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P;rformancc, perceived stress, psychological moods, and corud arlijgéﬁcry bio-
chemical measures were anaiyzed in a sample of naval aviators undergeing replace-
ment air group training in the F-4 aircraft. The aviators, as a group, rated the
first F-4 flight as the most stressful training flight and concomitantly showed
significant increases in serum lactic acid, pyruvic acid, urinary norepinophrine
and wrinary creatinine during this f1ijht. Pilots throughout training obtained
significantly higher performance scores and showed significanily less fear and
fatigue than did radar intercept officers (RIOs). Pilots' perceived stress and
performance scores were uﬁrc]ated. RIOs‘ radar trainer stress scores were sig-

nificantly correlated with performance during their subsequent radar flights.

Indexing: Aviators Training Stress Catecholamines
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Combat reediness froguontly dnvelves domanding Leaining, vith atlondint arous.. ]
of psychological end neurccndeorine sy.tems (1), It hos Lecn @ goal ol requarche os
studying stress in the militovy to utilize subjective reporiz of menial siress, as
well as physiolcgical respenses to these slresses, to estimate Lhe wedicil conse-
quences of these strozsful training programs (6,7,8,9,11,16).  Evaluaticns of the
trainces' profiles of physiological reactivity to training sirvesses have shown soi
promise as predictors of performance during training (6,7,8,9,11,12).

Replacement Air Group (RAG) training programs for Navy aviators concist of
phases involving both simulated and actual flights. RAG training entails tactical
flying and weapons deploymznt in a progressive program where the men have time to
prepare for each new training challeng2. Research carricd out in RAG training with
F-4 jet aircraft squadrons offered the unusual opportunity to study differences in
perceived stress and physiological arcusal between pilots and radar intercept offi-
cers (RIOs). While pilots have direct flight control, RIOs operate all clectronic

equipment and specify the course and maneuvers necessary to accomplish a mission.

In the present study it was hypothesized that during specific phases of RAG
training, piiots and RIOs would perceive different levels of stress depending upon
the extent to which the training applied to their specific job demands. It was

also hypothesized that blood and urinary biochemical responses would correspond to

levels of perceived stress. Lastly, it was hypothesized that performance would be

related to aviators' perceived levels of stress.
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Subject

One F-4 RAG squedron, coaticbing of 13 trainee pilots {noan woe U006 voars)
and 17 trainee RIOs (mzen age 24.8 years) pacticipated in the stucy. A non b
cammleted ¢ colleqge education and the majority in cech group veve unmarvied. Al
were Cavcasian males who were provided voluntary concent cod pretection of furzn
subjects information.
Training Program

The RAG syllebus for F-4 jot aircraft at the Mivamar Haval Air Station, San
Diego, California, is divided into several phases. A co.irol day, aleong with the
first deys of simulated or actual flight in three of these training pheves, vere
selected for study. The control day was th2 day prior to the bcginning of RAG
training. The first phase of training, familiarizaticn end instru-entation (FAY),
includes computer simulation of different aspects of F-4 flight operations, as
well as actual flights. The first simulator experience (FAM Trairer) was the
second study day, and the first actual flight in the F-4 was the third study day.
The radar phase involves the introduction to the radar system and an all-weather
weapons system with emphasis on basic intercept techniques. The first computer
simulated flight in this phase (Radar Trainer) was the fourth day studied and the
first actual radar weapons flight (Radar Flight) was the fifth study day. The
sixth and final study day was the initial aircraft mission where conventional
weapons (Bombing) was carried out. Whereas pilotf had the primary responsibili-

ties during the FAM trainer and FAM flight, RIOs had primary responsibilities

during the Radar trainer and Radar flight.




The won wore ovedosboa fav ety por farsnes onoovervy Chralotod aond seiead
flighi. There veve differcnt instructors prosert during cach Frioht, oo vwell os
duriry the vrataing phasesy thovedfore, average performance scorzs Tor the sotuel
flights of o training hasve studied (Fiti, kadar, and Dombing) wore connutod to

reduce be b ma-instructor divferencaes 10 sCores.

Biochowicsl Moasuretonts

T J

Six blesd semples and {ive urine specin wis were collecied on each perticipant.
These senples wore taken on the control day (blood culy) and on each of the five
training cdays studicd. Blood camples were collected just prior to each simulated
or rcal Tlight. lmmediately afier venipuncture, a 21l aliguot of whole bleed
was precipitatod with cold 0.5 N perchloric acid and frozen fer subsequent analyses
for lactic end pyruvic acid. The rcmainder of the blood semple was centrifuged
and the serum recovered and frozen for later analyses for serum cholesterol end
uric acid. Cholesterel was determined by the mefhod of Clark, et al., and uric
acid by the enzymatic method of Liddle, et al. (1,4). Llactic acid was determined
by the Rapid Lactate Methoi (Rapid Lactafe Fast Pack, patentcd by Calbiochen,
10933 Torray Pines Road, La Jolla, CA 92037). Pyruvic acid was determined by the
enzymatic methad of Marbach, et al. (5).

Timed urine samples were collected at the end of each of these flights. The
subjects voided prior to and once again within 15 minutes after the flight. The

average duration of urine collection was 180 minutes. These timed specimens werc

measured for volume before 10 ml aliquots were frozen for later analyses for

catecholamines. Urinary catecholamines were determined by a modification of the
technique developed by Von Euler and Lishajko with the urine samples acidified
to ph 3.0 with concentrated HCL (14). Urinary creatinine was measured by the

method of Henry (3).




Life Chones ilonure
The Boceat Live Chiages Questioecive (RLER) war adiduistered on tiic contl ol

o

Cuy and ac.in oo each study day.  The fivst cduiniciration of the RN gquericd
subjects recovaoing tha cccurrencs ¢f 42 Tife vionts over tho past 10 youve--
dividod into Tour, six-tonth inloevails: 0-6 monthe, 7-17 won ke, 12-12 ponthiz,
ang 19-24 montiis ago (10).  For the novt five eduinistroiions, sublionls were

asked wnich Vife evente had occurred during the intervel since lest ceiplelinrg

the questicnnaire. Two methods of scering the RLCQ were used: 1) the nusber of
evengs having occurred; 2) the sum of the Life Change Units (LCU) for thoe events

having cccurred.  These two scores were computed for the four tire periods on

the initial RLCG and foir each of five intarval méasures.

Mood Questicimiaire

The Mood Questicnnaire (MQ) was also adwinistered on the control day and ot
the time of cach blcod draw. The MQ consists of 40 adjectives describing a pec-
son's current psychological mood (13). The individual vesponse to cach of the
adjectives was: 1l=not at all, 2=somewhat or slightly, 3=mostly or gencrally.
The MQ has six scales: Happiness, Activity, Depression, Fear, Anger, and
Fatigue. Each scale has from five to seven adjectives and was scored by summing
the various responses to the adjectives in the scale.

Perceived Stress Measure

| Following completion of the RAG syllabus, each trainee provided a retrospec-
tive evaluation of his perceived stress on the control day and on each training
day studied. The rating scale ranged from 0 (no stress) to 10 (maximum stress).

; The first radar flight was inadvertently omitted from the rating form and con-

sequently no stress measure was obtained for this study day.
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Statistinal andysos

Stress, tesd, biochsricel, end porforin, e variablos vove analyeo i by groun
(pilots vs. RIGL), and by tino poviod (doys of training siodicd) voirs o twu-ws
analysis of variance tov ropeated peecures (An0Va). Anzljsoe of the tivo poried
difforcncas ere based cn the cevbincd ilot ana FI0 Line pericd doto. The Ceircer-
Grecubouse (15) method of degrees of ireedea wdjustiont os uscd ¢s & conscrvative
estimate of significancc in differonces of means (the F). Tukey's honestly Sig-
nificant Difference Test was computed for all variables wiicn showed a significant
effect over time to indicate which timc peried means were significently difforent
(15).

Ta test the hypothesis about the re]ationshﬂp'betwcen prerformance and per-
ceived stress, Pearson product moment correlations were computed for pilots and
RIOs separately. Since Pearson correlations cah be inflated due to the extree
variation in small samplcs such as these, Speariian rank order correlations werc

computed to verify each significant Pearson correlation.

RESULTS

Training Stress

Results of the two-way ANOVA of the trainces' stress ratings are presented in
Table 1. No significant group differences were seen between pilots and RIOs, and
no significant interaction of time and groups was observed. Perceived stress was
cignificantly different, however, between days of training (time periods) for the
total aviator sample (p<0.001). Aviators' overall stress ratings were lowest at
the start of training and highest for the first F-4 flight. Pilots, as a group,
rated the first F-4 flight as the most stressful of all flights studied. Although
not statistically significant, RI0Os rated the first radar trainer as the most

stressful training day studied.
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1 two flignts., This trend was not stetistically signiticent, how-
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. received sionificantly (p<0.01) higher mavks, as a group, than dic

[Insert Table II about here]

nasures

cmical measures were seen to remain within normal limite across all
There were no significant differences between piltots and RIOs, and

voups x time interactions were significant. Serum lactic acid,

- acid, urinary creatinine and urinary norepinephrine varied signifi-
s, with the highest values seen at the first F-4 flight and lowest

‘2d during the radar trainer. Though not statistically significant,
catecholamines were at their highest levels at their first radar

2 results are shown in Table III.

[Insert Table III about here]
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Biocheiical HM-asures

»
A1l bicchomical measures were seen 1o renain within normel limite across ali (
&

study days. There were no significant differences between pilots and RIOs, and

none of the groups x time interactions were significant. Serum lactic acid, {
serum pyruvic acid, urinary creatinine and urinary norepinevhrine varied signifi- f
cantly by days, with the highest values seen at the first F-4 flight and lowest

values observed during the radar trainer. Though not statistically significant, i
RIOs' urinary catecholamines were at their highest levels at their first radar ;

flight. These results are shown in Table III.

[Insert Table III about here]
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Fear and Feliguo., Fatigue also varied significantly {(p<.03) cvor tine, with the

-

Cwest maan prior to the fivst F-4 fligh® and the highest on the contral day (this

93]

pattern was found for both pilots and Ri0z). There were no siguificent differences
betveen pilots and Ri0s or across the training sessions studicd for the other four
mood scales (Depression, Anger, Activity and Heppinese).
Life Changes

Pilots reported significently fewer 1ife change units (LCU) and total recent
events than the RIOs during the 0-6 months time interval immzdiately prior to RAG
training {p<.05). The intervals between administrations proved to be too short for
meaningful accumulations of Yife changes for either group. Correlations between
0-6 months 1ife change units, performance marks, perceived stress and the bio-
chemical variables resulted in no significant relationships.

Performance_and Stress

Intercorrelations computed between perceived stress scores and performance

evaluations indicated only one significant relationship. In the RIO sample, stress
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pilots and RiGs. For exannle, it was observed that RICL vatao Lro radurs trevror o
Le nore stresstul than the F-4 flicht, It could bo exncoled, ther, b2t the Tirgs
radar flight would have been rated even higher by RiCGs. ERIOs did <hew peah urivary
catechioleiine excretion during this first racar flicht. Duz, in port, to this
rmethedolugical error, Hypothasis 1 was not confirmed--that perceived stress would
vary depending on the different jeob cemands fer pilots and RIOs.

Seversl biochemical m2asures varied significantly over the coursec of train-
ing. Serum lactic acid, pyruvic acid, urinary norepinephrine and creatinine were
significantly elevated, for all aviators, for the first F-4 flight. This was also
the point of highest perceived stress (Hypothesis 2). Urinary catecholamines for
all aviators correlated (r=.54, p<.05) with serum lactic acid on the day of the
F-4 flight, although this was not confirmed by Spearman rank order correlation.

Both serum lactic acid and lactate/pyruvate ratio have been linked to subjects'
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not clalisiic Yiy siguificant, parailel previsue findings fro this laboraior:

(6,9.12). Flevated lovals of seri uric acid were also obiorved in {lecc Drovioss

studics to mork those individuils who were highly succeas?ul in training.  Thus,

the 1elatively hicher scrus uric acid levels seen for piiets versus RIOs is in ti=

expected divection, given theiv higher performance scores.

For pitous, the F-4 flight phasc was thoir transition into a full-size fici-er

aircraft follcwing a series of comprehensive sessions in a simulator. The F-4 iy

b

aircrafi does not have dual controls, thus thc instructor can on'y provide verbal

guidance. It was observed that pilots' urinary epinephrine excretion during the
simulator flights for both the FAM and Radar phase significantly correlated with
their average performance for each of these phases. The trainer epinephrine value-
to-average performance correlation was 0.74 (p<.01) for the FAM phase and 0.70
(p<.05) for the Radar phase. This suggests that the pilots who responsed to the
simulator experiences with an activation of epinephrine release, performed better

during the period of actual flights to follow.

Such relationships between
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vary vitin the level of training stress. The reting: of perceived siress wore
retrospectively collected, end @ stronzar relaticnship betuzen the soress retings
and the perfermance scores might have boen eohserved with daily stress ratings.
The daily ratings might be less effected by memory end percepiuzl distortion, end

influences outside the training setiing. Further work relatinc individual differ-

ences in perceived stress to differences in reactivity is suggested.
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Performance, perceived stress, psychological moods, and serum and urinary
bicchemical measures were analyzed in a sample of naval avietors underguing
replacement air group trainina in the F-4 aircraft. The aviators, as a group,
rated the first F-4 flight as the most stressful training flight and concomi-
tantly showed significant increases in serum lactic acid. pyruvic ocid, urinary
norepinephrine and urinary creatinine during this {1ight. Pilets throughout
training obtained significently higher perfurmance scores and <howed sianifi-
cantly less fear and fatique than did radar intercept officers (KIQs). Pilote'

DD . FCEM 1473 ED'TION OF 1 NOV 68 1€ OBSOLETE

paN s R NI B IR o U”CLASS)If ][D

[

SECURITY CLASSIFICATION GF TH!S PAGE (When (ate Frrered




“

_ UBCLASSIFIED. | «
SEL  FiTy CUASUBICART I v OF T & BAGE Wher Date Fratered i

20. Abstract (continued)

perceived stress and performance scores were unrelated. RIOs' radar trainer
stress scores were significantly correlated with performance during their
subsequent radar flights.
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