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. 7 . ~ STRESS AND SIMULATIQN IN PILOT TRAINING

‘ ‘ . L. INTRopucTION' > ' )
Introduction . - . . )

?

Se]etted"aircfaft lesson units of 737 pilot trainin ave been ‘shown
to be.extreTelinst;éssful to student 5110ts? " When perfongd in a -
-S1m"]at°:’ €drning experiences appeay to be much less stressful. Since -
stress P a{S-an Jmportant role -in human sensing, perception, and -
1_ea""‘"9’1 he infyyence of high realigy simulation on the airborne
_physio1og ca] Stregs responses of Student .pilots was.invéstigated.

D BN

Rationale ‘ o

. Moderate eyq 4. ofostress'appear.to accompany the most effective =
1¢3r"1"g’ttheref0re, it would seem that training procedures which could
restoré S ”%SS within acceptable Timits would be beneficial in pilot,

_trai.ning- d he asSessment of neuroendycrine responses. holds potentia’l‘for‘
greater UNCErstanying of the stress.1garning milieu of f1ignt training.

_ Objectives . - .. o
. N E S \? » ) ’ - g
. The'present j, estigatiof was designed. to provide information about

. A :
five 'specific quegyjons raised by preyjous research. - :

(1) ?Does high realism simulation result in a measurable stress .
response’ - -

- +(2) Does Preyjous afrbdrne flight experience alter gpe's stress

résponse7d”ri"9 simu1at®, flight in tpe advanced simulator for pilot
training: . : Vo .

? stiglsfg?e?;t:s3;;be$ific hight"eﬂism'simuhtion pgior to exposure 10
3 ~f 4 esson-unit j .
T-37 aircraft? 1‘9ﬁt ) A‘"f1uence.strsss and/or Jearning in the

(4) Does tgy, ific high reays iat i ior .
) ask-specit1C N1GN reajjgy simulation prior to expesure to
high §tressda1rb0rne sorties d1ffer§ntia11y influence T-37 stress of *~ -
super10r and infe. ;o student PT10ts yithin the successful range?

(5) Is theng a relationship between student and instructor: pilot

stress during hig, ~ tress lesson unitg in the aircraft?

" N\
MethodoTogy ~ (
The S“bﬂec;* e USAF T-37 pi1 dents .
'SELS were -3/ P1lot training students and instructor
pilots. éQ additjon to T-37 syllabus requirements, the student subjects
~ participated 0 four orientation rides and two power-on stall'and spin

5 8
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and student) djd not seem to affect the stresg‘level of the other member
of the pair. - . RN
(5) There was, however, 3 ST9Nificant negative relationship between
“ student performance and ipstruCctor stress during the initial aircraft
power-on stall and spin regove’y SOrtje. This'relationship may indicate
- one of at least three things: a) poor student performance causes an /
increase in the stress leyel Of the instructor pilot, (b) an instructor
is more lika}y to give a gtudent @ poor grade when the instructor is
under’a high level of strggs, O" (C) a combination of both a & b.

-

Implications

While simulation traiping has become widely accepted, it is commonly
thought that because of the S€CUT€ environment of the simulator that this *
type-of training lacks the "pucker factor" and therefore degrades the
value of the training. The results of this research suggest that,
contrary to popular opinign, @ S1Mulator as well as an aircraft can

- invoke a stress response when both devices are used to present the same’
mission scenario. Additignally> this training can alter the stress
response during subsequent aircraft training. The altered response

- indicates that extra simujstor rides ¥or average or below average :
students should improve their aCtual ajrcraft performance. These result
indicate that this improvement 1S @ result. of an alteration of th
students' stress level as yell 23S Motor skill practice. .

11.. BACKGROUND

The study of stress hgids Potential significance for pilot training
because stress plays an important role in human sensing, perception and
learning (Mathis, 1967). mModeraté levels of stress improve learning *
(Levine, '1971); however, high 1evels of stress result in behavioral . -
rigidity which increases tpe,time Fequired to attain competence on a new
task (Eysenck, 1976). In a recent experiment by Krahenbuhl, et al. "~ *
(1977), it was demonstrated that selected lesson units of T-37 pilot
training were extremely stressful to student pilots. “The same
investigation also suggested that flignt training lesson units performed
in an instrument flight tpainer (10ijid91ity simulator) were no more ’
stressful than daily actiyitieSs €vVen though the lesson unit involved >
emergency procedures and s €*PeCled to be somewhat stressful.

Moderate stress shoulq theoretically provide the optimal level of
alertness for learning ang saféty. Since various elements of T-37 pilot
training were characterizgd by e]ther extremely low arousal, in the case

« of simulation, or by extremely N19h arousal, id the case of the aircraft
power-on ‘stall and spin rgcovery Tesson unit, it seemed appropriate to
direct . further study toward undergraduate pilot training stress-learning
interaction. - / » .

v
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This approach may also provide useful insights regarding simulator ,
realism: With the growing cdbncern over petroleum supply, more flying
training tasks are being relegated to simulation. «The investigation of .
physiological responses to simulated flying and the influence of high
. realism simulation on the airborné pMysiological responses of student
pilots are areas of study which have received 1ittle wesearch attention.

‘ ‘111. RATIONALE

Neuroendocrine responses, indirectly assessed through urinanalysis,

_have frequently been used to reflect the human stress fncident to flight.
training. Catecholamine excretion is of interest because it provides an
accurate index qf stress and because epinephrine and norepinephrine hold
physiological and behavioral significance for learning and perfgormance
(Frankenhaeuser, 1975). . :

Low to moderate levels of epinephrine and norepinephrine excretion
are related to performance in a positive manner (Frankenhaeuser, -1971). -
At high levels of stress, the linear relationship may sti11 hold for
norepinephrine (Frankenhaeuser & Patkai, 1964), but may be inversely
related for epinephrine (Frankenhaeuser, 1971). - Moderate levels of
stress appear to accompany the mosi effective learning; therefore, it
would seem that training procedures which could moderate stress would be
beneficial in pilot training. Further information regarding the stress-
learning milieu of T-37 flight trainfng could lead to stress manipulation
-and management with the purpose of improving undergraduate pilot training.

IV. OBJECTIVES

The present investigation represents a multifaceted attempt to
further describe, via urine catecholamine excretion, the stress .
phenomenon as~it relates to flying training. The study was designed ‘to
provide information about five specific questions raised by previous .
research. These questions, significant to the understanding of the role
of stress in pilot training, were as follows:

(1) Does high realism simalation result in a measurable stress
response? : ' y

(2) Does previous airﬂorne flight expérience alter one's stress -
response during simulated flight-in the Advanced Simulator for Pilot
Training (ASPT)? :

(3) Does task-specific high realism simulation prior to exposure to
" a stressful in-flight lesson unit tnfluence stress or learning in the
T-37 aircraft? : .

| o
)
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: (4) Does task-specific high realism simulation prior to exposure to
high stress airborne sorties differentially influence T-37 stress of
superior and inferior student pilots within the successful range?

¢ (5) 1s there a relationship between student and instructor pilot-
(IP) stress during high-stress lesson units in the aircraft?

It was felt that answers to these questions would help to further
“describe the role of stress in altering learning and performance in
undergraduate pilot training. More effective and efficient learning, is
the ultimate goal of the research program.

V. METHODOLOGY

* . The subjects were 32 USAF T-37 pilot training volunteers and 31 -
IPs. Informed consent was obtained and the research was conducted in
accordance with the princip]es embodied in the Declaration of.He]sink1.

-The students' normal training reg1me was maintained except for the
" scheduling adjustments required by the research design, These
adjustments included four ASPT orientation (ASPT-OR) rides and two ASPT
spin scenario (ASPT~SPIN) rides for the students. The IPs-also remained
on a normal schedule except for two ASPT rides\ o . f

The students flew four ASPT- OR rides, which served two purposes. The
first purpose was to provide a criterion for the assignment of subjects"
into groups. On each ride, the same five maneuvers (take-off, 600
turns, slow flight, straight-in approach, and landings) were scored' C L
automatica]]y with ‘respect to time on target (within preprogrammed -
tolerances). The subjects were then rated according to their>performance
on the four orientation rides and systematically matched; -subjects from
each matched pair were then randomly assigned; one to the control group
and one to the experimental group. The second reason for requiging all
subjects to perform four orientation rides was to provide assurance that
the mere exposure to the ASPT, rather than the content of the ASPT- SPIN,
would not be responsible for elevated catecho]amine levels should they be
found o |

" Because the "ASPT system t1me was’ 11m1ted the IP subjects did'not
receive the orientation. . It was felt that because of their considerable
experience, the novelty of the simulation would not result in e1evated
catecho]am1ne excretion 1eve1s

~One student group (contro1) flew four ASPT-OR rides, flew the
power-on stall and spin recovery (AIR-SPIN)-.series in the aircraft, and
then flew two ASPT-SPIN rides. A second group (experimental) flew four
} ASPT-OR r{des, flew two-ASPT-SPIN rides and then flew the AIR-SPIN rides
in the aircraft. The AIR- SPIN ride. is the C2201 lesson unit as descr1bed
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in the T-37 ﬂndergraduate Pilot Training (UPT) Syllabus (Air Training
Command, 1975)3 , .

The first ASPT¢SP1N lasted approximately 45 minutes and consisted of
the following elements: ‘ .

(1)’*5 minutes of flying (slow turns, etc.)
(2) demonstration and bragtiqs‘qf traffic pattern stalls

. v , ,
(3; .demonstration and practice of power-on stalls (two student
trials © ’ ' '

© (4) demonstration and prac@ite'of spin-prevention, low left entry
(three student trials) ‘

 (5) demonstration and practice of spin recovery, low left entry (six
student trials)

©

The second ASPT-SPIN lasted approximaiely 35 minutes and cohsisted of
the following elements:

(i) 5 minutes of flying (slow turns, etc.)
(2) praetice of traffic pattern stalls
(3) practice of power-on stalls (two student trials)

(4) practice of spin prevention, low left entry (three student
trials) '

(5) demonstration and practice of spin recovery, low right éntry
(three student trials)

(6) practice of spin recovery, low left entry (three student trials)

The IPs included in this experiment were selected because each
happened to be an instructor for one of the students being studied. Data
from the IPs were collected on the aircraft sortie in which his student
flew the AIR-SPIN ride. Thirteen of the IPs also flew two ASPT-SPIN
rides identical to the one flown by students prior to the AIR-SPIN ride.

The IPs had not participated in spin practice for approximately 6 weeks.

Baseline excretion data (BASAL) for the students and IPs were
gathered on 2 non-flying days. Periods of relative inactivity were
selected to avoid academic, physical training, and flight simulator
requirements so as to involve low-stress conditions. A11 collections
(BASAL, ASPT-SPIN, AIR-SPIN) were scheduled as close to midday as

12
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possible, so as to contro for diurnal variation incatecholamine
* excretion. . N ’

‘ .Immediately prior to all timed collections, the subjects emptied
their bladders, and were then encouraged to drink at least 200 m1 of
water each, thereby reducing possible errors due to inadequate amounts of
urine from voluntary bladder emptying. The AIR-SPIN collection covered a
period lasting,;from 30 minutes prior to take-off until return to the
flightline fol{owing the flights. The exact ‘length was noted and
recorded. : -

. * ¢

Each specimen was then stabilized and refrigerated. A1l specimens
were analyzed for free epinephrine and norepinephrine within 48 hours of
collection using the Bio-Rad Laboratories (1975) resin column isolation
technique. , Standard solutions of epinephrine and norepinephrine and
aliquots of standard pools were included as a check of validity.
Duplicate determinations were ca)culated as a check of reliability.

© Excretion data for the experimental student group consisted of two

BASAL, one ASPT-OR, one AIR-SPIN and two ASPT-SPIN rides. The IPs were
monitored on two BASAL, two ASPT-SPIN, and one AIR-SPIN (the one flown by
their students) rides. -

A comparison of the BASAL and ASPT-SPIN rides allowed a decision to
be reached for the first research question, that is, whether high realism
simulation results in a significant stress response. The influence that -
flying experience has on the ASPT stress response was_ approached in two
ways. First, IP and student stress responses were compared. Second,
data from the ASPT-SPIN rides for the experimental and control groups
were compared. Comparison of the experimental and control groups was
used to answer question number three, concerning the influence of high
reatism task specific simulation on inflight stress and learning.
Comparisons of students placed into superior (upper half) and_inferior
(1ower half) groups served to answer questions about the intebaction of-
simulation stress and ability level. Pearson product moment correlation
was utilized to determine the relationship between student and IP stress
. on the AIR-SPIN, which was the fifth and final research question.

VI. RESULTS AND DISCUSSION —

Of the original 3?2 student subjects, only 20 adequately completed all
phases of the study. Two of the subjects were eliminated from pilot
training. Seven subjects were dropped because their training deviated
from either syllabus (Air Training Command, 1975) guidelines or
experimental protocol. Three additional subjects provided extremely
small urine sample volumes, which are known to adversely affect validity,
and were therefore dropped from the study. '
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Of the original 31 IPs chosen for study, data were colletted on 28,

" Complete data for all experimental conditions (BASAL, ASPT-SPIN 1,

- "ASPT-SPIN 2 and AIR-SPIN) were available for only 13 instructoks.
"AIR-SPIN studen€

/instructor observations were.securgd for 18 'pairs.
Catecholamine exCtetion is believed to. be a quantifiable o
phy¥Yological expression of the general stress response as experienced by
the individual (Euler, 1964).  Figures 1 and 2:depict the catecholamine , .
excgetion patterns for UPT students (a1l sub-groups):and IPs, ./ a
respectively. Analysis of variance with repeated measures indicated . "¢ -
siginificant (p <0.05) overall differences among the trial means for both
groyps._ Duncan's (Edwards, 1968) Multiple Range Test was employed to ‘

“make multiple-comparisons among the trial means. In the case of the

-

3tldents, catechelamine excretion was significantly (p<0.05) elevated
over BASAL levels during each of the remaining three trials {ASPT-SPIN 1,.

"ASPT-SPIN 2, and:AIR-SPIN). There were, however, no differences among

these latter three trials. The AIR-SPIN catecholamine values are ”
s1ightly lower than those reported by Krahenbuhl et al. (1977) for
another group on the same lesson unit. Somewhat sutrprisingly, the

_ASPT-SPIN catecholamine excretion levels were 127 percent higher than

those reported (Krahenbuhl et al., 1977) for an emergency procedures
lesson unit performed in a conventional trainer.

Post hoc examination of trial means for the instructor pildts
resuTted in conclusions which paralleled the student data. Catecholamine
excretion was significantly (p<0.05) elevated over BASAL levels during
each of the other trials; however, tqg’%hree trials were, not
significantly different from one another. The present ‘data suggest that
high realism simulator training’can réyult in a significant stress
response for both student and |instructor pilots. . .

P - . N % T .
Epinephrine excretion is sensitive to emotional arousal and has been

-reported to correlate with feelings of anxiety and - apprehension (Euler, .

observed for undergraduate pilot training students and IPs, _
respectively. Analysis of variance for repeated measures indicated
significant (p,<0.05) overall differences among the trial means. for both
groups. Duncan's (Edwards, 19%8) Multiple Range Test indicated that for

1964). Figures 3 and 4 disp]Xy the epinephrine excretion patterns

students the ASPT-SPIN 1 and ASPT-SPIN 2 trial means were significantly
(p<0.08) elevated over BASAL levels and that the AIR-SPIN condition
resulted in epinephrine excretion that was significantly (p< 0.05) higher
than BASAL or either of the ASPT-SPIN rides. It therefore appears that
high realism simulation can elicit emotional arousal in student pilots,..
although it does not match the arousal levels experienced in the aircraft.

A post hoc comparison of triial means for instructor pilots resulted °
in conclusions slightly different from those drawn for the students.
Epinéphrine excretion was significantly (p<0.05) elevated over-BASAL
levels during each of the other three experimental conditjons (ASPT-SPIN

%,

N
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, A¥significang .05) negative correlation of -0.436 was found to
exist between ingy ' 4or pilot catechoiamine excretion and student
performance On the ,1p_SPIN ride, as reflected by the student's assigned
grade. ﬁTheY‘efore’ poof' student perfopmance was accompanied by h‘igh

:"Strﬂﬁ g: :t:::S,‘and«QOOd student performance was accompanied by low
nstr s, .. - N . .

. .- One of the Primary tontrasts of ipterest in the current study was the
~comparispn of AIR_gpry stress responses gf students who received ASPT-SPIN

experience priop to the ‘AIR-SPIN (eXDerimenta1) and students who did not
receive this treatment (control). . -

' Table 2 d1Sp]ays the descriptive apnd inferential.values of the control
© (n=10) and experimantal (n=10) groups, There were no significant

differences Detweap yne expérimental ang control groups on any of the BASAL
measyres. The mogy interesting feature provided by the BASAL data is the
relatively high.ng o jnephrine means fo, both groups. Norepinephrine
excréf1on ]S~genera11y elevated by Dhysica1 (5) and menta) (13) work .
Since physical acy; .ty was at @ mimimym during the BASAL collectidns, it
was CO"C1Udeq that «tpe time periods sejected for the BASAL measurements .
included @ Signifj.. ¢ amount of cognition by the subjects. The AIR-SPIN
catecholamine excyci:on means for the eyperimental and control groups did
not differ signif; - +1y. It was therefore concluded that ASPT practice on
power-on Stall any spin recovery lters 4id not reduce the total stress
exp€*1e"°ed by Sub gects on their initiay SPIN ride on the T_37 aircraft.

High Tevels o4 epinephrine have beej shown to accompany mental
excitement (6), Confusion (8), and trempr (15), all of which indicate a
1ack of CO"F?O] and could adversely affoct piloting abilities.
Norepinephrine excpetion has been shown to rise with physical efforts where’
events are qnder the control of the subject (13). The fractional amounts
of epinephrine anq norepinephrine for pe experimental and control subjects
(Table 2) On the p1a_SPIN demonstrate qifferent excretion patterns for the
two groups. The contro! group's mean fqor epinephrine excretion during the
AIR-SPIN conditjq, was 91 percent highe, than the experimental group's

-,mean,-_CO"V8P§e1y, the experimental group's mean for norepinephrine
excretion during” g, "A1R-SPIN condition was 34 percent higher than the
control group's .. - The difference petween groups was statistically
significant at thg conventional p <.05 for epinephrine excretion, and a p<
.12 was observed for norepinephrine excretion. When a ratio was created by
dividing NOrépiney .ine by epinephrine oxcretion, group differences on this
ratio wereé signif; ..t at the .01 Teyey of co"f{i? Thus, it appears

v

that AS?T €XPOsurq "5nd practice On power-on stall spin recoveries
. cresult 1n @ Strege (,sponse of A somewhat differ nature in that a lower

,1eve1igzc:gotiona1 arousal and a greater amount of mental work are
exper . ro : . 5

a4
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TAB g 2
f Expers ' ,
. comparison 97 Perimantal and Controi Broups)

.r
’

eri C = ﬁ
BASAL | |
Epinephrine (p./min) - 3.4 Ay | 3.8 + 0,6 | 0.438
Norepinephf‘ineg{ng/m'i,n) ) Z;g Ay 2; 33‘8 * 3.9 0.219
_ Catecholaming "(ng/min) 106 + 4.7 " 38.6 + 33 0.319
. ¥ NE/E Ratfo 632 11.9% 2,4 0.182
'AsPT-SPIN 1d
: N 11.6 12.2 '+
Epinephrine min) . * o3 Y39 0.026
<~ Norepinephriggg{ng/min) 227 * g.l 52-1 * 9.8 0.009
Catecholaming (ng/min) 33 g3 66.3F 9.9 | 0.016
NE/E Ratio \ 8% g9 7.9 % 25 0.589
ASPT-SPIN 2d |
‘ ; . 10.2 13.1 +
Epinephrine min) + 19 oo X33 0.567
Norepnephr un?{ng/min) o193 &7 54.9 ¥ g’y 0.057
Catecholaming "(ng/min) 8'1 ¥ 98 68.0 + 9 , 0.147
NE/E Ratio 7 X 3% 7.1 %1, 0.154
AIR-SPIN ’
. 20.2 38.4"
Epinephrine (. q/min) 2 4 27 + 8. 4.4633
»Norepinephrif,g (ng/min) ;’27 ¥ gg ';3-9 * G,g 2.612
‘ Catecholaming (ng/min) 3'9 ¥ 3.7 %-3 X9y 0.066
‘| NE/E Ratio T 05 S *0.3 10.848b
‘. €2201 Scorec 9.8 % g'g 29.4 ¥ 175 0.067
. ies patio. e
asignificant (p< 0.05) F Ratio. —

bsignificant (p< 0.01) F

‘the 2201 Less ynit (Air Training d. 1975)
: : \ . C mand,
and sPIN recoggry series in the T‘370g1rcraft.

. '\'}performance score on
: Owap.on stall

dThe experimaptal roulp performed . = sorties prior to 4, AIR-SPIN
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In spite of the difference in catecholamine excretion, there were no
_significant differences ip the Mean performance scones gf the experimental ~
and centrol groups (C2201 -1ess@n unit), It appears thad although stress
responses were altered by the taskispecific pre-training,.-the acquisition
of skill (as demonstrated py P fOrmance) was not affected by’ the
exper imental treatment. . ‘ -
. An interesting final comparison from Table 2 is that oﬁL:xcfetion
"values on the two ASPT-SPIN rides for experimental and®contwpl groups.
Since the experimentdl grqup PefOrmed tiese sorties prior to the AIR-SPIN
ride, while the control group Performed them following the completion of
the AIR-SPIN series, it was felt that this ¢@mparison would«indicate the
influence of specific related 3irCraft experience on stress responses which
accompany simulator trainjng. None of the comparisons was statistically
significant. This indicates that the ASPT-SPIN scenario employed in this
study or the high fidelity simulation resulted in a significant increase in
stress (see Figure 1) and that_the stress response is not modified by
related aircraft experience. 'NiS resylt is consistent with the
aforementioned lack of relationship between flying experience and ASPT
stress in IPs. : . :

An earlier study regarding Stress in T-37 pilot training (Krahenbuh! et
al., 1977) reported diffepences ™M the stress response between students of
- superior and inferior abijity. Iherefcre, the students in the present
study were placed into twg superlOr and two inferior groups using the same
scores used to match subjects prior to their random assignment into
~ experimental and coptrol grouPS- A graphic illustration of the -AIR-SPIN

stress response of/the experime"t61 and control groups is provided in
Figure 5. Epinephrine excretion levels were similar for the
experimental-superior, experimﬁnta\-inferior and control-superior groups;
however, the control-inferijor 9vOUD evidenced an excretion rate
approximately double that of the Other groups. A similar, but less
prdnouncgd difference was noted for catecholamine excretion. These data

he(possibility that Fhe ASPT experimental treatment helped reduce

emotional arousal and stress 1M inferior subjects, but had little influence
on the superior subjects, :

VII.  CONCLUSIONS

The present study represented a myltifaceted attempt to describe, via
catechotYamine excretion, gtresS aS it relates to flying training. Data
were collected during daijiy activitieg (BASAL), during sorties performed in
high realism simulators, and dUring actual flight. The following
conclusions were drawn: o

(1) High realism sim,1ati0N results in a measurable stress response.

. o .
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(25 The ASPT stress response was similar in students and in
instructors and was not related to flight experience. ’ .

(3) .Aircraft exposure to the power-on stall and spinsrecovery did not
a1§gr the stress resporise of the students attempting a similar maneuver in-,
a high.realism simulator. The stress response must be explained by the
realism of the simulator and/or ‘the:scenario used in.this experiment. - Less
realistic sfmulators have failed to evoke a stress . - - - .
response, and novelty does not ‘provide a plausible explanatjgm for the .
simulator associated stress since the experimental desigi siibgided.control
for this problem. ) - ST :

st ‘

(4) Task-specific high realism simulation prior to exposure to related
stressful inflight 'tasks results in an altered stress response compared to
that found in groups not receiving this treatment. Studerit pilots who
received simulation pretraining experienced_lower arousal and grgater’
mental activity during stressful in-flight lesson units than digk
subjects. A comparison of superior and inferior students witﬁ?h~’ )
group, however, suggested that the simulation had the greatest effect on * ..
the inferior students. ‘ o o

{5) There was no re1;tionship between student and instruetor stress
during the power-on stall and spin recovery lesson un¥®-4n T-37 pitot
training. There was, however, a significant negati¥§$£gTationship between
student performance and instructor stress. ;~*q;f

: _ o £t

Interpretation of the data from this investigation suggests that the
ASPT provides a learning envimonment which is capable of producing a
moderate stress response. The chara-*er of this response across various -
training program elements and its significance to undergraduate pilot
training remain to be explored. ‘
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