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SUMMARY

This report examines and details the activities of a major U.S. airline during the period
of late 1993 to late 1997, as it acquired two fleets of advanced technology aircraft, the
Boeing 757 and the 737-500. The host airline had planned to purchase 767s during
the period of the study, but delivery was delayed for economic reasons. The 767 and
757 is considered a single fleet due to the commonality of their cockpits.

All three aircraft were equipped with electronic flight instrument systems (EFIS),
colloquially known as "glass cockpits.” There are aircraft with flight management
systems (FMSs), but with traditional instrumentation (e.g. some models of the B-737-
300). But generally the glass aircraft have both FMSs and instrument panels that are
driven by computer-based color graphics. These are not simply electronic replications
of traditional aircraft instruments, but are highly versatile displays that can do what
traditional instruments cannot (e.g. the HSI moving map display, the display of radar
returns on the map, the display of the wind vector, and the position predictor vector.)
Prior to the delivery of the first 737-500 in January 1994, the airline had no glass
airplanes. The most modern aircraft was the 737-300 non-EFIS ("round dial"), with a
modern FMS (see above).

Although the primary focus of the study was upon flight training, we examined as well
the technical support and management of the pilots in these fleets, in some cases very
detailed matters, such as checklist and procedure design.

Questionnaire data were collected in three phases:

Phase 1 - the first day of transition training
Phase 2 - approximately 3-4 months after transition training
Phase 3 - approximately 12-14 months after initial operating experience (I0E)

A total of 150 pilots who were entering 757 transition training volunteered for the study.
Three were dropped during data analysis for the first stage due to incomplete data
records. Of the remaining 147, 102 returned data forms in Phase | of the study, and of
these 99 pilot volunteers also completed the forms in the third phase.

Face-to-face and telephone interviews were conducted with a sample of 20 line pilots,
as well with flight instructors, check airmen, management pilots, and ground school
instructors

As a side activity, at the request of the company a sample of volunteers going through
transition to the 737-300/500 was selected and given the questionnaires, before and



after a change in the training program. The company wished to have an independent
assessment of the effect of the change. This study will be reported in a subsequent
publication authored by Rebecca Chute.

The 757 study found that by and large, pilots transitioning to the B-757, most of whom
were going to their first glass cockpit, had high morale, low levels of apprehension
about the transition, and a generally positive attitude toward their training, and toward
cockpit automation. They also shared some concerns, such as what they perceived as
a potential for a loss of basic airmanship skills, and an apprehension about having
sufficient time for extra-cockpit scanning (“head outside”). These concerns will be
addressed in this report.

Start-up Transients

The program was hampered in the beginning by schedule problems due to uncertain
aircraft deliveries, at times resulting in insufficient aircraft lines for the number of pilots
in training. This in turn resulted in pilots having to return to their previous aircraft, or
other aircraft, before they could later be assigned to the 757. At times the opposite
occurred -- rapid acquisition of aircraft resulted in pilot shortages and an acceleration
of the training schedule. There was also an unexpected bid off of the 757 due to what
pilots considered undesirable flying schedules, and their disappointment over the
cancellation of the 767 order. The 767's ETOPS capabilities and the promise of trans-
Atlantic flying had been a great motivator for bidding the 757-767 transition.

The Continental program differed from other programs in many ways, as discussed in
the body of this report. One significant difference was that preparation for ETOPS
operations and international flight were built right into the training syllabus. All 757
pilots emerged with ETOPS LOFT experience. First officers were type rated in the 757-
767. The 757 was pressed into ETOPS service (with 180 minute certification) very
soon after the program began. Service began with flights from Newark to Manchester,
England, and later Newark to Lisbon. In spite of doubts about the marketing issues
raised by a single-aisle aircraft in trans-Atlantic flight, the 757 was an immediate
success, both with respect to marketing and flight. lronically, the 757 flights to Europe
were so successful that they were taken off the route and replaced by DC-10s.

Pilots entered the transition program with a far more positive attitude toward
automation, and less apprehension about being able to make it through the program,
than we saw in previous field studies. We believe that this is due in part to the fact that
advanced automation, by the time of this study, no longer evoked emotions of
uncertainty, and, with certain reservations, had proven itself to a skeptical pilot
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population. Other factors were the generally positive attitudes prevailing in an airline
struggling to emerge from a stormy recent past, marked by bankruptcies, strikes,
extremely rapid expansion through mergers and acquisitions, and mistrust between
management and labor. By the time the first 757 arrived on the property, there was a
“can do” spirit prevailing throughout the pilot ranks, and the rest of the airline. This
spirit grew steadily during the years of the study, as we have noted elsewhere in this
report. Finally, much of the positive attitude can be credited to the respect for and
popularity of the two fleet managers of the 757/767 program, and the fact that they
were given a free hand to pick the initial cadre of training pilots.

The program made ample use of an advanced flight training device (FTD), computer
based training (CBT), and a full-flight simulator (FFS), modifying the training syllabus
as they went. Fine-tuning of the training and the use of the devices took place as the
program progressed. The program had the usual start-up transients. The loss of the
767 order was a severe blow.

A Clean Sheet of Paper

The terms “clean sheet of paper’ and “free hand” emerged time and again to describe
the extent to which the success of the program was the result of unswerving support
from higher management. These phrases represented not only the all-important
perception of support, but the practicalities -- that fleet manager’s requests were taken
seriously, and that management did not quibble or “nickel-dime” the managers of the
training program. The fact that this support seemed unusual, and needed to be
commented on, leads the authors to believe that the lot of a fleet manager had not
always been a happy one. More will be said of this in chapters VlIl and IX.
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I. BACKGROUND TO THE STUDY

A. CONTINENTAL AIRLINES - SUMMER OF 1993

In August 1993, flight management from Continental Airlines (CAL), based in Houston,
approached the first author and asked him to consult with them on transition training for
pilots who would be transferring to the company's two new fleets of aircraft, the Boeing
757-767 and the Boeing 737-500. Two weeks later in Los Angeles, accompanied by
Dr. Everett Palmer of NASA Ames Research Center, he made a presentation and
proposal to company officials, resulting in this study, a cooperative project between
NASA, Continental, and the University of Miami. Captain David Lynn, fleet manager for
the 757-767 program, was named to be Continental’s point of contact for the study. In
1996 Captain Lynn took over the 737 program, and was replaced by Captain David
Sanctuary, who remained our point of contact to the end of the study.

The fleet at the time consisted of the DC-9, MD-80, DC-10, A-300-2B (3-pilot,
traditional instrumentation, not to be confused with the A-300-600, a 2-pilot EFIS
aircraft), B-727, B-737-100/200/300 (non-EFIS'), and B-747-100/200. In addition
Continental operated Continental Express, flying ATR-42, ATR-72, EMB-120, and
Beech 1900. The 737 was the largest fleet, and will remain so. The most advanced
cockpit in the fleet was the B-737-300, with FMC but no EFIS, so CAL had no
experience with EFIS (“glass cockpit”) at that time. The fleet at Continental proper
numbered about 460 [note: henceforth we shall consider only Continental Airlines, and
ignore Continental Express and Continental Connection]. The A-300 fleet has since
been retired, and some B-727s have been retired. Older models of the B-737 are also
being retired as the 500 models, as well as the “next generation” Boeing 737s, are
added to the fleet.

Early in the next century Continental will have an all-glass, all-Boeing fleet. In 1999
alone Continental will take delivery of 58 new Boeing aircraft. The consolidation
around Boeing aircraft will result in CAL'’s fleet having five, rather than the present nine
major model types, with predicted savings of $ 50 million per year (Proctor, 1998a).

! A glossary of terms, mainly those dealing with flight-deck automation, can be found in
Appendix B.



Under the leadership of CEO Gordon Bethune, Continental will move in a very short
time from an essentially obsolete fleet to one of the youngest in the industry.

B. ABRIEF HISTORY OF CONTINENTAL

Since this study was concentrated at one airline, and one with a turbulent financial and
labor history through the ‘80s and into this decade, it is necessary to understand some
of the history of the company. The authors do not take sides in this discussion, but try
to present an dispassionate discussion and understanding of how the company’s
background and culture developed, and how it impacted the present study.

Continental, as we know it today, is the product of many tributaries, including the
original Continental (*Old Continental” as it is called by pilots), Pioneer, Texas
International, Frontier, New York Airways, and People Express. Continental was
founded in 1937 out of a Southern California company, Varney Speed Lines. The
following year Robert F. Six became president, and led the company for over 40 years.
He built a California-based company concentrating on providing passenger service to
the southwest and later Hawaii. In 1953 Continental acquired Pioneer Airlines, with 16
destinations in the west. Six moved the company from El Paso to Denver, and in 1963
established the headquarters in Los Angeles. In 1968 Continental formed a subsidiary,
Air Micronesia, to serve the islands of the Pacific. By 1980 Continental had 180
aircraft. Today it has earned its position in the “middle three” of U.S. air carriers
(Northwest, Continental, and USAirways), and is currently engaged in forging an
alliance with Northwest.

The Airline Deregulation Act of 1978 ushered in a period of extreme turbulence in the
airline industry. The experience at Continental was more than turbulent. These were
the years of “merger mania.” In 1981, the original Continental was purchased by
Frank Lorenzo’s holding company, Texas Air. Continental was later merged with Texas
International Airline (formerly Trans-Texas), but kept the Continental name. It was
called by many “New Continental.” The following year Robert Six, at the age of 74,
retired from the airline.

Lorenzo’'s Texas Air Corporation (TAC) which already owned New York Airways,
bought Continental, then acquired Frontier, New York Airways, and People Express.
In 1986 Texas Air Corporation purchased Eastern Airlines. In January 1987 TAC
folded New York Air, Frontier, and People Express into Continental, resulting in two
companies of about the same size, Continental and Eastern.

In 1983 Lorenzo took Continental into bankruptcy. The conventional wisdom was that
there was no financial justification for his move, that he was using the bankruptcy laws
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to defeat the unions. Lorenzo allegedly took advantage of the bankruptcy laws to
abrogate labor contracts and impose lower wages and longer hours. In the case of
pilots, this meant more flying time for less pay. The Air Line Pilots Association (ALPA)
joined the machinists on strike. Later Congress plugged that loophole in U. S.
bankruptcy law.

The strike was not well disciplined. Many pilots crossed the picket lines after a brief
gesture of supporting the strike. The strike ended in 1985, as the company emerged
from bankruptcy. ALPA was decertified as Continental’s bargaining agent. Later, in a
certification election, Continental pilots voted to create their own union, the
Independent Association of Continental Pilots (IACP). This move has interesting
implications for this study, and they will be discussed later.

In 1990, Lorenzo was forced to sell his holdings in Continental and relinquish control.
immediately following this, management again took the company into bankruptcy. In
1993 Continental again emerged from bankruptcy, and began the process of
rehabilitating the airline.

By 1993, when this study began, there was a spirit of rebuilding, and a cautious
optimism at Continental. A large fleet of glass aircraft was ordered from Boeing (737-
500, 757, 767, and later the 777), and they became not only the backbone of a new
and modernized fleet, but also a symbol of optimism and hope for the airline. The first
737-500 arrived in January 1994, and the first of an initial order of 757s in May 1994.
The 767 order was delayed, then canceled, and later reinstated. The impact of the off-
and-on 767 order on the crews, the transition program, and this study, will be discussed
later. In 1997 Continental and Boeing signed an agreement for Continental to become
one of several “all Boeing” airlines. It placed a large order for the 737-700, and later
became the domestic launch customer for the 737-800. The 767 order was reinstated.
The first 777 delivery took place in September 1998. During the year of this writing
(1998), Continental acquired 64 new Boeing transports.

Continental, along with most of the larger airlines in the U.S., was enjoying a period of
prosperity and profits, high load factors, fleet modernization, and an expanding route
structure (Shifrin, 1998). In 1996 and 1997 Continental was cited time and again by
business publications and polls as one of the leading examples of a “turn around”
company, both in its financial success and the quality of its passenger service. Much of
the credit has been attributed to the leadership style of Gordon Bethune (Bethune and
Huler, 1998).



C. THE HIGH TECHNOLOGY COCKPIT

The last two decades have witnessed the rapid and wide-spread development of an
entirely new cockpit technology, based on the capabilities of the microprocessor and
color graphics. We will not attempt to review the literature, history, or development of
cockpit automation, as it is well reviewed elsewhere (see Sarter and Woods, 1994;
Woods and Sarter, 1992; Rudisill, 1994; Flint, 1995; Billings, 1997; Wiener, 1988,
1989; Wiener and Nagel, 1988; FAA, 1996). For all of automation’s astounding
capabilities, doubts were expressed about the human factors issues raised by robotic
flight. For an early version, see Wiener and Curry (1980), and for more recent writings,
see Last (1997), Learmont (1996), and Foreman (1996).

Would the average pilot be able to manage the automation and its many modes?
Would the hardware and software be able to live up to its claims for workload
reduction, thus making it possible to eliminate the flight engineer’s position, and fly
large jet aircraft, over oceans, with a two-pilot crew? Would automated flight invite
operator “blunders” (large errors) as seen in other applications of automation. Would
pilots “fall out of the loop” and not be able to keep up with the airplane? Would manual
flying skills become degraded (see Figure |-1)? Some of the doubts harbored by pilots
can be seen in the following report to the NASA Aviation Safety Reporting System
(ASRS).

[Note: throughout this report we include, for illustrative purposes, reports selected from
a search of the NASA ASRS database for cases dealing both with automation and
training. The ASRS form does not ask for information about the employer of the
reporter, or identify in any form the carner(s) involved in the report. If the carrier were
identified by the reporter, the information would not be stored in the database.
Accordingly, the reports which are sampled and included in the text and in Appendix H
are probably not from Continental Airlines, and they may or may not concern B-757
aircraft. We chose our cases stnctly for their subject matter interest, and they should
not be thought of as reports concerning Continental crews, or even necessanly B-757
aircrafi].

NARRATIVE: During IOE training en route PHL to CLE was given clearance to cross
10 miles east of YNG VORTAC at 24,000'. In discussion with check airman on best
method to enter this info into FMC, I decided to start down and then work on FMC in
descent. Iinadvertently selected 10,000’ into flight guidance system. Again we went
heads down to concentrate on programming FMC for descent path. Moments later CLE
center requested our altitude. We looked up as we were through 22,000, leveled out at
21,000'. We informed Center. Weather was clear and controller just said to maintain
21,000', apparently there was no conflicting traffic. This is not a new problem.
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Automation has taken over in the cockpit. Computers are not learned overnight and need
hands on operating experience. It all comes back to "fly the airplane first!"
ACCESSION NUMBER: 116912

Early Studies

As early as 1977 the first alarm was sounded by the late Elwyn Edwards (1977), who
examined for the first time the broad question of human factors of cockpit automation.
At the same time concerns were being expressed in the U.S. Congress. Two
Congressional reports identified automation as a safety problem for the coming decade
(U.S. House of Representatives, 1977; U.S. Senate, 1980). There was much talk of
“the automation problem,” but no person nor any agency was prepared to say with any
certainty what “the problem” was. In 1979 NASA Ames Research Center was tasked
with examining the safety implications and human factors in automated flight. The
Congressional subcommittees had no trouble recognizing the positive side; what they
wanted to know was whether there was a “down side.” Quite simply, were there also
adverse consequences of the new flight decks that the manufacturers, regulators, and
future operators were overlooking?

The project was assigned to Dr. Renwick Curry, then of NASA Ames, and Professor
Earl Wiener, on leave at Ames from the University of Miami. Their collaboration
produced a comprehensive report (Wiener and Curry, 1980) on the human factors of
cockpit automation, proceeding beyond Edwards' initial work (1977). They produced a
list of 15 guidelines for the design and utilization of cockpit automation. Guidelines
from other authors followed (see Billings, 1997). Following the publication of their 1980
paper, Wiener and Curry conducted three field studies of the adaptation of the new
aircraft into the fleets of several airlines (Curry, 1985; Wiener, 1985b, 1989).

The Advance of the Glass Cockpit

The decade of the 1980's saw the appearance of the new, electronically sophisticated
transport aircraft. The Boeing 767 was followed shortly by the 757, and later glass
derivatives of the 737 and the MD-80. In the 1990's a family of original aircraft were
produced by Airbus Industrie: the A-319-320-321, the A-310, A-330, A-340, and the
derivative A-300-600. The A-320 series took automation to a higher level than the first
generation of glass aircraft, typified by the 757-767 and the A-310, introducing fly-by-
wire with the side-arm controller and other advanced capabilities. Douglas fielded the
derivative MD-11, Fokker produced the F-100, and new models of Boeing’s best-selling
737 soon appeared. The long-haul market today is dominated by a glass derivative of
the traditional 747, the 747-400, but the smaller A-340 and the B-777 show promise of
being the dominant long-haul aircraft of the next two decades (Proctor, 1988).



The new FMS and glass aircraft were considered a great success. The decision of the
President’s Task Force on Aircraft Crew Complement (McLucus, Drinkwater, and Leaf,

1981) to allow two-pilot operation of the new jets proved to be wise. This, coupled with
up to 180 minute ETOPS authority, brought a new era of economical trans-oceanic

2c. | am concerned that automation will

cause me to lose my flying skills.

8

Percert Responding
8

\

NN
aree

strongly agree

FIGURE I-1. Concern over potential for skill
loss, third phase of experiment.

operations for two-engine, (generally) two-pilot glass cockpit aircraft. Under U. S.
federal aviation regulations [FARs], for two-engine aircraft, three-pilot crews are
required for flights over eight hours, and four pilots when the flight is scheduled for over
12 hours. The success of ETOPS operations was summarized in a news item.

ETOPS RECORD. Boeing 767 transports have logged more than 1 million ETOPS
flights with 57 airlines. According to Boeing statisticians, 767 operators now log more
than 13,000 ETOPS flights a month, many of them across the North Atlantic... Through
May [1998], Boeing-built twin-engine transports had accumulated more than 1.2 million
ETOPS flights, according to the manufacturer. Proctor (1998b).

Doubts and Reservations

Still there were nagging doubts about human factors. Pilots were evenly divided on the
workload issue; many interviewed by the authors remarked “I've never been so busy in
my life” [flying the advanced cockpit]. We heard this comment over and over. There
was genuine concern over not only workload, but potential for skill degradation (“loss of
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scan” as the pilots call it), though to this day there have been little data put forth to
support claims of skill loss. In the single study that we are aware of, Veillette (1995)
demonstrated a significant loss of manual skills in crews flying the automated cockpit.
Veillette's work is a worthy beginning, but more investigation of this issue is needed,
especially as longer and longer flights are anticipated. With 8000-mile legs, and
augmented crews, one can easily imagine flight schedules in which pilots will make as
few as one takeoff and landing per month. If their captain is up for a checkride in the
near future, it could be even less for the other crew members. Figure I-1 above
displays the responses to the probe on skill loss. To see the responses during all three
phases of the study, see page A-2.

Two comments that we received in our open-ended questionnaire items (Chapter VI)
were:

[Flying glass results in] more management and less hands-on. Because of the automation
being almost fool proof, I tend to hand fly to 15,000 more often. The systems work well,
but I need to keep basic flying skills in tune.

I bid off the 757 because of the automation and bad trips. The only thing I really miss
about the 757 automation is the printer. The old technology is real flying, and it’s fun.
The old technology makes you a better pilot, by hand flying and using your brain.

The concern over sKill loss and a variety of other factors on the part of one pilot can be
seen in the following ASRS report.

NARRATIVE: Descent from FL200 to 12000, using FMC navigation and autopilot.
Approx 15000’ entered tops, encountered moderate to severe turbulence, heavy rain.
Almost simultaneously ATC cleared to cross 40 southwest LRP, at 12000'. LRP not
available immediately due not auto select on VOR, off screen on CRT. Captain (PNF)
scrambled to find the runway chart to get the VOR frequency while I got engine anti-ice
and ignition turned on. Then Captain began adjusting radar to find out why we were
getting heavy rain and turbulence. When DME finally locked on LRP, it read 31 nm (SW
of LRP). I deployed spoilers and turned off auto thrust. Rain and turbulence worsened in
descent. As we approached 12000, I observed airspeed decreasing. Not immediately
realizing, due to concern about the extreme turbulence, that the autopilot was leveling the
aircraft at 12000' w/o auto thrust available, I disconnected the autopilot. The aircraft was
trimmed nose down and continued descent below 12000". The captain recognized the
problem immediately and called out, "altitude.” Flew the aircraft back to 12000 and re-
engaged autopilot. Minimum altitude approx 11800". Contributing factors: proficiency--I
am junior on a wide body, have been mostly assigned for last 6 months as relief pilot
(cruise only) or with restricted Captain. Consequently, flew 1 leg in Oct, 2 in Nov,, 1 in
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Dec., none in Jan, 1 in Feb., none in Mar. This was only my sixth leg in 6 months. Crew
shortage--I am in the middle of widebody transition training (completed FAA oral 3/29.
Released from training due to a backed up simulator schedule). Due to crew shortage,
sent out on wide body trip during transition training. ATC procedures--assignment of a
crossing restriction only 10 nm from the crossing fix, using a navaid which is behind an
aircraft using FMC equip, imposed an excessive workload on the crew with too little time
to set it up. Fatigue--I was extremely fatigued after being unable to sleep in the hotel in
Paris. Hotel is noisy during the day when crew is sleepy, stuffy at night. Company refuses
to change hotel. (I do not smoke or drink alcohol.)

Recommendations: The issue of proficiency of relief pilots on long range flights should be
addressed. Captains in the widebody operation on our airline do not feel obligated to give
legs to the relief pilot. Once having initiated transition training on new equip, a pilot
should not be required to operate a previously qualified equipment type w/o at least one
simulator refresher period. Constant crew shortages are destroying pilot personal lives. I
am beginning to believe that scheduled airline pilot staffing levels need to be addressed by
the FAR’s. This is a complex subject, but our pilot group is experiencing intense turmoil
over the effects of crew shortages. ATC should avoid short range crossing restrictions.
Controllers should be trained on operational characteristics of FMC aircraft (e.g., navaids
behind the aircraft are not readily accessible). Pilot working agreements do not provide
adequate leverage to ensure that pilots are given suitable hotel accommodations.
Unsuitable hotels are second only to crew shortages as the major problem in flight ops on
our airline. Hotels are changed constantly to reduce costs, and many pilots are
complaining about fatigue due to inadequate rest on layovers. ACCESSION NUMBER:
108752

Likewise the question of relative workload in the automated cockpit is still open. For a
review, see Wiener, 1993a. A simulator study by Wiener, Chidester, Kanki, Palmer,
Curry, and Gregorich (1991) compared performance as well as pilot opinion of crews
operating a DC-9 and its glass derivative, the MD-88, flying the same LOFT scenario.
The perceived workload was greater for the MD-88 pilots. However, the mean
differences were small, and this is but one study by which to judge a very complicated
issue. s the workload higher or lower in a glass cockpit or a traditional cockpit? This
question remains to be answered. Responses to two of the attitude probes dealing with
automation and workload are shown in Figure I-2 and I-3 below. Graphs showing data
for all three phases are on pages A-13 and A-8.

In a bit of irony, the FAA, citing concerns over the workload induced by automation on a
short leg, stopped Mesa Airlines from flying from Ft. Worth to Houston (AWST, May 5,
1997, p. 15). This prompted a letter from DC-9 pilot Bernie Harrigan, who comments
(AWST, June 30, 1997, p. 6) “I thought such equipment was designed to reduce
workload. It would take me no more than 10 seconds to ‘program’ my DC-9 for such a
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13¢. There is too much workload below
10,000 feet and in the terminal area.

8

g

Percent Responding

o

FIGURE I-2. Attitude toward workload in terminal areas.

flight. How far have we come, and where are we going?” Pilot Harrigan might be even
more perplexed at an article in which the purchaser of the EMB-145 said that their
models “will not be equipped with an FMS chiefly because those systems require too
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much head-down time in the cockpit and provides no ‘payback’ during short-haul
flights” (Phillips, 1997). The industry had been told that automation would relieve
cockpit workload. The question of excessive head-down time appears in all of the field
studies and opinion polls that we have mentioned.

Students of glass cockpit human factors have also been concerned about human error
rate and severity. Some (see Wiener, 1988, 1989, Woods and Sarter, 1995) have
hypothesized that automated flight invites rare but large, high-consequence errors
(“blunders”) by the very nature of digital systems. Results from the LOFT study
mentioned above did not support this view: the error severity was no different when
comparing crew errors committed in the DC-9 and the MD-88.

The matter of mode errors appeared in the training programs to be vexing: pilots
transitioning to glass for the first time had difficulty understanding and properly utilizing
the autoflight modes. “Mode error” is a broad term: it encompasses selecting an
inappropriate mode, not understanding the implications of choice of mode, not realizing
what mode was engaged, and failing to recognize that a change in mode had been
made not by pilot selection, but by the FMS. Mode errors were to play a vital role in the
series of glass cockpit accidents that was to follow (Degani, Shafto, and Kirlik, 1995;
Degani, Shafto, and Kirlik, in press; Hughes and Dornheim, 1995; Hughes, 1995;
Phillips, 1995).

Glass Cockpit Accidents

In June, 1988 an Air France A-320 crashed while making a low pass over the field at an
air show in Germany. Misuse of automation modes was blamed. Less than two years
later another A-320 crashed in Bangalore, India due to mode mismanagement.
Following this came a string of accidents and dramatic incidents involving first Airbus,
then other manufacturers’ high-technology aircraft (Sekigawa and Mecham, 1996).

With the situation appearing to be somewhat out of hand, Aviation Week and Space
Technology published a two-part series on the automated cockpit, edited by David
Hughes and Michael Dornheim (1995). We will not comment further on these
accidents, as they are well covered elsewhere (Hughes and Dornheim, 1995; Billings,
1997), as well as the official accident reports, most of which have been translated into
English. For a detailed discussion of human error management, see Reason (1990)
and Wiener (1993b). We do not cover in this study the expanding area of the effect of
national and regional culture on accident rates, acceptance of modern technology and
CRM training. The reader wishing this is directed to Johnston (1993a), and to
Helmreich and Merritt (1998).

Starting In December 1995, it was the Boeing 757's turn to be the center of attention.
First, an American Airlines B-757 (Flight 965) crashed into a mountain while initiating
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an approach to Cali, Colombia (Aeronautica Civil of the Republic of Colombia, 1996 [in
English]). This was the first hull loss accident involving a major, U.S.-operated glass
airplane.

Two more 757 accidents followed in short order. The first was a Birgenair aircraft that
crashed off-shore near Puerto Plata, Dominican Republic (Phillips, 1996b). In October
of that year an Aeroperu 757 crashed off-shore of Lima (McKinna, 1996b). The Cali
accident is regarded by many as a turning point in the brief history of the glass cockpit:
a flight crew without a clear picture of where they were or a clear plan for the approach
once they accepted a runway change, and over-relying on automation, when hand
flying and basic instruments would have been sufficient. The U.S. aviation
establishment noted that heretofore the automation-induced accidents occurred
exclusively on foreign soil, and were the work of foreign carriers, and mostly foreign
(Airbus) manufactured. This time it was a U.S. carrier. (At the time of this writing there
has never been a crash of a large glass cockpit passenger aircraft in the U.S. There
have been crashes of glass-equipped commuter aircraft.)

Although there was the inevitable disagreement about the causes of the individual
accidents, and the role that automation played, and considerable denial on the part of
the manufacturers (see Hughes and Dornheim, 1995; Dornheim, 1995), more and more
persons in the industry were willing to admit that there were serious problems at the
pilot-automation interface, as predicted by Edwards (1977) and Wiener and Curry
(1980). One concern was the relatively weak role played by the FAA certification
process in guaranteeing safe designs. In defense of the FAA, it must be recognized
that certification standards simply did not exist. The certification requirements of the
Federal Aviation Regulations (FARs), Part 25 were based on an earlier era of
autoflight, when sophisticated flight management systems (FMSs) were unknown. The
FAA could not be expected to enforce what did not exist. FAA certification personnel
were well versed in traditional areas: propulsion, aerodynamics, structures, and
guidance. They were not prepared for the flight management systems of the 1980's.

Recognizing the need to develop human factors certification standards for modern
autoflight, the FAA appointed a committee, chaired by Dr. Kathy Abbott of NASA-
Langley, and Stephen Slotte and Donald Stimson of the FAA, to study the interface
problem and make recommendations to the FAA for implementation of certification
standards. Their report (FAA, 1996) contains a long list of recommendations that will

form the blueprint for future design and certification of pilot-automation interfaces
(North, 1998).

The FAA study in turn brought a flurry of activity in the U.S. and in Europe. The
research community saw the report as a blueprint for studies that needed to be done to
support the FAA’s certification effort with timely human factors data. Inthe U. S, the
“alphabet” organizations also wanted their influence to be felt. For example, the Air
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Transport Association (ATA) appointed Captain Frank Tullo (Continental) to head their
Human Factors Committee. The Automation Subcommittee is chaired by Dr. Tom
Chidester (American).

The inevitable question arising out of the accidents is whether glass aircraft are more
or less safe than traditional models. Boeing produced data (Boeing, 1997; Daily, 1997)
that showed the mean time between hull loss accidents to be considerably greater for
glass than for conventionally instrumented aircraft. Confirmation of these results came
from Airbus (Davis, 1997, Sparaco, 1998). An example of a classic controlled flight into
terrain (CFIT) accident in an old technology aircraft (Boeing T-43, the military version of
the B-737-200) which occurred in Bosnia (Phillips,1996a).

The data provided by these two manufacturers are difficult to interpret, since the old
technology planes flew more in earlier years, where many things were different -- less
safety equipment apart from the flight guidance systems, ATC control and weather
information were less developed than in the recent 18 years of glass cockpit
operations, and the warning and alerting devices that we know today are fairly recent.
In addition, the glass aircraft are superior in many ways apart from instrumentation:
better wings, better engines, and better cockpit procedures, perhaps even the CRM
movement, to mention only a few.

The original Boeing data were computed before the 757 accidents. Later the figures
were recomputed, including the 757 crashes, and the new technology aircratft still had
superior safety records. ,

Perhaps we are asking the wrong question. We should be focusing not on
comparisons of glass and conventional aircraft, but on recognition of the fact that all
new transport aircraft will soon be FMS equipped, and will probably be glass equipped.
The question should be reworded and made more constructive. The question we
propose is simply this: what can manufacturers, operators, and government do to
maximize the reliability of human and machine performance of modern aircraft and
enhance safety? (See McKinna, 1997).

In this report we shall concentrate on but one aspect of that question, pilot training, and
in particular training for first-time transition to FMS and glass aircraft.
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[I. TRANSITION TO GLASS

A.  INTRODUCTION

In this chapter we shall briefly outline the problems encountered when pilots transition
from traditional cockpits to glass cockpits for the first time, the research issues, and the
practical decisions facing the airline training community. We shall discuss later in the
report possible intervention strategies for dealing with these problems.

Reviewing the literature in automation and training, Wiener noted (1993a) that very
little has been written on the broad subject of training pilots to fly high technology
aircraft, and even less on the more limited topic of first-time transition to glass. The
situation is still, six years later, about the same. A welcome addition is Sherman's
dissertation (1997), in which he brings the general automation literature up to date.
Also of great value are Billings’ NASA report (1996) and book (1997) on cockpit
automation. Billings remarks (1996, p. 121-122): “Training must be considered during
the design of all cockpit systems and should reflect that design in practice. Particular
care should be given to documenting automated systems in such a way that pilots will
be able to understand clearly how they operate and how they can best be exploited, as
well as how to operate them.”

By the late 1990s the aviation community became more concerned about training for
high technology cockpits, largely as a result of a number of dramatic accidents and
incidents occurring, first in Airbus, later in B-757 aircraft (Hughes and Dornheim, 1995).
It is inevitable that following an accident, especially one in which the causes include
lack of understanding of autoflight modes, that the method and adequacy of pilot
training in the advanced cockpits will be questioned. The accident occurring in 1995 to
American flight 965, a 757 on approach to Cali, Colombia was particularly
incomprehensible, perhaps because of the airline involved. American enjoys a
reputation of leadership and uncompromising quality in its pilot training.

Over-Use of Automation?

The Cali accident exposed to the public some of the hazards of autoflight, and much
was written both in the human factors literature and the public press about the
presumed over-use of automation. We will discuss over- and under-use of automation
elsewhere in this report. But the accident, and the reaction in the press, centered
around training. Why were the pilots not better trained to use the proper autoflight
modes, or to revert to manual flight? Why did they not make use of the information
available (e.g. DME)? We are mindful of Curry’s (1985) plea for “turn-it-off training”,
made ten years prior to the accident. Criticism of training that over-emphasized
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automation was coming from all directions.

Even the usually conservative Aviation Week and Space Technology spoke up
editorially. In an editorial in early 1996 (AWST, February 12, p. 66), immediately
following the Cali accident, under the title “Failing grade for FMS training®, the editors
waded into the controversy in the first sentence, writing, “The training of airline pilots in
the use of flight management systems (FMS) is clearly inadequate, and airlines, aircraft
manufacturers and avionics suppliers should get together to pursue better solutions.”
Not the usual stuff that Aviation Week and Space Technology editorials are made of.
Two months later they carried an article by Morrocco (1996) in which he quotes Terry
P. Newman, a senior test pilot in the U.K. Civil Aviation Authority and member of the
FAA automation team (Federal Aviation Administration, 1996) as complaining that
pilots are being encouraged to make use of automation “at every possible opportunity,
particularly the autopilot, because it can do a better job than you.”

The effect of excessive confidence in automation has been noted in some accidents
where the crews are turning to the autopilot in an attempt to resolve a deteriorating
situation.” In September of the same year they again editorialized under the heading
“Training is no band-aid for bad design” (AWST, September 2, 1996, p. 228), stating,
“Unfortunately automation has neither removed human error nor simplified the pilot's
job. Instead engineers have used the power of the computer revolution to cram more
functions into smaller boxes, more information onto displays, and more options into
flight management systems than the average pilot has any hope of mastering.” A
comprehensive report by Galante (1935), which included a field study of actual
performance on the line, identified reasons why pilots “click off” the autopilot, or certain
flight modes, and continue with a lower level of automation. She did not, however,
relate these to training. The following NASA ASRS report illustrates the concern with
over-reliance on automation.

NARRATIVE: Cruising at FL370 inbound to BDF VOR on J105 from the southwest.
Kansas City Center gave us clearance to cross 70 nm south of BDF at FL330. Ido not
clearly recall how far from BDF we were at that time. But we immediately began to
program our newly fully compliant flight management computer (FMC) for the descent.
We twice attempted to set up the descent using the full FMC capabilities but were not
successful, so we then reverted to the more basic FMC capabilities and were in the
process of starting descent when the controller inquired if we were going to be able to
make our crossing restriction. He added that we had only 9 miles to go. 1 immediately
reverted to a manually controlled descent, i.e. throttles idle, speed brakes deployed and
maximum rate of descent. We told the controller that we would try to make the crossing
restriction. I believe that several factors contributed to this incident: 1) this was my
second trip after being off this aircraft for four months. I had been to wide body recurrent
training in Oct. and had renewed currency in the simulator. That simulator does not have
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the "full-up” FMC. 2) my copilot was a qualified Captain on wide body who was on his
first trip after requalifying, 4 months since his last wide body trip. Both pilots are dual
qualified, i.e. simultaneous qualification on other equip. 3) we were attempting to utilize
the new full up features of the FMC, but neither of us were proficient in its use. Nor had
we been given any hands on training on the new features. 4) we had earlier, with the help
of a written text, programmed the FMC to cross BDF at FL240 and were not expecting
the FL330 restriction. 5) we neglected to refuse the clearance when i1t appeared doubtful
that we could not comply. 6) we both allowed ourselves to become "mesmerized” by the
computer programming, which we were both trying to learn by doing. 7) I believe I suffer
from, as I believe many pilots do, a reluctance to revert to basic skills and methods,
abandoning the advanced technology in our modern aircraft. That technology seems to
lure one into a dependence and therefore a state of unwillingness and unpreparedness to
come to the realization that operating the equipment in the "real world” ATC environment
is not the same as a sterile simulator. This impression seems to me to be reinforced by the
"official" insistence that the technology be used as it is an integral and essential part of the
two man crew concept. I feel that we have neglected to emphasize that the technology
has its definite limitations in this real world. Had I been more prepared to override the
automatic features of the flight guidance system I feel we would have had no problem
complying with the clearance. ACCESSION NUMBER: 59982

So at least part of the training agenda has been defined as a result of the accidents
and incidents of the first half of this decade, and the field studies that had uncovered
the problems even earlier (Curry, 1985; Wiener, 1985b, 1988). It is now clear that
training for autoflight must include not only proficiency in each autoflight mode, but also
training on mode selection for the task at hand, and turn-it-off training as well. In order
to achieve this, not only must training methods and curricula be modified, but
administrative support for the pilot’s right and duty to use or not use the automation as
he/she sees fit must be clear.

Aviation automation practitioners and researchers should note that we are not alone in
recognizing the potential problem of over-use of automation. The maritime world as
well suffers from presumed over-reliance on automatic devices. A brief article in
Professional Mariner magazine (December/January 1998, pp. 68-69) describes the
grounding of the cruise ship Royal Majesty near Nantucket Island in June 1995. The
NTSB determined that the probable cause of the grounding was “over-reliance on the
automated features of the integrated bridge system; Majesty Cruise Line's failure to
ensure that its officers were adequately trained in the automated features of the
integrated bridge system and in the implications of this automation for bridge resource
management [an adaptation of CRM for ships); the deficiencies in the design and
implementation of the integrated bridge system and in the procedures for its operation;
and the second officer’s failure to take corrective action after several cues indicated the
vessel was off course.” All of this language should sound very familiar to those who
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have read aviation accident and incident reports involving high tech aircraft.

Automation Philosophy

Relief came in the form of an “automation philosophy” statement (Wiener, 1985a),
pioneered at Delta, then Continental Airlines, then several others. The Delta statement
appears in Wiener et al., 1991. The Continental statement and its development are
discussed in Chapter VIi of this volume, and the various forms of the automation
statement are in Appendix F. The Delta and Continental statements, and imitators that
followed, say essentially the same thing: the pilot must be proficient in all autoflight
modes, but the selection of the mode or modes to be employed (including, presumably
totally manual flight) rests with the crew. There are, to be sure, practical limitations on
" this. Federal Aviation Regulations (FARs) require the use of certain automatic features
for low visibility approaches. Pilot discretion, except in an emergency, stops at the
doorstep of the FAR.

Chidester, writing of American Airlines’ approach to the question of authority to select
modes, said

“What we are trying to establish in the classroom, and through this article, is to encourage
our pilots to develop their judgment on how to use the automation on their aircraft. Many
pilots report feeling pressured to always operate in the highest mode of automation
available. We need to remove that perceived pressure and encourage pilots to choose
among the modes in any given situation. To do that, we need to review what has been
automated, some of the documented effects of automation, and some lessons learned
(1994, p. 8).”

All of this translates into a training requirement. It is incumbent on the training syllabus
to ensure the first requirement, total proficiency in all modes, and to instruct as well on
the tactics of mode selection. The first task is relatively easy - it is what flight training
has been for years, only now with modern, extremely flexible, equipment. The second
task is much more difficult. Not only must the pilot be taught discretionary use of
autoflight modes, he must be examined and graded on his choices. In a previous field
study on the 757 (Wiener, 1989), during an interview a captain had this to say
regarding a simulator check ride: “All my life the FAA examiner has been turning things
off: now they make us turn everything on.” The problem of autopilot mode errors was
first pointed out by Wiener and Curry (1980), and has been a popular subject for
automation researchers (see for example, Degani, Shafto, and Kirlik, 1995; in press) as
well as the operational community. As we have previously pointed out, autopilot
modes and their potential for human error has been discussed by many authors, so we
will not pursue this, except to say that this is a major area of concern for transition
training, both in the pre-simulator and the simulator phase.

-4



B. RESEARCH METHODS IN FLIGHT TRAINING

We shall note briefly here the various research methods that are available and
appropriate for examination of pilot training for and transition to high technology
cockpits. A somewhat more detailed presentation can be found in Wiener (1993a).

Opinion Surveys

The opinion or attitude survey is widely used, due to its relative ease of administration
and analysis. Wiener (1993a) listed ten studies employing attitude measurement.
Other pilot attitude studies have since been published, including Sherman, 1997;
Sherman, Helmreich, Smith, Wiener, and Merritt, 1996; Gras, Moricot, and Poirot-
Delpech, 1994; Rogers, Tenney, and Pew, 1995; Tenney, Rogers, and Pew, 1998;
Sarter (1991); Sarter and Woods (1993, 1994, 1995); Woods and Sarter (1992);
Madigan and Tsang, 1990; and Australian Bureau of Air Safety Investigation [BASI]
(1998).

Most experimenters have been content to display the results of each attitude probe by
tabular or graphic means, and perhaps test certain hypotheses using attitude data (as
in the present volume). These investigators are contrasted with those who have done
extensive multivariate analyses on their data. Two examples of the latter approach are
the work of McClumpha, James, Green, and Belyavin (1991), and Sherman (1997).
Attitude surveys have been criticized for being superficial, and not obtaining “real” data,
hard performance measures that one would prefer in human factors work. A
considerable literature has developed defending attitudes as measurement of
performance; as reviewed by Sherman (1997). In the typical survey experiment, the
sample sizes tend to run in the area of 100 to 200. Often the population being sampled
is small by definition (e.g. MD-11 pilots going through transition training at a certain
airline). McClumpha et al. (1991) defined a larger population, European pilots from a
variety of aircraft, leading to a sample of 572, which is at the high end of sample sizes
so far. Sherman (1997) made use of the vast database constructed by Helmreich and
his colleagues at the University of Texas, with sub-populations in the thousands (see
Helmreich and Merritt, 1998; and Sherman, Helmreich, and Merritt, submitted for
publication).

The value of pilot opinion data, when hard data such as performance measures during
a simulator run might be preferred, will never be fully resolved. Opinion survey are
above all easy to do and relatively inexpensive. In contrast, one simulator session can
cost as much as $2,400. The data from attitude surveys are valuable per se, for
example in evaluating a hardware design or a training method, or a general belief such
as the probe used in this study: “| have no trouble staying ‘ahead of the plane™. As
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many authors have asserted, attitude data can be taken as imperfect measures of
system performance.

In-Flight Observations

Observations taken from the jumpseat during line operations are the ultimate in realism.
Examples are Helmreich and Foushee, (1993), Helmreich and Merritt, (1998); Degani
and Kirlik (1995); and an extensive study of mixed-line flying of various models of the
B-737 by Lyall (1990).

In-flight observations are difficult to come by for a variety of reasons:

|8 In-flight observation requires a trained observer, familiar with the aircraft
systems, air traffic control, flight regulations, and flight-deck procedures. Human
factors personnel with those qualifications are rare. Often this problem is
overcome by using retired pilots as observers, which creates a training
requirement of its own. Former pilots may be familiar with the environment, but
are not necessarily good observers, and their expertise in human factors may be
modest.

2. Observing, and especially taking notes or logging data, may be frowned upon by
the crew. It is one thing to have a passive observer in the jumpseat; it is quite
another to have someone logging data. The airline cockpit is one of the most
exclusive work environments known, outside of government, military, or law
enforcement operations, and this is jealously guarded by those who work there.
Exclusive or not, who among us would enjoy having someone observe our work
day, occasionally writing something on a clipboard or punching keys on a digital
device whenever we say or do something, or perhaps when we do nothing?

3. Cockpit observing is expensive, and possibly inefficient. It is efficient in that the
experimenter does not have to build or buy anything - the “laboratory” is
furnished by the airline, ATC, and the FAA. The inefficiency comes from the
paucity of occurrences of the events that the observer may be looking for, e.g.
TCAS encounters, certain kinds of errors in using the automation, or perhaps
CRM behaviors of a specified type. One can fly many legs and never see what it
is that he is looking for, since it is usually low probability events that are of
interest.

4. There is the age-old problem of observation effects. The mere presence of an

observer may alter the behavior of the crew. This is difficult to overcome, and
can probably only be accomplished by long-time exposure with the same crew.
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Observation of Training in a Simulator or Flight Training Device

Both the simulator and the lower fidelity flight training device offers a highly valid
platform from which to observe not only the behavior of the crew, but the device and
the instructor as well. In our research on transition to glass, these observations were
invaluable. Simulator training was observed in many field studies, including Curry,
1985; Wiener, 1985b, 1989; Wiener et al., 1991; and Sarter, 1991; Woods and Sarter,
1992,

This approach has some of the same problems as those encounter during in-flight
observations, as described above. However there is clearly little or no observer effect:
the instructor absorbs whatever anxiety there is about being observed. The human
factors observer is insulated from the crew, stationed in the back of the simulator cab,
out of sight, out of mind.

The same observations that we made with respect to cost and difficulty of in-flight
observations apply to the simulator as a research tool. qualification of the observer,
cost of the device, and rarity of event if the observation is looking for something
specific. Usually in research into transition to a higher level of automation, the
observer’s scope is wide-angle. He/she is interested in almost anything that reveals
what happens when pilots move from low- to high-technology cockpits.

Experiments in Simulators

The simulator offers the ideal compromise between the valid but uncontrolled real world
of line flying, and the highly controlled, but far from valid, experimental booth. The
simulator’s validity is extremely close to the “real thing,” but it still has drawbacks that
the experimenter must consider.

i) For all its realism, the simulator scenario is still not line flying: no lives and no
equipment are at risk. As absorbed as simulator pilots may be, they still know
that they are in a box, on the ground, and no amount of simulated ATC chatter,
weather, electronic visual scenes, or motion is going to change that.

2. For the human factors experiment, the extreme realism of the simulator comes at
an extreme price. In one simulator study of automation effects, (Wiener, et al.,
1991), the study had to buy simulator time (on two simulators - DC-9 and MD-
88), instructor time, and in addition pay for a pilot-observer. Fortunately pilot
volunteers served as subjects without compensation.

& Airline simulators are not equipped for human factors research. Additional

equipment to record parameters, sample data, and record pilot inputs may be
required. (The addition of closed circuit TV cameras in the simulator cockpit, to

-7



facilitate LOFT debriefings, has been a boon to the human factors researcher.)
More and more experimenters are turning to research simulators (such as those
at NASA Ames and NASA Langley) for their work. These simulators are either
built ab initio to provide for data collection, or they are retrofitted airline
simulators.

4. Following a simulator study, the experimenter is left with a massive data
reduction task, long before statistical analyses can be performed. It may take
several person-years to reduce the data to useable form, particularly if the
variables under study are qualitative (e.g. quality of CRM behavior) rather than
flight parameters.

As examples of simulator-based experimentation, we recommend Foushee, Lauber,
Baetge, and Acomb, 1986; Wiener et al., 1991; T. Abbott, 1995; Sarter and Woods,
1995; and Veillette, 1995,

C. DIFFICULTIES IN TRANSITION TRAINING PROGRAMS

The emergence of the glass cockpit brought a host of training problems, and failure
rates in transition training heretofore unknown. The typical failure rate that was
reported in the early and mid-1980s was in the neighborhood of 15 to 17 per cent.
Dornheim (1992), describing the development of MD-11 training by Douglas, quotes an
a most unbelievable figure of 40 per cent failures in transition to the MD-11 in its early
days. Typically the failure rate in transition training to various models with conventional
cockpits has been less that one per cent. Something was clearly amiss. After a
complete redesign of training programs, and the investment in very expensive flight
training devices, the rate was brought down to about 2 per cent.

Before continuing, we should take note that the alarming rates no longer exist, and the
failure rate for transition to glass is in the one per cent range (Wiener, 1993a,
Dornheim, 1996b). In the present study, only two pilots from the original sample of 148
failed the 757 transition course, and both were highly unusual cases where motivation
and personality, not the pilots’ ability, nor the quality of the training program, was the
clear explanation.

We shall next discuss a few of the possible causes of the initially disastrous training

situation encountered by most carriers in their early experience with transition to glass
cockpit technology.
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Misinformation and Misconceptions

Pilots arriving at transition training often came with a stock of misconceptions. There
was a collection of bizarre accounts of glass aircraft taking over from helpless pilots.
One such story that swept the airline community tells of an A-320 that entered a
holding pattern and could not get out, imprisoned by advanced electronics! It did not
help the trainers that pilots arrived with such accounts, mythical as they were.

Defeatist Attitudes

The outrageous stories, along with rumors (some correct, unfortunately) of high failure
rates, led to pilots arriving for training with attitudes of self defeat. They had also heard
that the program was impossible -- the popular saying that ground school for the
transition to glass was like the proverbial “drinking from a firehose.” At other airlines
where we had conducted field studies in the decade of the 1980s, it was said (in one
form or another) that every pilot on his/her way to transition training had a neighbor
who had a cousin who worked for a man who lived next door to a pilot who had washed
out of glass transition training. It was also commonly stated that the older captains
could not pass the course, due to their lack of computer familiarization, and perhaps
due as well to the general prejudice about old dogs and new tricks. It is little wonder
that some captains showed up at the training centers with an over-powering sense of
impending defeat. Many withdrew their bid and returned to their traditional aircraft.

Dornheim (1992, p. 93) wrote of his own frustration with his introduction to the complex
automation of the MD-11.

The simulator session gave me a rude awakening about the realities of modern glass-
cockpit aircraft. I expected some takeoffs, landings, approaches to stalls, engine failures
and other maneuvers. Instead, I received a frustrating walkthrough of the automatic flight
control system and endless complexities of the flight management system (FMS). I was
irritated at first, but then I realized that this was what it was all about -- pushing buttons
and memorizing FMS screen pages.

Dornheim continues in this article to trace the design and even the costs of the various
training devices employed by Douglas for its MD-11 training. Costs of training are also
discussed in Chapters VIl and IX.

Poor Curriculum Planning and Implementation

Much of the blame lay not on the rumor mill, but where it belonged, on those who
designed the training syllabus. Most researchers who have examined this area agree
that the basic problem was that the early curriculum planners were hidebound,
attempting to design their programs as if they were training pilots for the 727.
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The first author attended 757 ground school at two major airlines in 1986. At one in the
first session of the first day of ground school, the instructor taught the class CDU
operations, including how to build “man-made” waypoints. There was virtually no
introduction to the airplane, at a time where one might have had the opportunity to
dispel some of the misconceptions, and ease the minds of the students. They jumped
immediately into the most difficult and unfamiliar parts of transition to glass.

Some airlines were also poorly equipped with respect to training hardware. At one
airline, ground school instruction was slide projector based, but they did not have the
customary cubical and projection screen. Projectors and pilots were lined up side-by-
side, four to a table, with the projectors pointing toward the wall. At any given time
there were four projected images, seldom the same, on the wall in front of the pilots,
which they viewed in coordination with recorded instruction.

CRM Taught Separately

The 1980’s and early 1990’s initiated the era of CRM training (Wiener, Kanki, and
Helmreich, 1993; Foushee and Helmreich, 1988); the later 1990s witnessed the
integration of CRM with conventional flight training (systems, maneuvers, navigation,
etc.) This concept, pioneered by Boeing's flight training group, was the result of earlier
misdirected effort, leaving the student with the notion that “real” flight training and
automation training were one area, CRM was another.

Boeing's contribution was to show that the two were inseparable parts of flight training,
and that both went better when taught and practiced as an integrated whole. This
integration of the two formed the basis for CAL'’s training program. [More is said of this
in Chapter VII. See also the quotation at the top of page VIl-1]. From the first day in
the FTD to the final simulator session, procedures, actions, and decisions in the cockpit
were accompanied by communication training (CRM, briefings, etc.).

Achievements

One by one, the early problems of transition to glass have been solved. The
misinformation has abated. Failure rates are virtually zero in the transition programs.
Captains and older first officers no longer have distinguishable difficulties attributed to
their age or computer skills. Training program curricula have been vastly improved -
no more warmed over 727 lesson plans. CRM has been integrated into flight training,
and this is reflected in the carriers’ AQP applications. Those companies that offer
introduction to automation courses early in ground school considered them a great
success.

The data in Figure 1l-1 supports the impression that much of the difficulty had been
overcome. The data come from the first questionnaire, given the first day of transition

i1-10



training for the 757 pilots (n= 148). About 90 per cent of the pilots either reject the
probe or take a neutral position. About ten per cent accept the probe, expressing their

8a. | am very apprehensive about
going through this transition.

404

0
l rongly agres

trongly sagree

FIGURE lI-1. Self-report of apprehension upon entering
B-757 transition program.

apprehension about the transition program. We feel certain in earlier days of glass
cockpit transition programs far more apprehension would have been reported. And to
our collective relief, there are as yet no documented cases of A-320s (or anyone else)
getting stuck in a holding pattern, beyond the control of the flight crew, imprisoned by
their automation, and destined to fly all turns right, two-minute legs, until their fuel is
exhausted and the Law of Gravity takes over. Such a story today would bring laughter
where it once brought apprehension.

D. TRAINING CONSIDERATIONS

In this section we shall discuss some of the factors that must be considered in
designing and implementing a transition to glass program, whose ultimate worth will be
measured on the line, not in a simulator. We will consider not only the formal design
of the program, but various human factors problems encountered in automatic flight,
such as the potential for skill loss. The list is by no means exhaustive. The factors that
now must be taken into account, particularly when operating under an approved AQP
plan, seem endless. This is one of the virtues of the AQP process: it forces the training
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department of an airline to state its goals, and to perform a detailed analysis of the
subject matter, as well as the teaching and learning activities required to reach the
specified goals.

Understanding Autoflight

How much does the line pilot need to know about the overall flight management system
of the 7577 This is not an easy question. Should the pilot merely know how to perform
the functions he wishes to use in flight, or should he have a larger understanding of the
overall autoflight system? Sarter (1991) is critical of the present training methods,
criticizing them for a “bottom-up® approach which tells them how to get the job done, but
nothing about the overall plan and philosophy of the flight management system (“top-
down” approach). She argues that with top-down training, the pilot would be better
equipped to solve unique problems, diagnose automation “glitches”, and avoid illogical
or dangerous mode errors, all of this because they would be able to understand the
consequences of the modes selected, and other actions and selections in using the
automation.

There is no simple answer to the problem raised by Sarter. The pilot must be trained to
obtain the desired output as a function of his/her input to the automation, and this is
bottom-up training by any standard. |s it necessary for the pilot to “understand” the
system? Would the accidents that are discussed by Hughes and Dornheim (1995), for
example, the A-300-600 crash in Nagoya, have occurred had the pilots been trained
under a more top-down philosophy, and the crews better understood the consequences
of their choices?

Hopkins (1992) states, “Pilots are unanimous in their opinion that training for the ‘glass
cockpit’ should not be based on the same assumptions which form the framework for
conventional flight-deck training, yet it still is.” He goes on to quote Captain Steve Last,
a highly experienced pilot and trainer, who said, “We should avoid FMS training with
insufficient ‘overview' at the start; trainees have difficulty later in synthesizing the detail
to see the whole.” J. Butler (1991) argues,

“The principles of training for advanced technology cockpits are not dissimilar to those of
older technology. One of the most important aspects remains to select the right people for
the task and then to provide the necessary hardware...and training devices to enable a
rapid and efficient acquisition of knowledge and skill...The fundamentals of the aircraft
operation must be clearly established, understood and supported by all instructors and
acquired and complied with by trainee pilots. Training courses, whilst necessarily
concentrating on the acquisition of flying skills must also place great emphasis upon the
human factors aspects of team work, crew co-ordination, communication, leadership,
judgement and decision making.”
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It is tempting to say that line pilots must not only be able to operate but to understand
the FMS. But our corporate memory of earlier generations of aircraft and flight training
should disturb us. It was not too long ago that pilots were taught “everything,” including
details of how systems worked, specifications and limitations, detailed knowledge about
systems over which the pilot had no control, and were the concern only of maintenance
workers. With the coming of the jet age, a new training doctrine arrived: teach the pilot
only what he/she needs to operate the plane, and leave the rest to maintenance.

Learning details of electrical, hydraulic, and pneumatic systems and how they work
together is not the same as understanding the inter-related autoflight modes and how
they work together. It is only be research, and observation of line experience, including
accidents and incidents, that we might some day be able to answer the top-down
versus bottom-up question. In the meantime, the training departments of the world
must strike a compromise in determining just what level of detail a pilot must master.

An editorial by AWST (February 12, 1996, p. 66) entitled, somewhat provocatively
“Failing grade for FMS training” states, “The training of airline pilots in the use of flight
management systems (FMS) is clearly inadequate...” The editorial goes on to discuss
the fact that something of a “cottage industry” has grown up in the airline pilot
community. This industry supplies unofficial manuals covering cockpit automation.
The efforts are well meaning, but not welcomed by flight management, due to the fact
that these manuals are not official, are not approved by the FAA or the customer’s
company. And they may contain errors.

Why do pilots buy these products? As Orlady (1991) pointed out, pilots are never
satisfied — they will always say that they need more training. This was confirmed in
earlier field studies, and in our interviews and open-ended questions in the present
study, even though the pilots expressed favorable views of the training program.

Skill Degradation

From our earliest field studies to the present we have heard repeatedly from the pilots
in training for glass, or in their first years of flying glass, of their fear of skill loss due to
their dependence on autoflight (Curry, 1985; Wiener et al, 1991; and Veillette, 1995).
McClumpha, James, Green, and Belyvin (1991), in a large-scale survey of attitudes
toward automation of European pilots, also found the same concern, and reported as
well that older pilots (> 50 years) and those with more training hours showed less
concern. Skill loss is a realistic issue. No pilot wants to stand by and watch the asset
he values the most, his flying skill, deteriorate. At some companies, where policies
required use of autoflight modes whenever possible, the concern multiplied. Pilots
found some relief at those companies which developed automation guidelines such as
those derived at Delta and Continental, allowing the pilots, under most circumstances,
a choice of autopilot modes (including no autopilot - hand flying).
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Many pilots adopted their own code of hand flying. For example, when they were pilot
flying (PF), after takeoff they would hand fly to the first level-off altitude, then engage
the autopilot; or perhaps hand fly to cruise altitude. Some would hand fly, with or
without the flight director, at least one ILS approach per trip, weather permitting. The
list is endless. The self-imposed rules were taken seriously, almost as if they were
regulations. In a previous field study of B-757 pilots, Wiener (1989) reported that S0
per cent of his questionnaire respondents stated that they tried to hand fly some portion
of each trip, and if possible, some portion of each leg.

Veillette (1995) states four reasons that skill maintenance is important:
1. Manual flying skills are necessary to handle the critical flight regime of the jet.

= Crews who become task saturated in terminal areas often revert to manual
flying. [This is a well established behavior that we have seen in other studies,
both in interviews and questionnaires, as well as in jumpseat observations on
the line. It should be a discomfort to those who claim that automation implies
workload reduction.]

A Some ATC clearances require a high degree of manual skill, if they are not done
using autopilot modes (e.g. “slam-dunk” approaches).

4, Manual handling of the aircraft provides information and situational awareness
to the pilot. It enhances feedback from machine to pilot. -

ETOPS operations have also had an impact on automation usage, and the skills
maintenance issue. Most companies which operated twin engine (usually wide body)
jets such as the B-767 and the A-310 on trans-oceanic flights also used the equipment
for domestic legs. Some segregated the pilots who were flying the same aircraft into
two sub-fleets, ETOPS and domestic. Those on the domestic flight had far less
concern about skill loss. The ETOPS pilots expressed fear that they were losing not
only manual skills, but automation skills as well, since almost all of their time was spent
at cruise, with few opportunities to exercise automation skills, particularly CDU
programming. Some ETOPS trips had a domestic leg at the end. Pilots welcomed this
as an opportunity to practice automation skills. At the companies that allowed pilots to
bid both types of trips, pilots who were concerned about skill loss would typically bid a
line that contained two overseas trips, and several days of domestic flying in a month.
Again, they took this self-imposed discipline seriously. This may no longer be a
problem. Most carriers that we are aware of allow mixing domestic and trans-oceanic
trips. Further discussion of the role of company policies, procedures, and
implementation can be found in Orlady (1991), Chidester (1994), and Degani and
Wiener (1994).
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Unfortunately there has been almost no experimental work on the topic of skill loss in
today's automated aircraft, the one exception we are aware of being the study by
Veillette (1995). What we know about the subject comes from interviews and
questionnaires. Thus it is difficult to design an intervention if we do not know the
magnitude or locus of the (presumed) problem. It would be difficult, even if a simulator
were available, to plan and execute such an experiment.

“Backward Transition”

Backward transition refers to the transfer of a pilot from a glass environment to a
traditional cockpit, and whatever problems this may present. Usually the backward
transition requires only one or two days of formal training and a simulator check ride.
The presumption is that a pilot who has been flying glass for some time may encounter
difficulties if he/she returns to traditional instruments. Once again we have little in the
way of data: only interviews, attitude surveys, and open-ended questions. (See
Wiener, 1989, pp. 87-92.) We are not aware of any research that directly deals with
backward transition. The general sense of what the pilots said was that they had
trouble at first, but very quickly overcame it, and within a trip or two were up to the level
of proficiency that they enjoyed prior to their 757 transition.

The biggest difficulty in the backward transition from the 757 appeared to be the loss of
the HS| map mode display. Pilots in Wiener's field study (1989) had expressed a great
attachment to that instrument, and for better or worse, they had learned to depend
heavily on it in the 757. The problem emerged in the need to integrate the information
from various displays to determine one's position. What pilot would not miss this
display? While he was training to fly glass, it made navigation, planning, and weather
avoidance so simple and so precise.

Specifically, the pilots felt at a loss without the map, and found it difficult to stay “ahead
of the airplane” without this display. Many said that within a terminal area, either on
takeoff or approach, if ATC turned them off of the published STAR or SID, they had
trouble taking into account the various navigation displays in the traditional aircraft and
knowing where they were. It had been so easy in the 757! Also mentioned was the
ease with which radar and navigational information could be combined and displayed
on the 757 map. On the traditional displays, they had to extract radar information and
then mentally combine it with HSI, DME, ADF, and VOR displays. Again, all of this was
“done for them” by the glass displays.

In fact, newly transitioned pilots had to be told not to stare at the map, but to bring it
into their scan like any other instrument. There should be little surprise that line pilots
would find this to be the feature that they missed the most when they took backwards
transition to the 727s, the DC-Ss, and the 747s (Wiener, 1989).
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Backward transition is a topic that is interesting to discuss, but probably not very
important. Pilots generally do not see it as a problem, at least not after a day or so
back in the traditional cockpit. Whatever problems are brought about by backwards
transition seem to vanish quickly, and problem or not, the whole issue will disappear in
the years ahead, when there is no primitive cockpit to go back to. Were it not for the
supernatural longevity of the B-727, many airlines would be all glass by now, or close
to it.

We raise one more issue before leaving backward transition -- the possible loss of
automation skills during the period the pilot was re-assigned to traditional cockpits. At
some point this pilot would return to glass and would be expected to have lost some of
his knowledge and skills in operating in an autoflight environment. The question for
training departments is how much re-training, and what kind, is required to bring the
pilot back, hopefully close to the level he had reached in his original glass training.

Ab Initio Training and Very Low-time New Hires

In the latter part of the decade of the 1980's airline service and aircraft began to
expand, and military flight training began to diminish. The military service, the
traditional source of airline pilots, looked to be insufficient for the years ahead,
particularly in Europe and Asia. Other sources, such as flying academies, could not fill
the gap. So major airlines in both European and Asian countries proposed ab initio
(from the beginning) training, whereby young men and women, entering the program
with zero flight time, would be trained, usually at airline expense, up to a point where
they had their basic licenses (see Glines, 1990, and Telfer, 1993; this topic is also
discussed in Chapter VIll). At this point students would have approximately 200-300
flight hours, and large amount of jet simulator time. They would then go through type
training and join the line. The type could be whatever the airline flew, including heavy
jets and glass cockpits.

To the traditional pilot or instructor it may be difficult accept that a low-time pilot trainee
just out of “primary training” could occupy the right seat in an airliner. In the U.S. there
was concern about pilot shortages, but ab initio training was never a very attractive
solution. One fleet manager told us that he doubted that CAL would ever have to hire
ab initio pilots. CAL hired 880 pilots in 1998, and their mean total flying time was over
3000 hours. Each had turbine time. CAL, like many carriers with their own commuter
airlines, will draw most of their new hires from their commuter. In the short run, CAL
will obtain 100 per cent of their pilots from their commuter ranks. Later there will be a
mixture of backgrounds.

The anticipated pilot shortage never occurred, primarily because there are various

ways in which a young pilot can qualify for an airline seat in the U.S. A 300-hour pilot
would have a difficult time finding employment at even the smallest airlines.
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Inexperienced pilots in the U.S. have a hard life: they must take any kind of flying job
(usually instructing beginning students) in order to build up their hours. The next step
is usually the air charter or Part 135 operator, which serves as a “farm club” for the
larger regional carriers and the major airlines. How long he/she stays at a farm club
depends on the market. There is some movement toward the pilot applicant, not the
airline, to carry the cost of primary training. Some carriers, such as Southwest, require
new hires to have a type rating, in this case for a 737. The airline hiring the pilot may
provide, at a price, the necessary training, or the candidate may go elsewhere to obtain
his/her type rating.

Finally, let us consider the following question. Given a low-time, zero jet time ab initio
graduate who is recruited by an airline. If the airline has its choice, where should
he/she be placed for the first line experience, the traditional cockpit or the automated
model? The traditional cockpit is simpler, and more like the aircraft the applicant had
trained in. Remember, his/her exposure to autoflight is almost nil. The 737 or DC-9
sounds just right. On the other hand, it could be argued that the very low-time pilot is
best off in a highly automated plane, with a sophisticated autopilot and autothrottle
supporting him. Only line experience and research will answer the question that we
have posed.

Airline training departments may find it difficult to believe that they will ever hire ab initio
or other very low-time pilots. But who would ever have dreamed that over half of the
graduating class from the Air Force Academy, due to the cutback in flying, will now go
to non-flying jobs?

Advanced Maneuvers Training

Following a series of airline mishaps and close calls in the latter half of the 1990's, in
which the aircraft became severely upset and had to be recovered from an abnormal
position, some airlines instituted “advanced maneuvers” simulator training for all pilots.
Military pilots for the most part had such training (traditionally called “unusual
positions”), but those who came to the airlines from civilian sources often did not. This
training is required at Continental. For a comment from a pilot, see the ASRS report at
the end of this chapter. [Note: advanced maneuvers are not part of this study, as the
program came after our work at Continental was complete].

Training Devices

We shall mention training devices only briefly, as so much has been written on this
subject. The last two decades has witnessed a rapid development of training devices,
both at the high end, the full flight simulators (FFS) and what will probably soon be the
middle on the sophistication scale, the flight training device. The FTD provides pilot
trainers with a device with full systems and flight simulation, including autopilot and
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flight director modes and glass displays. In the interest of economy of both purchase
price and maintenance, it does not have a visual scene or a motion base. FTDs offer
the pilot trainee an excellent platform upon which to obtain cockpit familiarization,
including running checklists, cockpit procedures (normal and abnormal), flight
maneuvers, and autoflight modes. For a discussion of the importance of the FTD in
one program (MD-11), see Dornheim (1992).

The biggest problem is that FTDs are coming at a steadily increasing price, due largely
to the number and complexity of autoflight modes that they must simulate. One airline
that participated in an earlier field study (Wiener, 1989) found that their FTD, a very
elaborate model, was converging in price on the FFS. They canceled their order for a
second FTD, preferring to put their funds toward a second FFS. Better to pay more up
front in order to have the sophistication and regulatory status that only a full flight
simulator enjoys, they reasoned.

At Continental the 757 FTD (Level 5 out of 7 on the FAA's rating scale at this writing)
and the computer based training (CBT) were carefully integrated into a logical syllabus.
The typical ground school day is: two hours instructor briefing, two hours FTD, and
four hours CBT. After two weeks of this, they move to the FFS. (At this writing,
Continental’s FFS is level C on the FAA scale, soon to be upgraded to level D, the
highest level). Training emphasizes not only the technical material that had to be
mastered, but also checklists, procedures, communications, briefings, and CRM.

What seems to be missing in the array of training devices would be a device so small
and so inexpensive that it could be provided, along with the software, to each pilot, not
only for transition training, but for recurrent, and for incorporation of new devices. One
can recall the confusion that existed over the training for TCAS, and the argument
about whether TCAS training had to be in a simulator. We asked in a previous field
study (Wiener, 1989) why the personal computer, perhaps as a home study aid and
motivator, could not be used to relieve the load on the training center, and particularly
on the FTD. This subject is also discussed in Chapter VIII.

Recently there has been some developmental work on using an ordinary laptop
computer as a flight training device. Stephen Casner of NASA-Ames has programmed
a relatively inexpensive laptop as a B-737 CBT device, with highly attractive color
graphic displays. Nordwall (1995) describes how the U.S. Navy is using laptops for
pilot training. He writes (pp. 68-69), “The capability of the new CDNU (control display
navigation unit) exceeded Navy expectations. Its use has broadened from a tutorial aid
to something pilots can use for proficiency training and dynamic simulation.”

Clearly the potential exists for development of very sophisticated, low-cost personal

computer-based devices. The problem, as always, will be the cost of development and
distribution of software. One could envision software upgrades being included in the
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pilots’ Jeppesen revision envelopes. Certification of PC-based training software is
something that the FAA presently is not well equipped to do. Presently there is also
the beginning of a discussion of “web-based training”, whereby software can be down-
loaded from the world-wide web (WWW) to a personal computer. This has two
advantages over conventional PC-based systems: the cost of delivering software is
reduced; and the uniformity of software is assured. Web-based learning combines the
advances of PC-based training with a highly efficient, quality controlled means of
delivering and updating software.

Cost of Training

We shall mention only briefly the matter of cost of training. See also Chapter VIII. We
have previously discussed the rising cost of flight training devices and simulators, but
simulators, while dramatic, are only a part of the picture. Cost considerations in
designing a training program cannot be ignored, in the highly competitive and cost
conscious economic environment of post-deregulation operations. Gone are the days
when the word training was sacred, and training departments could get anything they
wanted by waving the flag of safety. Today every cost in the training process must be
justified, and the justification may be a traditional one drawn from the corporate world,
return on investment (ROI). Kelly, Graeber, and Fadden (1993) discuss the ROI
principle in flight-deck design: “While many operational features provided by a flight
deck may be considered desirable, the market increasingly demands return on
investment for capabilities as opposed to features (p. 56)° The same statement could
be made about training capabilities, though the direct connection to the market place is
somewhat less visible. Cost figures are seldom published. An exception is
Dornheim’s article (1992) on the MD-11 school at Douglas.

Orlady (1991, p. 2.6) cautions us about assuming that automation can reduce training
requirements: “Unfortunately, one of the great myths of automation is that automation
reduces training needs. One of the persuasive arguments for further use of automation
has been that it reduces training costs. This assertion is patently false, particularly in
the areas of manual skills, system knowledge, and the logic of the automatics.”

On the other hand, Leonard (1993, p. 149) states that when CBT training for the
advanced cockpit is combined with an FTD, “The results have been an overall cost
reduction in flight crew transition training and an increase in successful training rates
for advanced flight deck aircraft.” He quotes failure rates of training for the glass
cockpit, in 1984, as 40 per cent. He describes the problem in economic terms, saying
(p- 150), “This failure rate was unacceptable because extensive remedial training of
flight crews was economically unacceptable. The high failure rate dramatically
highlights the inadequacy of existing training strategies to develop the cognitive skills
required by evolving aircraft technologies.” Leonard goes on to describe the
development of the MD-11 training package.
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Crew Resource Management (CRM)

We will only mention CRM training briefly here, as Chapter VIl is dedicated to CRM at
Continental. Crew resource management, or alternatively cockpit resource
management, was first explored by the airlines in the 1970's, and was developed as a
commercial product and sold to other airlines by United. Not until the early 1980's was
it widely used or explored (Cooper, White, and Lauber, 1979; Wiener, Kanki, and
Helmreich, 1993). CRM training was not an FAR requirement, but its presence as an
FAA advisory circular (AC 120-51B) is a clear signal to the air carriers that the FAA has
more than a casual interest in this form of training. The AC is usually a precursor of an
FAR. Under the Advanced Qualification Program (AQP), CRM is part and parcel of the
training and evaluation. Not only must CRM be included in the training proposal, but
pilots will be evaluated on their CRM skills. Continental was one of the pioneers of
CRM training; their training approach and materials have been widely imitated.

As we have mentioned elsewhere in this report, the trend today is toward integrating
CRM training and technical flying training. This approach has been developed and
encouraged by the mainframe manufacturers, and was employed by the 757 planners
at Continental in their design of the training syllabus. Under the new approach, no
longer will pilots be exposed to stand-alone CRM training in the classroom. CRM will
be taught in the FTDs, the simulator, and in conversation with the instructors, as a
subject intermingled with traditional maneuver and procedure training. In each
maneuver, or checklist, the CRM aspects will be taught along with the technical
training. AQP programs also encourage this type of training. More will.be said of this
in Chapter VII. The importance of learning and practicing good CRM skills can be seen
in the ASRS report below.

NARRATIVE: The problem began approx 100 nm south of DCA. The captain was
flying. I obtained the ATIS, LDA-DME 18 was in use. That approach is not in our
FMS's database so I started to build it. The captain told me not to do that. His
explanation was that is one of our simulator scenarios, to check on CRM ability, and he
wanted to practice it first. About 5 mins later I stated my concerns about not using all the
equipment at our disposal. The navigation display is a great help and we were not going
to use it. The captain restated his wishes and I dropped it. While being vectored for the
approach, I idented the localizer, however we were not receiving the DME. As we were
being turned onto final the captain instructed me to reconfigure my panel to get the DME.
This leaves me with no localizer indication and no navigation display. By the time I did
this, we received another turn and a descent, 3000 ft down to 2000 ft. Then I noticed the
autopilot was not set to capture the localizer. I pointed this out. The captain armed the
autopilot. He is new (3 months) to the airplane and was behind. As we descended
Approach asked if we had final OK. The captain lied and said 'yes.' just then we broke
out. I saw the river to the right and pointed it out. Approach once again asked if we had
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the final approach course and gave us a turn to the right. That was very quickly changed
to a left turn and climb to 3000 ft. We accomplished this, did the after takeoff checklist
and followed more vectors. My situational awareness was shot. I offered once again to
build the approach but the captain refused. We were once again vectored to final and I
asked Approach what was our relationship to the localizer. We were already through it
and getting worse. Approach Control broke us off once again for the VOR 18. We asked
for time to review it and set it up. This approach was successful. There was no CRM.
The equipment on board was not properly utilized and I was not properly utilized. No
matter how much CRM training is given, some people don't get it at the most basic level.
ACCESSION NUMBER 110413.

E. CONCLUSIONS

What can we conclude at this point in the report? It is clear that many of the problems
that were experienced in the early years of the glass cockpit have been overcome. As
we noted, the failure rate today in first-time glass transition is about the same as in
traditional aircraft, less that one per cent. But pass/fail does not tell us the entire
picture. We must certain that those 99+ per cent who graduate and transition to glass
do so with the training that will serve them well in their line flying. The line is the
ultimate test.

The most striking criticism charges that flight training is not governed by any overall
philosophy. Perhaps the final product is an amalgam of philosophies, some
complementary, some antagonistic. It is essential today, and will be more essential in
the future, that the training package for any aircraft be consistent not only with the best
operation of the equipment, but with the objectives of the company and the training
objectives of the entire fleet. With a variety of aircraft flown as a common fleet (e.g. the
many models of the B-737 that are presently available and will soon be on the line), a
unified training philosophy is essential.

As Degani and Wiener (1994) observed, procedures are not strictly determined by the
hardware: the same piece of equipment is operated according to different procedures
at different carriers. The procedures are governed only partly by the hardware, but
also by the philosophy, background, mission, history, operations, and corporate culture
of the company. Some differences are trivial (e.g. various ways to set up TCAS
modes), some are dramatic. For example, at the beginning of the study, only one major
U.S. airline that we are aware of employed QFE altimeter procedures. What was it
about the flight culture of that company that they, and they alone, found it desirable to
use QFE altimetry? In 1998 the company abandoned the use of the QFE altimeter
(personal communication, T. Chidester, 1999).
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Degani and Wiener interviewed top flight management, starting with the vice-president
for flight, at three major airlines on procedure development, and asked, “why do you
develop your own procedures? Why not just follow the Boeing (or any other
mainframer’s) procedures?’ The answer was always the same: “Boeing designs and
assembles aircraft. We fly passengers.”

We believe the 4P’s model of Degani and Wiener could be used profitably in designing
training: AQP may have already forced the issue. Their model states that philosophy
determines policies, policies lead to procedures (or in the matter at hand, training
packages), and procedures are compared to practices (what actually occurs). Without
the unifying influence of the first two P’s, training programs are likely to be a hodge-
podge. A philosophy-based training program could avoid this, and meet the critics’
charges that most training programs are based on anything but a unified philosophy.
More likely training programs are based on tradition, convenience, cost-containment,
and the whims of dozen or more training directors, fleet managers, and newly minted
AQP specialists.

PHILOSOPHY
POLICIES
PROCEDURES
PRACTICES

Table llI-1. Degani and Wiener’s “Four P’s.”

We end this chapter on a happy note, an ASRS report where the pilot claims to have
saved the day and gives credit to his “advanced maneuvering” training.

NARRATIVE: Conducting a visual approach to runway 23L sidestep runway 23R at
MEX. At about 3000 ft AGL aircraft encountered unexpected wake vortex. Aircraft
rolled rapidly to right approximately 45- 55 degrees. Recovery initiated in accordance
with company training for advanced maneuvers. 2 minutes later we were told of a heavy
Airbus landing on runway 23L. Had Mexican ATC warned of the Heavy, I could have
flown above the glideslope. Callback conversation with reporter revealed the following:
Report was used for structured callback and following information was obtained.
Reporter had just completed the new program initiated by his company for advanced
maneuvers training. The experience with the Airbus was almost identical to the simulator
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training he had completed. He said it was almost like a time warp where for a nano
second he felt he was back in the simulator. He feels that is why he handled the situation
so well and with very little stress. He feels strongly that all air carriers should institute
such a program. ACCESSION NUMBER: 307029
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Ill. STUDY METHODOLOGY

A. BASIC QUESTIONS AND PREMISES

Our basic premise in designing this study was that information on the detailed features,
as well as an assessment of the quality of the training program, could be obtained by
seeking data directly from the pilots involved. For example, information could be
gained from questionnaires (attitudes, experiences, etc.), interviews, flight-deck
observations, and direct observation of the ground school training. All of these were
essentially subjective measures; we would like to have more objective measures, but
these do not exist, or cannot be obtained at a reasonable cost, in most training
programs. Even instructors’ evaluations of maneuvers, or overall simulator
performance, are essentially subjective. The fundamental information upon which this
report is based comes from pilot responses to questions (interviews) and questionnaire
data, as well as the authors’ observations. For a brief review of the attitude surveys
related to cockpit automation, see Wiener, 1993a. The list of studies has grown since
that writing.

Longitudinal Studies

This study is essentially anthropological. We did not manufacture conditions or
manipulate independent variables, as the experimenters did in a previous automation
study (Wiener et al., 1991). Like anthropologists, we accepted the “village” of transition
training as we found it, attempted to learn something about the culture, and sought to
be as unobtrusive as possible. With the exception of our interviews and three
questionnaires, we generally achieved unobtrusiveness.

This experiment was designed as a longitudinal study. A longitudinal study is simply
one in which two or more sets of measurements are taken over the same sample during
the span of the experiment. This allows the analysis to include not only absolute
levels, but to evaluate change, or the effect of time, or other interventions. This is to be
contrasted with a cross-sectional design, in which each sample is observed only once.

The advantage of a longitudinal study is its sensitivity to change. Inthis and many
other human factors studies of cockpit automation, the primary tool is the attitude scale.
A more objective dependent variable, one that is a sensitive measure of the strength
and weaknesses of automation, is desirable. Such measures are seldom available.
Even in costly and time-consuming simulator studies, there are seldom any objective
dependent variables to measure, and the experimenter again turns to subjective
measures of automation effects. For an example, see Wiener, et al., 1991. In that
study, an attempt to measure the effect of automation on the communication of crews
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flying a LOFT scenario, the independent variable of automation was achieved by
collecting data from crews flying the same LOFT in two models of the same aircraft: the
traditionally configured DC-9-30, and its high-tech (glass cockpit) derivative, the MD-
88. Even here, with full simulation, and a highly scripted LOFT, we ultimately had to
rely on observers and simulator instructors to provide the raw data of the analysis. For
a thorough discussion of this question, we recommend Gregorich and Wilhelm (1993).

While sensitivity to change over time is the strong point of longitudinal studies, there
are also weak points and disadvantages. The more serious disadvantages are cost,
and loss of subjects from the original sample. The experiments are costly because they
must be continued over time in order to obtain two or more data collection points (which
we will refer to a “phases” in this study). In this experiment there were three phases.
The greatest hazard in longitudinal analysis is the steady and unavoidable loss of
subjects. Subjects lose interest and drop out, simply do not fill out questionnaires, or
fail to appear for interviews for a variety of reasons. They may retire, die, or be
reassigned, become medically disqualified, or most likely, change address and fail to
notify the experimenters.

In some experiments (such as this), subjects who drop out for reasons of reassignment
may be of particular value. In the present experiment, these were pilots who at least
completed the B-757 transition program, and then were reassigned to other aircraft, for
administrative reasons related to new aircraft delivery. We were eager to speak with
these pilots because of the shortage of information on “reverse transition”, going from a
modern aircraft back to a traditional cockpit (see previous chapter, pp. 15-16, for a
discussion of “backward transitioning”).

The effect of a pilot receiving training and possibly line exposure to the glass cockpit
and then returning to the traditional models is worthy of study: it happens every day,
and we know little about it (Wiener, 1989). Questionnaires 2 and 3 (Q2 and Q3)
contained a question specifically for pilots who had made a reverse transition (see
Appendix D). Some pilots in the early days of the 757 program were sent back to their
former planes to await available seats in the 757. As aircraft deliveries accelerated,
pilots quickly moved back to the 757 line.

The human subject in a long-term experiment is not an inanimate object or a lab

animal. There are inevitable changes in his/her existence that, quite apart from aircraft
training and line experience, affect a pilot’s lifestyle, flying habits, and certainly on-the-
job attitudes. The volunteer in a longitudinal study, particularly a pilot in a highly
dynamic industry, is a moving target.
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Organization of This Report

Chapters in this report are designated by Roman numerals. Each chapter has its own
page numbering, in Arabic numerals. Thus page V-7 is the seventh page of Chapter 5.
The figures and tables are likewise numbered. Some of the graphics will not be
assigned figure numbers, since they already have internal numbers as part of the label.

The appendices are in Chapter XlI, and are designated alphabetically, again each with
its own page number (e.g. D-4). References are based on authors’ names, and year of
publication (e.g., "Sherman, 1997") and are listed in Chapter X.

Basic Design of the Study

This study was designed as a three-phase longitudinal experiment. The phases are
data collection points, in time, which we designate as “P1", “P2”, and “P3". The three
phases are based on the pilot volunteer’s entry into the program, as follows:

P1:  The first day of transition class (ground school).

P2:  Approximately 3-4 months later, a time at which a pilot will have completed
transition training, including ground school, simulator, and initial operating
experience, and will have started line flying. If there were no delays in
assignment to the 757, the pilot should have a month or two of line flying
following IOE before receiving his P2 questionnaire form (Q2).

P3:  Approximately 12-14 months after P2, when the pilot would have about 700-900
hours of line experience in the 757.

The location in time of P1 was fixed: the first day of transition training. A package
consisting of the first questionnaire (Q1) was distributed by the 757 fleet manager at
the beginning of the first day of ground school. He encouraged the pilots to sign up.
The package included the first questionnaire, instructions on how to sign up, and a
sign-up sheet with informed consent form, and a description of the confidentiality
protection. The gquestionnaire can be found in Appendix D. Most pilots who signed up
did so on the spot, filled out the questionnaire and mailed it to the authors at NASA
Ames. The confidentiality system is discussed below. No effort was made to contact
those who did not join the study at P1.

150 pilots signed up for the study using the blank in Q1. Three who signed up were
later dropped due to incomplete data. Pilot volunteers were considered members of
the cohort when their Q1 arrived at NASA Ames. They were mailed Q2 approximately
four months later, and Q3 approximately 12-14 months after that. Those who did not
respond to Q2 were still sent the Q3 form.
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It is possible that a pilot couid fiil out the forms in the wrong order. That is, he could
store Q2 and not send it in until after Q3 had been filled out. Although there was
considerable delay in some of the Q2 questionnaires arriving, we have no reason to
believe that any were responded to out of order.

Pilot Participation Over Time
180
|

120 -

80 —

Pilots

40 —

Months

Figure llI-1. Participation (number of questionnaires completed)
by phases of the experiment.

Thus the delivery of Q2 and Q3 was individually timed to each pilot's entry into the
program. However, the time at which the form was filled out and mailed back to us at
Ames was completely under the pilot’s control.

In summary, the basic experiment consisted of three applications of questionnaires,
including among other questions, an attitude scale of 20 to 24 items (“probes”). A
perfect record would be a pilot volunteer filling out all three, and retumlng them in a
timely manner for inclusion in the database.

Training Books: Data Discontinued

The most objective data that we had available were grades as recorded in what
Continental calls training books. These are essentially grade books, with pages in the
same order as the training syllabus. At the end of each graded session (e.g. simulator
periods) the instructor would enter the grade. The pilot trainee retained his own book
as he progressed through the program. When the training was completed, the
necessary sign-offs were made in the book. When everything was complete and
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satisfactory, the pilot delivered the training book to his chief pilot, and at this point the
pilot was ready for initial operating experience (IOE) and line qualification in the
airplane. The training book was destroyed. No grades were kept -- only the fact that
the training was completed.

The training books were made available to the project. Unfortunately they proved of
little value, since nearly all of the grades recorded were the same. This was due to the
fact that in airline training, the company is looking for standardization and conformity to
a standard. It is not looking for unusual virtuosity. This is somewhat embedded in the
nature of airline pilot training. A maneuver can be done satisfactorily or
unsatisfactorily; it cannot be done “beautifully.” If some grades were unsatisfactory, the
maneuver was repeated. Given the skill and motivation of the trainees, and the
instructional skills of the trainers, it is not surprising that nearly every grade was
“satisfactory.” Therefore, to our disappointment, the training books were of no value for
statistical evaluation, and were destroyed.

CAL’s grading system

Close to perfect

Excellent

Average

Satisfactory, but needed to be repeated
Unsatisfactory

NdDwWwN -

B. QUESTIONNAIRES: ATTITUDE SCALES,
DEMOGRAPHY, AND FLYING EXPERIENCE

Questionnaires

The questionnaires are included in Appendix D. Q1 and Q2 are reproduced in toto; Q3
is essentially the same as Q2, except for some demographic questions, which can be
found on page D-10. To conserve space, the parts of Q3 common to Q2 were not
replicated in this report.

The questionnaires consisted of three parts:
1. A Likert-type attitude scale (see example below) dealing with opinions about
flight safety, piloting, and particularly cockpit automation. There are 20 items

(“probes”) in Q1 and 24 in Q2 and Q3. Certain items in Q2 and Q3 were
inappropriate for Q1, since the pilots had not yet taken their 757 training.
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2. Demographic data, mainly questions about past flying experience, but also
questions about age, computer usage, and aircraft preferences.

3. Open-ended questions which allowed pilot volunteers to express their beliefs
and feelings in their own words. These were read and classified somewhat
subjectively by the experimenters (see Chapter VI). No statistical treatment was
performed on these data.

4, Q1 was both a recruiting and data gathering instrument. It contained a
description of the study and a sign-up sheet, and an informed consent form. In
addition it contained a 20-item Likert scale, in order to measure pilots’ attitudes
as they entered 757 training. Demographic information was also obtained (see
Chapter V).

With the loss of the anticipated data from the training books, we had to rely more
heavily on the questionnaires, interviews, and direct observations. The raw data from
the questionnaires were entered into a computer database at NASA Ames, and data
files were sent to the University of Miami for analysis. Statistical analysis and graphics
design were performed using the SPSS for Windows 6.1(a) ™ package. Most of the
demographic data are displayed graphically in Chapter IV.

Likert Scales

Likert scales for measurement of attitude are in wide use. They are easy to design,
easy to administer, and the format is generally familiar to the population being sampled.
In brief, an item consists of a statement (“probe”) which can be positively or negatively
stated. The respondent replies by accepting one choice of a multiple choice of items
showing the agreement/disagreement with the probe, and the degree of this sentiment.
This is called an intensity scale: the respondent states not only whether he/she agrees
or disagrees, but the intensity of this belief. Usually there is an odd-number of choices,
and the center is one of neutrality. The center choice is somewhat ambiguous: it could
possibly mean “no opinion”, “undecided”, “don’t care”, or a truly neutral position on the
content of the probe.

For a summary of the results of several studies employing this technique to measure
attitudes toward cockpit automation, see Wiener (1993, pp. 216-220). Since the
publication of the first review there have been more such studies, including a large-
scale sampling of U.S. air carrier pilots by Sherman (1997).

Likert data can be treated as coming from a nominal scale (“strongly agree” and
“agree” are simply categories of response, having no ordinal or numerical relationship
to each other, or as an ordinal scale, meaning that the responses to the probe could be
put in a logical order: “strongly agree” is stronger endorsement of the probe than
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“agree”, which is stronger than “neutral’, etc. Many experimenters treat Likert
responses as if they are from an_interval scale, attaching numerical values to the
responses. For example, “strongly agree” would be scored as a “1", “agree” as a “2",
etc., and the results handling statistically as if interval scores had been generated. The
problem here is that the numbers and intervals are entirely arbitrary: using 1,2,3,4,5 as
numerical values treats the distance between responses as psychometrically equal: the
distance in attitude intensity between “strongly agree” and “agree” would be assumed
to be the same as between “agree” and “neutral,” a questionable, though oft-made,
assumption.

The Likert data are displayed as in the example below at various places in this report.
The entire set of graphics are displayed three to a page (Q1, Q2, and Q3) so that the
reader can view longitudinal differences. The graphs are found in Appendix A.

Demographic and Flying Experience Data

All three questionnaires contained questions of a demographic nature; most dealt with
flying experience, at Continental and elsewhere. Most of these data are displayed
graphically in the following chapter. Due to the attrition in the study, the sample sizes
vary as shown previously. The demographic data are based on all of the
questionnaires that we received. Thus some pilots may appear in Q2 or Q3 or both, in
these displays. All pilots appear in the Q1 data -- filling out that form was the entry
path into the study.

1a. Flying today is more challenging than ever.

Figure lll-2. Typical graphic representation of Likert scale results.
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Confidentiality

Volunteer pilots were assured of confidentiality. A method which was previously used
in our studies was employed: for details, see Wiener (1989, p. 12). The confidentiality
system was based on self-assigned combinations of letters and numeralis to a
maximum of six characters. In the portion of the Q1 form where the pilot signs up to
join the study (Appendix D-2), pilots were instructed to assign themselves a code which
they could remember, but would not identify them. They were also given a self-
adhesive tag with a matrix of boxes into which they could enter their ID code; it was
suggested that they keep it in a flight manual. The code was attached to the sign-up
page. When we received the Q1, we set up a separate computer file with the ID code
and the pilot's name and address, so that we could contact the pilot if need be. For
example, we occasionally received a form with an entire page inadvertently left blank.
No other record could link the pilot to his code, and this record has since been
destroyed. Q2 and Q3 contained only the ID code, no names or addresses.

Prior to recruiting pilot volunteers, we met with the Safety Committee of the IACP to
outline the study and discuss the confidentiality plan. No concerns about
confidentiality were raised by the IACP representatives, and they readily agreed to
support the study. The investigators offered to brief IACP on the progress of the study,
or to hold joint management-IACP briefings. Several of these meetings have been
held, and cooperation with IACP was excellent.

In other contacts with the pilots, confidentiality was also preserved by whatever means
necessary. For example, in the face-to-face and telephone interviews (next section),
we could not pretend that we did not know whom we were talking to. We simply
explained this, and assured the pilot that we would not record any names or
identification codes with the interview notes. The pilots were satisfied with this, in fact
no question about confidentiality was ever raised. On jumpseat observations, no
record was kept of crew names or flight numbers, dates, origins or destinations. We
feel safe in saying that confidentiality was simply not an issue in this study.

C. OTHER SOURCES OF INFORMATION

Interviews

Two sets of interviews were conducted. The first was at the initial period of the study,
before 757 school had begun. The interviewees were flight management personnel,
beginning with the vice-president for flight operations. Following him were flight
standards pilots, the 757-767 fleet manager and assistant fleet manager, and others in
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the management hierarchy. These interviews were face-to-face, and were conducted
mostly one-on-one, with a few being one on two.

The purpose of these interviews was to determine management attitudes toward
automation, training methods, and standardization, and what problems they anticipated.
The experimenter asked prepared questions, but allowed the interviewee ample room
to discuss anything he wished. The information gleaned from the interviews was not
treated as data, but as background material.

The interviews with the management pilots yielded the following information:

1, A strong confidence in the choice of the 757-767 and the important role of these
aircraft in the modernization of CAL's fleet, and its route plans.

2. A strong approval of the training plans and syllabi being drawn up by the fleet
managers and their staff persons.

& Concern about safety problems in highly automated aircraft, and the ability of
management to ensure, though training and other support, that automation
would not be a problem.

4. Concern about standardization in general, and the ability of flight management
to standardize the 757-767 fleet to harmonize with the other fleets at
Continental. The question of cross-fleet standardization and the desire not to
make the automated aircraft “odd-balls” permeated every discussion. [These
interviews were completed nearly three years before the company made the
decision to buy the fleet of Boeing jets].

Jumpseat Observations

The three authors, and one graduate student assigned to the project, made a number
of jumpseat observations of line trips on the 757. This was for familiarization; no data
were collected on these flights.

Ground Schools

Two of the authors attended ground school on the 757, including the program on
Human-Centered Automation Training (H-CAT), and the international qualification
class. Both authors had a CBI access code and worked on this instruction while in
ground school.
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Standardization Meetings

Two of the authors attended some of the 757 standardization committee meetings for
instructional purposes, and at times were called on for advice on matters of checklists
and procedures. The study team made several presentations on the progress of the
study in standardization meetings.
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IV. CHARACTERISTICS OF THE VOLUNTEER COHORT

A. OVERVIEW

In this chapter we provide in graphic and tabular form certain demographic information
provided about themselves by the pilot volunteers. Most of the information deals with
flying time and experience in various cockpits; a minor portion of the chapter covers
such variables as the volunteers’ age, computer usage, and preferences for aircraft.
The chapter is organized along the three longitudinal phases of the study and the
questionnaire data collected at each phase.

Representativeness of the Sample

As we noted in a previous NASA report (Wiener, et al., 1991), an experimenter can
never be certain that the sample of volunteers is truly representative of the overall
population (all pilots in some circumscribed group). We asked ourselves the following
question: are people who volunteer for a project, who are willing to give their time for no
direct gain, attitudinally different from those who do not respond to the call for
volunteers? This problem is known in statistical sampling as “non-response bias.”

We have no ready answer to this question — the possibility of non-response bias
plagues any study based on volunteers. It is generally supposed, but seldom proven,
that volunteers for a study such as this may be the “sharper”, more capable, more
motivated end of the continuum of aptitudes among the population from which they are
drawn. If this is true, it may be extended to assume that the attitudes expressed are
more positive toward fleet modernization and the role of automation. It might follow
from this that the sample would contain proportionally more young pilots than the
population, but this is speculation also.

Why does a pilot volunteer to serve in such a study? We feel that we know the answer
to this from interviews and open-ended questions. First, many are curious about the
study, and many feel that volunteering for a study is the professional thing to do.
Others may be attracted by the technological reputation and mystique of NASA.
Finally, we feel that many, perhaps most, of the volunteers were drawn to the study by
the persuasion of a popular fleet manager who personally called for volunteers at the
first meeting of each new transition training class.

We have not answered the question of non-response bias. We have found no obvious
bias in our sample. We have every reason to believe that these responses can be

generalized to the population of Continental pilots who bid the 757 in those years. This
may present a bias in itself: who among the CAL pilots leaves a comfortable position in
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a traditional aircraft, and for no monetary gain (see below) accepts the trouble and the
risk of a transition to a modern aircraft? We have some answers to that question: in
previous studies we asked volunteers why they bid the glass aircraft. The answer was
usually framed in terms of seeing glass as the future of commercial aviation, and their
desire to be on the leading edge of that trend. A number of the attitude probes (see
page A-4) are aimed at pilots’ motivation to bid the new aircraft.

Migration Patterns

At the time of our study, Continental, unlike nearly every other airline in the U.S., did
not pay pilots according to a “weight differential.” Pay was based on longevity at the
company, and not on the weight of the aircraft flown. Longevity affected bidding for
aircraft seats, trips, and bases, as it does at other airlines. This fact has implications
throughout the company, as well as for this study. One of the things that the non-
differential system does is to discourage “seat hopping,” a practice which is costly for a
training department, and generally wasteful of pilot talent. In other airlines, pilots bid
from plane to plane in order to move up the path of weight differential and higher pay.
Most pilot contracts attempt to limit seat hopping, due to its impact on training cost and
flight proficiency. Some pilots seat hop in order to collect type ratings, as a hedge
against possible job loss and re-entry into the market.

At Continental, pilots tend to move around until they find a plane, a base, and a
schedule that serves their needs, and stay put for what seems, by standards of other
airlines, a long stand. The recent base closings and reductions, with Newark and
Houston expanding, has shattered some pilots’ plans which were based on location
rather than aircraft. With no weight differential, pilots based their bids on their own
convenience, and did not particularly care which aircraft they flew. Bids reflected
desires for bases, schedules, long periods off, etc., and not so much for aircraft type.

Non-differential pay schedules, though financially efficient for the company, can lead to
some peculiar results, e.g. senior captains flying low-end aircraft (DC-9, B-737-200),
while junior captains were flying DC-10s over the Pacific. We once rode jumpseat in a
DC-9 with a captain who was one of the most senior in the airline. With his seniority,
why was he flying a DC-9, when “heavy metal” (DC-10s and B-747s) and international
schedules were available to him? His reply was that he was tired of hotel living, and
with his seniority could consistently bid out-and-back trips from Houston (IAH). He
boasted that in the |ast five years he had spent only one or two nights a month in a
hotel.

We found in our early interviews that one of the motivators for a 757 bid was the
anticipated fleet of 767s, which was on order for ETOPS operations across the North
Atlantic, a highly desirable route. This turned out to have its negative side for this
study. When, for economic reasons, the company decided to cancel its 767 order,
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there was widespread dissatisfaction among the 757 pilots, due to both the reduction of
the ETOPs flights, and the 757 schedule in general. At Continental the 757 and 767
are in the same fleet. Because the company could not make good on the 767 lines,
they agreed to waive the two-year rule (training freeze) and allow the crews to bid off of
the 757. This resulted in a serious loss of pilots in our cohort, one of the hazards of
longitudinal studies, as noted previously. The 757 program proceeded, and a new fleet
of 777s and 767s are now being delivered.

Thus, a combination of the loss of the 767 fleet, the generally undesirable schedules
(in terms of the effort required to earn flight hours), and the assignment of more and
more 757 time to Newark (EWR) and less to |IAH led to heavy out-migration from the
program in the first year of our field study. 757 time scheduled at the Guam base
remained unchanged. The situation has now stabilized, and the promise of the 767s,
with first deliveries scheduled for 1999, has once again made this a desirable fleet.
[Deliveries of 26 767-400s will begin in July 2000].

In June 1998, after data collection on this study had been completed, a new contract
changed all of this, and put Continental pilots on a traditional seniority and weight
differential basis. The entire airline had a “flush bid”, meaning that every pilot could bid
any plane in the fleet. The bidding at CAL was simplified somewhat by a contract that
created only three weight classes:

Narrow body DC-9, 737-300/500/700
Mid-body 727, MD-80, 737-800, 757

Wide body DC-10, 767, 777

B. PHASE 1 DATA

Repeating what was said previously, the first questionnaire (Q1) was attached to the
invitation to join the study, To sign up, the pilot filled out the questionnaire, which
included the questions whose results are presented in this chapter, as well as a 20-item
Likert attitude scale. There was one page that dealt with the confidentiality and self-
assignment of the ID code, and an informed consent sign off. The completed forms
were then sent to us at NASA Ames Research Center in an addressed, stamped
envelope provided with the invitation and questionnaire. .

One attitude probe which appeared on Q1 that was not appropriate in the later phases:
No. 8a, “l am very apprehensive about going through this transition” (see Figure IlI-2,
previous chapter). The results of the Likert probes are shown in Appendix A.
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Miscellaneous Information

Of the 101 volunteer pilots who submitted all three questionnaires, all but one were
males. One other female pilot filled out Q1, but we never received data from her again.
Accordingly, we use principally the male gender in this report. Volunteers were asked
to give their age to the closest month. We converted this to years for graphic purposes
(see bar chart below). The age distribution is consistent with what we have seen in
other field studies: the 757 tends to be a mid-career choice. At other airlines with
weight differentials in their contracts, bidding the 757 represented something of a
stepping stone, from lighter (and therefore less lucrative) aircraft such as the B-737 and
DC-9/MD-80 to the “heavy metal.” At CAL, with no weight differential, and various
reasons for bidding the 757, we still see mid-career pilots making this transition.

‘ Age (in years)

|

FIGURE IV-1. Age of pilot volunteers.

-

B
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We were astonished at the number of “older” (with respect to a mandatory retirement at
age 60) pilots bidding the 757(see Figure IV-1 above). About 1/3 of the pilots were
within ten years of retirement when they filled out Q1. With nothing to gain monetarily,
this bid probably represented a desire to fly a modern aircraft before retirement. Many
reported to us that even with only five to ten years left, they saw the company rapidly
expanding with a glass fleet, and wanted to be part of that movement. We will look y at
where (what aircraft) these pilots arrived from. Professional pride played a big part in
the bidding.

We have said little so far about first officers. Much of what we have already said of
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captains applies as well to the first officers, and as we will see, their attitudes are
remarkably similar. Our first officers tended to be mid-career in that seat, and
jockeying for position as a captain of a smaller aircraft. Some senior first officers
remained in the right seat of the 757, awaiting an opportunity to bid 757 captain. For
most first officers, unless they are very senior, a more inviting route is to bid captain in
the expanding fleet of B-737-500s and next generation 737s. Here they will find the
opportunity to utilize glass cockpit knowledge and skills learned on the 757. As
seniority builds, there is always a future in the expanding 757/767 fleet.

The present base to which the volunteer was assigned, and his expected post-
transition base, were also asked on Q1. The present base is displayed in the pie chart,
Figure IV-2. The anticipated future bases are easily summarized:

Base Neé. Yo

Houston 64 43.5
Newark 78 53.1
Other 5 3.4

Note that these are pilots’ expectations; the reality of assignments is where the
company chose to base its 757 fleet. As it turned out, these were fairly realistic
estimates in the aggregate. One can easily see the influence of Continental's two
primary bases, Houston and Newark. During the course of the study there was
considerable base realignment and closing, including the once powerful and highly
desired Denver base. Presently 757s are based only at Houston, Guam, and Newark.
This report essentially ignores the Guam base, which even now is a small, somewhat
remote part of the 757 operation. The concentration of 757s at Newark has turned
Continental 757 pilots into a tribe of commuters, many continuing to live near formerly
thriving bases such as Denver and Los Angeles, locations of reduced importance at
Continental, but still considered desirable places to live.
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Present Base

FIGURE IV-2. Base of volunteers at time of 757
transition.

Computer Experience

In a previous study (Wiener, et al., 1991) the authors were curious about the pilot's
computer experience, and hoped to relate this to performance in the cockpit.
Unfortunately we asked the question the wrong way, asking merely was there a
computer in the home? We should have asked who used it. We sought to remedy that
problem in this questionnaire by asking if there was a personal computer in his home,
and if so, how often did he (the pilot) use it? For the exact format, see page D-4,
questions 10 and 11.

The answer to the first question (see Table IV-1), “do you use a personal computer in
your home,” yielded the following results:

Yes 76%
No 23%

It is often assumed that first officers, being younger than captains and therefore
educated in the era of digital computers, are more likely to be intrigued by and
competent in computers. One might expect to find a higher proportion of first officers
with home computers. This is argumentative: one could advance the position that
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captains can more easily afford computers. First officers may not have the cash to put
into computers. We examined this by casting the data into a 2-by-2 table and
performing a chi-square test of row/column independence. This resulted in a chi-
square of 1.03, (df = 1), indicating that the difference in home computer usage between
captains and first officers (80 % vs. 73 %) was not statistically significant.

For the roughly 3/4 of the sample that responded positively, the breakdown by level of
usage is given in Figure IV-3. Well over half of the sample reported usage daily or
several times weekly. We again examined computer usage by captains and first
officers, casting the data into a 2-by-4 matrix (Table IV-1a). Again the result was again
non-significant: chi-square = 2.04 (df = 3).

In summary we find that in our sample of 146 pilots, about 3/4 report having and using
a personal computer, with fairly uniform distribution of cases over the four levels of
usage. We find no difference between captains and first officers in the availability or
usage of the home computer. We shall next attempt to correlate these data with
attitude items. We are unable to do what we had originally planned (using the training
books), attempt to correlate computer usage with proficiency measures.
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Personal Computer Use

SEVERAL TIMES WEBLY

LESS THAN WEBRLY

FIGURE IV-3. Frequency of usage of home computer.

DO YOU USE A PC AT HOME?

TABLE IV-1. Computer usage by seat.
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PERSONAL COMPUTER USAGE BY SEAT

TABLE IV-1a. Frequency of usage of home computer by seat in 757.

In Table IV-1a we have displayed frequency of computer usage by the crew members
as a 2-by-4 contingency table. We will discuss the outcome of statistical tests on this
and other tables in the next chapter.

The only other experimenter that we are aware of who has gather statistics on
computer usage in high tech crew members is Orlady (1991), who asked pilots of high-
tech cockpits how many had home computers. The group was about evenly split

Note that if his report is taken literally, he made the same mistake as Wiener et al. did
in their 1991 study. The proper question is not ownership, but usage. Orlady took it a
step further and asked the group that responded that they did have computers whether
they felt their computer experience made any difference in transition to glass. The
group was about evenly split (Orlady, 1991, p. 2.12).
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Choice of Aircraft

We asked a question we have asked before, requiring the volunteer to pick from his
company’s fieet the plane that he would most want to fly, quality of trips and pay being
equal (see page D4, question 14, for exact wording). The results are displayed in
Figure IV-4. The results indicate a strong loyalty for the 757, accounting for nearly 3/4
of the votes. The DC-10 and the B-747 accounted for most of the rest, the remaining
aircraft, narrow bodies with one exception, obtained few votes.

First Choice of Aircraft Type

Regardless of Money, Base, Etc.

FIGURE IV-4. Pilots’ choice of aircraft in Continental
fleet.

Total Flying Time

The two bar charts showing total flying time and flying time at Continental reinforce
what we have said about the mid-career pilot, those in a range of perhaps 10,000-
16,000 hours. We have made a distinction in the two flying time charts between total
time and time at Continental. These disparities exist because, as explained early in
this report, Continental is not a “pure bred” airline, but one composed of many
tributaries (see Chapter I). A large number of the pilots came to Continental in recent
years, as a result of the airline mergers and acquisitions engineered during the reign of
Frank Lorenzo. Thus the difference between the hours of flying time depicted in the
two figures (V-5 and IV-6) is considerable.
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Total Flight Time

Percent Responding
3

-]
a

FIGURE IV-5. Total flying time, all sources.

Total Flight Time at Continental Airlines

FIGURE IV-6. Total flying time at Continental.
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The typical Continental pilot in the 757 program, at the time we collected data (mid-
1990s) had about 8,000 to 13,000 total hours, including pre-merger companies,
military, general aviation, etc., about half of which is with Continental. Like the pilots
whom we have studied in other projects (Wiener, 1989; Wiener et al., 1991), the B-727
predominates. At every airline we have studied, this is the case. We call the 727 the
“prep school for 757." Table IV-2 illustrates the importance of the 727 in the migration
patterns of the 757 pilot.

Transition from the 727 (or the DC-9 for that matter) to the 757 is a turning point in a
pilot's career: a sweeping technological change, and a challenging training program.
At most of the airlines we have studied, we have encountered the “25-year 727 pilot.”
Every airline has a collection of them. He (or she) has spent an entire career in the
three seats of the 727, and has little interest in moving. What it takes is a new
technology aircraft, not just a heavier one, and perhaps a subtle threat that the 727 is
going to soon be retired. One thing that makes the 25-year 727 pilot somewhat
apprehensive about bidding the 757 is that he has been to school so little during his
career on the 727, compared to pilots who have migrated all over the fleet. And at
Continental, with no weight differential, why bother?

Previous Cockpit Positions

Pilots were asked to fill in a matrix similar to Table IV-2, simply checking each cockpit
position they had held at Continental. They were instructed not to include flying time in
each seat, only a check that they had at least once held this seat at Continental. Some
interesting facts come from this table. We again observe the importance of the 727 in
the migration of pilots. Pilots came from variety of seats, including captains who had
flown the three wide body (“heavy”) jets that were in operation by Continental when the
study began (A-300, B-747, DC-10). The A-300 has since been retired. Again turning
to our discussion of the lack of weight differential pay scales at Continental, it is
probable that such a bid would not have occurred at other U.S. airlines. The 757 is a
mid-weight aircraft, somewhat heavier than the other narrow bodies, far lighter than the
wide bodies. At an airline with weight differentials, it would be a significant financial
sacrifice for a wide body pilot to bid the 757, whatever his motive.
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Previous Seats At Continental
Aircraft Type Captain First Officer |Second Totals
Officer
DC-9 25 38 S 63
MD - 80 15 17 ————eeee 32
737 - 100/200 9 6 S—— 15
737 - 300 23 22 ———- 45
2T 52 64 57 173
A -300 21 9 2 32
7071720 4 19 22 45
DC-10 26 ar 23 86
747 14 14 6 34

Table IV-2.  Previous seats held at Continental by pilots in the cohort.

We next asked the pilots what was their last aircraft before embarking on their 757
transition. Figure V-7 shows the results. It is noteworthy that they came from so many
aircraft, with a sizeable number coming from the three wide bodies. We have not
attempted to scale these results to the number of aircraft (and crews) in each fleet. The
DC-10, A-300, 737, and 727 are about equal in their contribution, and the four account
for almost 3/4 of the pilots in the cohort. At the time the first 757 classes were being
formed, the A-300 was on the way out of the company’s fleet; their pilots were
scrambling for the best deal they could find. The 737-300 at the time was the
company's most modern cockpit. Continental's models had the flight management
system (FMS), but not the glass cockpit. This configuration is often called the B-737-
300-non-EFIS. At this time the fleet of glass B-737-500s began arriving.
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Last Aircraft Before 757 Transition

FIGURE IV-7. Last aircraft flown before 757 transition.

Months in Last Seat Before Transition

FIGURE IV-8. Months in last seat before 757 transition.
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For the 737-300 pilots, familiar as they were with FMS functionality and Boeing
terminology, this was a relatively easy transition.

In order to determine the stability of assignment of the pilots who bid the 757, we asked
the number of months in the model flown before transition. These data are displayed in
Figure IV-8. Examination of the figure shows that a sizeable group (27 per cent)
resided in the left-most bar (zero to 24 months). Following them were three roughly
equal subgroups (25-96 months) accounting for about 55 per cent of the sample. Four
small subgroups of those with a large number of years accounted for less that 20 per
cent of the total.

How many of the transitioning 757 pilots had previous glass experience at Continental
or elsewhere? Pilots were asked merely to list any glass cockpit of any type in which
they had been assigned. Table IV-3 displays the results. About 3/4 were 737-500, the
rest being a scattering of military and executive jet cockpits. Thus, if we exclude for the
moment previous 737-500 crews, it can be said that the vast majority in the cohort had
not been exposed to glass prior to 757 transition.

Glass or not, we wished to know the most advanced cockpit which the pilot had flown at
any time during his career. The exact meaning of “most advanced” was left to the pilots’
discretion. These data are shown in Table IV-4. The table indicates a wide variety of
airline, military, and executive jet cockpits in the experience of the cohort. There are
some discrepancies between these data and the previous question about glass
experience, probably due to misunderstanding the question.
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Previous Glass Experience
Aircraft Type Responses

F-14-A 1

737 - 500 27
G-IV 2
Beechcraft C - 90B 1
F-16 1
747 - 400 1
EMB - 120 3
FJ50/LR55 1
737-500/MU-300 1
Saab 340 1
ATR 42 1

Total 40

Table IV-3. Glass aircraft flown by cohort
prior to 757 transition.

For example, we cannot expiain the fact that ten pilots claimed to have 757 experience,
but this is not reflected in the previous question about glass experience. Also there is a
minor discrepancy: 31 pilots claim 737-500 experience, but only 27 listed the -500 in
response to the question about past glass cockpits. With the rapid fleet expansion at
Continental, with large orders from Boeing for 757, 767, 777, 737-500, and recently for
next generation 737s, and the retirement of the oider model aircraft, the figures will
change dramatically in the next five years. |f these questions were asked five years
from now, undoubtedly most pilots would have glass experience, most would list some
new model of Boeing aircraft as their most advanced cockpit, and they would not be
going through glass transition for the first time. Early in the next century Continental's
fleet will be all Boeing and all giass.
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Most Advanced Aircraft
Aircraft Type Total
727 6
737 - 200 1
737 - 300 17
737 - 500 31
747 4
757 10
A300 12
DC - 10 20
MD - 80 21
Saab 340 1
ATR 42 1
F-4 2
F-15 1
F-16 3
FJ50 1
C-141 2
53 - A Viking 1
Westwind 1124 1
Gl 1
GIv 1
Seven responses each involving two aircraft were not inciuded in the table:
1. DC-10/A-300 5. 757/767
2. BC-10/L-1011 6. 757/767
3. DC-10/C-141 7. DC-9/727

4. DC-10/737-300

TABLE IV-4. The most advanced aircraft flown prior to 757 transition.
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Recent Experience with Various Instrument Approaches

In past field studies we have asked the volunteer pilots to estimate how many times in
the previous 12 months they have flown, either as pilot flying (PF) or pilot not-flying
(PNF), various instrument approaches. [Currently at CAL, the PNF is called the “pilot
monitoring” (PM)]. The results are displayed in the next five figures. The data must be
regarded as estimates, based on the pilots’ memory of the previous year. These data
have been deemed valuable in planning training for the less-frequently used
approaches. Such data may be particularly useful in planning training syllabi and
schedules for the Advanced Qualification Program (AQP).

The question sometimes arises during an accident investigation, when the pilots fly an
infrequently used approach and an accident results. Such was the case in the crash of
the U.S. Air Force B-737 (T-43A) in Croatia (Phillips, 1996a). It is not unusual in these
cases to find that the pilot has made few, if any, of the less-often employed non-
precision approaches in the last 12 months.

The data on autolands present a special case. Some of the pilots would have spent
the last year flying older aircraft not configured for autoland, or possibly configured but
not maintained for autoland (see Fig. IV-7). Be that as it may, the frequency of
autolands in the pre-1994 Continental line experience of the early 757 cohort was
virtually zero. Close to 90 per cent of our volunteers reported no autolands, and the
remaining frequencies are minimal (see Fig. IV-9). The following Continental aircraft
were equipped authorized for autoland at the time of our study: B-737-300/500 and B-
757. The MD-80 was equipped but not used.

Number of Autolands

FIGURE IV-9. Frequency of autolands in previous
year.
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80

Number of ADF Approaches

FIGURE IV-10. Frequency of ADF (NDB) approaches.

Figures IV-10, 11, and 12 demonstrate that the frequency of various non-precision
approaches is quite small. About 55 per cent of the pilots report no ADF (more
correctly, NDB) approaches during the previous year, and the frequency is very low for
the remaining pilots. The frequency of localizer and VOR approaches is also quite low:
about 30 per cent of the pilots report having flown none of these two approaches during
the previous year.

We were somewhat surprised by the low usage of Category Il ILS approaches. About
45 per cent of the pilots reported zero Cat Il approaches. All of CAL'’s fleets were
qualified for Cat Il. The following were qualified for Cat lll at the time of the study: 737-
500, 757, MD-80, and 737-300. Now the 777 and 737NG can be added to the list, and
the MD-80 is Cat lll qualified.
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Number of VOR Approaches

FIGURE IV-11.  Frequency of VOR approaches.

40

Number of Localizer Approaches

FIGURE IV-12. Frequency of localizer approaches.
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Number of Category Il Approaches

FIGURE IV-13. Frequency of Category-li ILS
approaches.
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C. PHASE 2 DATA

In this section we shall discuss the demographic data of Phase 2. This phase was
timed to be after the end of training and initial operating experience. Volunteer pilots
were sent Q2 forms approximately 3-4 months after they entered the study. This period
allowed time for transition training (ground school and simulator), IOE, vacation time,
and at worst about two months back in their previous seat while awaiting a 757 seat
(see Figure IV-14 and 15).

As the study moved on into the latter half of the 1990's, this became less of a factor.
Pilots went straight through the program and joined the line without interruption.

Thus, if our timing was right, and if the pilots filled out the Q2 form promptly, one may
think of the second phase questionnaire as being close to the initial point of a pilot's
line experience. His formal training was complete, and he would now be learning
through on-the-job training. We should also note that this is the point, early in our
study, at which our sample size diminished, due to the bid-off of the 757, due largely to
what were perceived as poor schedules.

Post-Training Assignment

In the first year of this study many pilots completed training, and in some cases |OE,
and then had to be assigned to their former aircraft for typically two months until a 757
seat was available. One question simply asked if they were assigned after training to a
757, or their former plane. The results of this question are tabulated below.

757: 84 %

Former plane: 16 %

The cockpit they returned to is summarized in Figure IV-14.
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Aircraft Assignment After Training

FIGURE IV-14.  Aircraft assigned to following 757
transition

For those who did not go the 757 immediately, the number of months of reassignment
to their former plane, before moving to the 757, is shown graphically in Figure IV-15.
This was in part due to the difficulty of balancing training through-put with new aircraft
arrivals, during a period of rapid fleet expansion. No fleet manager wants to get caught
short of flight crews with new aircraft on the tarmac. The obvious solution is to absorb
some costs and train to inventory, hoping to make use of the excess pilots in their old
plane until a 757 billet is available. They did not do badly. Figure 1V-14 and the data
on the previous page show that the vast majority of pilots went directly from 757
training to the 757 line, and the maximum delay for those who did not was three
months. The following ASRS report addresses this issue.

NARRATIVE. Finished checkout F/O 6/89. No position until 10/89. Flew simulator in 9/89
for 90-day landing currency. You could say the find points of working the FMC had escaped my
memory. We were cruising at FL390 and received clearance to FL410. Captain loaded in MCP
glare shield altitude--at which point I asked how he input the data for the climb, neither
monitoring to confirm the climb to FL410. Several mins later Center asked if we had climbed.
"No, still at 390." The altitude had not been put in the FMC, and we were navigating with VNAV
and LNAV. Both crew members low experience levels in type contributory to the altitude
oversight. Factors affecting performance: 1) supervision management practice of putting 2
inexperienced crew members together, or 2) just not monitoring/keeping track of crews' levels of
experience; and 3) after training crew member on advanced/automated cockpit, waiting an
extended period before assignment to aircraft. Fly the aircraft. ACCESSION NUMBER:
124912
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Months Before Returning to 757

FIGURE IV-15. Months following 757 transition
training before being assigned to the 757. Zero months
represents those going directly to 757 following
training.

Flying Experience

Pilots were asked to estimate their total 757 flying time. These data are displayed in
Figure IV-16. It was expected that at this point the 757 time would be quite low. We
estimated that the pilot would have, at best, 200-300 hours. Some pilots had as much
as 500 hours. The very high times shown in Figure IV-16 can only be from pilots who
did not send the form back promptly, and amassed flying time before filling out at least
that question. This graphic will be displayed again in this chapter, when data from P3
are presented, in order that it may be compared to the flying time of the pilots in P3
(over a year later).

On the following page we have two bar charts showing 757 flying time at Phase 2 and

Phase 3. Note that the plots are on different scales. On the top graph (Phase 2), the
bars are 100 hours apart; on the lower they are 200 hours apart.
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Total Flying Time in 757

FIGURE IV-16. Total flying time in 757, at Phase 2.

Total B-757 Flight Time

FIGURE IV-17. Total 757 flying time, at Phase 3.
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D. PHASE 3 DATA

The third and final phase of the experiment (P3) was designed to be approximately one
year after IOE. In other field studies that we have conducted, this time is usually found
to be a turning point at which the pilot starts to “feel comfortable.” Although there is
always more to be learned, at this time, with a year’s line experience behind him, the
pilot new to the glass cockpit has mastered the FMS functionality, autopilot modes,
display modes, etc., and has probably also mastered the “tricks” of line flying a glass
aircraft.

Comfort with the Aircraft

In this study the pilots appeared to “feel comfortabie” (a phrase widely used by pilots)
much earlier than our previous work would forecast. Figure IV-18 shows the result of
the compound question in Q3, “Do you feel ‘comfortable’ in the 757 now? (Y/N). If yes,
how long after you went on the line did it take (months)?” As to the first question, 97 %
reported “yes”, they felt comfortable. The durations on the line are shown in Figure V-
18. Almost half of the respondents reported two months or fewer, and a very small per
cent offered replies of over six months. Such favorable results are probably due to the
user-friendliness of the training program. The high confidence and high regard that this
cohort had for the transition training program emerges in many places in this report:
e.g. attitude probes, interviews, and the open-ended questions in Q2 and Q3.

How long did it take you
to feel comfortable (months)?

FIGURE IV-18. Months (following training) before pilot
felt “comfortable” flying the 757 in line operations.
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Flying Time, Phase 2 and Phase 3

The total hours of 757 flying time at Phase 2 (actually whenever the respondent filled
out his questionnaire) is depicted in Figure IV-16. Figure IV-17, the 757 time at Phase
3 is displayed on the same page for comparison. Phase 2 was designed to be
approximately 3-4 months after transition training. Again, the calculation of the
intervals between phases is at the mercy of the pilot volunteer and when he fills out this
questionnaire. For P1 and P2, we tailored the delivery of Q2 and Q3 to each pilot,
attempting to deliver the questionnaires to him based on the nominal time of the
phases. Viewing the two figures together allows one to see the growth in 757 flying
time during the (nominal) year, from IOE to the point at which he filled out the Q3 form.

In the following narrative, we see a captain who has only been on the aircraft one
month who handles a very difficult emergency, and attributes his success to the training
he received, as well as the competence of the first officer. We believe the reader will
agree that this is a good example of airmanship by a captain with an extremely low
time-in-type. Note that it is obvious that this report is from an Airbus, as the term
ECAM is used.

NARRATIVE. Aircraft was in Cruise at FL290 due to the prior shutting down of the
number-two pack for overhead. We were just preparing to descend to cross Bradford
intersection at FL240 when we heard a possible compressor stall and the aircraft shook
and yawed. We got confirmation of the number-two engine failure in the electronic
controlled aircraft monitoring ECAM [an Airbus term which is the counterpart of
Boeing’s EICAS]. ECAM procedures were followed. The first-officer was flying and I
allowed him to continue to do so. I did not elect to do a restart as the EGT was climbing
rapidly. I shut down the engine according to ECAM and used the fire bottle due to high
and rising EGT. Started APU, declared emergency with ATC, notified Dispatch, made
public-announcement to passenger, subsequently lost APU before landing, wouldn't
restart. Elected not to prepare cabin for evacuation and weather was VFR. Landed
without incident at Chicago and taxied back to gate as all hydraulic systems were
operating normally. The number-two engine compressor section had failed completely
and broken up. The engine was replaced by maintenance. I was fortunate to have along a
very competent first-officer, and although I had only been on the aircraft a month, training
had prepared me very well to handle the problem. = ACCESSION NUMBER: 284470
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V. ANALYSIS OF QUESTIONNAIRE DATA

A. METHODS OF ANALYSIS

Because most of the variables examined in this study were categorical (e.g. captain
versus first officer; or previous glass experience versus none), the data collected are
best suited to nonparametric analysis. Where possible these methods were employed,
and interval data (such as age and flying hours) were divided into categories (see
Chapter IV). In this chapter we shall report and comment on those data that were
analyzed and subjected to statistical tests. Much of the data are reported in Chapter IV
as merely descriptive data, not suited to statistical analysis (e.g. choice of favorite
aircraft in company’s fleet). In some cases, for statistical convenience, the data are
treated as being on an interval scale, when more correctly they are on an ordinal scale.
For example, the intercorrelation matrices were computed using the Pearson product
moment method, which properly requires interval data, but is widely used for ordinal
data, such as responses on a Likert scale.

Other data were subjected to cross-tabulation tests (contingency tables) using the chi-
square distribution. An example would be determining if there is a relationship between
a variable which we have called “SEAT” (captain vs. first officer) and some other
categorical variable such as computer usage (yes/no). Unfortunately our sample size
is small for the number of variables examined, and some compromises with statistical
purity were made. In the case of contingency tables, there were often low frequencies
at the extreme points (corners of the matrix), so the results may be inexact.

In the case of the intercorrelations of the Likert variables, each pair taken together
potentially produced a 5-by-5 matrix. In some cases there were no responses at all for
a given response category, thereby reducing the matrix. Usually those cases involved
one or both of the two extremes where the respondent could “strongly agree” or
“strongly disagree”. We have seen in this study, and in previous ones, a tendency on
the part of the pilot volunteers to avoid the extremes, for example, the graphs on page
A-11. No pilot responded in the “strongly disagree” category in response to that probe.
There are no cases in our data where there were fewer than four non-zero categories.
Eleven tests involved reduced matrices due to one extreme (either “strongly agree” or
“strongly disagree”) yielding no responses.

Throughout this report we use the conventional value of .05 for the statistical
significance level (alpha, or probability of a type-1 error). In interpreting the correlation
matrices, an absolute value of Pearson’s r > .163 is significant for n = 147 for two-tailed
null hypotheses. For n = 146, where the data from one volunteer may be missing, the
critical value is very slightly higher in the third decimal place.
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B. PHASE 1

Intercorrelations

For each of the three questionnaires (Q1, Q2, and Q3), an intercorrelation matrix of the
responses to the Likert probes was computed as described above. Additionally ten
selected demographic variables were included in the original matrix, but are not
included in the matrices reported here, due to the fact that their inclusion would result
in a vastly expanded matrix. A copy of any of the entire intercorrelation matrices
mentioned in this report is available to the qualified requester.

The size of the entire square, symmetric intercorrelation
matnx is a funiction of the square of the number of variables
included; a single echelon of the symmetric matrix would
contain, for N variables, N(N-1)/2 correlations. If the
computer program pnnts the entire square matrix, there are
N? correlations.

The Q1 questionnaire included 20 Likert scale probes, resulting in 190 correlations.
Had we included the ten demographic variables, there would be 465 correlations. With
our statistical software, the resulting matrix would require 18 printed pages.
Accordingly the correlations between the demographic variables and the Likerts were
examined separately. Some of the terms were obvious in their correlation and hence
are not reported, for example the positive correlations between total flying time and
flying time at Continental, or some of the obvious correlations of variables (e.g. AGE, or
total flying time -- TFTALL) with “SEAT" (captain vs. first officer). We chose from the
list of 11, six variables to be included in the correlation matrix for Q1. There were
originally ten variables. We later derived GLASSNU (see next page). The variables are
described on the following page.



AGE pilot's age (months)

SEAT position on 757 (“1" = Capt., “2" = F/O)

PCUSE does pilot use PC at home at all (“1" = yes, “2" = no)

TFTALL total flying time, Continental and elsewhere (hours)

TFTCAL total flying time at Continental (hours)

GLASSNU had the pilot, previous to 757 transition, flown any glass cockpit?

("0" = no, “1" = yes)

The following list are demographic variables not included in the analysis. See
Chapter |V for descriptive statistics of these variables.

CHOICE Pilot’s first choice of aircraft in company’s fleet
LASTACFT Last aircraft flown before 757 transition
LASTMOS Months on last aircraft before 757 transition

LASTSEAT Seat occupied before 757 transition (Capt. vs. F/O)

TABLE V-1. Demographic variables on Questionnaire 1.

We shall now examine some of the variables and their relationships.

Pilots’ Age
There has been considerable interest in both the airline community and the research

community on the effect of chronological age of the pilot going through his first glass
transition. Much of what was said was based on unsupported, usually negative
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stereotypes of older workers - that the senior captains were not abreast of technology,
since they did not grow up in the computer age, and that they were mentally
unadaptable to the high tech cockpit. We do not know of any research on the topic of
age and transition to glass. There has been considerable interest in pilot age in the last
three decades due to the legal requirement that pilots flying under FAR 121 retire at
age 60 (the “age 60 rule”). But the research to support that rule pre-dated the era of
the FMS cockpits.

| 12a. | have no trouble staying “ahead of the plane”.

:

]

£

Percent Responding
3

strongly disagree

FIGURE V-1. Example of generally accepted probe
which correlated with age of pilot.

Training personnel spoke of apprehension borne by older pilots. In our interviews at
other airlines with pilots in glass transition for the first time, there was frequent
expression of apprehension concerning the demands of the transition training,
particularly with respect to their lack of computer skills. These concerns always seem
to come from captains: investigators did not encounter, in previous studies,
apprehension on the part of the first officers making the transition. In our interviews
with pilots and instructors in the current study, we have heard less of this. The graph
(8A) from Questionnaire 1 may be instructive. It is shown as Figure 1I-1. Only about
10% of the respondents expressed agreement with the probe. We see in this graph a
rather strong rejection of the opinion that pilots arrive at their transition training filled
with apprehension. This subject is also discussed in Chapter |l.

Chi-square tests of the 20 contingency tables of attitude response vs. seat (captain and

F/O) all resulted in negative findings. We have found no difference between captains
and first officers in replies to this or any other attitude probes, in any of the three
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questionnaires, or on questions about computer usage. In brief, we have found no
differences between captains and first officers in the 757 program, except obvious
factors such as age and flying experience. Therefore in further analyses we have
aggregated the data of the two positions into one.

Our inquiries in previous studies (Wiener, 1989) into the influence of age revealed that
if there is any reliable generalization, it is that the older pilots seemed to get off to a
slow start in early days of ground school, having a slight amount of trouble mastering
some of the new concepts, compared to the younger first officers, who were presumed
to be “techies”, skilled in digital concepts and operations. After this initial period, the
captains, drawing on their vast experience and airmanship, caught up and by the time
they reached the simulator, were performing at a high level. It was unfortunate that the
training book data did not work out. They might have provided somewhat objective
information on the effect of age during training.

AGE correlated significantly with one Likert probe, No. A12, “| have no trouble staying
‘ahead of the plane’”. (See Figure V-1, previous page.) Since the Likert scale, when
treated as an interval scale, goes from 1 to 5 as it goes from strongly agree to strongly
disagree, a negative correlation means that high age goes with low Likert values
(approval of the probe). In this case, the older the pilot, the more approving he is of the
statement that he can easily stay ahead of the plane. The younger pilots may have
some reservations about their own abilities.

For obvious reasons the variable SEAT (captain vs. F/O) is highly (negatively)
correlated with AGE (r = -.54). In SEAT, as we have indicated, captains are coded as
“1"s and first officers as “2"s. The lower index number (captains) is associated with
higher age. For this reason, SEAT also is positively correlated with A12.

In summary, we have not produced any evidence on differences due to the trainees’
age. One significant Likert, and somewhat obvious correlations, is the best we can
offer. The age question will have to await perhaps a simulator study in which
dependent variables can be carefully measured and examined with respect to the
pilots’ ages.

Seat

The variable SEAT refers to the seat that was bid for 757 training, “1" for captain. in
most cases the seat in the 757 bid was the same as that held at the time of bid. A few
senior first officers bid for 757 captain seats, and made the transition and upgrade at
the same time. SEAT is highly (negatively) correlated with AGE (r = -.54) due to
seniority considerations. SEAT is also correlated with A12 (r = .17), possibly through
its correlation with AGE. It also correlates (r = .18) with A10 (“l am not concerned
about making errors, as long as we follow procedures and checklists”). This indicates
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that the captains are more accepting of the probe than the first officers. This finding,
and the one indicating a positive correlation between age and A12, suggest a degree of
caution and conservatism on the part of the first officers, and self-confidence on the
part of the captains. This runs counter to the popularly held stereotype of the ultra-
conservative captain.

The relationship between seat and attitude was also tested by forming a 2-by-5
contingency table (2-by-4 in those cases where an extreme [SA or SD] had zero
entries), with attitude choice as a column variable and seat as a row variable. The chi-
square contingency coefficient was computed and tested for all 20 probes. None
resulted in a rejection of the null hypothesis of row/column independence.

Flying Experience

The two measures of flying time, TFTALL and TFTCAL naturally correlate highly with
each other (r =.81). This correlation is obvious, since the pilot's total flying time,
TFTALL, contains the value of the variable TFTCAL, his flying time at Continental.
They also correlate, as one would expect, with SEAT and AGE.

TFTALL correlates (r = .16) with A18 (“Continental’s CRM training has been helpful to
me”), positive correlation indicating that pilots with high flying hours tend to take a less
favorable view of the CRM training. This is probably due to the correlation with rank: it
would indicate that low-time pilots (mostly first officers) are more accepting of CRM
than captains, which is the experience at most airlines. |t is interesting, and not easily
explained, that the correlation of TFTCAL with this probe was very small. Total flying
time appears not to be a particularly fruitful variable. In the discussion to follow, of
Questionnaire 2 and 3, the interest will shift to 757 flying time as a predictor variable.

GLASSNU was a derived variable, based on the question about prior glass experience.
We created this variable in order to test hypotheses about attitudes as a function of
having flown or not flown glass aircraft before 757 transition. The variable we created
was a “(0, 1)" variable: it recorded only yes (1) or no (0), did the pilot have prior glass
experience?, and does not reflect the amount of glass flying time.

The influence of past glass experience was tested by forming a contingency table for
each probe (as in the SEAT variable above), and performing a chi-square test on each.
This resulted in three rejections of the null hypothesis of row/column independence.
The contingency tables for the three are displayed below.
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A7. In the aircraft that | am presently flying, it is easy for the captain
to monitor and supervise the first officer.

Chi-square =8.12, df =3, p < .05

A16. | am concerned about the reliability of some of the automation equipment.

Chi-square = 21.05, df =4, p < .001

A17. | am concerned about the lack of time to look outside the cockpit for
other aircraft.

Chi-square = 10.47, df =4, p < .05



The interpretation of the entries in the matrix is up to the reader. It would appear that in
probe A7 the glass-experienced pilots had a narrow range of opinion, mostly agreeing
with the sense of the probe, and a small number neutral. Those without glass
experience showed more variability, though the distributions were centered at about the
same place. There was very high agreement by the non-glass group - only four out of
109 disagreed with the probe.

In A16 the non-glass pilots showed a fairly symmetrical distribution, while the glass-
experienced pilots had rather strong disagreement with the probe, with 29 on the

disagree side and 5 on the agree side. Perhaps their experience with glass cockpit
had relieved some of the apprehension of those making their first transition to glass.

In A17 the glass group was symmetrically divided over the range, with most responding
agree or disagree, and few extreme or neutral. The non-glass showed somewhat the
same pattern, but more neutral choices. It would appear that the non-glass pilots were
somewhat more concerned about heads up time than the glass pilots.

Home Computer Usage

Since the introduction of the FMS into airline fleets there has been a persistent belief
that pilots who own a home computer profit from this experience. It was further
assumed that it is first officers who have this exposure, giving the “computer literate”
first officer, if not an advantage, at least some compensation for the captain’s greater
aviation experience. We again state that this entire line of reasoning has been based
on assumptions and beliefs, not on empirical data.

In an earlier NASA report (Wiener, et al., 1991, p. 25), the question of ownership of
home computers was raised. Of the captains, 71% responded yes, and for the first
officers it was 50%. For this sample size (n = 73), the difference was not statistically
significant.

In this study we corrected the mistake we had made in earlier studies by asking not
about ownership, but usage: “Do you use a personal computer at home?” (PCUSE).
The second question (PCFREQ) dealt with how often it was used. The statistical test
involved a 2-by-4 contingency table (see Table IV-1a). Once again we found no
difference between the responses of the captains and first officers. Thus we are
convinced that the myth of the computer- literate first officer and the computer-naive
captain is unsupported. Whatever problems captains may have in transition to glass,
compared to the first officers, is probably not due to differences in home computer
experience.

There were two significant correlations to report. PCFREQ correlated significantly with
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A1 (“Flying today is more challenging than ever”) (r = -.18). Since the correlation
coefficient is negative, it indicates that frequent PC users (low index numbers) tended
to have low approval (high Likert scale response values) of this probe. We find it
difficult to interpret this result.

Likewise, PCUSE correlated significantly with A16 (| am concerned about the reliability
of some of the automation equipment .”) (r = -.19). Here the result may be more clear.
The correlation coefficient is negative, indicating that PC users (“1") tended to give
higher Likert responses (disapproval of the probe). PC users may indeed be more
accepting of automation technology, even its faults, than non-users (“2").

Summary

These data, and the descriptive data presented in Chapter IV have not produced any
startling results, but together paint a mosaic of the pilots’ attitudes toward transition
training in a new technology aircraft. Further details will be found in crew members’
responses to the open-ended questions, presented in Chapter VI. This completes the
discussion of Phase 1 by itself. We now tum to Phase 2, and to comparisons between
Phase 1 and Phase 2.
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C. PHASE 2

The second phase of the experimental design was timed to be about four months after
ground school, following all training including IOE, and assignment to a base to fly the
757 line.

Much of the data are summarized graphically in Chapter IV. The second phase
questionnaire, Q2, included a small number of demographic variables, four open-ended
questions (which are analyzed in Chapter VI), and a 24-item attitude scale. The 24
items included the 20 utilized in P1, plus four new items (21-24). The following
demographic variables were included:

TIME757 Total hours 757 time
CBASE Current base
ACASSIGN The plane the pilot that was assigned to after training

(757 or otherwise)

MORTRN The number of months assigned to plane other than 757,
following transition training, prior to assignment to 757 line.

PROB757 This variable sought to measure problems encountered by
pilots returning to their old aircraft to await a 757 assignment.
Since so few fell into this category (see Figure IV-14), we have
not used this variable.

Intercorrelations

The intercorrelation matrix of the 24 Likert scale variables, as well as the demographic
variable TIME757 was computed. The intercorrelation matrix is too large to include in
this report; it is available on request.

ACASSIGN and MORTRN
These variables are discussed and graphics depicting the variables are displayed in
this chapter. The graphics of ACASSIGN (Figure IV-14) and MORTRN (Figure IV-15)

indicate that only about 12 per cent of the sample was unable to move directly into 757
line assignments. In the first few classes the figure was somewhat greater, as
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deliveries did not keep up with pilot training. Later the opposite was true: deliveries ran
ahead of pilot training, training was accelerated, and new 757 pilots went to the line
without delay.

TIME757

The variable TIME757, the number of hours of 757 time accumulated up to the
completion of the P2 questionnaire, is displayed graphically in Chapter IV as Figure IV-
16. It is displayed again in the next sub-chapter of this chapter along with the same
question for P3, so that the growth in flying time accumulated in P2 and P3, over a 12-
14 month period can be compared (Figures IV-16 and IV-17).

It would be interesting if this variable correlated with various attitude scale scores. The
correlation between TIME757 and each of the 24 Likert scale variables was computed,
and only one was significant: the correlation with A18 (“Continental’s CRM program has
been helpful to me”) was 0.22 (p <.025). (Under the null hypothesis of zero correlation
between two variables, for n = 102, an absolute value of Pearson'’s r greater than .196

18b. Continental’s CRMtraining has been helpful to me.

Percent Responding

]

strongly Gsagree

FIGURE V-2. Attitude toward company’s CRM program.

significant at the .05 level, two-tailed test). Since the correlation is positive, this
indicates that pilots with higher flying time in the 757 tend somewhat more to reject the
probe. This is consistent with the finding from P1 that there was likewise a significant
correlation between total flying time (TFTALL) and the A18 (CRM) probe (see page V-
6). The history, background, and theoretical foundations of Continental’'s CRM
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program is discussed in Chapter VII.
PROB757

On Q2 there were questions about what plane the pilot returned to after 757 transition,
if he could not be assigned to the 757. As we indicated previously, only about 16% of
the sample returned to their previous plane rather than the 757, and this sub-sample
was too small to be worthy of statistical testing. For confirmation, see Figure IV-14.

GLASSNU

24 contingency tables were formed, using the derived index GLASSNU and each
attitude probe. These resulted in mostly 2-by-5 tables, in a few cases 2-by-4. Each
was tested using the chi-square test. None was significant. We can conclude that
pilots who had formerly flown glass cockpits did not differ in attitude toward training and
automation from those who had not.

SEAT

Contingency tables 2-by-5 (or 2-by-4) were formed to test the variable SEAT (captain
vs. first officer) against the 24 Likert attitude probes. None was significant. We again
see that the attitude of captains and first officers did not differ in this sample.

Summary

The attitude and demographic data from Phase 2 have been analyzed in the foregoing
sub-chapter. We now turn to comparisons of the attitude data between P1 and P2.
This is the longitudinal analysis. Out of this analysis will come a comparison of
responses in the two phases, which will tell us whether attitudes shifted between
examination during Phase 1 (sign-up) and second Phase 2 (post-IQOE).

D. COMPARISON OF PHASE 1 AND PHASE 2 ATTITUDE RESULTS

In this sub-chapter we examine the attitude resuits from P1 and P2, to determine
whether there has been an attitude shift during the 3-4 month period between the times
when the pilots filled out Q1 and Q2. We are particularly looking for shifts in attitudes
toward training and toward automation in general. A shift would be indicated by finding
differences in a pilot’s responses to the same question asked during the two periods,
that is, an inconsistency between response on P2 and P3.
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P1 vs. P2 Comparisons: Corresponding Questions

The following adjustment was made in numbering of Q1 and Q2 probes. Q1 No. 8 (“/
am very apprehensive about going through this transition”) was inappropriate for Q2
and Q3, so no comparison with it was possible. Q1 No. 14 was moved to take its
place. On page A-8 the probes 14a, 8b, and 8c are shown graphically. Although the
numbers are different, the probes are the same. Otherwise each of the first 20 pages
of Appendix A show the three graphs representing the three phases in proper order
(Probes 1-13, and 15-20). Pages A-21 through A-24 display, two to a page, the results
of the four probes used on Q2 and Q3, but not Q1.

The Test Statistic: Marginal Homogeneity

Since the test statistic may not be familiar to all of the readers, we shall describe it
briefly. The statistical measure is called the marginal homogeneity test. It is an
extension and generalization of the familiar McNemar repeated measures test with two
response categories (2-by-2). The McNemar problem is generalized to K-by-K matrix
for K response categories. There is also a K-by-K categories test attributed to Bowker,
used in a previous field study (Wiener, 1989). For the mathematical development of
the marginal homogeneity test, see Agresti (1990).

The data must be categorical and ordered. Arbitrarily the first phase (P1) responses
are assigned to rows, the second phase (P2) to columns. Thus for the attitude data, a
5-by-5 matrix (or in some cases smaller) is produced, with cell jj representing a
response of / to the first application of the probe (P1), and j to the second (P2). If the
pilot responds the same on both applications of the probe, the tally will go in the main
diagonal (/ = ). If there is a shift in opinion, more cases will fall off the main diagonal.

Page C-1 is repeated on the following page. The probe is No. 1, “Flying today is more
challenging than ever.” Looking at the main diagonal, 15 pilots chose the “strongly
agree” response category on both Q1 and Q2, 21 chose “agree”, etc. The off-diagonal
tallies indicate shifts in attitude between the first to the second polling. Using the same
example, nine pilots changed their response from “strongly agree” to “agree”. If there
were no changes, the entire tally would be contained in the main diagonal. The
greater the change in attitude, the further the tally would fall from the main diagonal. In
the example, four pilots changed their attitude response from “strongly agree” to
“disagree.” These were large defections from the initial (P2) position, but no full-scale
changes (from “strongly agree” to “strongly agree”, or vice-versa.
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1. Flying today is more challenging than ever.
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Strongly
Agree

Agree

Neutral

Disagree

Strongly
Disagree
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Results: P1 vs. P2

Under the two-tail null hypothesis of no change in attitude, the responses should be
clustered on or near the main diagonal. A large number of off-diagonal entries (in
either direction under a two-tail null hypothesis) would lead to a rejection. For a one-tail
hypothesis, the direction of deviation from the first phase to the second is specified. We
used the test on the 20 probes in common to P1 and P2, and the 24 probes in P2 and
P3. In Appendix C we have provided the matrix for only those probes that were
statistically significant. Along with the response matrix we have provided a graphic
displaying the frequency of response for each of the five response categories. These
two figures, although they use the same data, do not display the same information.

The bar graph shows trends of groups, not the choices of individual pilots.

Table V-3 lists the eight significant marginal homogeneity tests from Phase 1 compared
to Phase 2, and indicates the nature of the change. The full text of the probes can be
found in Appendix D. The movement of response from Phase 1 to Phase 2 in the
attitude questionnaires can be seen graphically in Appendix C.

There is no consistent pattern in the movement toward disagreement with the probes,
charted from P1 to P2. Some of the probes are positively stated toward automation
(e.g. No. 3), and some are negative (e.g. No. 2). As the pilots repeat the questionnaire
in P2, approximately three to four months after the first set of responses in P1, a
movement toward less agreement with the probes does not portray a consistent attitude
toward automation. The pilot changes his choice toward less agreement with No. 11,
looking forward to more automation, and likewise changes toward less agreement with
the more negative No. 13.

Perhaps we will find the next set of marginal homogeneity tests, for P2 vs. P3, more
instructive. In those tests the pilots will have had some flying experience in the 757,
limited to a few months in P2, and over a year’s worth in P3. In any event, it is
interesting to note the volatility of opinion in P1 vs. P2, that eight out of 20 probes
should result in statistically significant changes of opinion, even if we cannot find a
consistency or an underlying meaning in these opinion shifts. When we compare
opinions in P 2 and P 3, we would expect more stability of opinion, that is, fewer
significant changes.
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TABLE V-3. Statistically significant marginal homogeneity tests.

Abbreviated Text

Flying is more challenging than ever

Concerned that automation will cause

skill loss

Automation leads to safer operations

Easy for captain to monitor first officer

Look forward to more automation

Too much workload terminal area

Easy to bust altitude today’s environment

Concerned about time to look outside
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Movement: P1to P2

Toward disagreement

Toward disagreement

Toward disagreement

Toward disagreement

Toward disagreement

Toward disagreement

Toward disagreement

Toward disagreement



E. PHASES3

Phase 3, the final phase of the longitudinal study, was designed to collect data from the
remaining volunteers at a time when they had about one year of line experience, or
about 16-18 months after initially joining the study on the first day of ground school for
757 transition. We felt, based on past experience in field studies, that at this time
opinions would have solidified, and would probably not change appreciably if the
interval between P2 and P3 were extended. Also, we would expect that at this time the
pilots would feel “comfortable”, a word widely used by pilots to describe their feelings at
some experience level after transitioning to a new aircraft. To be “comfortable” in the
new aircraft would mean that the pilot was free of apprehensions about his ability to
manage the cockpit and particularly the automated features, to be able to respond
appropriately to non-normal situations, and in brief to feel at home, relaxed, self-
confident, and in command of his own abilities..

Phase 3 was designed mainly to obtain the final data on the 24 attitude probes. There
is @ minimal amount of demographic data sought on the questionnaire (see Appendix
D), and a minimal number of hypotheses to be tested. Most of the data are merely
descriptive.

Miscellaneous Questions

As to the “comfort” dimension, 91 of the 94 valid answers were “yes” to the question
“Do you feel comfortable’ in the 757 now?”

The data for the pilots’ current base are tabulated below. The number of responses to
this question of IAH and EWR are about proportional to the 757 flying time assigned to
those two bases. The desirability, from the pilots’ view, of Continental’s various bases
is discussed elsewhere. The Guam 757 base was essentially ignored in this study,
since it was formed after the study began.

IAH (Houston) 33
EWR (Newark) 56
LAX (Los Angeles) 1
Other 6
Total 96
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Cockpit Positions Held

The cockpit positions held by the volunteer pilots is shown in Table V-4. Note that the
96 pilots represented by this table were the larger group (82 per cent) who were still
flying the 757; the remainder were flying other aircraft. As a percentage of the 149
original volunteers, this group is probably under-represented due to the fact that many
pilots, after bidding off the 757, dropped out of the study and did not send in Q3.

Table V-4. Current Aircraft and Seat of 96 Pilots.

DC-9 1 0 1
MD-80 1 0 1
737-100 1 0 1
737-300 2 1 3
T2 2 2 4
DC-10 4 2 6
Other 1 0 1
1.0 46 38 79

V-18



Contingency Tests

To test the null hypothesis that attitudes, as measured by our Likert scales, are not
related to SEAT (position in the cockpit), 2-by-5 (in some cases 2-by-4) contingency
tables were cast, as in Phase 2. Chi-square tests were performed on the 24 resulting
tables (one for each attitude probe). None was significant. We must again conclude
that captains and first officers in this sample saw things alike.

Similar tables were set up using the derived variable GLASSNU (previous glass
experience, or none) as one variable, responses on the Likert scales the other. None
was significant. We conclude that pilots with past experience on glass aircraft, and
those with no such experience, held similar attitudes as measured by our scales.

Intercorrelations

An intercorrelation matrix containing responses on the 24 attitude scales was formed,
but was not examined statistically.

F. COMPARISON OF PHASE 2 AND PHASE 3 ATTITUDE RESULTS

As in sub-chapter D, we shall now examine the 24 attitude scales for possible shifts in
attitude from P2 to P3, using the marginal homogeneity tests.

Of the 24 attitude scale items, three showed significant changes from P2 to P3, as
summarized in Table V-5 below.
TABLE V-5. Statistically significant marginal homogeneity tests, P2 vs. P3.

Probe Z Text Movement P2 to P3

17 23 | am concerned about the lack of time to Toward agreement
look outside the cockpit for other aircraft

18 -2.7 Continental’'s CRM program has been helpful Toward agreement
24 30 There are still modes and features of the Toward
757 that | do not understand disagreement
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As Table V-5 and the figures in Appendix E indicate, there was a significant shift of
opinion in the pilots in the roughly 14 months between Phases 2 and 3. Numbers 17
and 24 indicate movement favorable to the 757 flight guidance system, and perhaps
toward automated flight in general. In previous field studies these are common worries
of the new FMS aircraft pilots: sufficient time for extra-cockpit scanning; and mode
confusion, as it has come to be called.

We observed also an increasingly favorable view toward the company’s CRM program.
We can only speculate as to the reason for this. It is most likely due to the emphasis
put on CRM throughout the 757 transition training. Both fieet managers insisted that
CRM be taught and included as part and parcel of the flight training, not as a separate
block of instruction (see quotation, top of page Vii-1). Some authors have stated
previously (Wiener, 1989) that good CRM practices are even more essential in the
automated than in the traditional cockpits. This point was emphasized from the first
day (H-CAT training). Much of the credit for the emphasis on blending CRM with flight
training goes to instructors at Boeing. It was there that the early cadres of Continental
instructors first encountered this method of training. Typically flight training and CRM
are taught as two worlds apart. Seeing the merit of the Boeing approach, it was
transported back to Houston and made part of the flight training program. Presumably,
over the period between filling out Q1 and Q2, a space of over a year, the pilots had an
opportunity to practice their CRM skills in a demanding, automated environment. This
perhaps accounts for the shift toward a more positive response to probe number 18.

Usage of HSI Modes

At the request of Continental flight management, we included a question in the third

(final) questionnaire (Q3), asking the 757 pilots the percentage of time they used, in

flight, the four HSI modes (map, expanded VOR, expanded ILS, and compass rose).
See Page D-10.

The map mode was used about 95% of the time, and the remaining 5% was about
evenly split between the other three modes. As we have noted in previous studies (e.g.
Wiener, 1989), most pilots will, if unimpeded, fly an entire trip with the HSI in map
mode. Why not? It is a spectacular example of what can be done using glass displays.
Only a non-precision approach would move the crew to select a different mode.
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VL. OPEN-ENDED QUESTIONS AND RESPONSES

A. INTRODUCTION

The intent of this chapter is to take the reader into the “details” of Continental’s
B-757 training program. The open-ended responses and summaries which
follow are an attempt to capture the experiences and comments, in their own
words, of pilots progressing through their transition training, IOE, and eventually,
flying the line. No attempt has been made to place judgment on the responses
with respect to appropriateness, quality or significance, but only to categorize
them for descriptive analyses. The groupings and summaries are presented in
the context of the training program with an emphasis on topics such as
problematic areas, recommendations for improvement, effectiveness of the
training aids, and the implications for pilots in transition training. In this way, the
reader can make his or her own judgments on the responses.

B. METHODOLOGY

The challenge of collecting qualitative data is to reduce it into a manageable and
meaningful format, and then make sense of it, especially when it comes in
voluminous amounts. This study was no exception, particularly when one
considers that a set of open-ended questions were asked of each pilot just after
their B-757 training, and then again after approximately one year of flying the
line. This resulted in querying over 100 pilots twice on the following four topics:
(1) training for the B-757, (2) errors observed or committed on the line, (3) crew
coordination and procedures, and (4) cockpit workload. In addition, there was a
question for those who left the B-757 pertaining to their reactions on having left
the B-757. These five topics provided the initial structure for presenting the
responses.

Once the data were organized and placed in a coherent structure, the task of
identifying trends and regularities was proceeded. There are many ways to
identify regularities in qualitative data but the method chosen for this study was
to further characterize the responses by conducting an inductive analysis. In this
way, the data defined itself by having the patterns and charactenstics emerge
out of the chaotic responses. This was felt to be the most appropriate approach
rather than imposing structure upon the data, especially with respect to
identifying training problems as well as making recommendations and proposing
intervention strategies.
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As previously mentioned, one of the initial difficulties encountered in this study
was the voluminous amounts of open-ended data collected. This was further
compounded by the somewhat arbitrary nature of some of the responses and the
applicability to multiple categories (e.g. cockpit workload and CRM). Another
consideration was the longitudinal nature of the study. An attempt was made to
look at each questionnaire individually and then summarize the topic as a whole.
We felt that this approach would capture any specific patterns after the initial
transition training in Questionnaire 2 (Q2) and then once again after flying the
line for approximately one year in Questionnaire 3 (Q3). In addition, Q2 and Q3
topics were summarized together at the end of each major question section.

Initially, the responses were transcribed from the individual questionnaires into
an electronic format for ease of manipulation. The quotations are as close to
verbatim as practical, with some minor editing such as punctuation, spelling and
improvement to the flow of the wording. Several responses contain editorial
insertions by the authors and are enclosed by these symbols < >. In addition,
exclamation marks, question marks, and words underlined for emphasis are the
work of the respondent and not the authors.

Once the responses were electronically transcribed, they were grouped
according to questionnaire number (Q2 or Q3) and placed in the appropriate
topic (1) training, (2) error, (3) CRM, (4) cockpit workload, and for a select few,
(5) initial reaction having left the B-757. After grouping, an attempt was made to
analyze the responses with a computerized narrative analysis tool called
Quantitative, Objective, Representative, Unambiguous Modeler (QUORUM; see
McGreevey, 1995, 1996, 1997). For a further description of the QUORUM
method see Appendix |. The QUORUM results on the open-ended responses
were inconclusive, due to the short length and minimal narration in the pilots’
responses.

Due to the inconclusive results of QUORUM, a manual sort was undertaken to
develop the character of the responses. The four main topics were further
decomposed into the individual question components as follows:

1.0 Training

Questionnaire 2

1.2.1 What did you think of your training for the 7577
1.2.2 Did you have trouble with anything?

1.2.3 What topics should receive more or less emphasis?
1.2.4 Please comment on the training aids and devices.
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Questionnaire 3

1.3.1 What did you think of the training you received for the 7577

1.3.2 Is there any way you would recommend it to be changed?

1.3.3 Did the training program (including IOE, LOFT, etc.) prepare you to fly
the line?

2.0 Error

Questionnaire 2 and 3

2.1 Describe in detail an error which you have made, or have seen someone
else make, with the automation, that might have led to some undesirable
consequence. How could it have been avoided? (equipment design, training,
CRM, procedures?)

3.0 CRM

Questionnaire 2 and 3

3.1 What can you say about crew coordination and procedures in the 7577
3.2 In what way are they different from previous planes you have flown?

3.3 What areas can use improvement?

4.0 Workload

Questionnaire 2 and 3

4.1 How would you compare the overall workload in the 757 compared to your
previous plane?

4.2 Please mention anything that you feel should be changed to help you
manage workload (procedures, ATC, training, etc?).

5.0 Departed the 757

Questionnaire 3 (only)

5.1 After you left the 757 and went to another aircraft, what was your reaction?
5.2 What did you miss about the 757 avionics and automation?

5.3 What did you like better about the older technology planes?

5.4 Plane and seat you went to: Aircraft Seat

Responses to each question were entered into tables according to a major
keyword in the response (e.g. for error: “procedures”). Some responses required
another entry according to a minor keyword in the response, if applicable (e.g.
“procedures” AND “not following”). With this “keyword” method, it was a matter
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of cutting and pasting the responses into the appropriate categories and then
observing the patterns which emerged.

C. OPEN-ENDED RESPONSES

Introduction

Each open-ended response topic (1) training, (2) error, (3) CRM, (4) workload,
and (5) departed the B-757 (if applicable), was examined individually according
to the questionnaire number (Q2 or Q3) and then again, in a combination of both
questionnaires (Q2 and Q3). Since the authors wish not to burden the readers
by presenting all of the comments and responses received, only those comments
which are typical, contrary, or unusual in nature will be presented. However, all
of the comments and responses are available for qualified researchers by
contacting the authors.

1.0 Training
1.2.1 and 1.3.1 What did you think of your training for the 7577

Questionnaire 2

Of the 84 pilots who specifically stated their reaction to their training experience,
the overwhelming majority stated that the training program was excellent. In
addition, there was no mention of dissatisfied trainees nor any dislike of the
program.

Excellent/best training I've had/outstanding/great. (45)*
Good/very good/effective. (29)

Adequate. (4)

Inconsistent. (6)

*Number in parenthesis indicates similar responses. If none are present, then
the reader may assume only one response of that type.

Questionnaire 3

Again, of the 62 pilots who specifically responded to the question, the vast
majority felt the training program was good or excellent.

Excellent/best training I've had/outstanding/great. (39)
Good/very good/effective. (20)

Adequate. (3)

Inconsistent. (0)
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Q2 and Q3 Summary

It is a commendable achievement for Continental’s training department to
receive such high accolades for their B-757 training program. There was not a
single pilot who stated that he was dissatisfied or felt the program was inferior,
which is in contrast to prior reports on automation and training programs (see
Wiener 1989, BASI 1998). Even after approximately a year on the line, the pilots
were exceedingly satisfied with their training program.

1.2.2 Did you have trouble with anything?
Questionnaire 2

There were few direct responses to this question. Most pilots addressed what
should be improved or which topics needed more emphasis. The following three
characteristics emerged from those who responded:

Felt rushed, intimidated, or uncomfortable (8)

o | felt rushed. (5)

e | felt uncomfortable the whole ground school.

e There was so much material in so short of time that | am reviewing my
manuals to re-learn all that | missed. Note: re-learning is different than
reviewing.

o Difficult and intimidating. =

Autoflight mode confusion (3)

e | had trouble adjusting to the use of different auto flight modes and
some confusion as to which button to push and which mode to use for
different aspects of flight.

o VNAV path is an area that rarely operates as | think it should, probably
because | do not fully understand what it is using to make its
decisions.

e | didn't understand a few things initially with LNAV and VNAV, but
didn’t quite know just what | should know or ask.

Oral exam (2)
¢ | had problems preparing for my oral exam. (2)

No problems or troubles (so stated). (9)
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Questionnaire 3

Once again, there were few direct responses to this question. Of those who
responded, the topics where as follows:

Felt rushed or intimidated (6)

e The company tried to squeeze a lot of new aircraft, new technology,
and procedures in to too short of a time span for a rating ride.
Fast paced and intense.
Very difficult and frustrating. Too much, too soon, and too fast.
Too rushed.
Felt intimidated by the automation.

| have not received “training” only what is required to fill the FAA
requirements for training.

LOFT and IOE (2)
e Most problems during IOE and LOFT seemed to occur with the pilots
who did not read the manual.
e My only LOFT was an Atlantic crossing, which | have never done in an
aircraft. | would have benefited from a domestic LOFT.

Q2 and Q3 summary

As previously stated, few pilots responded directly to this question. Most of
those who replied to this question had suggestions or ideas to improve the
program (see next section). Of those who did, the feeling was that the training
program was rushed and contained too much information for such a short period
of time. This seems especially true of those with no previous glass experience.

1.2.3 What topics should receive more or less emphasis or should be
changed?

Questionnaire 2
There were numerous pilot responses to this question.

Instructors (4)
¢ Outside instructors <non-Continental personnel> need to be pilots or
trained on our standard procedures.

¢ There needs to be some scheduled time with an instructor every day
just on systems.

o Instructors lacked confidence.
o Instructors applied pressure to leamn procedures.

“On-the-line” leaming (5)
e Too much emphasis on OJT <on the job training>. (2)
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The expectation of the training department that minimal exposure
received in training should be adequate is wrong.

| noticed that other students with no FMC background having a harder
time with line operations.

It <training> generally came together on the line with lots of practice
using the equipment.

Instructional topics (16)

| am still not up to speed on programming the FMC. (2)

| would like more in depth systems knowledge. (2)

Windshear training verged on overkill.

Training on the CDU was almost non-existent.

More emphasis should be placed on the aircraft flight manuals.

The FBS was over utilized in my case (5 years on the B-737-300).

A more in depth explanation of the IRS’s function could have been a
help.

The training was lacking nuts and bolts.

Instruction in Long Range Navigation was too deep, the experienced
pilots knew better and the domestic pilots were “in shock” - teach the
basics and keep it simple!

There needs to be a greater emphasis on CRM and the greater need
for the crew to interact with the automation (FMC) and each other to
preclude mistakes.

Human-automation interface training would have been more
meaningful to me if it had been given after the sim training instead of
before ground school.

Exposure to automation should be done before training for those
without prior experience.

The FMC training needs to be focused on “real” operational situations.
Being computer literate made the FMC a breeze to understand.

Questionnaire 3

Instructors (5)

Need a higher level of experience on the part of the simulator
instructors.

Good instructors and check airmen. They are out to help rather than
“grade” the pilot.

Everyone involved was visible, available, and helpful, but certain once
the program is fully integrated into our |1AH facility, that will
unfortunately change.

The captains, simulators, and instructor teaching was excellent.
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“On-the-line” Learning (5)

e Training gave us the push-button knowledge, but flying the line was
the teacher. (3)

e For the most part the training prepared me for line flying, but actually
being on the line in everyday operations and utilizing all of the
information brings it all together.

e More CDU training and operation as it took 3 months on the line to feel
comfortable with the various modes and automation.

Instructional topics (6)
¢ More time with the automation.
e Specify strict procedures for only one pilot to program the FMC/MCP
below 10,000.
More preparation for the oral.
Need more time spent on VNAYV operation and profiles.
Too much emphasis on FMC programming.
IOE should be after 100 hours <on the line> especially if this is your
first glass cockpit.

Q2 and Q3 summary

This section is where one starts to see some divergence in pilots’ responses with
respect to the FMS and the automation in general. The FMS training seems to
be either insufficient or excessive in some cases. Whether this is related to any
prior glass cockpit experience or not is unknown. However, some respondents
state that they have had prior automation experiences with aircraft such as the
B-737-300/400. Of some concern are the responses which refer to “on-the-line”
or On-the-Job-Training (OJT) and “outside” or non-Continental (non-CAL)
instructors who were not practiced in company SOPs. These two situations, OJT
and non-cal instructors, may leave a pilot with some ambiguity in certain
situations and, as a result, pilots may reinforce erroneous actions or fauity
assumptions.

1.2.4 Please comment on the training aids and devices
Questionnaire 2

Positive comments (39)

e CBT is excellent/very effective. (13)

e The CBT allowed students to progress at their own pace, and review
material. (9)
Training aids were good/very good. (5)
The CBT along with the FBS was very exciting/impressive. (4)
Training aids and devices were adequate. (4)
CBT and training devices in a building block approach is quite effective
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The CBT was the best | ever received.

The training aids and devices were state of the art.

The CBT was better for not having to listen to an instructor ramble or
go off on a tangent.

Negative Comments (58)

We need a FMC/CDU training aid for practice. (28)

The CBT aids were inconsistent and/or had errors. (17)

One needs to be able to go directly to a specific item instead of
listening to a large portion of a system to answer one question. (3)
| did not like the CBT, very impersonal and boring. (3)

There needs to be more questions and answers on the CBT.

The CBT is not the best way to learn an airplane.

CBT was slow and frustrating to use.

The CBT training is linear oriented and does not encompass the
complete scope of the automated systems.

At times, | had to “figure out” what the computer answer was rather
than the system comprehension understanding in order to progress,
which is negative leamning.

The CBT lulled one into a false sense of confidence.

The FBS should not be used as a substitute for a real sim.

Questionnaire 3

Positive Comments (5)

The CBT was excellent. (3)
CBT, FBS, and then the full sim was a logical progression.
The CBT was the best of my career.

Negative Comments (19)

There needs to be an operating CDU/FMC trainer. (13)

The CBT was distracting in several areas because it had errors. (2)
The CBT could be improved to allow for more realistic FMC
operations.

CBT (in lieu of instructor-led ground school) is sheer drudgery. I'm
sure that my retention of systems and overall understanding of
systems operations is significantly lower on the B-757 due to CBT.
Very dull in the personal computer trainer.

The fixed-base simulator looked like an expensive make-work
government project. It is not a simulator, but treated as a simulator,
and graded as one, to the detriment of the student.
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Q2 and Q3 summary

Many of the pilots responded that the CBT was a good or excellent training
device. However, some pilots mentioned the CBT contained errors or that they
had experienced frustration by having to retrace their steps in order to review a
particular topic. In addition, many pilots mentioned a desire for a workable FMS
trainer which would enable them to practice building FMC programming skills
and techniques outside of the simulators (fixed base and full motion).

These last three issues: (1) CBT errors, (2) wading through prior CBT material in
order to review previous topics, and (3) the need for an operational FMS trainer,
raise some concerns with the authors. Errors in the CBT are inappropriate for
pilots undergoing transition training or any other type of airline training for that
matter. In addition, one can empathize with a pilot’s frustration by having to
navigate through prior matenal in order to review a previous topic only one or two
frames away. Finally, we suspect the requests for the FMS trainer may be
predominantly from pilots without prior glass experience.

1.3.3 Did the training program (IOE, LOFT, etc.) prepare you to fly the line?
Questionnaire 3 (only)

Twenty eight pilots (28) responded that the training they received adequately
prepared them for flying on the line. There were no negative responses to this
question and many without a response indicated.

General comments on B-757 training program
Questionnaire 2

Style of Instruction
e Felt the training was “bought cheap” and not kept up to date with
changes or new information.

Curriculum Development and implementation

e Coming off the B-737-500/300 made the training easy. (3)

¢ Coming from the B-737-300/500, it seemed more like transition
training.

¢ | came from the B-737-300/500 and was bored with some simulator
sessions — | should have had a “short course.”

¢ Previous experience on the B-737-300/500 made the transition
extremely easy. My only negative comment would be the length of
training seemed a little long.

e Coming from the B-737-300/500, | had the advantage of being familiar
with the glass cockpit and FMS computer which helped me a lot and
made the B-757 training much easier.
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| was a Captain on the B-737 and went to FO position on the B-757.
The change of seats was more trouble than the aircraft change.

For pilots that have never had an FMS aircraft prior to the B-757, it
requires a lot of hands on training.

The transition from the B-727 was a quantum leap.

| noticed students with no prior FMC background had a more difficult
time with training.

Administration and Scheduling

The 14 hour day needs to be reduced. 4 to 6 hours training/day with
study time would equal an 8 -10 hour day.

| wish | could have obtained my manuals sooner for studying.

Being paired with the same FO throughout the training sessions was
helpful. We lived together, studied together and flew together. Big
benefit.

They did not give us enough (almost none) information about training
before-hand.

ETOPS training should be given after IOE.

Questionnaire 3

Style of instruction

Would like to see a group class.

Bring back the classroom environment to create the question/answer
exchanges from other pilots.

If the line environment was as exciting as the training, | would have
stayed on the aircraft.

The LOFT training was invaluable. It all came together in those
sessions.

We need a LOFT program for training (had only one after PC) and
more recurrent training (we have none).

The B-757 training was a self-taught course with too much verbiage in
the supplemental training guide.

Curriculum development and implementation

Solicit feedback from the pilots.

| came off the B-737-300 which is also automated. | thought the
transition to the B-757 was easy.

No complaints except a shorter course should be offered for pilots who
transition from B-737-300/500.

Training was well standardized and positive in nature.

The simulator and LOFT sessions were very good.
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Administration and scheduling

» The <oral> exam would have been more relaxed somewhat if some of
the FMC work was saved until after the oral.

¢ Providing the study manual and flight manual before beginning training
to give the pilots a chance to prepare ahead of time.

o | feel that training someone on any equipment, then letting them sit for
three months is extremely dangerous and stupid. | lost currency twice
before | logged 100 hours. Floundering around in an unfamiliar
cockpit, trying to take in the finer points of long range navigation and
skirting 23,000" mountains on the backside of the clock is not my idea
of a good time.

Training Summary

Once again, Continental's training department receives high accolades for such
a positive response to their B-757 training program. Certainly some areas could
use improvement, but the majority of the pilots felt their training gave them the
skills and information necessary to fly the line. However, it is in this training
section that one starts to see a dichotomy between those pilots with no prior
glass experience and those with previous glass experience. This dichotomy is
especially prevalent in section 1.3.3 General comments on B-757 training
program. In these general comments, one finds pilots with prior glass
experience (mostly B-737-300/500 aircraft) commenting that the training was
easy or in one instance, “boring.” On the other hand, one can sense some pilots
struggling with learning a whole new concept of flying and leaming the FMS
associated with glass cockpits.

2.0 Error
Introduction

The responses to this question were read, sorted, and then categorized
according to the type of error. While many responses indicated that the error
had been committed by the respondent, some responses were instances were
the pilot observed an error either from the cockpit or jump seat. Several of the
responses were complaints or irrelevant comments and these were discarded
from the categorization. In addition, an error was placed in only one category
with no multiple entries.

2.1 Describe in detail an error which you have made, or have seen
someone else make, with the automation that might have led to some
undesirable consequence.

This topic was handled differently from the other open-ended responses, in that
all the responses from questionnaire 2 and 3 were merged to derive the error
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topics. Once the errors were sorted and categorized, the responses were placed
back into their respective questionnaires (Q2 or Q3). A total of 12 error types
emerged from the response sort and analysis with the following topics emerging:

Error Type
2.1.1 Programming CDU/MCP

(incorrect, incomplete, neglecting or not cross-checking)

2.1.2 Energy management

(altitude bust, not meeting speed or crossing restriction)

2.1.3 Automation

(over-reliance, surprise, or loss of situational awareness)

2.1.4 Action
(out of sequence, neglected or incorrect)

2.1.5 LNAV
(setup/confusion)

2.1.6 Mode switching
(confusion with mode switching or current mode state)

2.1.7 Procedures
(incorrect, incomplete, or neglecting)

2.1.8 Workload
(time for scan, distractions, or excessive heads-down)

2.1.9 VNAV
(setup/confusion)

2.1.10 Approach
(setup/confusion)

2.1.11 Equipment
(aircraft systems configuration or NAV displays)

2.1.12 Training
(negative transfer)

Total = (Q2 + Q3)

52

24

23

18

14

14

14

13

12

10

6

(29 + 23)

(16 + 8)

(8+15)

(6+13)

(6+8)

(9+5)

(8+6)

(5+8)

(8+4)

LT3

(6+2)

(4+2)

The following pilot responses are typical of the errors or incidents which were
either committed or observed. All the error responses are not included so as not
to burden the reader with repetition. Any suggestions of how the error could
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have been prevented (e.g., via equipment design, training, CRM or procedures)
took precedence and appear in the transcribed responses below.

2.1.1 Programming CDU/MCP (52)

Questionnaire 2

Wrong fixes entered into the computer. However, <errors> are easier
to see in the glass cockpit.

A mistake that is being made by all in programming the route. If you
are cleared EWR to LAX on Route 006, and you try to install Route
006, but a message appears "Route does not exist.” Instead of going
to the “Route Page” and manually placing the route in, everyone is
trying Route 001, Route 002, Route 003, etc. until they found a route
that matches 006.

The speed knob is often mistaken for the heading knob and vice
versa. On take-off and climb-out this can cause a decrease in
airspeed at a critical time, or the start of a turn when it is not desired.
This is an equipment design problem; they (knobs) are too close and
too similar in appearance.

We loaded the FMC manually, then the CDU kept flashing that it
wanted to be loaded automatically by uplink causing difficulty for the
flight. We were concemed we had loaded it manually and didn’t know
what the consequences would be.

Questionnaire 3

Most common error for all pilots is not checking the FMA after
selections or <after> engaging a mode selected on the MCP. This
error can be avoided by making sure that what you have selected is
enunciated correctly on the FMA.

Captain entered the holding course incorrectly! He used the radial
verses the inbound course. He was a little weak on the FMC.
Setting the wrong altitude in the window <MCP panel>.

2.1.2 Energy management (24)

Questionnaire 2

Depending on the aircraft to ensure meeting restrictions have twice
resulted in potential violations.

In LVL change with 315 knots below 10,000.

| have never been involved in an “altitude bust” in 23 years of aviation.
| was involved in one excursion and one trip later, almost another
excursion for the same reason. The captain was flying both times.
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He decided to hand fly in VFR conditions out of a high density airport. He
failed to brief his actions and responsibilities. We were advised several
times on climb-out of VFR traffic. After performing my duties inside the
aircraft, | turned to the outside to look for traffic and failed to cross-check
the captain who | had never flown with before, but was an instructor and
at least a check airman. | assumed he was flying the airplane.
Unfortunately, he was “outside” the airplane and had such a high rate of
ascent that he “busted” the altitude level-off by more than 800'. My very
next trip was with a 