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Summary

The set of experiments reported in this
paper is concerned with whether pilots who
differ in levels of experience and job-
specific roles also differ in their
interpretations of situations that demand
judgments about flight-related problems.
In addition to this rather applied question,
these studies also address more
fundamental issues concerning
differentiation of expertise within arich
domain. In a series of sorting studies
involving aviation incidents, we compared
the judgments of captains, first officers
and second officers. Multidimensional
scaling analyses indicated that these three
groups framed aviation incidents
differently. In making a decision, pilots
focused on those aspects of the situation
that were consistent with responsibilities
associated with their particular crew roles.
Moreover, differences in feature selection
were found to reflect the effect of crew
role, not years of aviation experience or
absence of relevant knowledge.

I ntroduction

Consider the meeting of three strangers,
pilots aged 30, 40, and 50 years, on the
flight deck of a modern jet transport. They
are, figuratively, given the keys to a $50+
million aircraft and a plan of where to fly
that day. With no opportunity to train
together as a team, they are expected to
slip smoothly into coordinated action to
fly a planeload of people safely to their
destination. Common training in the
domain (e.g., aircraft systems, company
procedures, FAA regulations) as well asin
seat-specific duties allows the individuals
constituting the team to perform this
complex task.

But when a problem occurs and the entire
crew must contribute to its solution, the
guestion arises as to whether al crew
members will perceive the situation

similarly and will entertain similar
solutions, regardless of their experience
and roles in the cockpit (i.e., as captain,
first officer, and second officer). Because
of their common domain training and
relatively high levels of experience, we
might expect all crew members to interpret
problem situations similarly, reflecting
shared mental models (Cannon-Bowers,
Salas, & Converse, 1990; Orasanu, 1994)1.
On the other hand, systematic variations in
their aviation experience such as crew role
may lead to qualitative or quantitative
differences in knowledge that are reflected
in different interpretations of problems
and subsequent decisions.

The set of experiments reported in this
paper is concerned with whether pilots who
differ in levels of experience and job-
specific roles also differ in their
interpretations of situations that demand
judgments about flight-related problems.
In addition to this rather applied question,
these studies also address more
fundamental questions concerning
differentiation of expertise within arich
domain.

Much of what we know about cognitive
principles and mechanisms underlying
expertise stems from studies comparing
the behavior of experts and novices
(Glaser & Chi, 1988; Cooke, 1992).
Originally applied to chess masters and
novices (Chase & Simon, 1973; de Groot,
1965), expert-novice comparisons were
soon employed in a host of other domains,
including electronics (Egan & Schwartz,
1979), physics (Chi, Feltovich, & Glaser,
1981; Larkin, McDermott, Simon, &
Simon, 1980), mathematics (Schoenfeld,
1983), computer programming (Adelson,
1981; McKeithen, Reitman, Rueter, &
Hirtle, 1981; Soloway, Adelson, & Ehrlich,
1988) , accounting (Bouwman, 1982),
medicine (Lesgold, Rubinson, Feltovich,
Glaser, Klopfer, & Wang, 1988; Patel &
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Footnotes

1Commercial pilots are hired only after
they have achieved a minimum of 1,000
hours of flying experience and are
certified for multiengine instrument flight.
In fact, most new hires by US carriers far
exceed the minimum standards for
experience, having achieved substantial
experience as military or civilian fliers.
However, other carriers around the globe
train pilots_ab initio, or “from scratch”
(Johnston, 1992/?).

2According to Federal Aviation
Regulations, Part 121 air transport refer to
aircraft that carry more than 30
passengers. Airlines that operate aircraft of
this category are subjected to specific FAA
requirements concerning aircraft
equipment, maintenance and dispatch
facilities, as well as crew experience and
training.

3The Aviation Safety Reporting System is
a NASA program to which pilots, air
traffic controller, and other aviation
personnel can voluntarily submit reports
describing aviation incidents such as
unsafe operations and hazardous
situations. The ASRS processes and
analyzes these accounts and uses the
resulting information to remedy aviation
safety problems.

4An Individual Difference Scaling
(INDSCAL) was not performed on the
data since we could not assume a priori, as
presupposed by this analysis, that the same
dimensions will be discerned for al three
subject groups, abeit with different
weights.

SCohen's Kappa (Cohen, 1960) is a more
conservative measurement of interrater
reliability than percent agreement since it
takes chance agreement into account.
Values of .70 or larger are considered
sufficiently high as to rule out that
agreement was due to chance (Bakeman &
Gottman, 1986).

6Recall that subjects provided
multidimensional descriptors for a given
scenario. Thus the total number of
classifications is greater than 22; i.e., the
number of scenarios used.

"Part 135 operations involve civil aircraft
carrying less than 30 passengers.
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Appendix

Complete List of Scenarios

Shortly after departure from HNL on a flight to LAX, a wide body aircraft experiences a
pneumatic overheat. The flight crew perform the appropriate checklist but fail to isolate the
pneumatic system. The plane is above environmentally sensitive waters.

Coming upon a line of thunderstorms (with tops to approx 20,000'), the crew of alarge
transport request a deviation to the west to avoid the problematic weather. Their request is
denied and they are told to deviate east; according to their aircraft’s radar, this would put
them on a direct course for the thunderstorms. An aircraft in front of them on the arrival
requests and is granted a deviation to the west (approx heading of 200 degrees). By this
time, they (on the large transport) are descending through FL195 and are within 5 miles or
so of the line of storms.

A medium large transport takes off from MIA enroute to EWR. Upon retraction of the
landing gear, the nose gear light illuminates. The crew cycle the gear twice, but are unable
to extinguish the light.

While enroute from LAX to HNL, shortly after the EPT (Equal Point Time), the crew of a
wide-bodied transport notice a discrepancy between the fuel gauge reading and the
computed fuel used. Actual fuel loss is confirmed by a crew member’s subsequent visual
sighting.

A large transport is flying a scheduled flight from DCA to DFW. At flight level 310, the
crew discover that the crew oxygen supply is indicating 200 Ibs. instead of the required
1200 Ibs. Weather on the route to LIT and the Blue Ridge arrival into DFW is bad enough
that they are given a reroute to JAN and the Scurry arrival.

A large transport, on aflight from DFW, begins a visual approach at RNO. Turning
crosswind, 2 deg flaps are selected, but the inboard flap indicator shows a split: L=0 degree
extension, R=2 degrees. To the crew the aircraft “feels’ like both sides are extended
because there are no control problems. The crew attempt to position the flaps back up; but
the indicator continues to show a split (L=0, R=2).

On the taxi out from the gate, the lower rudder of a large transport shows only partial
movement during the flight control check. All other flight controls check normal.

A large transport is preparing to depart DCA for aflight to MSP. The flight is running late
and the DCA curfew is nearing. After push back, it is found that there are 185 passengers
aboard, but only 184 seats.

Immediately after takeoff, the crew of a medium large transport leaving DCA realize the
aircraft is not pressurizing properly. The pressurization controller is functioning normally,
but the aircraft will not pressurize in standby or manual. After several minutes, the #1 flight
attendant reports air leakage from the forward entry door.

10

At around 40 minutes out of TYS, the crew of a large transport receive an indication that the
#1 VF generator is off-line. Shortly thereafter, the #1 accessory gear box light illuminates.

11

A medium large transport is in cruise at flight level 310, westbound over the North Atlantic,
when the crew discover that the crew oxygen bottle is reading 800 psi. The bottle had been
changed in Frankfurt due to an incoming crew write-up and had been definitely noted as
full. The crew shut off the crew regulators to see if aleak point can be determined; none is
found but the supply decreases to 750 psi.
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12

A medium large transport is cleared for takeoff. The thrust levers are put approx 3/4”
forward of idle to allow the engines to accelerate and stabilize at the initial thrust setting
(approx 40% N1) per current company policy. Once stabilized, the crew attempt to further
advance the thrust lever to the takeoff thrust setting. As they do so, the takeoff warning horn
sounds intermittently.

13

The crew of a small transport find nothing out of the ordinary during a preflight walk-
around. Then while inside the plane awaiting clearance, they feel the plane move slightly.
They immediately look outside and see a big cart wheel near the airstair door. When they
ask the driver whether he hit the airplane, he says he may have struck the door but he
doesn't know. The crew inspect the side of the aircraft and test the door but find nothing
unusual.

14

At FL260 smoke from an unknown source appears in the cockpit, followed by flight
attendant reports of heavy smoke filling the cabin.

15

An aircraft fueler advises the crew of a medium large transport that he can’t get the
numbers to balance between the fuel off loaded from the truck and the fuel on the aircraft.
He works on it for an hour and gets nowhere.

16

The crew of a medium large transport abort a takeoff because of a sight EPR fluctuation on
the #2 gauge. They decide to get the plane checked for problems. The engine is run to
approx 1.8 EPR at the pad and all indications are normal. The crew attempt another takeoff.
At 80 knots, they notice small fluctuations in the N1 gauge for #2.

17

A medium large transport is cleared by DFW approach control to descend to 3000" and
intercept the 13R ILS. Clearance is also given to contact the tower. On the approach when
contact cannot be established via the frequency set on the VHF Com, the crew dial in the
frequency for the west tower on the approach plate. Several attempts are made to contact the
tower but due to the extreme congestion on the frequency, no landing clearance is obtained.

18

According to its logbook, a medium large transport had not been flown for 10 days; during
that time maintenance was done and a new interior put in. On an approach at BUR the right
main gear “unsafe”’ red light comes on and stays on during gear extension with no green
down and locked light. At 8-10 miles out, flight level 3000-4000’, 180 knots, IAS with 5
degree flaps, the crew recycle the gear but still get the same result.

19

After all the passengers board a medium large transport at CHA, a ramp agent reports to the
flight crew that the forward cargo door will not lock closed. CHA is a non-maintenance
base. A mechanic contracted from the airfield, however, is able to get the cargo door latch
mechanism to function marginally--i.e., it can only be closed/opened once and the “Fwd
Cargo Door” light stays on.

20

A wide bodied aircraft weighing 43,000 Ibs. experiences a #3 engine compressor stall at
138 knots on takeoff; V1 is 142 knots.

21

A medium large transport is cleared for takeoff on runway 13C. Power is advanced and
takeoff roll commences with the crew setting takeoff power. At approximately 100kts, a
crew member notices a light twin engine taxiing at a fairly high speed toward 13C. At the
same time, he hears the tower controller making repeated unsuccessful attempts to contact
the small plane.

22

A medium large transport climbing through FL280 at .82 mach experiences a high
frequency flutter through the air frame. Upon visual inspection, it is discovered that the
right outboard aileron balance tab is fluttering 1-2" up and down. The flutter stops some
time during deceleration to .74 mach and is stable on second inspection. A company
mechanic on board indicates there are no visual signs of delamination or structural failure.
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