
14 AEROSPACE  /  JUNE 2015

AIR TRANSPORT
Pilot skills 

The indusTry 
has 
experienced 
a sTeady 
decline 
in manual 
flying skills 
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Resilience  
— recovering pilots’ lost flying skills
A380 Captain RichaRd champion de cRespigny FRaes* argues
that mastering an aircraft and its systems is the only way to avoid an
increase in commercial aviation accidents. 

m
any travellers have an increasing 
illogical dread of flying, despite the 
statistics that prove flying has never 
been safer1. The accident rates for 
passenger airlines have declined 

steadily since 19732 (see Figs 1 and 2).
2013 was arguably the safest year for aviation, 

when there were 265 casualties in 29 accidents.  
This compares well with survival on the world’s 
roads where a person dies every 30 seconds. The 
aviation safety record is an even more remarkable 
achievement given that, since 1975, the aviation 
industry has doubled in size every 15 years, and will 
continue to grow at this rate.

Aviation safer because...

Aviation safety has improved due to a number of 
factors including:
 Safer aircraft: Certification standards continue 

to evolve — GPS, EGPWS (Enhanced Ground 
Proximity Warning System) and TCAS (Traffic 
Collision and Avoidance System) have made step 
improvements to safety. The new generation of 
highly-automated fly-by-wire aircraft are about ten 
times safer than their non fly-by-wire alternatives. 
Modern gas turbine engines fail about six times 
less frequently than the certification requirements 

for basic extended range aircraft.
 Government and corporate safety management 

systems have created effective safety cultures.
 Human Factors such as Crew Resource 

Management (CRM), leadership and management.
There are three possibilities for the future rate 

of hull losses. Linearly extrapolating the hull losses 
graph suggests that we might achieve a zero hull 
loss rate by 2025. Alternatively, the hull loss rate 
might decline to the incidence rate of ‘Black Swan 
events’. Perhaps an unexpected influence will cause 
the hull loss rate to increase.

... or becoming less safe? 

The trend of declining hull losses might reverse 
(increase) because:
 Pilots with Multicrew Pilots Licence (MPL) are 

able to join commercial airlines with just 240 
hours of experience, less than double the hours 
needed to qualify for a car drivers' licence in 
Australia. (The FAA requires first officers to 
hold an Airline Transport Pilot (ATP) certificate, 
requiring 1,500 hours flying time).
 Pilots are not being trained sufficiently to operate 

today’s complex automated aircraft.
 Pilots’ manual flying skills are declining due to 

insufficient hands-on practice.
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 Air Traffic Control agencies are putting more 
challenging and distracting constraints on 
pilots as a result of the skies becoming more 
congested. Airbus forecasts that the world’s 
passenger aircraft fleet will double when 31,400 
aircraft are introduced between 2014 and 2033. 
China is expected to have the world’s largest 
domestic aircraft market within a decade.

Captain Chesley (Sully) Sullenberger has 
definite views about the first point:3

"Every safety protocol that we have in 
commercial aviation is predicated on having two 
fully qualified pilots in every airliner cockpit, not a 
captain and an apprentice. A fully qualified pilot 
is required in both pilot seats to be able to fulfill 
the roles of pilot flying and of pilot monitoring.  
Everyone who occupies a pilot seat in an airliner 
must be the absolute master of that aircraft and its 
systems in every situation.  

Air France flight 447 reminds us of the need for 
pilots to possess the hands-on skills and situational 
awareness to calmly and logically assess and 
respond to all automation, mechanical, environmental 
and situational threats they face, simultaneously and 
continuously throughout the flight.

An MPL by definition is an apprentice license, 
not a fully qualified pilot's license. Not insisting on 
the highest levels of safety is like playing a game 
of Russian Roulette: the fact that one flight went 
safely is little comfort for the next.

I have just returned from a week in 
Washington, DC, where I testified before the 
Senate and the House Aviation Subcommittees 
about the FAA Reauthorization Bill, specifically not 
allowing the regional airline industry to weaken the 
pilot experience requirements put in place after the 
Buffalo crash.

The aviation industry must honour the memory of 
the victims of the Buffalo crash by finally achieving 
One Level of Safety across all airlines, major and 
regional, by acting on these important lessons that 
we have learned at great cost, literally bought with 
blood, and by ensuring that this preventable tragedy 
is never repeated. There is no cockpit seat for 
apprentice pilots in commercial passenger jets. The 
grief-stricken families of the victims deserve the best. 
The travelling public expect the best."

Declining legacy skills

Reports of accidents and near misses in aviation 
indicate that pilots’ hands-on skills have deteriorated. 
The pilots of legacy (B707 and early B747) jets 
had excellent flying skills. They usually flew their 
approaches and landings without using autopilots and 
auto thrust because these systems were often too 
inaccurate or unreliable. These pilots built a mental 
body model that included their aircraft — they wore 
and manipulated their aircraft like it was a fitted glove.

Practising manual flight proved beneficial during 
emergencies. These skilled pilots could recover their 
aircraft whether it was stalled, inverted, spinning or 
on fire.

Legacy pilots unfortunately underrated their 
flying skills. They took their skills for granted and 
did not appreciate how much manual flight honed 
their skills and confidence. When automation started 
appearing in the new jets, these old pilots assumed 
that the automation should be used as much as 
possible at the expense of manual flight. This is 
when the industry’s skills started to spiral dive.

The industry has experienced a steady decline in 
manual flying skills over the past 20 years. Second 
Officers are not permitted to fly big jets below 
20,000ft. No pilots are permitted to manually fly 
in RVSM (reduced vertical separation minimum) 
airspace (FL290-FL410). Modern cockpit designs 
insidiously induce pilots to focus on just the green 
and magenta targets (airspeed, attitude, altitude and 
track) at the expense of awareness of the underlying 
raw data. Many airlines either frown upon or refuse 
to let the pilots fly manually when the autopilot and 
autothrust is available. 

Many long-haul pilots, even on a 17 hour flight, only 
manually fly their aircraft for 12 seconds during the 
departure and 15 seconds during the approach when 
the aircraft is between the ground level and 200ft!

It is not surprising that there are pilots who have 
lost their skills, confidence and ability to handle the 
aircraft when the automation is either incapable of 
handling the crosswinds, turbulence, windshear or 
when it fails. There are pilots in long-haul airlines that 
have lost the ability to fly manual visual approaches. 
Many pilots refuse to manually fly the simulator to 
reduce the risk of failing their licence renewals.
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Figure 1 Civil air transport fatalities (Data: FSF) Figure 2 Civil air transport hull losses (Data: FSF)
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Hidden danger of ‘hands-off’

So the hull loss graph might be deceptive. The 
strong message of increasing safety might be 
masking an emerging but significant threat.

What if the improvements in safety (due to 
safer aircraft and automation) is greater than the 
decrease in safety because of the loss of manual 
piloting skills? If this is the case then we should 
expect the hull loss rate to increase when the rate 
that piloting skills degrade is greater than the rate 
that the aircraft systems continue to improve.

The signatures of fatal aviation accidents have 
changed over the past 25 years. Boeing4 reported 
that between 2003 and 2012, the trio of loss of 
control inflight (24%), runway excursions (21%) and 
controlled flight into terrain (23%) accounted for 
more than two thirds of all fatal accidents (see Fig. 
3 below. The first two categories might be markers 
for declining pilot manual flying skills. All three 
categories indicate that more training is required. 
Automated systems can increase workload and 
risk. The flight computers use many recipes of logic 
that simplify the phases for climb, cruise, descent, 
approach and landing. However, some recipes don’t 
help pilots in unusual circumstances. For example, 
a ‘Go Around’ and the ‘ILS PRM — Breakout 
Manoeuvre’ are probably the two most critical, yet 
poorly flown procedures when using automatics. 
These procedures are instinctively easier to fly 
manually.

Pilots save lives

The statistic that 70% of accidents are due to 
human causes ignores the thousands of near 
misses that pilots mitigate every day. Technology 
cannot replace pilots yet. Pilots must expect the 
unexpected, anticipate failures and have the 
confidence and courage to recover their aircraft 
when the unthinkable happens.

Corporate survival depends upon protecting 
passengers' trust in pilots.  Passengers expect their 
pilots to be resilient, credible, empathetic and honest.  
Carolyn Jones, a passenger on QF32 writes:5

“There is a public perception of the pilots who 
routinely inhabit our skies as being — in a sense — 
disembodied entities in which we entrust our lives 
from time to time. We take for granted the expertise 
and wisdom that the flight deck team are expected 
to possess. Our long held perceptions changed 
dramatically on that day  ….” 

Recent experiences prove that you breach your 
passengers’ trust in you at your peril.

More hands-on flying?

What then are the solutions? One is obviously more 
hands-on time at the controls. 

Jim Lovell, NASA’s Commander of Apollo 13 has 
been flying for over 60 years. Jim has been warning 
of the long decline in hands-on flying skills:

“I have made comments about the adverse 
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piloTs musT 
be confidenT 
operaTing 
auTomaTed 
aircrafT and 
capable To 
defer To Their 
hands-on 
flying skills

Jim Lovell
Commander, Apollo 13

Figure 3 Causes of fatal aviation accidents 2003-2012 (Boeing)
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side effects that come with automation. The Apollo 
astronauts and ground teams practiced every procedure 
and every possible contingency, so that we felt 
comfortable in our spacecraft, capable of flying them 
when the automatics failed and confident of returning 
home. This preparation paid dividends for Apollo 13. 
Rich, I hope your message on the effects of too much 
automation in aircraft controls will sink through. Pilots 
must be confident operating automated aircraft and 
capable to defer to their hands-on flying skills.”

The FAA has already responded. They released 
the Safety Alert for Operators #13002 (FAA) in 
2013 which encourages operators to “promote 
manual flight operations when appropriate.”

My airline has responded and we now have 
procedures recommending manual flight in low-risk 
environments. Other airlines should also respond.

‘Stress Proof Delibrate Practice’

A second solution is to introduce new training. Pilot 
training philosophies are out of date and should 
change. The aviation industry should embrace the 
concept of ‘Stress Proof Deliberate Practice’ as a 
means to achieve resilience.

Harry Nelson, a former Vice President of Airbus’ 
flight test department has said that current training 
programmes that airlines have relied on for decades 
are too predictable and fail to improve pilot’s skills.6

Aviation training currently consists of developing 
a broad range of skills to an acceptable level.

There is insufficient simulator time to employ 
the military training methods to ‘Demonstrate, then 
Direct, then Monitor’ sequences. Aircraft conversion 
courses now expose pilots just once to the very 
critical but improbable emergencies. Pilots have the 
symptoms and outcomes displayed to them and are 
rarely given an opportunity to repeat the sequences 
and to improve. This method produces adverse training 
outcomes, often with the pilots finishing the sequence 
with negative perspectives and little confidence.

Many pilots finish simulator exercises feeling 
trepidation, under-confidence and hoping that they 
never see that problem again. For example, pilots receive 
infrequent and insufficient simulator training to master the 
difficult scenarios, such as flight into volcanic ash, engine 
fires and approaches using minimal electrics.

Wouldn’t it be great if we could research, 
then train to become confident to handle these 
emergencies? Wouldn’t it be great to not just think 
like Neil Armstrong when he said “Expect the 
Unexpected” but to be truly confident to handle it, 
and courageous enough to think ‘bring it on!’?

Nelson called for fundamental changes to 
improve manual flying proficiency and other cockpit 
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skills that have been de-emphasised over the years.  
He is critical of the current trainers that “focus too 
much on complying with regulatory requirements 
instead of teaching pilots new safety approaches 
and helping them to become resilient.”

The industry is partially responding to this 
request. ICAO7 and IATA now recommend that airlines 
introduce evidence-based training (EBT) to provide 
competency-based training to counter known threats. 
(see ‘ACES High’, AEROSPACE, January 2015). 
Something else is needed, however, because EBT 
does not provide additional simulator time to resolve 
the problem of declining hands-on skills.

Nelson did not mention it but he was probably 
inferring that the aviation industry also needed to 
embrace Deliberate Practice (DP), a concept about 
learning devised by Anders Ericsson8. Deliberate 
Practice provides the methods to become an expert, 
or how to reproduce excellence reliably on demand. 
DP requires hard, effortful and repetitive practice 
that focuses on tasks beyond your current level of 
competence and comfort9. 

There are no shortcuts with DP. It requires 
years of struggle, sacrifice, feedback, honest often 
painful self-assessment and debriefing. It involves 
developing individual skills in a staged process of 
iterative and increasing successes, with the skill 
and confidence rising together until they peak at a 
condition where excellence and confidence creates 
courage and fearlessness. Deliberate Practice 
creates resilience by attaining excellence in an 
atmosphere of confidence.

Achieving excellence

Achieving and measuring excellence is more 
complicated than the paths detailed by authors 
Malcolm Gladwell (The Outliers), Matthew Syed 
(Bounce) and Geoff Colvin (Talent is Overrated). 
These authors espouse a simplified version of 
Ericsson’s mantra that you need 10,000 hours of 
effort to achieve an expert status in a field.

It is the time spent doing DP that is important, 
not the time spent in the job. A normal one hour flight 
experience repeated ten times is not much of a learning 

Skill fade? In 2013 an Asiana Airlines 
Boeing 777 crashed in San Francisco 
during a visual approach in good 
weather.

Expecting the 
unexpected
In 2010 the 
author, crew 
and passengers 
of QF32 
experienced this 
first hand with 
an uncontained 
engine failure.   
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*Captain Richard Champion 

de Crespigny FRAeS was 

the Pilot In Command of 

Qantas QF32, an Airbus 

A380 flight from Singapore 

to Sydney on 4 November, 

2010. The flight and its 

uncontained engine failure 

is detailed in his book QF32 

and his web site at QF32.

com. Richard presented 

and opened the ‘The Future 

of Flight Training Devices’ 

conference at the RAeS in 

London in November 2014. 

Richard still flies the A380 

and is writing three more 

books on resilience, aviation 

and science.
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experience. A normal one hour flight experience is not 
as good as one hour of DP in the simulator. 

Stress Proof Deliberate Practice (SPDP) is the 
goal. It is to undertake Deliberate Practice until 
the task is stored in our instinctive and rational 
mind. We should practice the hard stressful things 
until we can achieve excellence with confidence 
and courage and with little or no effort and stress. 
Proxies for stress include the heart rate, sweat, iris 
and pupil behaviour.

Experience is no defence!

Many doctors and pilots still make serious errors 
well after having reached an expert level. It turns out 
the experienced doctors and pilots make mistakes 
when they become overconfident and either cease 
to maintain their skills or cease to obey the rules 
and boundaries that they expect others to follow.

Overconfidence leads to taking high risks with 
diminished margins for recovery. Let’s consider, for 
example, the old military pilot instructor who decides 
to let his student continue with an unstable approach 
below minima, believing that he (the instructor) can 
take over when/if required. It is no wonder that these 
types of pilots eventually get into trouble.

There is one more caveat for resilience. While 
it is commendable to achieve excellence (10,000 
hours of DP), it is another subject to sustain it.  
Having achieved excellence in the past is not a 
vaccine that protects us during a future crisis.

I have a personal experience of this dilemma.  I 
was very busy after the QF32 incident. I let these 
distractions interfere with my duties. I turned 
up for a simulator training exercise having not 
memorised two of the checklists word perfectly.  I 
was correctly scolded and I have vowed never to 
embarrass myself again this way. My story is not 
uncommon; many management pilots have allowed 
their management duties to distract them from their 
requirement to maintain their flying skills. They too 
became unstuck in the simulators.

Long-term resilience requires continual SPDP.  We 
are resilient when we periodically reinforce the elements 
that make us an expert. SPDP builds confidence; 
confidence enables us to make courageous decisions, 
to become intrepid leaders of intrepid teams. SPDP 
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helps us feel bullet-proof, not gun shy, with the resilience 
to survive a black swan event.

Exemplars in this category include musicians 
like the Beatles and Mozart, sportsmen such as 
Tiger Woods and Roger Federer, and pilots like Neil 
Armstrong, Jim Lovell and Sully Sullenberger10. 
Pilots need lots of simulator time to undertake 
SPDP and to maintain resilience.

Time for global simulation 24/7/365?

But current flight training systems are not producing 
or maintaining resilient pilots. Simulators have been 
used to comply with outdated regulator checking 
requirements instead of providing deliberate practice. 
Simulator times have not increased to compensate 
for the trending reduction in hands-on flying. 

Airlines in the world’s flat and competitive 
economies cannot fund additional simulator training.  
Simulators are too expensive to be used for hand-on 
flying and SPDP. The costs for these simulators will 
not reduce substantially.

Aircraft manufacturers will probably be forced to 
act. They face an increasing risk to their brand if the hull 
loss rate rises because of declining pilot skills. There are 
significant savings and benefits for manufacturers who 
have the capability to solve these problems.

While existing flight simulators will continue 
to be used to meet regulatory requirements, the 
future points to aircraft manufacturers likely hosting 
high-fidelity aircraft simulation services for pilots’ 
personal use anywhere and at any time. The pilot 
will only need personal electronic devices, virtual 
reality goggles, and artificial throttles and sidestick.

Expensive full flight simulators 

Airlines have insufficient simulator capacity to 
provide pilots with SPDP. One simulator is generally 
required for every 12 long-haul aircraft.  Each 
simulator operates 24/7/365 providing training 
and checking functions for 336 pilots (12 aircraft 
comprising seven crews of four pilots).

Could merging 
low-cost 
consumer 
virtual reality 
technology with 
high-fidelity 
cloud-based 
simulation 
provide the 
perfect Stress 
Proof Deliberate 
Practice training 
tool?

Even fixed-base 
flight training 
devices can 
be expensive 
— limiting 
opportunities for 
pilots to master 
the aircraft.

we are 
resilienT 
when we 
periodically 
reinforce 
The elemenTs 
ThaT make us 
an experT.
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Full-motion aircraft flight simulators (FFS) are 
expensive. An A380 FFS can cost up to $20m. 
A static desktop-style simulator can cost $1m. 
Between 30-40% of the cost of any aircraft 
simulator is the cost to licence and maintain the 
following data from the aircraft and OEM vendors:
 Flight test data
 Avionics
 Engine (FADEC)
 OEM parts & equipment
 Interface control documents
 Cockpit drawing
 Flight controls
 Auto flight control systems

Many flight simulators use imperfect hardware 
and software. Flight simulator manufacturers save 
licence fees by reverse-engineering hardware and 
software. This is a very expensive initial process, 
however, once the data is compiled, this method 
saves 30-40% of the final cost for each simulator. 
Vendors reverse-engineer the equipment generally 
without prior consent and so may also face legal fees.

Reverse-engineering aircraft hardware and 
software only makes commercial sense where 
the simulator vendor has many customers. But 
reverse-engineered software will never replicate the 
complexity and features locked and protected inside 
aircraft flight, navigation and performance computers:
 Reverse-engineered components are only 

designed to mimic observed functions (visible 
outside the black box).
 It is impossible to discover, reverse-engineer and 

mimic ALL the logic and protections that reside 
inside a black box.
 Vendor updates require the entire and costly 

reverse-engineering process to be repeated from 
the start.

Simulation fidelity and low-cost are mutually 
exclusive. High-fidelity simulators that use vendor 
data could cost 66% more than reverse engineered 
simulators. Simulator manufacturers will cease 
to reverse-engineer aircraft as aircraft systems 
become more complex.

The future: personal simulators?

Pilots need high-fidelity software simulators. Could 
the solution lie outside the domain of the third-party 
simulator vendors? What if we could simulate our 
aircraft flight from anywhere in the world at any time 
for little cost?

Imagine a pilot sitting in her hotel room in Dubai, 
preparing to fly to London during the freezing dark 
winter:
She puts on a set of stereo high definition virtual 

reality goggles and headphones.
She secures the thrust quadrant and sidestick to 

the desk top.
She connects one or more personal computers 

and electronic devices together (to augment the 
processing power).
She connects to a cloud-based high-fidelity 

simulation server.
She practices cold weather procedures, 

Heathrow’s low-visibility approaches, and 
emergencies.
Her simulation is 100% technically correct using 

the aircraft vendor's data and 90% realistic using 
sight and sound although no movement. The 
stereo high definition video provides a better 
outside view than what is displayed in current 
$20m simulators.
Simulation costs are paid by the airline.

Today’s imagination is tomorrow’s reality. It will be 
a short time before pilots enjoy high-fidelity personal 
simulation anywhere, anytime for little cost. 

This disruptive technology will provide the 
solution to declining hands-on flying skills and 
attaining Stress Proof Deliberate Practice. It 
provides the path for all pilots to achieve what we 
have admired in Neil Armstrong, Jim Lovell and Sully 
Sullenberger — resilience.
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The goal of the 
professional pilot 
should not be 
merely to pass 
annual checks but 
to feel bullet-proof 
with the resilence 
to survive the 
extremely rare 
‘black swan event’.


