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3. METHODS

3.1 SUBJECTS

Commercial airline pilots were recruited through notices to the Air Line Pilots
Association (ALPA) and to United States air carriers that operate A320 aircraft. Subject pilots
came from Northwest Airlines, United Airlines, and America West Airlines.

3.2  FACILITY

The study was conducted at the Northwest Aerospace Training Corporation (NATCO) in
Eagan, Minnesota. The subject crew and all test personnel occupied the certified full-motion
A320 cockpit simulator. An observer sat behind the first officer's seat. The observer's duties
were to verify that the simulator was properly configured for each test run and to record
observations during each session. A Northwest Airlines pilot/instructor operated the simulator
controls located behind the captain's seat. The simulation operator's duties were to configure the
simulator for each test run, record data, and help the subjects with equipment-related problems.
A third person sat next to the simulation operator and read the controller scripts. All test
personnel who acted as controller had previous air traffic control experience. All test personnel
were instructed not to provide information to the subject crews that might affect the results or to
provide suggestions about cockpit procedures.

3.2.1 A320 Flight Deck Controls

Since the A320 is the first certificated commercial aircraft with fly-by-wire technology,
the cockpit automation may be unfamiliar to some readers. This section describes the controls
and displays that were important during the breakout maneuver and some of the differences
between the A320 and conventional advanced-automation cockpits such as the B747-400. The
purpose of this section is to provide the reader with an understanding of the measured data and to
provide insight needed for interpreting the results. This is not intended to be a primer on A320
operations. In order to facilitate the description of the cockpit displays, the simulator is referred
to as the "aircraft."

The first officer instrument panel and the pedestal of the NATCO A320 cockpit simulator
are shown in Figure 3-1. One difference between the A320 and other commercial aircraft is the
lack of a control wheel. Instead, the pilot uses the side stick to control pitch and roll. The side
stick is outboard of the seat: to the left for the captain, and to the right for the first officer.
During automated flight, pressing the button on the stick disengages the autopilot and allows the
pilot to take control of the aircraft. During manual flight, pressing the button overrides the other
stick; but this is not a normal procedure.

The Flight Control Unit (FCU) is the upper center section of the instrument panel, located
in the upper left corner of Figure 3-1. The Flight Control Unit is comparable to the Mode
Control Panel in a Boeing aircraft, and houses the speed, heading, altitude, and vertical speed
knobs. The crew can enter a new value for any of these flight parameters either via the FCU
knob or by entering the value into the Multipurpose Cockpit Display Unit (MCDU) located on
the pedestal. During this study, manual entries were made using the FCU knobs.
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Figure 3-1. A320 flight deck. This view shows the central pedestal and the
first officer’s side of the instrument panel.






















Figure 3-2. Videotape frame recorded during a breakout.

results for subsequent test sessions agreed. For the sessions with incorrect time stamps, the error
was corrected during data extraction by incrementing the time data at the correct rate.

Scenario configuration was checked by manually verifying that the weather conditions,
initial autopilot setting, subject pilot, and breakout location agreed with the test scenario. In
addition, the breakout instruction was compared to the scripted text. If the configuration was
correct, the trial was used in the analysis. If the configuration did not match the test scenario,
then the trial was retained only if the configuration matched another test scenario. In this case,
the trial identification string was changed to match the assumed scenario's identification. If the
trial configuration did not match any of the test scenarios, then the data for that trial were not
used in the analysis.

In some trials, the controller used the wrong call sign in the breakout instruction. During
Phase 1, these events were random and unintentional. In Phase 2, the wrong call sign was
deliberately used for one breakout halfway through each session. The purpose of the intentional
error was to check whether the subjects were automatically reacting without paying attention to
the message. In each case, the crew did not respond to the breakout instruction with the incorrect
call sign and the controller had to repeat the message with the correct call sign. The data for
these trials were not used in the analysis.
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3.7 DATA ANALYSIS

Exploratory analysis was used to identify general trends in breakout performance. A
subset of test variables representing turn and climb performance during the breakout maneuver
were selected for further analysis using SPSST™, a statistical software package. As described in
Section 2, each phase was designed as a two-factor model. The main effect of each test factor as
well as the possible interaction between test factors were determined using analysis of variance
(ANOVA). The null hypothesis for each analysis was that the test means were equal. If the
calculated F value was greater than F s, then the null hypothesis was rejected at the .05
significance level. If the null hypothesis was rejected for a factor with more than two levels,
then either the Tukey’s b multiple range test or paired-sample t-test was used to determine which
factor levels were statistically similar. If a subject experienced a given combination of approach
mode and breakout group more than once, then these repeated measures were averaged and
treated as a single sample. This was done to equalize the number of samples in each test cell.

The ANOVA formulas used depended on the phase. The formulas may be found in a
statistical text such as [13]. For Phase 1, the assignment of subjects to each combination of test
factors was assumed to be random. Although each subject experienced multiple cases for each
combination of approach mode and breakout group, there were no complete sets of repeated
measures. If a repeated-measure analysis had been used, then some results would have been
ignored and values for missing levels would have been estimated. Therefore, it was necessary to
assume a random, between-subject model for all independent variables. Collapsing the model
with respect to subject (i.e., use between-subject comparisons) resulted in a more conservative
analysis than if the data had been forced to fit a within-subject model.

A mixed-factor model (within and between subject) was used for the Phase 2 analysis.
Approach mode was the between-subject factor. This means that for a given analysis, each
subject was assigned to fly either all manual approaches or all autopilot-coupled approaches, but
not both. Altitude and direction were the within-subject factors, meaning that for a given
analysis each subject experienced all levels for that factor.

The use of analysis of variance requires the assumption that the observations from all test
cells are normally distributed and have the same variance. Similar assumptions about the
differences between observations are additionally required for mixed-factor analyses. Before
each analysis, the assumptions were tested using the appropriate tests provided with SPSS™. If,
for a given analysis, the observations did not satisfy the required assumptions, then the data were
transformed. Any data transformations are noted in the results section.

Since the Phase 2 data included within-subject replicates, the analysis of variance
required a complete set of data. Missing data values were replaced with the mean value for that
test cell. The degree of freedom for the denominator was then reduced by the number of missing
values. Any missing values are noted in the results section.

22







































































































































































































































































