfol prasre
ONRENOANY Cofak

Lack of ime 2. Generating and considering multipl: tion
Excessive WL [¢] g multiple options

SEEEEE DUHOCHON cLXRNERSD | 3. Selecting and implementing an option
eowon  noman  IlonlaGho0sS A m dQ&(c& Outcome review (feedback loop)
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Fast, Slow
y intuitive or instinctive, . 3 .
Froblem 30\\)\(\% i dellﬁ?;ﬁt;\r:eéflfgsr;tlcal,
A\ | : X low on ener

Intowive 0. Anaiyicdl Thinkingy & S ond Semanch
+ Humans do not choose between systems freely; context determines dominance. QW\Q d& ! tq More mfa\%
+ Many decision errors occur when intuitive thinking is used where analytical thinking is O e A (s‘ NG N L) w\\’ dQsodqd b\‘ (G“S’Q

required. Q “Q. Q Um QW‘Q&\ (@Y S non rooline 9'&‘“‘\ M\O\'\S
« Safe problem solving requires knowing when to slow down and engage System 2. ‘)‘%Q kmq Cﬂm\ UNQ‘\OQ

AoNOl examEik = homan ReseMNs) nok porly logiea) In aodirack formn (Caads)
Y Pedormanck mEEXed when ¢ proclem VS (famed 10 {amliar, meanicgfol  comexd
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ModQ\ of Decsion Haling

2) Make a decision

1) SItuatlon assessment I prObIem recanltlon Once the situation is understood, a decision is made using one of four decision modes: 3) Selection of the action

e , - - m « Choosing the most appropriate action from available options
Before any decision is possible, the person must understand the situation. Automatic
- Strongly influenced by:

- - . « Fast, unconscious, routine
- Situation analysis

n s ‘ . - . - time pressure,
Gathering and interpreting relevant information from the environment

+ Based on habits and skills

(linked to Situation Awareness Levels 1-2-3). - Efficient but vulnerable to slips and mismatches + workload,
- training and experience,
« Building a mental model Rule-based - . .
. . . « risk perception.
Forming an internal representation of: « Application of learned if-then rules Bercep

- < - Requires correct situation classification
« what is happening,

- Fails if the wrong rule is selected Core message (exam-relevant)
« why it is happening,

Analytical - Decision making is not just choosing an action, but starts with understanding the
« how it might evolve. . OBlBaFalElEompatiE0n of GRoRS situation.
« High cogpnitive effort and time demand + Humans switch between different decision modes depending on familiarity, time

1. Errors here propagate directly into poor decisions. pressure, and workload.
- More robust for novel or complex problems =

« Many errors occur because people use an inappropriate decision mode (e.g. automatic
Creative instead of analytical).
- Generation of new, non-standard solutio R o

If you want, | can:
+ Used when no rule or procedure fits

Rescawn Approacnes ch Oecoon Hall
NornahioR  Approadn Oe=ci\Pive Approa

1) Normative Approach to Decision-Making 2) Descriptive Approach to Decision-Making SV Engimesring
&) New Jdeasons  Snonld R thade ©
Focus solely on rational decision-making process Not how decisions should be taken in theory (normative approach), but how decisions
O 02BOMES - compR¥e WO, vnkmit e\ Y- are actually taken in practice (not theory).
OMMre CHMIR (RBOXK!

Describes heuristics (rules of thumb) andbiases found in decision making

+ Optimal decision-making process to be a “perfect decision maker” ' P
processes due to reliance on intuition.

L LY anaylical
+ Requires much attentional resources, deliberate problem solving and time
S Nsh cleiona) oot (-1 w‘;q\qﬂs oAead\ A m(d\\(b (Q( AL eSSy
- E.g., cost-benefit analysis for buying a house m\b\q @\-\Q“ -) C\WQ A\ coe \O\‘“\

or pros and cons for next Covid-booster

PN AN fRQUINRMEeMS
Heuristics
Confirmation Bias & Why confirmation bias is NOT “just another shortcut”
- What they are: nat it
General mental shortcuts or rules of thumb used to simplify decision-making. SANRSEIEISS o N
plity 9 A specific cognitive bias. Heuristic Confirmation Bias
+ Purpose: P (unintentional): o ) - Y
Reduce cognitive effort when time, information, or attention is limited. SRaSS S ntonah: . S Y R A ippeizEs Rz v i Gt alnjeeiesg
Maintain consistency with existing beliefs, expectations, or assumptions. S ———
- Nature: . Nature: Happens before decision is fixed Happens after decision is fixed
Can be useful and adaptive, but may also lead to systematic errors. y distorts i ———— S
o i Keeps options open Closes options
+ Timing in cognition: « Timing in cognition: -
Used during reasoning and judgment to reach a conclusion efficiently. Acts mainly during i ion selection and it i ially early, at SA Efficient Dangerous under uncertainty
- Examples: Levell). & ke Procesd>ed

) ) - + Behavior: 00 se\ec\ive!
« Anchoring (relying on an initial value) N
+ Selects confirming evidence .
« Availability (judging likelihood by ease of recall) (&) One sentence that clears everything
. o o « Ignores or downplays contradictory information
* Representativeness (udglng by Sinlarity 10 &iprototye) « Explains away inconsistencies Heuristics help you recognize a situation; confirmation bias prevents you from re-
(& Heuristi trategi evaluating it.
euristics are strategles. ﬁ Confirmation bias is a systematic error pattern.
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Decision making process in experienced professionals (‘the experienced decision maker”) differ
from analytical target process

Why: Decision making takes place in a “naturalistic setting”: complex, dynamic environment with
high demands on the decision maker

Decision situations are highly complex, sometimes chaotic

Recognition Primed Decision Making (RPD) by

Domain Experts

Describes how experts make fast, effective decisions in
complex situations (e.g., fire brigade commanders) based on
automatic, intuitive decision-making

Most important: correct situation analysis
Fast decision-making process due to recognition (mental models in long-term memory)

No conscious awareness of information processing: Intuitive recognition of the situation
and intuitive search for suitable options

BUT: ability to find rationale and argue (meta-cognition improves decision-making)
Fast solution implementation: No comparison of multiple options

About 90% of all decisions in practice follow this pattern (Klein, 1985).
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PERCEPTUAL CENTRAL
ENCODING PROCESSING RESTONDING
Two Phases of Recognition-Primed Decision Making(RPD) = s
ATTENTION "~~~ """ ==~o
. . RESOURCES N\ i,
1) Situation Assessment / I T I ¥ y
- The expert recognises the situation as familiar. " 'Z‘ P"‘:‘"‘W Selection H Execution F’
- Key goals and priorities are identified. — -n.o:,gm
— ! SENSORY | Decision Making
- Attention is focused only on relevant cues. REGISTER
| WORKING
- Aninitial action is inmediately suggested by experience. \MEMORY
e I
This is mainly perception + pattern recognition from long-term memory. LONG-TERM MEMORY
Feedback

2) Mental Simulation aeas\icn tmalng, linved

= AAROMON (@oorc hinnvea\

=) Loerhng ey SNQN

= e pesoie & wodload ek
e cnayadD

1) Information Processing & Naturalistic Decision Making (first slide)

- The expert mentally “runs through” the chosen action.
« Asks: “Will this work? What happens next?”
- If the outcome seems acceptable - act immediately.

- If not - adjust or refine theaction.

Only one option is simulated, not multiple alternatives.

Wickens. C.D.. Gordon. S.E. &Liu. Y. (1998). An introduction to human factors full analysis.

27
Core message:

E -ésn Eva:uat:i | Egluate | E;laluate Decision making can happen at three different levels, depending on time pressure,

a| % eXplananon) action pan experience, and task complexity.

E £ « Automatic (skill-based)

| S| Le_vel 2 SA Generate Bt - You perceive cues and act immediately.

E— (Diagnosis) gener'al goal action plan - No conscious thinking.
/\ g § . offaction Example: Typing a known PIN, flying a stabilized approach.

o

E 8 Recall of - Intuitive (rule-based)

E % Cue-Action - You recognize a pattern and apply an if—then rule from experience.

== I Rules - Fast, low effort.

Z Example: "If engine vibration + rising EGT -> reduce thrust.”
rll Execute actions |—> Zlf?: clto:fng - Analytical (knowledge-based)

"':’ ~ | = ____ t . _t_ _ _t _________ action - You diagnose, generate goals, plan actions, and evaluate options.

< § ~ T Cue-Action Rules  Planning Nets : - Slow, effortful, high working-memory demand.

= s : : Example: Troubleshooting an unfamiliar system failure.

Of:is 1 Knowledge from LTM 1

= S =
3 é ‘ Naturalistic Decision Making (NDM) mainly uses the automatic + intuitive paths, not

S = oh)
N\C(m\\‘ AN

Why expedis deaide {eve(?

2) Why experts are faster (second slide)

Methods to Boost Decision Making (1/2):

Challenging intuitive decision making
Core message:
o s becauselofwhat iFtored! inllongterm memory](LTM) This is a structured, analytical decision process used to slow down intuition and reduce
Experts have: bias.
« Arich library of subtle cues ("something feels off")
« Strong pattern recognition
* Ready-mad{iSthen actionrules Methods to Boost Decision Making (2/2):

- Knowledge of likely consequences from experience

This allows them to: Enhancing expertise (Macrocognition)
- Focus only on relevant information
. ‘Set priorities immediatély - Systematic decision process = slows intuition to reduce bias
- Act without comparing many options - Macrocognition = strengthens expert intuition in real-world conditions
+ Keep cognitive workload low

ﬁj They recognize, not calculate.
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From Beginner to Expert

+ Deliberate practice:

— Intentional practice (work on weak areas), not simply repeating a skill
— Immediate feedback to identify errors and guide improvements
— Breaking down of skills to automate correct execution

- Stronger and refined mental representation: model of how the skill should be executed

+  Growth mi

and intrinsic

ion (personally meaningful and enjoyable)
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School of

Drill Sessions

- Short and focused sessions, including short breaks every 10 — 15 minutes. Longer rest periods

(days/weeks) for complex or physically demanding skills.

« Frequency over duration “’D\'\eﬁ\ [ w

« Duration depending on ... el so\:m(*\b WQN’QR\’
consQNacnon

+ Mastery of isolated simple skill: shorter dril sessions (5-10 min.) with hight repetition
+ Mastery of complex (compound) skills need more time (20 — 30 min.) and frequent breaks for mental processing

—~ Skill complexity:

« Contextual practice and transfer: practice in various contexts and conditions to improve adaptability
and robustness of skill in real-world situations.

+ (Spaced learning sessions and rest: regular breaks and spaced practice sessions to enhance
retention. Consolidation of learning takes place during resk periods/during sleep.

— Level of proficiency:

- Beginners: shorter, more frequent drills (5 — 10 min. per specific task) to build muscle memory and basic
understanding

+ Intermediate lemers: refine skill and add complexity (15 — 20 min.)
- Advanced leamners: focus on improvements of details (15 — 20 min.), exploration, testing and dill

Expeck Padormance

REMEMBER: Control Mode of Actions: Controlled vs. Automatic EXPQ( S nolice Ana ('\6‘0\ QLD .\med\Q\Q\\' QQDQO Suoie

fMRIs — Difference in brain activity

Left side: during skill acquisition
»automatization®
(knowledge-based)

Becoming Expetk
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How they do it

« Parallel processing: many things areprocessed automatically, without conscious effort.
« Vigilance corridor: broad monitoring instead of narrow focus.

« Intuition: subtle cues are recognized instantly and trigger stored action patterns.

- Reflection: they adjust and improve their behavior over time.
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What is needed to become an expert?

Experts are not born — they are built through deliberate practice.

- Deliberate practice: many years of focused, effortful training (not just repetition).

- High concentration: training targets specific weaknesses, not comfort.
- Varied experience: exposure to many different and difficult situations.
- Feedback & correction: errors are identified and fixed continuously.

- Mentors/coaches: guidance accelerates learning and avoids bad habits.

What this leads to
- Large pattern library: experts recognize situations instantly.
- Refined intuition: intuition based on experience, not guessing.

- Automatic skills: fast, reliable actions with little mental effort.

What is Needed to Become an Expert
seful,

INTENT

Focus

Peak of career

|

International
Level
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Experience

EXPERIENCE AND DELIBERATE PRACTICE
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+ Comprehensive, domain-specific knowledge
Experts know a lot about their specific field, not just general facts.

Expert - Use of chunks
Experts group information into meaningful patterns, so they understand situations
° Performance cquickdy.
2 - Case-based knowledge organisation
g Arrested Knowledge is stored as experienced cases, making it easy to see what applies to the
g i current problem.
5 Development
= - Deeper processing
S Experts understand why something is a problem, not just what the problemis.
Autonomo,
u Everyday - High proceduralisation
Skills Many actions are automatic, so less working memory is used.

1. Red circle at Perception

Your note: experts bypass limits

Meaning: ~ ~o
Experts extract meaningful cues very early, already at the perception stage. N ~ ~
They do not need to consciously inspect every sensory input. \\ ~ N
- Perception is guided by experience, not raw data processing. ' \'
————————————— n
; C, : Response Response
= : Perception . . 1B
—! — Selection Execution
| A
[ 1
—> | T /7 v \
o ] N
Experts do not process all information. Thought
They process the right information automatically. Decision Maklng

- Selective attention still exists, but it is fast, unconscious, and highly efficient.
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Feedback

WORKING
MEMORY
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______________ oy T
LONG-TERM MEMORY
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OeQnhion of Roman Pedormance Models (P)

¢ ‘Human performance modeling (HPM) is a method of quantifying human behavior, cognition, and
processes. It is atool used by human factors researchers and practitioners for'both the analysis of
human function and for the development of systems designed for optimal user experience and

A-

interaction

Human performance models predict human behavior in a task, domain, or system
regarding

— The products of human performance (e.g., decision outcome)

— The process of human performance (e.g., simulation of human decision process)

* Models of human performance provide a systematic and computational
understanding of the mechanisms of human behavior quantifying complex
relationships (Wu, 2018) unifying many scattered empirical findings.

« The ability to prediebhuman behavior may prevent errors and accidents to improve
system safety and efficiency.
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» These models must be based upon and compared against empirical human-in-the-loop

data (validation) to ensure that the human performance predictions are correct.

Decision Making Model: needs to specify ...

Criteria for design and evaluation of Human Performance Model:
« Initial state & Weie homosS Stack

— Represent relevant of human per

+ Goal state > wnek omand uwent 10 cehieve

« All possible intervening states (problem space)

Y Al pesSIve e eAic.
S (WorWoed)  States

+ State action Tree L wined oions are pessidle
X " ceen Dae
* Means-ends analysis «, 1. pasple ercose achions

Challenges of WP
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models mosk Snplity

+ Path constraints . — Simplicity: parsimonious rule

S e Smp\e
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— Usefulness: improve real-world system performance/safety/efficiency

— Robustness and generality: able to predict multiple experimental results without over- or under-fitting
O o ccrosD YDl
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Human Performance Modelling (HPM) in Aviation

School of
E ng

Z
aw

« “The aviation community is continuously striving to increase the efficiency and safety of the entire
aviation system, which includes human operators (e.g., commercial airline pilots, general aviation
pilots, and air traffic controllers), technology (i.e., hardware, software, automation, displays, and
controls), and the interactions among human operators and technology.

Addressing these licated sy inter: requires research toward the design and
development of new system concepts; investigation of procedural, training, and communication
issues; and the'design and evaluation of avionics, equipment, and interfaces” (Foyle & Hooey,

2007).

« Despite these advances, however, there is still a gap between even the most advanced models and
engineering practice (Byrne et al., 2008).

This NASA project studied how humans behave and make errors when aviation systems,
procedures, or requirementsichange The goal was to predict human error early, so
systems can be designed safer before they are used in real operations.

NASA tested several human performance models (like ACT-R and situation-awareness
models) on the same aviation problems to see how well they explain and predict pilot
behavior.

They applied these models to real and future aviation cases, such as:

- Airport taxi operations (to understand navigation errors on the ground)

- Synthetic Vision Systems (SVS) (to evaluate new cockpit concepts before deployment)
Overall, the project showed that Human Performance Modelling is useful for system

design, helping engineers improve safety, training, and operational procedures before
accidents happen.

NP> ho peopi dninh | famember | stay cwase ok S

NASA followed two parallel development tracks to prevent aviation accidents using
Human Performance Modelling (HPM).

Top track — Predictive models (what might go wrong):

NASA used different human performance models t-where and why pilots make
errors, starting with taxiway errors and later extending to approach and landing with
augmented displays. The models were tested across many scenarios and finally verified
and validated to check if their predictions were reliable.

Bottom track - Prescriptive models (what to do about it):

Here, NASA focused on engineering solutions: analyzing real flight data, identifying
error mechanisms, and running simulations with virtual pilot agents (CATS) to'test how
design changes could reduce errors.

Big picture:
One track predicts human errors, the other/designs solutions to prevent them. Together,
they support system-wide accident prevention.
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User-centered perspective - A user-centered perspective involvesfocusing on the needs and

requirements of the end user throughout thedesign; acquisition, or development process.

Consistency - Consistent means adhering to the same principles with minimal variation.
Y smlar ANNSS oheold \Soh b LISy Ne Dame veNwWhefQ

Modular - To be modular means to be designed with standardized or uniform components.
Standardization - Standardization refers to common user-interface features across multiple

applications.
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Tasks of the Pilot in an Automated System ZN: 2. Phase Model of

1. Design requirements for target search

This is about how easily a person can find the right information on a display.

« If there is too much information or it is poorly clustered, the target is harder to find and
takes longer.

« The target must clearly stand out from the background (colour, size, shape, contrast).

« Because attention is selective, users must actively scan the display — design should
therefore reduce unnecessary scanning.

Key limitation:

(&J Sharp vision exists only in the fovea (about 2°). Everything else is less clear.
(&J Every eye movement and attention switch costs time and mental effort.

3. Ways of information presentation: Analog vs Digital

Analog instruments

« Pilot must scan many instruments

« Very good for seeing trends and changes quickly
- Exact numbers are less obvious

« High maintenance effort

aw .

ing & Levels of

Digital displays

This model shows

+ Planning what automation should do

- Programming of the system 1. Information recording (acquisition)
~ Sensors collect data
+ Monitoring of the execution by the machine Exomples:fadar, cameras, sensors, HUD
2. Information analysis
- System detects problems or patterns
Examples: alarms, TCAS, warning systems

+ Communication (cockpit crew, ATC)

+ Intervention, if indicated (automation error) 3. Decision making

- System suggests or selects actions
- Deciding, problem solving

or learning from

mental model of 4. Execution of action
> System physically acts
Examples: autopilot, autothrottle, fly-by-wire

Adopicole vs. Adapive s dom
AdcrmnaMonN

and building an

+ The further i you automate, the less the human is involved.

prepared to intervene.

Human information processing happens in four phases:

Examples: FMS, ECAM/EICAS, runway status lights

- Information is integrated and consolidated (less scanning)
- Exact values are clear, but digits take longer to read

- Allows alerts, warnings, and system integration

« Higher initial cost, lower long-term workload

Design takeaway:

(&d Analog = good for trend perception

(od Digital = good for integration and situation awareness
(& Modern cockpits combine both strengths.

 Higher automation increases efficiency but raises risks f the human is not aware or

AdapMue + Y chanikks colomanion o) COromaNQally

RO\ sSniy of e Homan

2. Mental models

A mental model is the operator’s internal understanding of:

Systems with no Automated
automation: systems:

+ Flight duty tasks
- Monitoring

|
System management |
!

l Human-centered design

\cecaoak of WD &—
e cnange

Caaal challenge o,
\Herachon ok coniol

Human-Machine Interaction wrong.

Mental model to understand

« why it is doing it,

+ what the system is doing,

+ what it will do next.

1. When the system becomes too complex, the mental model becomes incomplete or

the system to maintain SA

Tedanice) lsooes

Technical Issues with Automation (1/2):

As systems become more automated, they also become more complex, with many
subsystems, operating modes, and tightly coupled sensor—decision—actuator chains.
This makes it difficult for operators to fully understand how the system works at any
given moment. To operate safely, humans rely on mental models—internal explanations of
what the system is doing and why—but increasing complexity often leads to incomplete
or incorrect mental models. This results in uncertainty, unexpected system behavior,

and even disagreement within crews. A key challenge is therefore deciding how much
system knowledge operators need and how that knowledge should be presented without
overwhelming them.

Technical Issues with Automation (2/2):

Highly reliable automation can reduce active human involvement, leading to complacency,
reduced monitoring, and distraction. When systems run smoothly for long periods,
operators may stop paying close attention and become “out of the loop,” which makes

it harder to detect or respond to failures quickly. At the same time, human attention is
limited: people cannot continuously monitor complex systems with many modes and
states. This creates a fundamental challenge for human—automation teaming—designing
systems that support human attention, maintain situation awareness, and adapt to the
human'’s current state, workload, and intentions rather than assuming constant, perfect
monitoring.
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(1/3) Loss of Situation Awareness  Muscseness - rocasing - Mahcipohien
Automation can reduce situation awareness because humans are no longer continuously
engaged in perceiving, interpreting, and anticipating system behavior. When operators

are taken out of the active control loop, their mental model of the system degrades. To
maintain situation awareness, system functions must be transparent and understandable,
and humans must remain cognitively involved rather than only supervising passively. High
automation reliability can further lead to complacency and reduced monitoring.

(2/3) Insufficient or Excessive Confidence in Automation

Trust in automation is dynamic and mainly driven by perceived system reliability. If
automation is unreliable (e.g. frequent false alarms), operators lose trust and underuse it
(disuse). If automation appears highly reliable, operators may overtrust it, stop monitoring,
and misuse it, leading to reduced vigilance. A third issue is abuse of automation, where
designers or managers introduce automation without considering human limitations and
performance consequences.

(3/3) Loss of Manual Skills (Deskilling)

Automation shifts the human role from manual control to planning, monitoring, decision-
making, and intervention in rare or abnormal situations. Because operators spend less
time manually controlling the system—especially during long, routine operations—manual
skills degrade over time. This deskilling is reinforced by insufficient training opportunities
and can become critical when manual intervention is suddenly required in unexpected
situations.



