
↳) for aviation engineers
Introduction to Human Factors 1
The Human Factors Field :

↳ encompasses all aspects that can influence human
performance and safety within human-machine

Systems

↳ includes : physical , cognitive and organizational
factors

↳ How do human interact with technology and
their environment ?

↳ by studying : aim to improve system design
to fit human capabilities, reducing
errors

, enhancing performance
and increase safety

Goal of Human Factors
↳ optimize the interaction between humans & systems /
environment by considering human capabilities and
limitations in design & operation

Definition of Ergonomics- scientific discipline
↳ understanding of interactions among human & other elements of a system
↳ profession which applies theory , principles ,

data
& methods -> design -> to optimize human
Well being and overall system performance

to make them compatible4 ergonomists : contribute to the design and with the needs abilities and
7evaluationo troj limitations of people

Systems

History of Human Factors
-> pilot Ifatigue, hypoxia ,

stress)

World War I : Selection
, physiological problem

4 beginning of Human Factors as a discipline
↳) goal to understand how human body reacted to flying at higher

altitudes and speeds IWorldWar I: industrilization (machines become After World War II : #
↳ psychology : study human- more complex( 4 developed into a formal scientific discipline

machine interaction ·Standardisation : of Cockpit layouts (Basic-T instrument
↳ shift now : designing controls and displays that Cabin pressurisation : solved physiological arrangement)

tionfit the human percep issues in jet als

· Information displays : became more advanced&
needed to adapt to new glass cockpit techno.

Scope of HF & involved disciplines
4 interdisciplinary field of applied research :

- cognitive, behavioural, experimental psychology
- physiology medicine
-

engineering & systems design
-

sociology

↳ Humma Lai AvzPa



Application of HF Humanizing Work
4 making work safe

,
efficient and satisfying

· look how humans perform in a man-machine system
· make use of human capabilities in design
· enhance human excellence with tools
· avoid under- and overload situations on the job

Sources for HF engineering 4 Standards & regulations+ ICAO
,
EASA

,
BAZL

↳ models for human performance
- psycholog : thought, action, feeling
- Physiolog: functioning of body & organs

Need for HF -> human performance affects system safety
causes of accidents
· designer : mechanism of A320
·

manager : poor rish management
· operator : complicated maintenance
· regulator : delegation of responsibility

Safety in Aviation

Definition : freedom from risk which is NOT tolerable

↳ riskis still present - acceptable residual risk)
↳ minimise rish to prevent harm

Hazard : potential for harm
Risk : Severity of harm X probability of the occurrence harm

Definition Aviation Accidents
↳ all damaged or destroyed -> resultof collision,

fire ,
structural fail .

or other event
example : pilot error

, Sabotage
adverse weather conditions

results in : fatalities, injuries and damage to property

interessant



Personality &d Individual Differences 2

Personality Concept
Goal : understand the concept of personality

& how it is measured

traits are stable
What Personality is Over time

physical -
4 corresponds to ""the unique , relatively enduring---

psychol internal and external aspects of a person's character
........... ..............

that influence behaviour in different situations.

"

· the state of being a person
· the characteristics and qualities that form a person's
distinctive character ↓ problem-solving, cosnition, attention

feelings
4 the sum total of all the physical ,mental,emotional &
Social characterics long-term stable
↳ teamwork , communication -
↳ these characterics are enduring states of a
person or momentary states
--

temporary emotions

Trait us . State :

Trait State

"The Big Five" Personality Traits -> OCEAN independet.
Validated in X Studies



do you control what happens in your
Locus of Personality ->

life or do you think outside forces
control everything

With the helpof the Attribution Theory understand how
individuals explain casually in their head human
behaviour

.

internal locus of control : people
think they can influence/change
factors which are important for their
success

external locus of control : people
attribute outcomes to external forces
-> like luck
Other thinks their own actions have
little impact on what happens

Core Self Evaluation
↳ stable part of personality
4 how you subconsciously see yourself-deep fundamental
belief not momentary feeling
↳ influences how you behave in situations

4 Dimensions :

· Locus of Control : my actions or fate?

· Neuroticism : how easily do you experience negative
emotions ? anger , stress ,

emotional instabil.

high -> fast

· self-efficacy : confidence in your own ability
· self-esteem : Overall sense of self-worth

genes provide ingredients

What determines Personality ?
- environment works as shaping

context

4 heredity (genetics) influence 50% of personality
-> your biological make-up determines your personality
· physical characteristics : height , weight ,

Skin

social behaviour : naturally outgoing ,
calm , aggressive

· intellectual properties : learning-potential , problem-solving
Speed



Developmentstages for Personality
Basic Pattern Individuality Identity Integrity

40% - 50% -

of personality
-

luarying 20% - 70%)
-

-> Hippocampus

30% 20%

1) develops before birth : minimally influenced by
experience and education

What develops ?
temperament : natural reaction to the world

4 calm us upset ,
sensitive us.

robust

regulation of vegetative functions ,
innate behau . (survival)

↳ sleep, hunger ↳ fear reaction

2) when develops? first months and years after
birth

↳ not fully genetic or fully conscious
based on : unconscious emotional conditioning
↳ brain links experiences with basic emotions

example : When baby gets praised while exploring
-> curiosity = positive

· fear , happiness ,
sadness

, hopee...

3) When : late childhood and adolescence by
Social-emotional experience

-> involves thinking , learning and social rules
↳ what success means

, right or wrong ,
moral &d ethics

ambition
, long-term goal , friendship , fame

-> attention control : to focus on what matters
-> social control : ability to regulate behaviour according to

social rules

4) when : over the entire life-span - thinking ,planning , language
↳ gives you the ability to name your feelings

-> I feel angry becausee...

↳ thoughts are structured & put into order
↳) reflects how we want to see ourselves and how we want others to

See us

-> self-image, personal values, long-term identity



Measuring Personality -> FPI-R scales

Challenges :

measuring personality with
questionnaires is difficult :

personality is complex

1. completeness of the item pool
Item pool : list of questions that make-up a personality test
↳ challenge : Items must cover all dimension of the personality

2. Validator :

3. norming : personality test must be normed on
large groups (>20001
representative samples

4. methodological issues
4 social desirability : people tend to answer in a way

that makes them look good
↳ self-concept : people maynot see themselves accurately

Motivation , Needs and Motives

Goal : understand the sources for motivation and the
process of motivating

Nature of Motivation
comes

Motivation : willingness to behave -> from drives
and needs
↳ which activates goal directed
behaviour

Need : state or experience of deficiency
plus the desire to remedy it
↳ desire in biological/social / psychological

Motives : target classes and incentives one reacts
toemotionally often arise from
underlying needs



Aspects of Motivation

Direction : What I am motivaveted/energized to do ?

Intensity : How much energy to put in ?

Endurance : How long and how persistent ?

Intrinsic us. Extrinsic Motivation

Intrinsic : wish or intention to perform a certain
action -> because the action itself is
considered exciting advantage

Extrinsic : action is performed because of reward
or to avoid Punishment

disatuantage
Flow : feeling of mental state of complete

concentration in an activity which is
experienced as pleasure

Theories of Motivation

content Theory : What motivates? basic needs & motives
4 Pyramid of Needs

Process Theory : How motivation works? how we get active
↳ Goal setting Theory

Attitude Goal : to know how attitudes contribute
to behaviour

Attitude & Behaviour
↳ overall evaluation on something -> object , person ,

idea

made-up of 3 parts :

emotions , behaviour , belief

affective : emotional reaction -> How does it make you
feel ?

behavioural : what you tend to do because of your
attitude ? -> How do you act ?

cognitive : thinking ,
beliefs or opinions about the

object- > What do you believe to betrue?

① ②
Q

②



Information Processing : Biological Foundations b
& Senses

Goal : Know the biological foundations of
human information processing - the nervaus

system and senses - and reflect them
With respect to human-machine interface
(HMI) design .

Simplified Model of Human Information Processing
Input Black- Output

BOX

↳processing

Sense Interference Decide&
Act

Goal : understand how info is transferred to and from
the brain

The Central Nervous System
CNS PNS

CNS : processing power/ computer ~ &

PNS : cables connecting sensors
L

↑

-

and muscles
~

200
billion neurons

-> transmits information to / from processingCNS power)

↳
massages travel through neurons
as electrical signals

↳ afferent : going towards the CNS
Carriving)

efferent : going away from the CNS
Lexiting) reaction to the

information input to-> through the spinal->world are controlled
transmitted sens cordIn processed by the brain forory
organs through in the brain fine-tuned muscle
nerves movements

- requires a

conscious

decision making
& evaluating

-> reflexes /autom
.

responses
exmp.: knee reflex

heart rate ching.



Neurons-Building Blocks of the Nervous System
4 nervous tissue consists of neurons neurons = charged cells

· conduct electrical signals
· whereby passing info through the body ↓-

-components of the neurons :

SOMA
· Dendrites : receiver, input antenna
↳ receives signals from Other neurons/
CNP PNS / a sensory receptor (touch ,

haircell)
I

towards cell body
· Axon : sender, output antenna
4 send Signals to another neuron / target cell (ex .

muscle cell)
away from cell body

Synapses - thefunctions between Neurons
↳ where two things meet

↳ where a dendrited an axon meet

1. Neuron A sends an electric impulse axon

2. this triggers a release of a chemical

Signal (neurotransmitters dendrite

3. transfer of neurotrans from axon to-

dendrites (Neuron B)
4. in Neuron B

,
because of action potential the next

neuron can be activated with its own electrical impulse

↳ one neuron can have up to tens of thousands of synapses

neurotransmitters : information flow by 2 types
· excitatory :

stimulating electrical Signal-makes other neurons more

likely to fire
· inhibitory : discouranging e. S. in Other neurons

(corrolates to output f.e. muscles)

Spinal Cord - contains neuron of cell bodies,
bundles of

axons & other cells

4 responsible for : I transmission of signals to4 from brain
command of reflexes (without brain) for
autonomous reactions

Brain Regions -> hunger, hormores,
heart rate

↳ brain directs the body's internal functions , integratesvision,

hearing, Sensory impulses and information to form perceptions , thoughtssmell
↳ to understand& memories for self-awareness , speech locomotion .

What the senses

↳movement
mean higher intellectual↳ 4 parts - consciousness: ability to consider ourselves ↓ outer world ,

functions

· Cerebrum (Grosshirn) : conscious control for action
senses

, language, planning,)Lemotions, remembering
· Diancephalon (zwischenhirn) : drives &d internal regulation(hthirst,temperatureregulator aes
· Cerebellum (Kleinhirn) : body movements ,

balance & speech coord. (sprserrors)
· BrainStem (Stammhirn) : basic internal functions, reflexes (breathing,heartrat,bloodPresse,

4 relays signals from Spinal cord
sneezing



Cortical Regions : Lateralization of Brain Functions

Corpus callosum ->
front side profile

connects &d coordinates

right & left hemisphere
InnerRegions of Brain -
4 connects perceptions to complex thought, memory &emotion
limbic system : processes emotions&d creates drive (Antrieb) limbic System
4 involved in learning & memory is relevant in Olfacation Isense of smell

key word : emotions

The High Path & Low Pathof Information Processing
happens in the limbiosystem : low precortical path
-> stimulus-> thalamus+ amyglada-> immediate emotional reaction

↳ information is evaluated before conscious thinking
-> fast ,

automatic
,
basedon past experiences , immediate emotional

also called : emotional conditioning
reaction

high cortical path : conscious reflection ↳
stimulus-> thalamus-> cortex -> conscious evaluation-> action
4 slower

,
controlled

, reflective

Senses+ specialized cells -> able to receive
a stimuli - translate into signals for nervous sy .

limbic
-> nerves send signal to brain System

4 sight ,
sound

,
small

,
taste

,
touch

, proprioception (position
ofbody)

Perception threshold for Sensory Stimulation↳ threshold depends on (minimal Sensorystimulation) :

· the sensory system involved : different senses have different minimum

detectable levels

· physical aspects : example : brightnessof light, duration of sound
,
environment

distance Yes -> perception
-

· individual factors : age, fatigue, health ,
attention sharp,

no perception

Sight - light into signalse pupil dilation regulates the of any stimulus

-
amount of light- > lens curving : regulates focus

-> retina : nervous tissue contain . Photoreceptor cells
-> Visual cortex : forms visual image



Photoreceptors : Come & Rod Cells
Come Cells : concentrated in Centre
· vision in bright light
· high resolution for details
· colour vision

Rod cells : concentrated in outer areas (of retinal
· vision in low light
low resolution for details
· pheripheral vision
4 500-1000X more sensitive to light than cones

Dark &d Light Adaption -> in visual physiology -> ability to adjust
various levels of light
Dark Adaption : takes20-30min fully adapt from bright to dark->

103- 109 more sensitive -> progressive decrease inthreshold with time indark

Light Adaption : tales 5 min

Red Light : optimal for illumination - reduces need for adaption (night

Perception of Color :-

Preconscious Organis. Of Visual
Perception
Gestalt laws ↳ Symmetry : einheitlich (unitization)
of lines -> deviation stands out

color : unitization by color -> change stands out

Digital us Analogue Display Grouping of Info acc . to
-

functional Units

Contrast in Oper . Conditions

Sound receives sound waves -> mechanic vibration ofmembrane
Lear drum) -> transmitted as vibrations of auditory ossicles-> that

tranfer pressure waves in the fluid of cochlea-> detected by specialized
hair cells -> transm. to brain

Design for Auditory Alerts -> driving
4 affective when vision already occupied to avoid overload in envir. Of
low visibility (dark ,

smole)

Auditory Icons: natural/familiar sound -> metaphorically represent
objects/actions-> relying on intuitive association (exp.

sound when deleting
Earcons : abstract sounds convey info+ different tones for diff notifications

-> consistency ad learnability are key

Speech Displays : voice messages can provide detailed info- concise, clear d avoid overload with information



Design of Sound Information side note :

↳ for alerts/urgency
· temporal patterns: rhytmic patterns , faster
repetition -> highurgency
pith & loudness : higher pith & greater loudness
↳ not to be overused - avoid alarm fatigue

· escalating alarms : start : low intensity ,

gradually increase in volume or frequency->
if user doesn't achnoledge them+prevents startling & gives user time to respond

Sensory Mismatch (eye-ear)
↳ motion sickness : cause different messages from eyend ear

↳ spatial disorientation : pilot's perception not aligned with reality
-> position ,

motion
, altitude -> causes sensory mismatch

Touch specialized receptor cells detect tactile sensations
-> touch

, pressured vibration
, pain ,

itch
,
tichle & temperature

Smell specialized nerve receptor of nasal cavity
↳ chemical in air bind to receptors&d trigger a Signal that
travels to -> olfactory bulbs with neuron cell bodies
transm

. info towards offactory area of cerebral cortex

Taste chemicals from food enter the papillae & reach
taste buds -> specialised cells inside taste buds activate
nervous receptors -> Signal trans. via nerves & the m .

0. ->

brain



Team performance in the Cockpit 4

Goals
↳ understand why teamwork in the cockpit is critical for flight safety
↳ Practical Crew Resource Mngm . (CRM)
↳ focus on communication

,
coordination & situation awareness

Characteristics of the pilot profession
responsibility ,

teamwork
,
resilience

, high ability to concentrate
, ability to make deci

,

structured communication
,
technical understanding ,

decision making
Human Factors strongly influence Crew performance
4 everything pilots do in cockpit is shaped by human abilities & limitations

5 core Human Factors skills are essential
· communication : clear

,
concise communication between : pilot co pilot1 crew

- ATC· teamwork : cooperation & mutual support for an effective crew

· attention might : ability to focus attention on several tasus simultaneously
in a rapid succession (serial multitashing)

· error migt : recognising , preventing I correcting mistakes early to reduce risk

· decision-making : making sound decisions under pressure

Two pilots in airline cockpits
WHY : multi-crew operation is Still essential

* Safety : redundancy , monitoring
D

workload distribution handling complexity of modern alc
· CRM (Crew Resource Mrgm.) effective use of all available resources to ensure efficient flight ops

WHAT : key roles & tasks performed by pilots in multi crew setting
- task sharing : of PF/PM (one controls the alc

,
the other communication

, Checklists)
*

cross-check &verification * communication (briefing ,
call-out

, confirmation
↳ decision-making (joint assessment) automation mugmt : (monitoring & using
HOW : pilots collaborate &d ensure effective operations autopilot)

resources
# CRM principle (is how pilots worktogether using communic

.,
teamwork

, procedures&d all available to fly safely

* SOP's (Standard Operating Procedures) : standardized actions
, reducing ambiguity

D Briefing & Debriefing : Shared pland model Trust & Teamwork (cooperation ,
mutual support

Work safely as a Team :

Pilotmistakes :
-> share the learnings , technology is

(siehe slides pg .
17-21) a challenge ,

so is environment

4Human error causes upto 70% of aviation accidents
4 CRM training is essential to improve situational awareness , workload migmt, team communic

Situation Awareness

- understand the data but don't know
What to say

-vo 20% pilots perceive data but do

not understand what it means

- 3/4 of situation awareness mistakes

happen at perception level -o pilots do not detect or notice

something



performance is best at moderate level
↑ of stress/arousal optimal arousal

Stress mugmnt Yerkes-Dodson level pilots must stay in optimal arousal zone
best performance

Closed loop communication
avoids misunderstandings

-> too much stress
performance4 ensures that the message sent is received, bored drops sharply

UnderstoodIncarried out correctly -> to little stress
low performance

1. Sender gives instructions 2
. receiver repeats it back

3. sender confirms repetition is correct 4
. receiver performs action 5

. receiver confirms action completed

knowing that you will not be punished or humiliated for speaking up with questions,Psychological Saf : comments, concerns or mistakes

↳ 4 stages
crew performance improves
When pilots feel safe to speak up,

benefits of psychological safety
ask, admitmistales -> better safety I continuous learning : people ask questions without fear (dadmit mistakes

you feel safe to
* succesful process change : team adapts faster because they speak about problems

challenge the
( = employee engagement : employee feel valued when they're listened to , included

status quo
-

disagrae in decisions
* promote innovation : team members dare to share innovation

Youfeelsatetoein D interrupting error chains : anyone can warn , challenge a mistake
& participate
actively -> captain What went wrong inTenerifa 1977 ?

-> you feel safe to ash CP (dominant) didn't listen to Fo or engineerquestions , male mistales &d
learn

-> you feel accepted as part of the team ↳ a good captain actively encourages others to speak up
not excluded incld . What captain may not like

engineer, first officer, why? In aviation safety depends on open communication
crew

together-> shared situation awareness
then crew shares the same mental pictureof situation

Swiss cheese model
procedures , checklists , training)↳ in aviation

, safety is protected by multiple layers of defence teamwork ,( communication

↳ each hole represents a weakness/threat
-> accidents are not caused

↳ an accident happens when the hole line up by one mistake+ several

-> meaningall defenses fail at the same time
small failures combine

Strengthening the error chain
You -> each crew member are a link in the safety chain

4 human factors shills male the chain stronger

error happens but all of this

acts as strong links that stop
the error chain from progressing
to an incident

Structured decisionmaking (SPORDEC) -
helps pilot think clearly &d avoid errors

under pressure by following a

Structured decision-making process

understand what is happening

do the urgent

4 evaluate them



Physiological aspects of human performance : 5
OXYGEN & HYPOXIA

History Paul Bert : father of high-altitude physiology
↳ systematic study of low pressure affects on body
& effects of hypoxia on humans ↳ poisonous effects on oxygen
& DCS (nitrogen bubbles forming when p drops)

WorldWarI -> increased research because faster& higher flights -> hypoxia became a

-> use of oxygen in flight -> regular hypobarle chamber training Ipilots) problem

Physical Basics -> pressure drops with altitude-> leads to insufficient
Oxygen -> lungs cannot load enough Of into blood - organs become

under-supplied = HYPOXIA

Atmosphere Composition -> Oxygen : 21% + even though oxygen
concentration stays 21% -> the partial pressure drops with altitude -> HYPOXIA

Gas Laws
-> trapped air in

Boylels Law PiVn = P2 . V2 - problems with pressure equalization body expands
pressure drops/volume expands ↳ pain with ear

,
sinuses

, gestrointestinal problem

Dalton's Law Po = Pr + P2+...+ Pn- each gas contributes part of the total pressure
tot pressure drops -> Oxygen's partial pressure drops 4 hypoxia
Henry's Law &= Q -> less pressure - gases dissolved in your blood come out

pressure drops->
Pa Q2

as bubbles (nitrogen leaves blood)
gas comes out of
solution ↳ decompression sickness

Lackof Oxygen
causes Partial Pressure of Oxygen

21% Ptot
= Partial pressure

pressure

Hypoxi
Lungs) enters lungs high altitude

-

21% Prot =Portal
oxygen always

-> g-force moves from high p->
10wp

-> reduce blood lung-blood+ cell

blood flow flow to brain

·↳ circulation
too slow

if one of the steps becomes too low
4 haemoglobin Hb missing Lambient p lower than p of your lungs)

toxing prevent
cells from usingO2

-> the next step cannot receive oxygen

Threshold & zones Oxygen binding graph Phases of Hypoxia
goal : Keep 02 better

saturation at louT
bindingso ↳ still reversible once

bodtriestereathing

> 90%
low CO2 oxysen

L

- ↳ judgement a perception
(pressure drop with Ofbinding dropaltitude)

high slope his ↳ loss of consciousness

body
can fully 1 ↳ same not know CO2 high
compensate
lach of02 ~pers

pressure but
by heart

concenctr.

more time

S

7

Hyperventilation
↳ breathing too fast/too deep

Indication &Symptoms
without producingmore CO2 Time of useful consciousness

CO2likea (TUC) -> when oxygen becomes low

pressure that
Symptoms you feel symptomsvisibeine keeps your brain brain gets You only have short time before

vessels open
-> Squeezed

your brain stops working & youposs
out

even though effects
enough 02
available feels like

hypoxia but

cause is different



* oxygen respiration

Prevention pressurised cockpit * pressure suit ->
neuer occurs

Decompression sickness (DCS) -> in a noticeable

way

↳ when external pressure drops, dissolved gas comes outof solution
Lamout of gas dissolved in a fluid is proportional to the partial pressure of the gas above the fluid)
↳ dissolved nitrogen in yourtissues formsbubbles

* nitroge can be dangerous : they block blood flow , presson nerves,
activate inflammation

non life threatening ↳ even small bubbles can cause pain
milder/muskuloskeletal Symptoms by Organ

& effects

(brain)
↳ life threatening

Y eyes

Lungs

4 Note : DCS symptoms can appear hours later (up to 24h later) (diving)
-> repeated exposure to pressure change &d physical strain
Lexercise, heavy lifting) can trigger symptoms

-> each exposure dissolves & releases more nitrogen

Factors which increase likelihood Prophylaxis
of bubble formation

Physiological environmental -> must be treated

factors
excercise increases nitrogen rules min waiting time before

-> flushes nitrogen out of body
uptake flying -> stay still

↳ fast ascent

-> super-saturated if symtomps more than 2h
↳pre-breathing O2 before exposure with nitrogen then to DCS #I

low temp -> Slow

taller -> increased circulation Greduce
p drop

-> increase pressure

rish
so nitrogen bubbles

↳ more fat tissue -> more nitrogen -> Hypobaric Chambererapy Shrink

low oxygen
-> IV fluids support circulation

luessel constrict) ↳ long -> tricks body into hypoxic -> by
exposure giving less oxygen -> without lowering ↳ reduce inflamm .

the pressure 4 ICU 2

Hypobaric Chamber
4 a room where air pressure can be lowered to simulate high altitude
↑ Demo for oxygen deficiency : used to train pilots (recognise early hypoxia signs)
↑ explosive decompression : can simulate a sudden drop in pressure
↳ research & development : used by medicine &d military

Training sequence
1) Anamnesis-> medical check

Oxygen deficiency demonstration 2) examination-> blood p , pulse, o2 saturation baseline
3) Pre-oxygination-> breathe pureO2 to get rid of nitrogen

Explosive decompression pilots dothis trainingto ensure
4) enter chamber

they react instantly when O2 drops 5) monitoring-> pulse oximetry (02 saturation)↳) for correct undelayed response in the event of hypoxic symptoms&posi,ession video -> behaviour

->
heart rate

howhandwriting
depends on

-Por drops
02 &

↑ saturation
(fine motor shills)
get destroyed& meter DCS

recovered ↳ small cockpit-> 4 nitrogen
faster decompr.

4 big hole - bis decomp.

-> insidesic

must do

-> air rusles
out quich

-> somemanbe an d
-> moisture

in air condenses

- quickly
4 expanding air cools rapidly

↳ small Cabin (volume) = more dang.

Final instructions
after hypoxia/decompr. chamber training

for
-> can move

mitrogen bubbles

-> jumping= altitude changes

(pilot in command)- Temporarilyimparse

normal flight



DInformation Processing : Ierception,
Attention & 6&

Situation Awareness

Goal : Know how information is processed in human perception
Perception - Model of Information Processing

attention is

↑ limited

How is information formed in human perception?
-> you only perceive

what you attend to
action is

System carried out
4 3 steps : sensory input -> attention selects what is important

chooses what
action to take / -> the brain organizes & interprets the signals

What bottlenech & biases affect situation awareness?
-> evaluating, reasoning

choosing an action What countermasses are
-> short term memory recommended ?

↳
action changes
environment

What isPerception ? Constructive Perception :

How the brain sees more than Model of Information
it receives Processing (IP)
how we think we

↳ how visual information

↑
Your brain uses

4 perceive things is actually perceived fast, automatic experience to guide
and driven you

only this is by raw sensory inputs
4 pilot uses brain

sharp to guide what to

look for

memory a expectattrome
from long-term
-> to perception

-> brain does not actually see everything ↓
small amout of sharp visual ↓

your knowledge,
your brain fills in the missing information

to perception ↳expactations
, experiece4 the brain predicts what should be in to thinking/decisions goals shape what youenvironment perceive

-> based on your past experiences 4 This is when informationcontext&d expectations comes from the environment
& drives your perceptionVisual Perception (1/2) : Bottom-up Processing of Info time 7

GazeAnalysis : which elements attract users attention first ? How quickly can

they find the information they need? time ? - to processor

interpret the information ? -> cool

Fixation maps : shows focus of visual attention ->
hot

Heat maps : provide visual summaries where & how

long people lookat

Process Involved in Conscious Perception 3 interacting processes
some stimuli automatically attract attention

1.bottom-up (data driven)- saliency of cues -> because they are unusual
, bright,

loud

processing
-> these stimuli are processed first even if they're

not relevant
-> centrality of information -> information which is centrally

located in the visual field
-> more likely to be perceived

2. Selective attention : because attentional resources are limited ,
the brain

must select what enters conscious awareness

what determines selective attention? your goal ,
tash

,

motivation
↳ you actively focus on information that seems

relevant for you
3. top-down processing : perception is shaped by prior

(conceptually-driven) Schemas knowledge , expectations , experience
Visual Perception (212) : Top-down Processing of Info
top down processing: brain uses prior knowledge ,

context &d expactations to
interpret incomplete or distorted sensory input

↳ normally perception starts with sensory input (bottom up) - brain adds

knowledge from memory to interpret what it sees
schemas stored in

-> this shortcut comes
long-term memory are at the rish of over-

How dowe do this ? used to reduce the amount simplification byof info that needs to be processed Stereotypes



Schemas: - are knowledge representations in long-term memory
don't store every -> built from experiencedetail -> meaningful
essentials

-> contain general knowledge about objects ,
events, situations

↳ organise knowledge hierarchially into categories & subcategories

Scripts : describes a typical sequence of events (steps) (in a familiarsituation)
Mental model : how a system works+ descibes

↳ like a restaurant

↳ system based components ofa system, relationships between components
4 it generates expactations of how a system will behave allowing
anticipation of events and consequences

Categorisation : process of grouping objects, events , ideas based

on shared characteristics
Attention :

Attention : focusing your limited mental resources on some things
and not on others (brain must solect)

concentration : actively keeping your attention on one task or problem
4 2 types of attention: voluntary : you choose what to focus on

involuntary : something grabs your attention

↳ in information processingterms4 attention is either a filter
or a limited resource

inattentional blindness : you don't notice something clearly
4 more prevalent with low visible because your attention is
working memory capacity & focused elsowhere (because of lackof
high workload attention)

1

is this task worth

↳ attention = limited capacity
-> the mental effort ? ↳ when tasks demand more than

this capacity -> performance drops

->
ability level : maximum attention capacity

which tashs get how much ↳ goals influence
attention ? attention allocation attention -> task performance ->

->you monitor your own
responses

performance : performance feedbackincreases
-> adjust effort and attention

when You notice errors

bottleneck: a stage where processing
is limited -> limited information can pass at one

time -> forcing selection

Situation Awareness
↳ cause of inattentional blindness

↳ describes how well a person understands what is happening,
what it means and what will happen next

Level 1: noticing relevant elements in the environment -> 1-SA perception
Level 2 : integrating perceived data with knowledge + 2-SA comprehension

& experience & with mental models
exmpli decreasing airspeed + rising pitch

= rishing of stall

Level 3 : using the mental picture to simulate future -> 3-SA projection
(what will happen next if nothing changes)

S for pilots : to be informed about
-> systems , procedures , ATC

,
PAX

4 environment -> SA(1,2 ,3)-> decision
use mental models⑮

-> performance of actions-> feedback to interpret perceived info

quickly (patterns)



4 Level 1 :

-> attention limitsWhere SA goes wrong? =>distratiostatt
↳ in the first 2 levels blindness

-> high workload

&. failure to monitor-> most

frequent error (35%)
↳ information was available- but the person did not look in time

-> because of attention limits
4 all these linked limited attention
-> focus on one thing& filter the rest

-> focus toostrongly on a single element

(fixation on one warning-> missing critical cue)
-> try to monitor multiple thingsat once

↳ Level 2 : -> youhave the information but
you interpret it correctly
↳ don't fully understand how the system works

↳ use an old or incorrect explanation to a new situation

↳ assume Standard behaviour instead of checking reality
↳ thinking errors

- perception & understanding work as a

loop not straight line

information
should update attention bottlenech

your schema

4 Level 3 :

2 mental

&

j
perception

model understandinnation expectations control

S reinforced
this / by confirmation
guides bias

Indication of Loss of SA whereyoulook

Factors that minimize LossofSA

Methods to Measure SA
↳ controllers rate their own

SA after the tash

4 perceived SA

↳ directquestions

4 measures actual knowledge
Intercorrelation of diff . SA ↳ attention distribution

↳ SA derived from performance outcomes



Information Processing : Memory a Learning , 7
Action Control

attention is Memory↑ limited

Human memory has processesIn systems-> you only perceive
what you attend to that are responsible for the storage , saving,action is

System carried out
chooses what

T action to take / retrieval & application of information as soon

as the original source of info is not available

anymore.
-> evaluating, reasoning

choosing an action Info are : Stimuli (sound
,
smell

, image ,
word)

-> short term memory
autobiographical details

action changes
generic knowledge aboutthe world

environment Specific Skills (language)

Attention as a filter + determines which sensory inputs are processed

( further - without att
. info doesn't move to short-term

↳ memoryBottlenech human processes resources are limited -> not all stimuli is

Selectivity because of bottle neck only a subset processed

of available stimuli is selected for processing
DecisionTash signal present or not ?

Sensory registers (Ultra-Short-term memory
4) act as temporary buffers for each sesen (vision , touch ...)
they briefly store large amounts of raw sensory data immediately after simulation

-> purpose : no storage but selection -> system holds info just long enough for the
brain to decide what is relevant

↳allows continuous perception of environment despite limited cognitive resources

Short term (working) memory
simple

↳ attention required to select relevant info and suppress irrelevant
repetition Stimuli-without attention , info neither stays in working memory nor reaces

temp. active
-> linkingto meaning long-term memory

prior to knowledge

↳ only small subset of sensory input enters working memory

info actively 4 processing for transfer to long-term memory
processed not just stored bottle noch: processing
galeway to longterm memory severly limited

Long-Term Memory

procedures, concepts , motor shills developed through practice
-> infinite storage-> info available for years
4not exact copies -> remembering is a
-> concepts linked reconstructive process

↳ transfer of new info into to associations .

LTM is limited

↳ effective transfer requires elaborate rehearsal in working mem.

Rehearsal
Maintenance rehearsal : devoting just enough mental resources to keep

information from being lost
Elaborative rehearsal : deep processing of information by use of previous

knowledge , visualization



Perception based onrecognition of familiar elements driven
by schemas in Long-term-memory
↳ top-down perception and role of schemas
4 perception is recognition based - strongly rely on familiar patterns

-> from long-term memory to perception - expactions , prior know.

-> perception biased toward what we expect

4 different people may perceive different meaningful shapes in the

same stimulus depending on their schemas
4 perception may vary between individuals

minimum Sensory
Units as possible

Types of Long-Term memory
Episodic : connected to self

, memory of events of
personal importance , memory of everyday events
(times , location

, explicitally stateable)

Semantic : categories -> classof objects with common things
bird-fly-> feather -> can move around =) stores knowl

with little redund.

Classical conditioning : learning process where

neutral Stimulus Cringing bell) combined with

procedural : habitual response natural stimulus (food) that leads to a response
Ctying your shoes)

priming : unconsicous activation of one or more existing memories by a stimulus
Ismell of lemon -> clean table

remembrance : recall & recognition ->
recall : free recall from memory
recognition : remembering upon presentation of stimuli

-> formation & modification off

learningiseffectivewenn,
easily reactivated

↳more accessible

4 positive feedback stabilization of neural network

Action Control O



Decision Making ,
Problem Solving ,

Research Approaches 8

Decision Making exmpl :
14% of all al accidents could've been prevented, if a

timely decision had been made to go around (Boeing 1953)
↳ a process of reaching

a judgement or choosingan option , sometimes calleda course of action,
to meet the needs of a given situation

integrationof perceived elements ->shows how decisions emerge
intomeaninsfulpicean from situation awareness & how

situationpredicti execution human limitations& biases can degrade
of decision performances

↑ Y rules
4 good decision depends on St on all b levels

training
procedur Decision making influenced by : situation awareness

, ability
car leadto training, experience , rules

, procedures , workload
confirmation bics

red- human factors failure

Problem Solving -

Intuitive us. Analytical Thinking 4 and demand
4automatic ↳ more accurate

low energy demand↳ prome to biases & hourestics
4 easily degraded by fatigue

4use time critical situation
↳ non routine problem solving

Alcohol example : human reasoning not purely logical in abstract form (Cards)
4 performance improves when a problem is framed in familiar ,meaningful context

↳ typical error confirmation bias

Model of Decision Making

Research Approaches for Decision Making
Normative Approach Descriptive Approach

↳ how decisions should be madeby
a perfectly rational decision maler

↳ assumes : completeinfo, unlimited time,
unlimited cosnitive resource

4 fully analytical

↳high attentional resource ↳ satisficing : instead of searching for the best

possible option -> choose the one with
minimum requirements

↳ info processed
too selectively



Naturalistic Decision Mahing
4 how experienced people actually male decisions in the real world

-> not theory

-> correct situation
assessment
(Situat.wareness)

-> little conscious reasoning during
the decisions but experts can tell
their reasoning afterwards

↳ decision making limited
-> attention resource limited
-> working memory small
-> time pressure and Workload restrict
deep analysis

↑ -

-

1

↓
4 uses

mainly this

Why experts decide faster?



Learning to become an Expertise S
Skill Acquisition and Expertise

What changes in experts?
4 with increasing shill and expertise , processing

becomes less conscious and requires less attention

↳ minimal working memory involved

-> experts -> here information is processed
-> fast , robust , officient

Skill Acquisition
↳ complex process -> from basic understanding to high-level

mastery -> through practice , feedback&d adaption
through the passage of cognitive ,

associative

↓ autonomous stage

Cognitive:
D you think consciously I high demand oni use rules

about every step attention

* you think about what
to do

associative : B feuer errors D feedback is usedto improve

less conscious effort than before
D rule based -> if- then

autonomous : I shill execution is automatic
D) minimal attention required
D performance fast , robust + even under stress

↳ actions are automatic

- short &d focused
↳ supports memory

consolidation

Expert Performance
Experts notice the right eves immediately (even subtle

new7 ->Export ↳ I fast because recognise situation -> not because they
think longer

-> uses little attention -> they don't get overloaded

↳do not need to generate or compare many options
↑expertshavestored iftensie

↳ recognise consequences immediately
Becoming Expert
↳ someone who : consistently displays outstanding performance in hisarea

routine expertise : highly trained shills
adaptive expertise: flexible adaption to new problems

Peculiarities of Experts it seems they've overcome human limits-f they work

more efficiently
↳ they bypass : limited attention capacity

Slow conscious processing
↳



What is needed to become an expert ?

Habitual repetition :

· repeating same tash again & again
Performance improves first -> then reaches

plateau
↳ you become automatic but stop
improving

-> delibrate practice
practice with reflexion & feedback
4 actively working on weakness
-> performance continues to increase over time

depend more

- on long-term
memory
4 Pattern J



Human Performance Modelling 10Human Performace Modelling , Design for Human-Ma Chine Interaction,
Automation

, Human-AlTeaming

Definition of Human Performance Models (HP)
1+

2t Modelling RasmussenSRK model

Human actions can fail at different levels :

· Shill based- (automatic actions gowrong)
· Rulebased- wrong rule applied
· knowledge based - wrong reasoning in

norel situations↳ model helps estimate
how likely incorrect actions are depending on

↳ What must be defined the level involved
for makinge model J

4 where humans start
-> real human mechanism

-> G
↳ what humans want to achieve

↳ all possible intermediate
↳ limits (workload) states

↳ work across systems

↳ whatactions areposies ↳ be simple ->
4 now people choose actions

Challenges of HPM -
↳ complexity - · if model tries to include everything-> becomes unstable

models must simplify · if toosimple - becomes unrealistic
↳ Probabilistic nature of human behaviour - humans don't always react
4 Internal- external validity trade-off - the more

the same

control applied (very specific) + the less representative the model is for operat . environm
.

body dimensions :

-> reach distances
, body sizes &

movement :

With the help of lifting mechanics , muscle forces

Anthropometric and biomechanical models help predict how the human body
moves ad bears load - sosystems can be designed to be safe ,efficientWith the help of

Cognitive process human first notice & focus on information + but attention capacity
are limited -> when we must choose between many answers -> decisions take longer
-> brain needs processing - this model helps how people think

,
remember

, stay aware of situat



Design for Human-Machine Interaction
Goal : Design for Situation Awareness (SA)
SA 1 : Perception- notice relevant elements from environm

.

S 2: Comprehension- understanding what these elements mean together
SA3: Projection-> anticipating how situation will develop in near future
SA -> essential for correct decision-making no SA+I wrong understanding to wrong actions

General Design Requirements :

4 similar things should look &d work the same everywhere

->easier to understand

Automation
↳ execution of a function by a machine
which previously executed by a human
↳ primary purpose : use it wherehuman show weaknesses

Adaptableus. Adaptive down
Automation

Adaptable : User decides when & how long automation is used +autopilot

Adaptive :system changes automation level automatically

Role shift of theHuman

-> human's
role Shift
(selecting modes)

Leheckingif automation

↳human perform behaves as expected)

everything
because of this
role change

critical challenge becomes
interaction not control

Impact of Automation
Technical Issues

on Human Operators

Awareness-Processing-Anticipation


