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World war II design issue:

Flap & Gear levers





Alphonse Chapanis

Intuitive design



Mapping

Phot0 taken from THE DESIGN OF EVERYDAY THINGS by Donald Norman
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Case study: Tail strike following

Zero Fuel Weight entry error

Procedure:

After receipt of the load sheet, enter the Zero Fuel 

Weight (ZFW) into the Flight Management System 

(FMS). [The FMS will calculate the Gross Weight (GW)]

Use the GW to calculate the takeoff data (V1, Vr, V2, 

flaps and thrust setting) 

Enter takeoff data into FMS
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Loadsheet design





Case study: Tail strike following

Takeoff Weight entry error

Electronic Flight Bag

(EFB)

Electronic Flight Bag

(EFB)Flight Management System

(FMS)

Flight Management Computer



Procedure:

Enter airport data and TOW into the EFB. The EFB 

calculates takeoff data.

After receipt loadsheet: enter loadsheet ZFW into 

the FMS, then manually enter EFB calculated flap 

setting, thrust and takeoff speeds.

Note: FMS calculates its own (less refined) takeoff speeds 

based on FMS GW, flaps & thrust

Check EFB data versus data entered into FMS.



Incident:

• Crew entered TOW of 247,6 tons instead of 

347,6 tons into the EFB. EFB calculates low 

thrust setting and low takeoff speeds.

• Crew entered correct ZFW into FMS, followed 

by EFB calculated flap setting and thrust.

• FMS can not calculate FMS takeoff speeds for 

the unrealistic combination of the high (FMS) 

TOW and low (EFB calculated) thrust setting.



• So it will present this message:

• Crew doesn’t understand message and the EFB 

takeoff speeds are entered into the FMS.

• Crew should now compare FMS vs EFB data



Takeoff data presentation 

Flight Management System

Takeoff data presentation

Electronic Flight Bag



Normal procedure: enter the 

EFB weight before entering 

weight into the FMS.

Result: EFB generates message 

on each and every flight

Action: Clear message

Entry error: entry is made 
causing a significant difference 
to exist between the EFB TOW 
and the FMC GW.

Result: an EFB message 
presented only when significant 
weight discrepancy exists.

Likely action: clear message 

and continue without checking 

input weight.

Software update following various incidents: 



Independent calculations

“The loadsheet and TODC SOPs developed by the airline 

were robust and contained numerous crosschecks to 

ensure takeoff performance data was calculated 

correctly. Despite this, the crew used incorrect 

information to calculate takeoff performance and, even 

though the pilots noticed the high FLEX temperature, it 

did not prompt them to investigate whether they had 

made an error.”

AAIB Report EW/G2009/12 /04,

Airbus A340-600, LHR, 12-12-2009 



Solution: Really independent weight verification

Airport data &
TOW entered by 

flight crew

Flight plan ETOW
Ground based

Computer

Takeoff data. In case of 

Significant ∆ TOW:

WARNING ISSUED

Non-aircraft based takeoff data calculation: 
independent comparison of the pilot entry versus flight 
plan ETOW or loadsheet TOW



CORRECT TOW: 66.6 t

Independent weight verification



INCORRECT TOW: 55.6 t

Independent weight verification



Procedure design

• Selection of takeoff flaps

• Memory items



Manufacturer’s procedure:

• Following pushback and engine start, when 

ground equipment is clear (upon receipt of the 

ALL CLEAR signal) the captain calls for takeoff 

flaps to be set.

• Takeoff flap setting is checked when the 

BEFORE TAKEOFF Checklist is done

Selection of takeoff flaps



NORMAL CHECKLIST of MANUFACTURER



NORMAL CHECKLIST - OPERATOR



AAIB UK Report  EW/G2017/10/06

Memory items



Solution: Read checklist

instead



Some human-centered design 

principles

• Mapping

• Use both Knowledge in the head and 

knowledge in the world

• Design for error



• Flap and gear lever design

• Mapping of data via congruent page 

design

Mapping



• Support the user by having knowledge 

required for a task available externally.

• The knowledge in the world should be 

presented such that it supports the user 

instead of impeding the user.

Knowledge in the head and 

knowledge in the world



Case study: Cockpit - cabin interphone



Case study: Cockpit - cabin interphone

NTSB Report  NTSB/AAR-18/01



But things are not that simple…



Knowledge in the head and knowledge in the world



• Assume that if an error can be made, it will 

be made.

• Plan for it, adapt the design. 

Design for error



The flight crew rejected the takeoff at high speed, 

after the PF felt that both rudder pedals started 

moving away from his feet during the high speed 

portion of the takeoff roll.

After the aircraft had been brought to a stop on the 

runway the PF observed that the rudder pedal 

adjust crank of his rudder pedal adjustment system 

was not in the stowed position, leaving the rudder 

pedals in an unlocked state.

Case study: Inadvertent rudder pedal 

movement 



Rudder pedal adjustment

ADJUST RUDDER PEDALS:

EXTEND THE LEVER AND ADJUST

FOLLOWING ADJUSTMENT:

STOW THE LEVER

FCOM Note: To avoid inadvertent rudder pedal movement, the crank 

handle should be stowed when not in use.



What’s wrong here?



An example of human centered design





Classics
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