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5. Concluding Remarks

5.1 Proposed Improvements to Training Syllabus
Rogers et al. (2007) report training shortcomings in 

the use of MFS as an upset-recovery trainer, stressing in 
particular the importance of teaching aircraft-specific 
maneuvering techniques to minimize altitude loss, and 
conjecturing that improved use of the simulator would 
result in better flight testing results. The conjecture was 
verified in Rogers et al. (2009), where a second group of 
MFS-trained pilots performed much better than the first 
MFS-trained group after improved training procedures 
were implemented.

Similarly, we believe that if we conducted our experiment 
a second time with simulator training modified by what 
we learned during the research, flight testing results might 
reflect a much stronger performance by GL2000-trained 
pilots.27 We had a limited amount of time in which to 
conduct the GL2000 training—two days per group—and 
during the first day, GL2000 training time was limited 
when participants experienced varying degrees of motion 
sickness and reached a point where further training was 
ineffective. Nevertheless, participants adapted quickly to 
GYROLAB motion, and we were able to conduct mo-
tion training more aggressively on the second day. In the 

course of the research, we modified our GL2000 training 
approach slightly to provide both no-motion and motion 
time during the first day. The no-motion time was used to 
teach certain “rote” skills that are not motion critical. The 
limited motion time was used to teach the motion critical 
skills while simultaneously allowing participants to adapt 
gradually to simulator motion.

It appears that rote responses in upset-recovery ma-
neuvering can be taught as effectively with MFS as with 
the motion based GL2000 simulator. The first of these 
responses involves using visual cues to determine pitch 
and bank angles during an upset. As shown in Figure 3, 
MFS, as implemented at ERAU, provides three simulta-
neous views outside the cockpit: 90o left, forward, and 
90o right. The forward view is used to categorize an upset 
as nose-high or nose-low, while the two side views allow 
a pilot to determine bank angle, including whether the 
aircraft is upright or inverted. The second rote response is 
proper use of throttle—application of full thrust in nose-
high upsets and reduction of throttle to idle in nose-low 
upsets. It is possible that participant pilots might have been 
better prepared for GL2000 training had they previously 
practiced these rote responses on MFS or received more 
GL2000 no-motion practice. Repetition is a powerful 
learning reinforcement for such responses.

 

Figure 3.  Screen Captures of MFS Windows Configuration for Upset-recovery Training 
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Table 14. Average and Observed Minimum Altitude Losses for Each of the Four Upsets 

Altitude Loss in Feet 
Data Source Nose-Low 

Upright 
Nose-High 

Upright 
Nose-Low 
Inverted 

Nose-High 
Inverted 

GL2000-Trained Pilot Average 600 213 885 368 
MFS-Trained Pilot Average 565 331 949 382 

Control Group Pilots Average 728 340 1069 465 

Observed Minimum during Safety Pilot Training 220 -50 350 -30 
 

The second change we would implement to our training 
syllabus involves utilization of the GL2000 simulator. Given 
the time required to adapt to GL2000 motion, our goal of 
giving participants five hours of GL2000 training in two 
days proved to be optimistic. Training had to be suspended 
for participants who experienced motion sickness until they 
could recover, since learning ends once a pilot becomes 
distressed. This slowed the training process significantly. 
As explained previously, we experimented with flying the 
GL2000 without planetary motion during the first training 
session for each participant, then introduced the use of G forces 
incrementally during subsequent sessions. Interestingly, we 
found a significant degree of adaptation to planetary motion 
between the first and second days of weekend training and, 
not infrequently, between successive sessions on the first day.

Were we to repeat our experiment, we would plan one-
half hour GL2000 training sessions and alternate planetary 
motion sessions with non-motion sessions depending on 
how well an individual participant tolerates the resulting G 
forces. Additionally, we would extend the training period 
to three days. Under these circumstances, we believe five 
hours of GL2000 training per participant would be possible 
while training five pilots per group. The remaining five of a 
total of ten simulator hours would still be accomplished on 
the Microsoft Flight Simulator. We would also introduce 
upset-recovery maneuvering on MFS, as opposed to limiting 
the use of this desktop simulator to aerobatic training only.

5.2 Limitations of Ground-Based Simulators for 
Upset-Recovery Training28

Statistical analysis confirms our hypothesis that GL2000-
trained participants would outperform control group 
participants in upset-recovery maneuvering. Although 
GL2000-trained pilots lost less altitude in three of the four 
upsets and recovered faster in all four, they did not statisti-
cally outperform MFS-trained participants to the degree 
anticipated. More important, perhaps, neither trained group 
performed as well in altitude loss as we would have expected.

Table 14 summarizes altitude losses for GL2000-trained, 
MFS-trained, and control group pilots for all four upsets. 
The bottom row of the table reports minimum observed alti-
tude loss for each upset during safety pilot training. Despite 
the fact that our research suggests that simulator training 

significantly improves a pilot’s ability to recover an airplane 
from a serious upset, there is a large disparity between trained 
participant altitude losses and the far smaller altitude losses 
achievable by pilots experienced in all-attitude maneuvering 
in an actual airplane.

The altitude disparities reflected in Table 14 seem to call in 
question the implicit assumption that airline simulator-based 
upset-recovery training programs impart flying skills sufficient 
to make it probable that a typical line pilot can recover an 
airliner from a serious upset with minimum altitude loss. U.S. 
airline pilots no longer come primarily from military flight 
backgrounds where training afforded them extensive oppor-
tunity to perform aerobatic flight maneuvers. For military 
trained pilots there are no unusual attitudes, only unexpected 
attitudes. By contrast, most air transport pilots flying today 
have never experienced the extreme pitch and bank angles 
and high G forces associated with severe airplane upsets. 
Indeed, most have never been upside-down in an airplane 
even once. Informal conversations with current airline pilots 
suggest that while virtually all regard the company-provided 
upset training they receive as useful, a significant number 
also perceive it as a pro forma approach to a serious safety 
problem—better than nothing but far from what would be 
desirable if training costs were not a paramount consideration. 
Although aerobatic training has not so far been authorita-
tively related to upset-recovery success in a transport type 
airplane, aerobatic flight in a light airplane would provide an 
opportunity for pilots to practice maneuvering in extreme 
attitudes across wide airspeed and energy level ranges. This 
might in turn lead to greater confidence and maneuvering 
proficiency in an actual upset situation.29

Upsets are known to be a primary cause of fatal com-
mercial air transport accidents. Passenger and air crew safety 
considerations mandate that air transport pilots be able to 
recover from the infrequent but potentially catastrophic 
upsets that inevitably will occur from time to time in air 
transport operations. Although our research implies that 
simulator-based upset-recovery training is a value-added 
activity and that introducing higher levels of fidelity may 
to some extent enhance skills transfer, additional work is 
needed to optimize ground-based flight training devices 
and their utilization to ensure they provide highly effective 
upset-recovery training.
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