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1

An ExpErimEnt to EvAluAtE trAnsfEr of low-Cost 
simulAtor-BAsEd upsEt-rECovEry trAining

An upset occurs when an a�rplane enters an unex-
pected att�tude that threatens loss of control (LOC) and 
subsequent ground �mpact. For the years 1998 – 2007 
�nclus�ve, LOC was the lead�ng cause of hull losses and 
passenger fatal�t�es �n worldw�de a�r transport operat�ons, 
caus�ng almost 25% of all crashes and nearly 40% of all 
fatal�t�es.1 Dur�ng the years 1991 – 2000, stat�st�cs for 
general av�at�on (GA) acc�dents �n the Un�ted States are 
s�m�lar, wh�le �n Austral�a LOC accounted for an even 
greater proport�on of GA acc�dents and fatal�t�es.2

S�nce LOC threatens both passengers and fl�ght crews, 
as well as potent�al v�ct�ms on the ground, many a�r 
transport tra�n�ng programs conta�n a module �nstruct�ng 
p�lots how to recover an a�rplane from an upset. However, 
the effect�veness of such tra�n�ng has not been demon-
strated. We w�ll report on a two-phase Federal Av�at�on 
Adm�n�strat�on-funded research exper�ment des�gned to 
evaluate transfer of upset-recovery tra�n�ng conducted 
us�ng low-cost fl�ght s�mulat�on. We assess tra�n�ng ef-
fect�veness by means of �n-fl�ght upset-recovery test�ng 
�n a general av�at�on a�rplane. In what follows, we:

D�scuss pr�or research related to our exper�ment.
Descr�be the exper�ment.
Summar�ze prev�ously reported results of Phase 
One fl�ght test�ng.
Present and �nterpret results of Phase Two fl�ght 
test�ng.
Construe the relevance of our results to a�r transport 
upset-recovery tra�n�ng.
Expla�n plans for future related research.

1. PrIOr rEsEarCh3

We have found only a few research art�cles related to 
the transfer of s�mulator-based upset-recovery tra�n�ng. 
Several reports result from research at the Calspan In-Fl�ght 
Upset Recovery Tra�n�ng Program �n Roswell, N.M.4 A 
second set of art�cles focuses on centr�fuge-based fl�ght 
s�mulators manufactured by the Env�ronmental Tecton-
�cs Corporat�on. A th�rd group d�scusses human factors 
cons�derat�ons �n upset-recovery tra�n�ng. F�nally, we are 
aware of just one art�cle related to tra�n�ng transfer when 
upset maneuver�ng �s taught us�ng low-cost s�mulat�on.

1.
2.
3.

4.

5.

6.

1.1 Calspan-related research
Calspan prov�des in-flight s�mulator-based upset-

 recovery tra�n�ng �n a var�able stab�l�ty Learjet 25 mod�fied 
to s�mulate the control character�st�cs of an a�r transport 
a�rplane. The Calspan Lear can s�mulate var�ous acc�dent 
scenar�os that �n the past have resulted �n a�r transport 
upsets lead�ng to uncontrolled crashes.

Gawron used Calspan’s Learjet to test five groups 
of a�rl�ne p�lots w�th vary�ng degrees of upset-recovery 
tra�n�ng and/or aerobat�cs exper�ence on a ser�es of e�ght 
upsets, hypothes�z�ng that p�lots w�th more tra�n�ng 
and/or exper�ence would outperform those w�th less. 
However, she found no s�gn�ficant d�fference among the 
performances of the five groups.5

Kochan used the Calspan Lear to exam�ne the roles 
of domain knowledge and judgment �n upset-recovery 
profic�ency. Doma�n knowledge �s spec�fic knowledge 
about upset-recovery procedures. Judgment �s the ab�l-
�ty to analyze and learn from an �n-fl�ght upset-recovery 
exper�ence. She tested four groups of part�c�pants on a 
ser�es of three �n-fl�ght upsets. Stat�st�cal analyses revealed 
that judgment was a s�gn�ficant factor �n successful upset 
recovery, espec�ally when a p�lot has low doma�n knowl-
edge, �.e., when a p�lot �s not tra�ned to profic�ency �n 
upset recovery.6

Kochan and Pr�est stud�ed the effect of upset-recovery 
tra�n�ng �n the Lear. They measured pre- and post-tra�n�ng 
p�lot performance �n recover�ng from a ser�es of upsets. 
Stat�st�cal analys�s �nd�cated “a strong pos�t�ve �nfluence 
of the [Calspan program] on a p�lot’s ab�l�ty to respond 
to an �n-fl�ght upset.”7

Kochan, Bre�ter, H�lscher, and Pr�est surveyed reten-
t�on of knowledge �n Calspan-tra�ned p�lots. Although 
part�c�pants �n retrospect “rated the�r ab�l�ty to recover 
from loss-of-control s�tuat�ons as be�ng greatly �mproved 
by the tra�n�ng,” most were unable to recall var�ous spec�fic 
deta�ls about upset-recovery maneuver�ng taught dur�ng 
the�r tra�n�ng.8

1.2 Centrifuge-Based Flight simulation
The Calspan Learjet in-flight s�mulator allows p�lots 

to exper�ence upset maneuver�ng G forces that very 
few ground-based fl�ght s�mulators can repl�cate. The 
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Env�ronmental Tecton�cs Corporat�on (ETC) of South-
ampton, Pennsylvan�a, manufactures centr�fuge-based 
fl�ght s�mulators capable of generat�ng cont�nuous G 
forces. Such s�mulators br�ng to ground-based upset-
recovery tra�n�ng a degree of real�sm unach�evable even 
�n Level- D s�mulators. Three ETC propr�etary techn�cal 
reports (ava�lable from D�ck Leland at dletc@aol.com) 
deta�l the capab�l�t�es of the company’s current genera-
t�on of centr�fugal s�mulators.9,10,11 One drawback of 
such s�mulators, however, �s that “�f a p�lot moves h�s 
head wh�le under G �n a centr�fuge, strong feel�ngs of 
d�sor�entat�on (the Cor�ol�s �llus�on) result because of 
the small rotat�on rad�us needed to create the G forces 
art�fic�ally.”12 In a related art�cle on mot�on-based fl�ght 
s�mulat�on, Szczepansk� and Leland argue that “s�mulator 
data analys�s suggests that mot�on cue�ng �s necessary 
when tra�n�ng ab initio p�lots or p�lots who have l�m-
�ted or no exper�ence �n the part�cular fly�ng task that 
�s be�ng tra�ned.”13

S�nce upset maneuver�ng �nvolves generat�ng h�gh G 
forces than many p�lots have never exper�enced, �t seems 
reasonable to wonder �f a centr�fuge-based s�mulator 
m�ght not be more effect�ve that low-cost or Level-D 
fl�ght s�mulators for upset-recovery tra�n�ng. We return 
to th�s subject later.

1.3 human Factors Considerations in Upset-
recovery Training

A number of papers exam�ne the “surpr�se” or “startle” 
factor �n av�at�on, an effect that can h�nder a p�lot’s ab�l�ty 
to respond appropr�ately to an emergency s�tuat�on such as 
an upset. Kochan, Bre�ter, and Jentsch (2004) found p�lots 
often m�ss cues that m�ght lead to avo�d�ng an emergency 
that later arr�ves as a surpr�se.14 In a follow-on paper, the 
same researchers develop “a conceptual framework for 
the study of unexpected events �n av�at�on.”15 Kochan, 
Pr�est, and Moskal use a model for the “cogn�t�ve process 
of surpr�se”16 to study “how an unexpected event can es-
calate to a loss-of-control s�tuat�on.” They conclude that 
�n-fl�ght (as opposed to ground-based) s�mulator tra�n�ng 
may be necessary to teach p�lots to deal adequately w�th 
the�r perceptual biases �n process�ng �nformat�on dur�ng 
a surpr�se upset.17,18 In a related paper, Kochan argues 
that a p�lot’s response to unexpected events can be �m-
proved through cognitive flexibility training (to d�scourage 
formula�c and encourage flex�ble responses to surpr�se 
events), adaptive expertise training (to re�nforce mod�fied 
or new responses to surpr�se based on responses learned 
�n prev�ous expert tra�n�ng), and metacognitive training 
(to teach p�lots how to evaluate the�r mental processes 
�n respond�ng to surpr�se).19

1.4 Low-Cost simulation
Roess�ngh (2005) stud�ed tra�n�ng transfer from low-

fidel�ty ground-based fl�ght s�mulators to control of an 
actual a�rplane dur�ng aerobat�c fl�ght.20 Two exper�mental 
groups rece�ved ground-based �nstruct�on �n aerobat�c 
maneuver�ng us�ng desktop fl�ght s�mulators. The s�mu-
lator syllabus was the same for both groups, but one 
exper�mental group’s s�mulator tra�n�ng was enhanced 
w�th a more “real�st�c layout of st�ck, rudder pedals, and 
throttle.” Then the two exper�mental groups and a control 
group rece�ved five hours of �n-fl�ght aerobat�c tra�n�ng. 
Data collected dur�ng subsequent test�ng revealed no 
s�gn�ficant d�fference �n the aerobat�c maneuver�ng of 
exper�mental and control group p�lots.

2. ThE rEsEarCh ExPErImENT

Our research seeks to determ�ne �f upset-recovery tra�n-
�ng �n low-cost fl�ght s�mulators develops fly�ng sk�lls that 
�mprove a p�lot’s ab�l�ty to recover from a ser�ous upset 
�n a real a�rplane. We hypothes�ze that p�lots tra�ned �n 
upset recovery w�ll outperform untra�ned p�lots. To test 
th�s hypothes�s, we tra�n a group of part�c�pant p�lots �n 
upset-recovery maneuver�ng us�ng M�crosoft Fl�ght S�mu-
lator (MFS),21 then subject both tra�ned and untra�ned 
part�c�pants to a ser�es of four upset s�tuat�ons �n an actual 
a�rplane and collect data on the�r performance �n recover-
�ng the a�rplane to stra�ght-and-level fl�ght. Part�c�pants 
�n our exper�ment are student p�lots at Embry-R�ddle 
Aeronaut�cal Un�vers�ty (ERAU) �n Daytona Beach, 
Flor�da. All part�c�pants hold a current �nstrument rat�ng 
and have completed an academ�c course �n bas�c aerody-
nam�cs for p�lots. None has pr�or aerobat�c exper�ence 
or upset-recovery tra�n�ng beyond that requ�red for FAA 
fl�ght cert�ficates and rat�ngs.

As reflected �n Table 1, our exper�ment �s a 2 x 4 repeated 
measures factor�al. The first �ndependent var�able �s degree 
of tra�n�ng and has two levels—tra�ned and untra�ned. 
Tra�ned part�c�pants rece�ve ten hours of classroom upset 
tra�n�ng and ten hours of MFS upset-recovery tra�n�ng.22 
Untra�ned part�c�pants—control group p�lots—rece�ve no 
classroom or s�mulator tra�n�ng. The second �ndependent 
var�able �s upset att�tude. It has four levels correspond�ng 
to the four upsets each part�c�pant �s subjected to dur�ng 
fl�ght test�ng. We categor�ze upset att�tudes as nose-h�gh 
or nose-low and as upr�ght or �nverted. An �nverted at-
t�tude �s one where the bank angle exceeds 90o.

Fl�ght test�ng subjects part�c�pants to upsets �ntended to 
s�mulate an a�rplane �n cru�se fl�ght suddenly d�sturbed by 
an external force such as severe w�nd shear or very strong 
wake turbulence. Part�c�pants close the�r eyes wh�le the 
safety p�lot �nduces an upset, then—when �nstructed to 
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do so—open the�r eyes and attempt to br�ng the a�rplane 
under control. If a part�c�pant p�lot returns the a�rcraft 
to stra�ght-and-level fl�ght w�thout verbal or phys�cal 
ass�stance from the safety p�lot, a recovery �s successful; 
otherw�se, �t �s unsuccessful.

We define a good upset recovery as one where a p�lot 
respects a�rcraft operat�ng l�m�tat�ons wh�le return�ng the 
a�rcraft to stra�ght-and-level fl�ght w�th the m�n�mum 
poss�ble loss of alt�tude. M�n�mum alt�tude loss w�ll 
result from:

Prompt and correct control and throttle �nputs �n 
response to an upset s�tuat�on.
A h�gh roll rate toward an upr�ght att�tude to or�ent 
the l�ft vector toward the sky.
Use of appropr�ate G forces (unloaded dur�ng low-speed 
or �nverted rolls; h�gh Gs �n d�ve pullouts wh�le avo�d-
�ng accelerated stalls) dur�ng upset maneuver�ng.

The dependent var�ables �n our exper�ment are des�gned 
to measure these factors. Upset att�tudes and dependent 
var�ables d�ffer sl�ghtly between Phase One and Phase Two 
of our research because we used d�fferent test a�rplanes, 
w�th d�fferent �nstrumentat�on, �n each of the two phases. 
Th�s s�tuat�on, however, does not const�tute a des�gn 
l�m�tat�on: no data from Phase One test�ng were used �n 
Phase Two analys�s.

3. PhasE ONE FLIghT TEsTINg23

3.1 Upset attitudes and Dependent Variables
We conducted Phase One fl�ght test�ng �n a Beech 

Bonanza a�rplane prov�ded by the Calspan Fl�ght Research 
Group. Table 2 �nd�cates the �n�t�al att�tudes and a�rspeeds 
assoc�ated w�th each of the four upsets. Nose-h�gh upset 
a�rspeeds were set at 10 KIAS above V

S
, the Bonanza 1 

G stall speed. Nose-low a�rspeeds were a max�mum safe 
value tak�ng �nto cons�derat�on the Bonanza never-exceed 
speed of 196 KIAS. Data values for dependent var�ables 
were der�ved from a fl�ght data recorder and a v�deo file 
produced from a camera focused on the Bonanza’s �nstru-
ment panel. Table 3 shows dependent var�ables used �n 
stat�st�cal analys�s.

•

•

•

3.2 statistical analysis
Dur�ng fl�ght test�ng, we exper�enced d�fficult�es w�th 

data collect�on hardware that resulted �n lost or �naccurate 
data. In add�t�on, we d�scarded data for upsets where the 
�n�t�al a�rcraft att�tude and a�rspeed var�ed s�gn�ficantly 
from target values show �n Table 2. F�nally, we om�tted 
data for 14 unsuccessful upset recover�es, s�x by tra�ned 
part�c�pants and e�ght by control group part�c�pants. 
As a consequence, although we tested 28 tra�ned and 
30 control group part�c�pants dur�ng 232 upsets, we 
produced rel�able data for far fewer upsets, as shown 
�n Table 4. Note that the table reflects the number of 
�nd�v�dual upsets w�th rel�able data for each upset, not 
the number of part�c�pants w�th complete data sets for 
all four upsets.

Because unusable data resulted �n too few complete data 
sets, a two-group repeated measures Mult�var�ate Analyses 
of Covar�ance (MANCOVA) proved �nfeas�ble. Thus, we 
dec�ded to analyze each upset separately to preserve a rea-
sonable sample s�ze. For each upset �n order, we calculated 
the W�lks’ Lambda value. S�nce each analys�s revealed a 
s�gn�ficant mult�var�ate effect, we then used un�var�ate 
ANOVAs employ�ng the Bonferron� adjustment to assess 
the contr�but�on of �nd�v�dual dependent measures. 
Table 5 records the mean and standard dev�at�on (�n 
�tal�cs) for each dependent measure. Bolding �nd�cates 
a s�gn�ficant effect.

3.3. Interpretation
Stat�st�cal analys�s �mpl�es a strong relat�onsh�p be-

tween tra�n�ng �n low-cost fl�ght s�mulators and �mproved 
control responses dur�ng a ser�ous upset s�tuat�on �n a 
real a�rplane. Tra�ned p�lots outperformed control group 
p�lots �n s�x of the n�ne dependent measures, reflect�ng 
a super�or control of G forces dur�ng unloaded rolls and 
d�ve pullouts, an �ncreased w�ll�ngness to use large roll 
control �nputs, and qu�cker throttle responses. The result 
was a tendency to return the a�rcraft to stra�ght-and-level 
fl�ght faster than control group p�lots. In three dependent 
measures, however—seconds to first roll; rudder �nput; 
and, most notably, alt�tude loss—tra�ned p�lots never 
outperformed control group p�lots.

Table 1. The 2 x 4 Factorial Design 

Upset Attitude (Repeated Measure) 
2 x 4 Factorial 

Nose-high 
Upright 

Nose-low 
Upright 

Nose-high 
Inverted 

Nose-low 
Inverted 

10 Hours Classroom / Simulator 
(Trained Group) Trained pilots Trained pilots Trained pilots Trained pilots 

T
ra

in
in

g

None (Control Group) Untrained pilots Untrained pilots Untrained pilots Untrained pilots
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Table 5. Dependent Measures Means and Standard Deviations (Bolding = Significant Effect) 

Nose-Low Upright Nose-High Upright Nose-Low Inverted Nose-High Inverted 
Upset Trained Control Trained Control Trained Control Trained Control 

G Use in Dive 
Recovery 

3.13 
0.50 

2.50 
0.38 

1.88 
0.29 

1.36 
0.20 

3.49 
0.59 

2.92 
0.58 

2.56 
0.82 

2.00 
0.57 

Average G / 
Target G 

0.79 
0.13 

0.63 
0.09 

0.93 
0.14 

0.91 
0.12 

0.87 
0.15 

0.75 
0.20 

0.84 
0.15 

0.64 
0.16 

Unload G 1.37 
0.28

1.72 
0.34 

0.34 
0.26 

0.23 
0.20 

1.34 
0.52 

1.71 
0.63

0.52 
0.59 

0.66 
0.81 

Altitude Loss 918.26’ 
225.70’ 

1001.76’ 
223.53’ 

12.17’ 
188.39’ 

-119.38’ 
226.41’ 

1290.95’ 
371.82’ 

1243.68’ 
338.68’ 

563.18’ 
481.43’ 

538.95’ 
380.63’ 

Seconds to First 
Throttle 

2.13 
1.10 

3.12 
2.34 

1.91 
0.51

4.38 
5.25

1.57 
.51

2.74 
1.52 

2.45 
1.77 

4.79 
4.34 

Seconds to First 
Roll 

2.00 
0.85 

2.18 
1.01 

2.30 
1.11 

2.06 
0.99 

1.76 
0.94 

2.11 
1.56 

2.36 
0.85 

2.58 
1.68 

Seconds to 
Recover

5.96 
1.07 

8.18 
2.21 

11.08 
2.86 

12.31 
1.77 

7.43 
1.69 

8.32 
1.45 

9.14 
2.34 

12.00 
3.27 

Roll Input 24.22o

13.73o
17.18o

4.79o
63.30o

18.16o
46.38o

13.77o
25.67o

13.54 o
23.16o

9.60o
40.64o

20.44o
40.00o

18.46o

Rudder Input 0.18” 
0.12” 

.20”
0.15” 

0.91” 
0.28” 

.75”
0.58” 

0.33” 
0.24” 

0.23” 
0.20” 

1.05” 
0.58” 

0.79” 
0.76” 

Table 4. Group Size for Each Upset 

Upset 
Group Nose-High 

Upright 
Nose-Low 
Upright 

Nose-High 
Inverted 

Nose-Low 
Inverted 

Control 16 17 19 19 
Experimental 23 23 22 21 

Total 39 40 41 40 

Table 2. Levels of the Upset Attitude Independent Variable for Phase One Testing 

Upset  Pitch Bank Airspeed Thrust
Nose-high Upright 60o Nose-high 15o Left Wing Down 70 KIAS Idle 
Nose-low Upright 30o Nose-low 75o Left Wing Down 120 KIAS Cruise 
Nose-high Inverted 60o Nose-high 135o Right Wing Down 70 KIAS Idle 
Nose-low Inverted 20o Nose-low 135o Left Wing Down 100 KIAS Cruise 

Table 3. Dependent Variables Used in Phase One Statistical Analysis 

Dependent Measures 
G Force in Dive Pullout 

Ratio of Available to Allowable G in Dive Pullout 
G Force Unloading during Rolls 
Recovery Altitude Loss in Feet† 

Time to First Throttle Response in Seconds 
Time to First Roll Response in Seconds 

Time to Recover in Seconds 
Use of Ailerons for Roll Authority in Degrees of Yoke Rotation 

Use of Rudder for Roll Authority in Inches of Rudder Pedal Displacement 

†Some nose-high upset recoveries resulted in small altitude gains, i.e., in negative altitude losses. 
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Wh�le tra�ned p�lots appl�ed larger roll �mputs and 
controlled G forces better than untra�ned p�lots, both 
groups used relat�vely small control �nputs �n compar�son 
to those requ�red for opt�mal recover�es. M�n�mum alt�tude 
loss results from h�gh roll rates (ach�eved at low a�rspeeds 
by us�ng both a�leron and rudder) and from the prompt 
appl�cat�on of max�mum ava�lable/allowable G dur�ng d�ve 
pullout. However, general av�at�on p�lots are accustomed 
to the small control �nputs requ�red for stra�ght-and-level 
fl�ght or fl�ght at small bank and p�tch angles. W�thout 
pr�or aerobat�c exper�ence, p�lots find �t d�fficult to apply 
large control �nputs dur�ng a h�gh-stress upset s�tuat�on. We 
term th�s tendency general aviation syndrome. An equally 
appropr�ate name for th�s hard-to-res�st behav�or would be 
straight-and-level syndrome, as �t also appears to character�ze 
profess�onal p�lots who lack aerobat�c exper�ence—most 
notably a�rl�ne p�lots undergo�ng upset-recovery tra�n�ng.24 
Th�s behav�or was exh�b�ted by tra�ned part�c�pants to only a 
sl�ghtly lesser degree than untra�ned part�c�pants. We bel�eve 
general av�at�on syndrome, wh�ch our tra�n�ng moderated 
but fa�led to overcome, expla�ns why the super�or control 
man�pulat�ons by tra�ned p�lots d�d not result �n smaller 
alt�tude losses. The magn�tude of tra�ned p�lot control 
�nputs, though stat�st�cally s�gn�ficant �n compar�son to 
untra�ned p�lot control �nput, was not close enough to 
opt�mal to result �n an alt�tude loss d�fference. Moreover, 
as expla�ned �n Subsect�on 3.4,  �n some cases our tra�n-
�ng methods l�kely �ncreased (rather than decreased) the 
alt�tude losses exper�enced by tra�ned p�lots.

3.4 Potential for Improved 
Training

Dur�ng Phase One fl�ght test-
�ng, we �dent�fied areas where 
�mproved ground tra�n�ng m�ght 
result �n better p�lot performance 
dur�ng fl�ght test�ng. The first 
concerns the pract�ce of level�ng 
the w�ngs before d�ve pullout, as 
opposed to perform�ng a roll�ng 
pullout. If less than an opt�mal roll 
rate �s employed to level the w�ngs 
before apply�ng h�gh G, or �f less 
than allowable G �s appl�ed dur-
�ng pullout, a roll�ng pullout w�ll 
decrease alt�tude loss. Second, the 
“standard” recovery techn�que for 
nose-h�gh upsets, wh�ch �nvolves 
�nduc�ng a steep bank angle to 
allow the nose to fall toward the 
hor�zon before level�ng the w�ngs, 
�s not opt�mal for h�gh thrust-to-
we�ght rat�o a�rplanes. In h�gh 

thrust-to-we�ght aerobat�c a�rplanes, far less alt�tude loss 
results when a p�lot rolls �mmed�ately toward a w�ngs-level 
upr�ght att�tude wh�le fly�ng nose-h�gh at full power “across 
the top” of a half-loop. Th�s recovery techn�que m�m�cs the 
final roll-out port�on of an Immelman aerobat�c maneuver. 
Th�rd, more emphas�s �s requ�red dur�ng tra�n�ng to help 
p�lots overcome general av�at�on syndrome by us�ng large 
control �nputs. S�mulator tra�n�ng should stress unload�ng 
fully dur�ng nose-low �nverted rolls or when roll�ng at low 
a�rspeeds dur�ng nose-h�gh upsets. It must also emphas�ze 
the use of large rudder as well as a�leron �nputs to �ncrease 
roll rates at low a�rspeeds. F�nally, �t must stress the need to 
apply h�gh G forces qu�ckly dur�ng d�ve recovery once the 
l�ft vector �s po�nted toward the sky. In Phase One tra�n�ng, 
we were less than perfect �n all four �nstruct�onal areas.

4. PhasE TwO TEsTINg

4.1 Data Collection, Upset attitudes, and 
Dependent Variables

After repeated fa�led efforts to find a su�tably �nstru-
mented contract a�rcraft, we dec�ded to use the Embry-
R�ddle Super Decathlon aerobat�c tra�ner for Phase Two 
fl�ght test�ng. To collect data, we �nstalled a battery-oper-
ated v�deo camera focused on the Decathlon’s �nstrument 
panel. A h�gh-resolut�on palm-s�ze v�deo recorder captured 
the camera’s output and cockp�t vo�ce commun�cat�ons. 
F�gure 1 presents a screen capture of a v�deo recorded 
 dur�ng fl�ght test�ng. We also �nstalled an Appareo AHARS 
data recorder, an �nexpens�ve battery-operated GPS-based 

Figure 1. Sample Decathlon Video Recorder Output 
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system capable of record�ng a�rcraft pos�t�on, alt�tude, 
a�rspeed, att�tude (p�tch and bank), G forces (x, y, and 
z), yaw angles (β), and s�m�lar parameters. However, th�s 
un�t proved unrel�able �n aerobat�c att�tudes. As a conse-
quence, we were able to obta�n only G force data from �t. 
Two factors prevented our �nstall�ng a more soph�st�cated 
data record�ng system. One was the s�gn�ficant cost. The 
other �s a proh�b�t�on aga�nst �nvas�ve �nstrumentat�on �n 
an ERAU tra�n�ng a�rcraft.

Because we used the Decathlon rather than the Bo-
nanza for Phase Two test�ng, we mod�fied upset �n�t�al 
att�tudes and a�rspeeds sl�ghtly from those used �n Phase 
One. Table 6 reflects upset att�tudes and a�rspeeds for 
Phase Two fl�ght test�ng. Nose-h�gh �n�t�al a�rspeeds 
were set 12 MPH above V

S
 for the Decathlon, wh�le 

nose-low a�rspeeds reflect a max�mum safe value based 
on the Decathlon’s red l�ne speed V

NE
 of 200 mph. The 

pr�nc�pal change �n att�tudes �s that we used 180o of bank 
(�nverted w�ngs-level att�tude) for both of the �nverted 
upsets. Th�s change made �t eas�er for the safety p�lot 
to pos�t�on the a�rplane �n the prescr�bed att�tudes, a 
challeng�ng task s�gn�ficantly compl�cated by the fact 
that the Decathlon rear cockp�t, where the safety p�lot 
s�ts, has no fl�ght �nstruments. The change was prudent, 
g�ven the d�fficulty we exper�enced dur�ng Phase One �n 
pos�t�on�ng the Bonanza accurately.

Table 7 deta�ls the s�x dependent measures we used to 
conduct Phase Two stat�st�cal analyses. Lack�ng a rel�able 
fl�ght data recorder, we were unable to collect data on 
rudder and a�leron �nput that we obta�ned dur�ng Phase 
One.25 We cons�der the absence of these data po�nts 
�nconsequent�al, because rudder and a�leron �nput are 
respons�ble for roll rate, and Phase One results establ�shed 
tra�n�ng transfer �n us�ng roll author�ty. In Phase Two, 
our ma�n object�ve was to determ�ne �f �mproved tra�n�ng 
would result �n s�gn�ficantly smaller alt�tude losses for 
tra�ned p�lots, compared w�th control group p�lots.

4.2 statistical analysis
As a result of careful safety p�lot tra�n�ng, we were able 

to pos�t�on the Decathlon accurately for upsets and to 
collect complete data sets for 24 of 25 tra�ned part�c�pants 
and for 25 of 26 control group part�c�pants. Average fl�ght 
t�me for each group �s shown �n Table 8. S�x tra�ned p�lots 
and e�ght control group p�lots exper�enced unsuccessful 
recover�es dur�ng the nose-low �nverted upset. In every 
case, the safety p�lot took control �n d�ve pullout to avo�d 
exceed�ng the Decathlon’s red l�ne speed. Data for these 
upsets are not �ncluded �n our stat�st�cal analys�s.

To compare tra�ned and control group p�lot performance, 
we conducted one-way MANOVAs for each of the four up-
sets us�ng the dependent measures �n Table 7. The result�ng 

Table 7. Dependent Variables Used in Phase Two Statistical Analysis 

Dependent Measure
Maximum G Force in Dive Pullout

Minimum G Force Unloading during Rolls†
Recovery Altitude Loss in Feet: Negative Value = Altitude Gain 

Time to First Throttle Response in Seconds
Time to First Roll Response in Seconds

Time to Recover in Seconds

†Not applicable to the nose low upright upset, since trained pilots were taught to use rolling 
pullouts during dive recovery. 

Table 6. Levels of the Upset Attitude Independent Variable for Phase Two Testing 

Upset  Pitch Bank Airspeed Thrust
Nose-high Upright 60o Nose-high 45o Left Wing Down 65 MPH Idle 
Nose-low Upright 45o Nose-low 70o Right Wing Down 130 MPH Full 
Nose-high Inverted 60o Nose-high 180o (Inverted, Wings Level) 65 MPH Idle 
Nose-low Inverted 20o Nose-low 180o (Inverted, Wings Level) 110 MPH Full 

Table 8. Flight Hour Data for 50 Flight-Tested Participants 

Group Group Size Mean Flight Hours Standard Deviation 
Control 26 160.5 54.0 

Experimental 25 201.2 85.9 
Combined 51 180.5 73.8 
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W�lks’ Lambda values shown �n Table 9 reflect a s�gn�ficant 
d�fference between the two groups �n all four upsets. We 
then conducted ANOVAs w�th the Bonferron� adjustment 
for each of the dependent var�ables. Table 10 reports mean 
and standard dev�at�on data for the post hoc analyses. Bold-
ing �n Table 10 �nd�cates a s�gn�ficant d�fference. F�gure 2 
presents �nformat�on from Table 10 �n graph�cal format. 
Table 12, wh�ch follows �n Subsect�on 4.3, presents F values 
assoc�ated w�th s�gn�ficant effects �n Table 10.

Two factors mot�vated our dec�s�ons to forego a more 
trad�t�onal 2 x 4 m�xed-model analys�s. F�rst, because we 
el�m�nated data from unsuccessfully recover�es �n the nose-
low �nverted upset, a m�xed-model analys�s would have 
substant�ally reduced the sample s�ze (cf. Table 9). Th�s 
approach ma�nta�ns cons�stency w�th our Phase One ap-
proach, where each upset was analyzed separately because 
data collect�on problems, as well as unsuccessfully recover�es, 
resulted �n a small number of complete data sets (cf. Table 
4). Second, the nature of the upset data themselves argues 
aga�nst the d�rect compar�sons that character�ze a repeated 
measures MANOVA. For example, a nose-h�gh recovery 
may lead to an alt�tude ga�n, whereas nose-low recover�es 
�nvar�ably result �n s�gn�ficant alt�tude losses. Rather than 
compare “apples to oranges,” we opted for a more d�rect and 
operat�onally more relevant approach to data analys�s.

4.3. Effect of Improved Training
As �n Phase One, Phase Two stat�st�cal analys�s confirms 

our hypothes�s that low-cost s�mulator-based upset-recovery 
tra�n�ng �mproves p�lot performance �n recover�ng an a�rplane 
from a ser�ous upset. However, Phase Two stat�st�cal results 
reflect a far more comprehens�ve tra�n�ng transfer than we 
detected �n Phase One. Phase Two-tra�ned p�lots lost less 
alt�tude than control group p�lots �n all four upsets, and two 
of the four alt�tude d�fferences were stat�st�cally s�gn�ficant. 
Th�s result stands �n v�v�d contrast to Phase One test�ng 
outcomes, where tra�ned p�lots actually lost more alt�tude than 
control group p�lots �n three of four upsets.26 We attr�bute 
th�s result to �mproved part�c�pant tra�n�ng, as descr�bed �n 
Subsect�on 3.4 above.

The �mproved performance �n alt�tude loss occurred 
because tra�ned p�lots �n�t�ated rolls toward a w�ngs-level 
upr�ght att�tude sooner and appl�ed more Gs �n d�ve pullouts 
than untra�ned p�lots, both cr�t�cal factors �n m�n�m�z�ng 
alt�tude loss. In add�t�on, tra�ned p�lots also appl�ed throttle 
more promptly than untra�ned p�lots. These d�fferences �n 
turn resulted �n a qu�cker return to stra�ght-and-level fl�ght. 
Exclud�ng alt�tude loss, tra�ned p�lots were stat�st�cally 
super�or to control group p�lots �n 14 of 19 categor�es, or 
73.7 % of the t�me. Includ�ng alt�tude loss, tra�ned p�lot 
performance exceeded untra�ned p�lot performance �n 16 of 

Table 9. Multivariate Wilks’ Lambda Values and Group Sizes for Each Upset 

Upset Nose-Low 
Upright 

Nose-High 
Upright 

Nose-Low 
Inverted 

Nose-High 
Inverted 

Trained Group Size n=25 n=25 n=19 n=24 
Control Group Size n=26 n=26 n=17 n=26 

Combined Group Size n=51 n=51 n=36 n=50 

Wilks Lambda Value 
F (5,45) =9.59

p = .0001 
2 = .0.52 

F(6,44) = 4.47 
p = .001 

2 = .38 

F (6,29) =9.11 
p = .0001 

2 = .653 

F (6,43) =10.26
p = .0001 

2 = .60 

Table 10. Dependent Measures Means and Standard Deviations (Bolding = Significant Difference) 

Nose-Low Upright Nose-High Upright Nose-Low Inverted Nose-High Inverted
Upset Trained Control Trained Control Trained Control Trained Control 

Altitude Loss 
In Feet 

565.20 
75.28

728.46 
169.51

331.20 
225.56

340.38 
184.75

382.08 
200.65

464.62 
169.59

948.95 
167.03

1069.41 
139.08

Min Unload G 
in Rolls Not Applicable† 0.93 

0.14 
0.00 
0.12 

-0.47 
.28

-0.43 
.26

0.84 
0.15 

0.99 
0.86

Max G in Dive 
Pullout 

3.70 
0.64

2.90 
0.49

2.41 
0.90

1.82 
0.30

2.34 
0.45

2.34 
0.45

4.74 
0.62

3.98 
0.50

Seconds to 
First Throttle 

3.0 
1.66

5.19 
2.43

2.12 
1.62

3.27 
2.97

3.31 
3.21

3.31 
3.21

2.79 
1.78

4.41 
2.81

Seconds to 
First Roll 

1.28 
.46

1.85 
.68

2.28 
.89

3.15 
1.38

6.15 
2.98

6.15 
2.98

1.68 
.67

4.88 
3.30

Seconds to 
Recover

5.40 
1.38

7.04 
1.64

11.16 
1.43

12.88 
2.98

15.23 
2.27

15.23 
2.27

7.11 
1.29

7.88 
.99

† Not applicable to nose-low upright upset because trained pilots were taught to use rolling pullouts from dives. 
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23 categor�es, or 69.6% of the t�me. Th�s �s �n oppos�t�on 
to 16 out of 36 categor�es, or 44.4% of the t�me, �n Phase 
One test�ng. These contrasts are presented �n Tables 11 and 
12, where an “X” or an “F” value, respect�vely, �nd�cates a 
s�gn�ficant effect.

4.4. Possible Effect of reduced sample size in the 
Nose-low Inverted Upset results

As prev�ously expla�ned, all 14 unsuccessful recover�es 
occurred dur�ng the nose-low �nverted upset. El�m�nat�ng 
data from these unsuccessful upsets results �n a sample s�ze 
of 36, as opposed to a sample s�ze of 50 when unsuccess-
ful recover�es are �ncluded. Moreover, when data from 
the unsuccessful recover�es are �ncluded �n an analys�s 
of the nose-low �nverted upset, the MANOVA and all 
s�x un�var�ate Fs are s�gn�ficant. When �t �s excluded, the 

un�var�ate d�fferences for Minimum Unload G in Rolls and 
Seconds to Recover are no longer s�gn�ficant.

In Table 13, Rat�o-A (all) �s the rat�o of a dependent 
measure control group average to the correspond�ng tra�ned 
group average w�th data from all recover�es �ncluded. Ra-
t�o-S (successful) �s the same quot�ent computed for suc-
cessful recover�es only. El�m�nat�ng data from unsuccessful 
recover�es has l�ttle effect on relat�ve d�fferences between the 
two groups, as reflected �n the fact that Rat�o-A d�v�ded by 
Rat�o-S �s �n every case close to 1.0, and extremely close to 
1.0 �n the two categor�es where loss of stat�st�cal s�gn�ficance 
occurs when unsuccessful recover�es are el�m�nated. We 
bel�eve the �nformat�on �n Table 13 suggests that the loss 
of s�gn�ficance �n Unload G and Time to Recover d�fferences 
when unsuccessful recover�es are el�m�nated may be due 
pr�mar�ly to the result�ng reduced sample s�ze.

Figure 2. Phase Two ANOVA Results in Graphical format (* = Significant Effect)
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Table 11. Phase One Flight Testing Significant Effects (X) as Determined by 
Univariate Analysis (Rogers et al. [2007], p. 11) 

Upset Dependent 
Measure Nose-Low 

Upright 
Nose-High 

Upright 
Nose-Low 
Inverted 

Nose-High 
Inverted 

G Use in Dive Recovery X X X X 
Average G / Target G X  X X 

Unload G X  X  
Altitude Loss     

Seconds to First Throttle  X X X 
Seconds to First Roll     
Seconds to Recover X   X 

Roll Input X X   
Rudder Input     

Table 13. Comparison of Nose-low Inverted Upset Data with Unsuccessful Recoveries 
Included and Excluded (Bolding = Significant Difference) 

Successful + Unsuccessful  Successful Recoveries Only Dependent 
Measure Trained Control Ratio-A Trained Control Ratio-S 

Ratio-A /
Ratio-S 

Altitude 
Loss

973.2 
158.9 

1088.1 
139.9 1.118 948.9 

167.0 
1069.4 
139.1 1.127 0.992 

Minimum Unload 
G in Rolls†

0.86 
0.90 

1.33 
0.60 1.547 0.99 

0.86 
1.41 
0.63 1.424 1.086 

Maximum G Load 
in Dive Pullout 

4.20 
1.17 

3.40 
0.99 0.810 4.74 

0.61 
3.98 
0.50 0.840 0.964 

Seconds to 
First Throttle 

3.08 
1.96 

4.76 
2.85 1.545 2.79 

1.78 
4.41 
2.81 1.581 0.978 

Seconds to 
First Roll 

1.96 
1.40 

5.24 
3.29 2.673 1.68 

0.67 
4.88 
3.30 2.905 0.920 

Seconds to 
Recover†

7.08 
1.15 

8.08 
0.95 1.141 7.11 

1.29 
7.88 
0.99 1.108 1.030 

†Indicates that the difference is significant when data from unsuccessful recoveries are included but loses 
significance when data from unsuccessful recoveries are eliminated. 

Table 12. Phase Two Flight Testing Significant Effect F Values as Determined by 
Univariate Analysis  

Upset Dependent 
Measure Nose-Low 

Upright 
Nose-High 

Upright 
Nose-Low 
Inverted 

Nose-High 
Inverted 

Altitude  
Loss

F(1,49) = 19.48
p = .0001 

F(1,34) = 5.45 
p = .03 

Minimum Unload 
G in Rolls 

Not 
Applicable†

   

Maximum G Load 
in Dive Pullout 

F(1,49) = 25.52
p = .0001 

F(1,49) = 10.11
p = .003 

F(1,34) = 16.02
p = .0001 

F (1, 48) = 8.912 
p = .004 

Seconds to  
First Throttle 

F(1,49) = 14.02
p = .0001 

F(1,34) = 4.38 
p = .04 

F(1,48) = 7.46 
p = .009 

Seconds to  
First Roll 

F(1,49) = 12.19
p = .001 

F(1,49) = 7.18 
p = .01 

F(1,34) = 17.16
p = .0001 

F(1,48) = 22.29 
p = .0001 

Seconds to  
Recover

F(1,49) = 14.82
p = .0001 

F(1,49) = 6.83 
p = .012 

F(1,48) = 10.90 
p = .002 

†Not applicable to nose-low upright upset because trained pilots were taught to use rolling pullouts 
from dives. 
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If Unload G and Seconds to Recover were s�gn�ficant �n 
the nose-low �nverted upset recovery, then tra�ned p�lots 
would have been stat�st�cally super�or to untra�ned p�lots 
�n 18 of 23 dependent measure categor�es, or 78.3% of 
the t�me.

4.5. Limitations of ground-Based simulator 
Training

Our research results also suggest the l�m�tat�ons of 
low-cost s�mulator tra�n�ng �n develop�ng upset-recovery 
maneuver�ng sk�lls. MFS responses to control st�ck �nputs 
are real�st�c near the m�ddle of the Decathlon fl�ght enve-
lope (V-n d�agram). Near the envelope’s ava�lable G l�ne 
[α

CRIT
, (C

L
)

MAX
], however, responses to control �nputs tend 

to d�ffer from the Decathlon’s behav�or �n actual fl�ght 
s�tuat�ons. For example, �f a Decathlon p�lot �nadvertently 
stalls the a�rplane w�th an a�leron down, a departure from 
controlled fl�ght may result. However, MFS does not 
s�mulate departures from controlled fl�ght real�st�cally. 
MFS also responds �naccurately dur�ng accelerated stalls 
�n low-speed d�ve pullouts. To recover the actual a�rplane 
from such a stall, �t suffices to momentar�ly relax back st�ck 
pressure a small amount, result�ng �n a sl�ghtly reduced G 
force. To recover the s�mulated Decathlon from the same 
accelerated stall s�tuat�on, a p�lot must unload completely 
to 0 Gs for a second or two. In such scenar�os, the potent�al 
for negat�ve tra�n�ng �s s�gn�ficant.

Dur�ng fl�ght test�ng, �mperfect part�c�pant p�lot 
control �nputs frequently resulted �n a nose-h�gh upset 
progress�ng �nto low-speed nose-low upset. Whenever 
th�s occurred, accelerated stalls and departures from 
controlled fl�ght were common. MFS l�m�tat�ons may 
expla�n why these post-stall departures occurred so 
frequently and why there was a s�gn�ficant d�fference 
between tra�ned and control group p�lot alt�tude losses �n 
nose-low upsets but not �n nose-h�gh upsets. Maneuver-
�ng dur�ng h�gh energy nose-low upsets occurs near the 
m�ddle of the Decathlon fl�ght envelope, where MFS 
control responses are reasonably accurate. By contrast, 
nose-h�gh and low-speed nose-low maneuver�ng occurs 
near α

CRIT
 and (C

L
)

MAX
, where MFS control responses 

tend to be �naccurate. Moreover, requ�red control �nputs 

when maneuver�ng �n h�gh-speed nose-low upsets d�ffer 
�n degree, but not �n k�nd, from control �nputs general 
av�at�on p�lots rout�nely use �n non-aerobat�c upr�ght 
maneuver�ng. Dur�ng nose-h�gh upset maneuver�ng, by 
contrast, the proper control �nputs d�ffer rad�cally from 
what general av�at�on p�lots typ�cally are accustomed 
to. As an example, effic�ent roll�ng �n nose-h�gh upsets 
requ�res a p�lot to use large a�leron and rudder �nputs 
at max�mum thrust wh�le ma�nta�n�ng zero G at a�r-
speeds approach�ng 0 mph. If any s�gn�ficant pos�t�ve or 
negat�ve G force �s appl�ed, a stall and departure from 
controlled fl�ght may result. However, us�ng elevator to 
ma�nta�n 0 G wh�le apply�ng large rudder and a�leron 
�nputs �s someth�ng general av�at�on p�lots never expe-
r�ence. As a second example, m�n�m�z�ng alt�tude loss 
�n low-speed d�ve recovery by pull�ng out at the stall 
buffet (�.e., at or very sl�ghtly above α

CRIT
) �s aga�n an 

exper�ence unfam�l�ar to general av�at�on p�lots. Tra�n-
�ng �n a fl�ght s�mulator that responds �naccurately to 
control �nputs �n these and s�m�lar s�tuat�ons makes �t 
d�fficult to prepare p�lots to handle them adequately �n 
a real a�rplane. It �s conce�vable that the p�lot behav�ors 
necessary to perform nose-h�gh low a�rspeed prec�s�on 
aerobat�c maneuvers can be rehearsed us�ng MFS and 
s�m�lar low-cost fl�ght s�mulators but can only be per-
fected �n a real a�rplane.

Moreover, even when tra�ned p�lots s�gn�ficantly 
bettered control group p�lots �n alt�tude loss, the�r 
performance was far from opt�mal. For each of the four 
upsets, Table 14 presents Phase Two average alt�tude 
losses for tra�ned and control group p�lots. The bottom 
row of Table 14 reflects the m�n�mum alt�tude losses 
that we observed for each upset dur�ng safety p�lot 
tra�n�ng.27There �s a large d�spar�ty between research 
part�c�pant alt�tude losses and the far smaller alt�tude 
losses ach�evable by exper�enced p�lots. Low-cost fl�ght 
s�mulator tra�n�ng clearly �mproves a p�lot’s ab�l�ty to 
recover an a�rplane from a ser�ous upset. Just as clearly, 
however, �t �s prelude and complement to, not a subst�-
tute for, aerobat�c exper�ence �n a real a�rplane. Whether 
a better fl�ght s�mulator would produce a d�fferent result 
dur�ng fl�ght-test�ng �s an open quest�on.

Table 14. Altitude Losses to Nearest Foot for the Four Upsets (Bolding = Significant Effect) 

Altitude Loss in Feet 
Data Source Nose-Low 

Upright 
Nose-High 

Upright 
Nose-Low 
Inverted 

Nose-High
Inverted 

Trained Pilot Average 565 331 949 382 
Control Group Pilot Average 728 340 1069 465 

Observed Minimums during Safety Pilot Training 220 -50 350 -30 
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5. impliCAtions for trAnsport typE 
AirplAnEs28

Phase Two fl�ght-test data reflect only a modest d�f-
ference �n performance between tra�ned and untra�ned 
part�c�pants. It may well be the case that s�mulator-tra�ned 
p�lots need all-att�tude fl�ght exper�ence �n a real a�rplane 
to hone s�mulator-taught upset-recovery sk�lls to an 
acceptably h�gh level. It appears that dur�ng an �n�t�al 
upset-recovery exper�ence, low-cost s�mulator tra�n�ng 
can help p�lots overcome General Aviation Syndrome 
only to a l�m�ted extent. S�mulator shortcom�ngs—for 
example, unreal�st�c control feedback, �naccurate accel-
erated stall responses, and the �nab�l�ty to repl�cate the 
pos�t�ve and negat�ve G forces that character�ze all-att�tude 
fl�ght—l�m�t a tra�ner’s ab�l�ty to prepare a p�lot mentally 
and emot�onally for a real-world upset. As a result, any 
subsequent �n�t�al exper�ence �n a real upsets may appear 
strange and d�squ�et�ng. In such a c�rcumstance, a p�lot 
eas�ly loses s�tuat�onal awareness and �nst�nct�vely resorts 
to old control �nput hab�ts. Long-re�nforced patterns of 
behav�or and the s�gn�ficant stress of a ser�ous upset tend 
to �nh�b�t the appl�cat�on of new and relat�vely unfam�l�ar 
p�lot�ng sk�lls developed dur�ng s�mulator tra�n�ng.

Our research find�ngs seem to call �n quest�on the 
�mpl�c�t assumpt�on that a�rl�ne s�mulator-based upset-
recovery tra�n�ng programs �mpart fly�ng sk�lls suffic�ent 
to make �t probable that typ�cal l�ne p�lots can recover 
an a�rl�ner from a ser�ous upset. It �s true that a�rl�ne 
p�lots, on average, are cons�derably more exper�enced 
than our research part�c�pants, hence may benefit more 
from upset-recovery tra�n�ng. However, a�r transport 
p�lots' exper�ence cons�sts of hours of fly�ng stra�ght and 
level, punctuated by occas�onal excurs�ons �nto very small 
bank and p�tch angles. In add�t�on, a�rl�ne p�lots typ�-
cally rece�ve only about four hours of classroom-based 
upset-recovery tra�n�ng and perhaps an hour of s�mula-
tor tra�n�ng, �n compar�son to ten hours of each for our 
tra�ned part�c�pants. Moreover, the pr�mary advantage of a 
Level-D s�mulator over low-cost desktop fl�ght s�mulat�on 
�s l�m�ted to cockp�t ver�s�m�l�tude and real�st�c control 
forces. Typ�cally, the mot�on of a Level-D s�mulator �s 
d�sabled to avo�d stress�ng the mechan�sm unnecessar�ly �n 
upset-recovery maneuver. In any event, Level-D s�mulator 
mot�on �s �n no way real�st�c �n all-att�tude maneuver�ng, 
and ne�ther Level-D nor low-cost desktop s�mulators can 
repl�cate the G forces that character�ze upset-recovery 
maneuver�ng �n a real a�rplane.

Th�rty years ago, U.S. a�rl�ne p�lots typ�cally came from 
m�l�tary fl�ght backgrounds where tra�n�ng afforded them 
extens�ve opportun�ty to perform aerobat�c fl�ght maneu-
vers. These p�lots were rout�nely accustomed to all-att�tude 

fl�ght. For them, there were no unusual att�tudes, only 
unexpected att�tudes. By contrast, most a�r transport p�lots 
fly�ng today lack a m�l�tary background and have never 
exper�enced the extreme p�tch and bank angles and h�gh 
G forces assoc�ated w�th severe a�rplane upsets. Indeed, 
most have never even been ups�de-down �n an a�rplane. 
Informal conversat�ons w�th current a�rl�ne p�lots suggest 
that wh�le v�rtually all regard the upset tra�n�ng they rece�ve 
as useful, a s�gn�ficant number also perce�ve �t as a pro 
forma approach to a ser�ous safety problem—better than 
noth�ng but far from what would be des�rable �f tra�n�ng 
costs were not a paramount cons�derat�on. In short, �t 
seems unl�kely that a�rl�ne upset tra�n�ng �s a completely 
acceptable subst�tute for all-alt�tude manuever�ng exper�-
ence �n a real a�rplane.

Upsets are known to be a pr�mary cause of fatal com-
merc�al a�r transport acc�dents. Passenger and a�r crew 
safety cons�derat�ons mandate that a�r transport p�lots 
be able to recover from the �nfrequent but potent�ally 
catastroph�c upsets, wh�ch �nev�tably w�ll occur from 
t�me to t�me �n a�r transport operat�ons. Our research 
�mpl�es that aerobat�c exper�ence �n a real a�rplane may 
be requ�red to make recovery probable w�th m�n�mum 
alt�tude loss. S�nce aerobat�c exper�ence cannot be ob-
ta�ned legally �n transport type a�rcraft, perhaps the FAA 
should cons�der mak�ng aerobat�c exper�ence �n a l�ght 
a�rplane part of the requ�rement for a commerc�al p�lot 
l�cense and/or an ATP rat�ng.

6. follow-on rEsEArCh

In August 2008, we commenced follow-on upset-re-
covery research �n partnersh�p w�th D�ck Leland of ETC, 
lead researcher and financ�al sponsor of the project under 
an FAA grant. Twenty-five Embry-R�ddle fl�ght students 
rece�ved the same ten hours of classroom tra�n�ng that 
Phase Two tra�ned-part�c�pants rece�ved. They rece�ved 
five hours of MFS tra�n�ng, then traveled �n small groups 
to Pennsylvan�a to rece�ve five hours of weekend upset-
recovery tra�n�ng �n ETC’s propr�etary centr�fuge-based 
GyroLab-2000 fl�ght s�mulator. ETC mod�fied the 
GyroLab-2000 to g�ve �t the fl�ght character�st�cs of a 
Super Decathlon a�rplane and to make �ts bas�c fl�ght 
�nstruments repl�cate the layout on a Decathlon’s �nstru-
ment panel.

When the�r GyroLab tra�n�ng was complete, �n early 
November 2008, the 25 follow-on research part�c�pants 
underwent Decathlon fl�ght test�ng �dent�cal to that 
 rece�ved by Phase Two part�c�pants. The�r performance 
�n recover�ng from the four upsets w�ll be compared w�th 
the performance of Phase Two-tra�ned and control group 
p�lots. The follow-on research �s des�gned to determ�ne 
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the added value of upset tra�n�ng �n a mot�on-based fl�ght 
s�mulator capable of generat�ng cont�nuous G forces. We 
hypothes�ze that p�lots tra�ned �n the soph�st�cated Gyro-
Lab-2000 s�mulator w�ll outperform Phase Two-tra�ned 
and untra�ned p�lots �n upset-recovery maneuver�ng. Table 
15 reflects the fact that the exper�mental des�gn of the 
follow-on research �s a 3x4 repeated measures factor�al.
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