Der Mensch in der
selbstgeschaffenen Umwelt

Ergonomie und HF

Prof. Dr. Dr. h.c. Alf C. Zimmer

Fakultat Psychologie, Padagogik und Sportwissenschaft




QR_

Prof. Dr. Dr. h.c. Alf C. Zimmer

Universitat Regensburg

Fakultat Psychologie, Pddagogik und Sportwissenschaft

sensory signals
from the environment

change environment
through interaction

Oranism

aF B

f “
Bayes' Prior
ISi Ru'e/ Knowledge _

D Decision : - Stimulus

o ' Sensory |4 7S
0 ~So, Processing |« =
o / (Gain/Loss — G
P Function

_ Action «—— Perception <«—— Sensation |




Q‘R—

Prof. Dr. Dr. h.c. Alf C. Zimmer
Universitat Regensburg

Fakultat Psychologie, Pddagogik und Sportwissenschaft

d&lu! &cwo’f

od H

Jelvaw | .
om(uﬂon.si x
i % ' . ;Imrd(exc‘m
< Y Ll - T '
i\ Jacsl S
&
“‘t‘.‘i‘.’*?f.'.“”- ownat
;Iw "”"’"_2’ cdl?d R rr ot
e P
l' HE T ] : S doee)
Meanings | i ’
‘ ' e“/M‘ )} 5 ’
‘\ ‘ a-tpw:’m/," | =
c ***** ——— B

SR

ﬁ

f\

ﬁ

~
-

s

S
'—
L’.' erqc ':_A,'l t_:e_:
g Ob!aw&ls d\_

"date™ and evieia
far a r-‘d’:ff <es
YElprd oy o a7 \

Capture )




QR Prof. Dr. Dr. h.c. Alf C. Zimmer

Universitat Regensburg Fakultat Psychologie, Pddagogik und Sportwissenschaft

cogmuve
decision making

prefrontal
cortex

basal
predicted ganglia
feedback

behavioural
biasing

"~ object

specification
identity

—_—

temporal | selection
corlex —

moior
command



Prof. Dr. Dr. h.c. Alf C. Zimmer

Universitiat Regensburg Fakultat Psychologie, Pddagogik und Sportwissenschaft

Der Nutzen von Artefakten:

Effektivitat Effizienz

Erfullt ein Gerat die Wieviel Aufwand
Anforderungen (Energie, Zeit, Personal)
(Zielerreichung mit Ist fur die Zielerreichung

hinreichender Prazision)? notwendig?

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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Mensch-Maschine-Systeme
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« Increased productivity
and organisational
effectiveness

« Improved
management of risk

ORGANISATION

Improved wellbeing
of staff

More effective
personnel selection

Improved PEOPLE

communication
within/across teams
Safer conditions of
work

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)

Reduced costs in
product development

and training
Increased product sales

» Tasks completed more
efficiently and
effectively

= Egquipment and tools
are easier to learm and
use

» Improved procedures
and training

programimes
« Fewer errors occur



Aspekte der Gestaltung von Mensch-Maschine-
Systemen

« Anpassung des Menschen an die Maschine (Taylor,
Gilbreth & Gilbreth)

« Stress-Strain (Belastung-Beanspruchung) Workload
« Arbeitsteilung Mensch-Maschine (Fitts)

« Ersatz des Fehler-anfalligen Menschen durch
Automatisierung

 Ironien der Automatisierung (Bainbridge): z.B.Modus-
Fehler

« Der Mensch als Sicherheits-generierender Akteur
(Hollnagel): joint cognitive systems
* Resilience

Prof. Dr. Dr. h.c. Alf C. Thema des Vortrages - Ort - Datum
Zimmer (Text bitte auf Folienmaster
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RYS
ERGONOMJI

czyli
NAUKI O PRACY
opartej na prawdach poczerpnigtych z Nauki Przyrody,

praez
Wojciecha Jastrzebowskiego.
Madre glowie dosd na slowie.

Die klassische Ergonomie

Regeln des optimalen Einsatzes
von Anstrengung (ursprunglich nur
physisch, dann auch mental)

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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;ard* {
THAT Sim 439
could take ®|’5°’
some time,
sir.

Send personal
thank you notes to everyone
in Congress who voted to
delay ergonomics
standards.
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Proper Lifting Technique

1 Get close to
the object.

WV

Fakultat Psychologie, Pddagogik und Sportwissenschaft

2 Bend at your hips

and knees.
Get a good grip.

Gloves may improve

your grip.

Whare ¢

Instead get help from ot

possible. avoid it

. &3

hers or

3

Lift smoothly and slowdy,
keeping the object close
to the body.

Keep the load between
your knees and
shoulders.

camying heavy or awkwa

& mechanical devices

4 Pivot with your
feet instead of

twisting your
back.

ird objects

such as a do Y
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Set Up an Ergonomic Workspace

These tips come courtesy of Steve Meagher, from ergonomics consulting firm Site Solutions.

Maintain Position monitor ——o Place keyboard
good posture \ Raise or lower It so you and mouse
Keep your back can clearly see the whole Keep them close to
straight—remember, soreen without tiling your each other on the same
no slouching!—with = neck up or down. Level, with the home
your head balanced ‘ row of keys easyto
above your neck, and reach with your elbows
arms resting at your positioned at 80°. As
sides comfortably. you type, your wrists
should be straight.
Adjust seat |
Position your ¢ Restregularly
hips a bit higher *  Every20 minutes
than your knees, or so, take short,
with your feet on 15-to 30-second
the floor/footrest breaks. Take a
and your lower few longer breaks
back supported. during the day.
—Jason Cross [P

INEImd aes voruages - UrL - bduuim {(1eXL DILLE dul FolieninasLer drpdsserl.)
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Leitstande: Kraftwerke, Verkehr,
Einsatzzentralen, Produktionssteuerung
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Goal Management
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HMI Design Process <

Perform a system hazard analysis
to identify high-risk tasks and
safety-critical operator errors.

Identify HC| safety requirements
and con strz[ints.

Validate design

e — e —

De-éign the HMI with requirements
and hazards in mind.

' Establish operational information

F'erfn::r-m. a hazard analysis on the . sources and feedback loops.

— -Ilr- L

design to identify residual hazards, I

~ Use feedback from incident and |

accident reports and feedback

Redesign and im F'[E""E'jt‘ i loops for changes and redesign.

~ Thema des V rtrages - Ort - Datum (Text bitte auf Folienmaster anyassen.)




R

Universitat Regensburg

Understanding the
task requirements

Feasibility and
performance

Fakultat Psychologie, Pddagogik und Sportwissenschaft

Job specification,
training, and
workplace design

Prof. Dr. Dr. h.c. Alf C. Zimmer

Human factors
safety assurance

High level
task
analysis

¢

Allocate
functions to
people |
system

¢

Define resources,
roles and

responsibilities

|

E=tablizsh Baseline

—n]| Workload Assessment

v

Core areas:
Detailed
tazk
analyzes

v

Human Reliability Analyzis

1. Error potential
2. Underhfing cauzss
2. Rizk as=e==ment
4. Control / mitigation oplionz

data

Review
and
iterate

Y

Define optimal staffing
numbers

Job role and
tazk specification

!

Training
assessment.
Needs Analysis.
Competency
specification.
Training plans.

Consolidate
findings and
recommendations

y

Collate
documents ! reports

!

Detailed design
of interfaces
and supporting
equipment &
procedures

!

Mook up / prototype
uzability azszezsments

h

Feed into
Safety Case /
Assessment report
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Optimized
Workstation

—>} Design
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Ergonomic Guideline Issues
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Gefahren (hazard)

und Risiko-Bewertung

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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Initiation
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End
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n
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Der menschliche Fehler:

von ,who is to blame” zu ,how to fix it"

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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Processes General Failure Types
Statement of goals Incompatible goals
Organization Organizational deficiencies
Management Poor communications
. Design failures
D
o Poor defences
Build Hardware failures
Poor defences
Poor training £ :
Operate Poor procedures v E
Poor housekeeping i
enforcing
, Poor training conditions
Maintain Poor procedures i
Poor maintenance management
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General
Failure
Types

Inspect
and
improve

Defences

+
]

Accidents,
incidents
losses
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ORGANIZATIONAL INFLUENCES

Resource Organizational Organizational
Management Climate Process
UNSAFE SUPERVISIONS
T T . T v
inadequate Planned Failed to Supervisory
Supervision Inappropriate Correct Violations
Operations Problem

PRECONDITION FOR UNSAFE ACTS

| 1
Environmental Condition of Personnel
Factors Operators Factors
r A 1 r l 1 r 1 1
Physical Technological Adverse Adverse Physi Crew Personal
Environment Environment Mental State Physiological  pjental Resource Readiness

State

UNSAFE ACTS
1

Limitations Management

Errors
r { 1
Decision Skill-Based Perceptual
Errors Ermrors Errors

Violations
. L)
Exceptional

r
Routine
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Hazard
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Organisational change presents challenges to barriers

Lagging indicator
reveals failings
after RCS failure
has occurred

. =

Managing human failure

Human factors in design
Procedures
Staffing

Organisational culture supports system defences

Training and competence

Maintenance, inspection and testing
Safety critical communications

Fatigue and shiftwork

Leading indicator

. identifies fallings

in RCS during
routine activities

Incident
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Accident Rate per 100,000 Hours
Flown
o
—
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World-wide general aviation accident statistics for years 1946 to 1986
Based onTransport Canada's Human Factors for Aviation-Basic Handbook Transport Canada, Safety and Security

Likely related to Possibly related to early jet
war-supply aircraft | fransport and rapid expansion

/ of factory private aircraft,

Residual Human-
Factor Accidents
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Human Factors

M Captains

M First Officers
WATC

W Design Error
B Maintenanc:

W Crew




R Prof. Dr. Dr. h.c. Alf C. Zimmer

Universitat Regensburg Fakultat Psychologie, Pddagogik und Sportwissenschaft

Ist Automatisierung

die LOosung?

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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tlot ¢
apabilis;: -

dur'. a "'t'. Decreased pilot

n = es capabilities and
g F“th increased workload
combine to decrease
safety margin during
approach and landing

¢ phase

Safety Margin
during flight

v

-

Pilot
Workload

1 S S S § i Ji R
Time during Flight

Adapied from Transpor: Camnada’™ Flaman Factors for Aviahon: Sasic Flandibaod
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105° EI [~ Al 110° EI

South China ~ | Malaysia
Sea -

Singapore Changi Airport
missed scheduled arrival
¥ at 08:30 SGT (00:30 UTC)

Indonesia

Borneo

-© Last radar contact?
06:17 WIB (23:17 UTC)
Belitung Debris & bodies recovered?
B O{D 30 December
g
—%
O
_ / . Java Sea
Aircraft at 32000ft / 9750m. 5° s
Pilots request to deviate left =
& climb to 38000ft / 11600m el [l
at 06:12 WIB (23:12 UTC) ghtracar

- Madura
INDIAN OCEAN . oo
Indonesia
Departed
o km 500 ]
) mi 300 L h‘w
i i i i Notes:
Indones.a AIrASIa Fllght 8501 1. At 3.6225°S, 109.7117°E 3. At 3.3708°5, 109.6911°E
sSources: F||ghtradar24 & the Aviation Herald 2. At 3.990°S, 110.226°E; Heading: 310° 4. Near 3.88°S, 110.50°E

105° E 110° E Map bounds: 3°N-10°S, 100-115°E]
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Asiana-Flug QZ8501 (Airbus 320)
28.12.2014 von Surabaya nach Singapur

1.

5.

Im Jahr 2014 23 Fehlermeldungen bzgl. Steuerruder

Aktion: Computer Re-Set durch Abschaltung der Sicherung

28.12.2014 Auftreten der Fehlermeldung wahrend des Rollens am Boden Aktion:
Re-Set (s.0.) durch Wartungspersonal und entsprechende Anweisung an die
Crew

Wahrend des Fluges erneute Fehlermeldung mit der Konsequenz, dass der
Bordcomputer vom Modul ,,Normal Law” zu , Alternate Law” wechselte.
Im ,,alternate Law” mussen Schub und Navigation manuell betatigt werden. Der
automatische Schutz vor Stall ist abgeschaltet. Crew erbittet anderen Kurs, um
einem Gewitter auszuweichen. Co-Pilot leitet extremen Steigflug ein
(1500m/min bei 335 kn), wahrend der Kapitan versucht zu driicken

Der Airbus 320 gerat in Stall und ist nicht mehr steuerbar. Absturz

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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Problemliste

«  Wartung: keine Beseitigung der fehlerhaften Lotstelle, sondern
Entfernen der Sicherung und Neustart des Computers

« Auftreten der Storung wahrend des Steigfluges: Entweder Re-Set durch
die Crew oder automatischer Modus-Wechsel in Folge der Storung

« Flugmanover: bei geringer Geschwindigkeit Uber Grund (335 kn)
Einleitung des extremen Steigfluges (1500m/min statt maximal
750m/min)

« Crew-Management: Die Fehler des Co-Piloten konnten vom Kapitan
nicht korrigiert werden (keine Koppelung oder zumindest taktile

Ruckmeldung der Hauptbedienelemente).

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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Konsequenzen

* Wartungsvorschriften

* Bessere Erkennbarkeit des Modus auf
dem Flight Management System

* ,harte’ oder ,weiche’ Koppelung der
Hauptbedieninstrumente

« Simulations-Training fur die Crews fUr
ahnliche Situationen

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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Asiana Flug 214 von Incheon nach San
Francisco am 6.7.2013 (Boeing 777)

1. Anflug oberhalb des Gleitpfades

2. Wahl des falschen Autopilot Modus durch den Piloten (Auto-Throttle ausgeschaltet

3. Zu niedrige Geschwindigkeit beim Versuch, auf den richtigen Gleitpfad zu
kommen, daher Unterschreiten der HOhe

4. Entscheidung fur Durchstarten bei zu niedriger Geschwindigkeit

5. Kollision von Heck und hinterem Fahrwerk mit Seeschutzmauer

6. Der Rumpf rutscht ohne Fahrwerk und kommt neben der Landebahn 28L zum
Stillstand.

7. Wahrend des Rutschens werden 2 weibliche Passagiere (16 J.) aus dem Flugzeug
geschleudert. Beide werden vom Loschschaum eingedeckt, eine stirbt durch den

Aufprall, eine wird durch ein Rettungsfahrzeug Uberrollt.

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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The final report into the crash was released on
June 24, 2014

The NTSB found that the "Mismanagement of Approach and
Inadequate Monitoring of Airspeed Led to Crash of Asiana flight
214",

The NTSB determined that the flight crew mismanaged the initial
approach and that the airplane was well above the desired
glidepath. In response the captain selected an inappropriate
autopilot mode, which without the captain's awareness, resulted
in the autothrottle no longer controlling airspeed. The aircraft then
descended below the desired glide path with the crew unaware of
the decreasing airspeed. The attempted go-around was conducted
below 100 ft by which time it was too late. Over-reliance on
automation and lack of systems understanding by the pilots
were cited as major factors contributing to the accident

Thema des Vortrages - Ort - Datum (Text bitte auf Folienmaster anpassen.)
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NBC: “Federal safety reports and government databases reveal
that the NTSB has recommended multiple improvements to
escape slides and that the Federal Aviation Administration has
collected thousands of complaints about them."

Two months before the accident at SFO, the FAA issued an
airworthiness directive ordering inspection of the slide release
mechanism on certain Boeing 777 aircraft, so as to detect and

correct corrosion that might interfere with slide deployment.
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Mensch-Computer-Interaktion
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Human Computer Interaction
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Innovation und Human Factors
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Vielen Dank fur lhre Aufmerksamkeit!
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