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Perforiiiance, pei'ceivcd strt.-s, psyctiological moods, dnd rt, ar ui ry bio-

chea;ical ,,easures were analyzed in a sample of naval aviators und,,rgoing replace-

ment air group training in the F-4 aircraft. The aviators, as a group, rated the

firsL F-4 flight as the most stressful training flight and concoitantly shc.!,fd

significant increases in serum lactic acid, pyruvic acid, urinary norepinophrir2

and urinary creatinine during this flijht. Pilots throughout training obtained

significantly higher performance scores and showed significantly less fear and

fatigue than did radar intercept officers (RIOs). Pilots' perceived stress and

performance scores were unrelated. 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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Ccn:ba~t t'e 4 ic~. frecjv:itly inivolves dL::,ridim;j t~1rlr:T ibl U:t,;m:d:t aI ,'.

of psych,31o ic-l and neuro-;idocrine sy.,V (1I). It h s rt " rS 0? r 12L,'

studyin - stress in the mi ii 'y to uti izC subjective reot ( f rental sp os, aS

well as physiolc, Jical respu, es to these stresses, to estim;te Lhe iedJ ,1 c--

quences of these str:sful train-ing programs (6,7,8,9,11,16). Evalu,;tio:ns of thf

trainces' profiles of physiological reactivity to training st-esscs have shcw,'n so:,c

promise as predictors of performance durir.g training (6,7,8,9,11,12).

Replacement Air Group (RAG) training prograrn.s for Navy aviators coesist of

phases involving both simulatcd and actual flights. RAG training entails tactical

flying and weapons deploymciit in a progressive prog,-am where the men have time to

prepare for each new training challenge. Research carried out in RAG training with

F-4 jet aircraft squadrons offered the unusual opportunity to study differences in

perceived stress and physiological arousal between pilots and radar intercept offi-

cers (RIOs). While pilots have direct flight control, RIOs operate all electronic

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, pilots 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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On;; F-4 \ h-"'rn A traie 1j. "

anJ 11 traiiee 1 (10. a ,. 21 . years ) i:.-,-tici Iat:dI in the F t ' l

ccm:plCtcd e' collf e rieeucation aAd the nnjori Ly in ci, ...rried Al1

were Cae,.:as-i ,n males ~;,o w -.2 provided vol ;ntary c e:is _; i ( I .1 : c teatio, of

subjccts information.

Traini ... Pro.rm

The [RAG syllabus for F-4 jet aircraft at the Niar ar Naval Air StAtion, San

Diego, California, is divided into several phases. A co-,trol day, alony v-ith the

first days of simulated or actual flight it three of th ?se training ph, es, were

selected for study. The control day was th day prior to the tcinnino of RAG

training. The first phase of trai.ing, familiarizatioi and" instru-entation (FA!.',),

includes computer simulation of different aspects of F-4 flight operations, as

well as actual flights. The first simulator experience (FAM Trainer) 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 pilots had the primary responsibili-

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

during the Radar trainer and Radar flight.
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durir. t, 0": 1;ri , pW a ; . Ii for: ,,,;iq Fo- ore.. , r - -For tV'. Ltual

f' 1iP its o o rirI.q p!a3 u id.. (Fi.e,0 klh d¢tr, ,.,.,;um ,;nd) rL c .:,U. to

S

S',x blood s 1 lL and fi e urine sp rcl c s we 'i- coi lecLed on each participant.

Th .,o, -",s e"I tal -r. On the control day (blood ctily) acJ on eah of the five

tra:nin r (aS stuJxe . Blood e;mples c..-re collectcd just prior to each s-imulated

or rcal flight. ir,:::ediately after vripuncturo, a 2 ifl aliquot of whole blood

was precipitat:cd ith cold 0.5 N perchloric acid and frozen for subsequent analyses

for 1;ctic and pyruvic acid. The rcmainder of the blood sample was centrifuged

and the serum recovered and frozen for later analyses for serum cholesterol and

uric acid. Cholesterol was determined by the method of Clark, et al., and uric

acid by the enzymatic method of Liddle, et al. (1,4). Lactic acid was determined

by the Rapid Lactate Xethoi (Rapid Lactate Fast Pack, patented by Calbiochei,

10933 Torrey Pines Road, La Jolla, CA 92037). Pyruvic acid was determined by the

enzynatic method ;, 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 were

measured for volume before 10 ml aliquats 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).
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sc uc s r ,.. "ins ",. ,cury ec- cf, 4 2 1ife '.nt s vvu- I,, .SsL t,' o .eL. --

divid:..d itnto four, si;.-iont:h inL : v-.l,: 0-0 (1 ,tIh" 7-1 ' h I; -.1 -1 , p: -

and 19-24 in ,n'is ago (10). For , ,O! five

asked v.hich life eveni_c lid occurred during tih- i1ntUv vl si ice ;apt tpl Li rg

the questicnnaire. T%':o tlethods of scoring the RI.CQ ere useoJ: 1) I.e nu:rcbcr of

evwts having occurred; 2) the sum of the Life Chanoe Units (LC'I) fo: thc event

having cccurrcd. These two scores w re co:;.Puted for the four tir.-. periods on

the initial 1RLCQ and for each of five interval im.asu, res.

Vicod Qustic;iifire

The Mood Questionnaire (MQ) was also administered on the control day and at

the time of each blood draw. The MQ consists of 40 adjectives describing a p-'-

son's current psychological mood (13). The individual response to each of the

adjectives was: 1=not at all, 2=soie.,,hat or slightly, 3=mostly or generally.

The MQ has six scales: Happiness, Activity, Depression, Fear, Anger, and

Fatigue. Each scale has from five to seven adjectives and was scored by sunming

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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analysis oi" variance lor rA!,d i " ......... ... ", I I Of 'L!r ti '

difbcd c-, i c cf.:, fnJ Ilot 1L 1 0 S. i,, leroS ddt!. Tho Ct.i", -r "

Grect .. u - (15) metho:j of degrecs c;i -recdoi .e uCS i. C s " i SC
estin.0ate of sigificai;c in differene, of reans (the F). Tukey's J;onestly Si -

nificant Di:ferc:nce Test o copu.t. for all variables ,i .h sho.,od a signific,;-t

effect over time to indicate which time period rieans were significantly diffcrc:-t

(15).

To test the hypothesis about the relationship beLc,,.n pcrfor" ice and per-

ceived strcss, Pearson product m:ent correlations ere computed for pilots and

RTOs separately. Since Pearson correlations can b? inflated due to the extrec;e

variation in small samples such as these, Spear,,an rank order correlations were

computed to verify each significant Pearson correlation.

RESULTS

Training Stress

Results of the two-way ANOVA of the trainees' stress ratings are presented in

Table I. No significant group differences were seen between pilots and RlOs, and

no significant interaction of time and groups was observed. Perceived stress was

rignificantly different, however, between days of training (time periods) for the

total aviator sample (p<O.O01). Aviators' overall stress ratings were lowest at

the start of training and highest fur 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, RIOs rated the first radar trainer as the most

stressful training day studied.
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scores to , fol l .. by d d 'li1,, with a . Hi:, CI f (2- ,cs

I two fliits. This trend w ,s rot stati tic-Ill s i,-i W , h.-

received s i i i , cai tly (p<O. 0 ) hi ~her m 'is , as a 9 -, i.,, t-an d

[Insert Table II about herej]

:a, s ijre S

,:mical measures were seen to remain within nornmal limits across all

There were no significant differences between pilots and RIOs, and

,roups x time interactions were significant. Serum lactic acid,

acid, urinary creatinine and urinary norepinm-phrine varied signifi-

s, with the highest values seen at the first F-4 flight and lowest

ed during the radar trainer. Though not statistically significant,

catecholamines were at their highest levels at their first radar

. results are shown in Table III.

[Insert Table III about here]
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[Insert Tld'I, 11 abc;l.rt t-ei ] c

Bioch s... ,:" ures

All biocho,2mical r.e&sures were sutn to reiia n within nore.al limits across all

study days. There were tio significant differ, ces between pilots and ROs, and

none of the groups x time interactions were siqniFicant. Serum lactic acid,

serum pyruvic acid, urinary creatinine and urinary norepinephrine varied signifi- V.

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.

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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rear, an_-; lu ' Fati ,uo alklo varied ~~iim ~ u.D o v,~t ~

I 1''f!S pricr to the- fiirst F- 4 fl i~iht and the hig9hest on the ccntr~il d:ay(ti

pattern ,;as found for botlh i 1 ts and RI~s There ,are 1o1 sirJ.fi cant dif ere c

belcvcean pilots arld R10s or ocosthe tr-aining se-ssions studicd for the otlhor four

mood scales (Depression, Anger. Activity and Heappirioss).

Life Uchaoos

Pilots r .porL d significenritly fewer life change units (LCU) and total recent

events than the ROs during the 0-6 months time interval ir.m ediately prior to RAG

training (p<.05). The intervals between administrations proved to be too short for

meaningful accumulations of life changes for either group. Correlations between

0-6 months life change units, performance marks, perceived stress and the bio-

chemical variables resulted in no significant relationships.

Performtance 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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4 t (pi- •'s F o r- ne , s c r

e .ore sthan F-4 fl It could L:

radar fl igqilt ,.;o,_:i d have Lcen ratc'] even higrby R 1U,. P 10s did .:pC 'I2

cateci-olaloio .J excretion dL)i"n thi first radar fligiht. P u e. i " [ t o this

roeth.oo c'i cal error, HypthSi s 1 cIs nt co'Fi rmied---thatl perceived stre ss wo

vary depending on the different. jolb demands for pilots and RIOS.

Several biochemical weasures varied significantly over the course of train-

ing, Serum lactic acid, pyruvic acid, urinary norepinephrine and creatinine ,%,ure

significantly elevated, for all aviators, for the first F-4 flight. This %qas 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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stu bi: to rKrk thosci ci ',' i o v- ere h i n training. Thus

the rilatively hi-.hel- 5.(cri;e ricl acid 1r ."-eVOl sse for , .i l Cts ver-us Pi- s is in .

expectcd direction, gi'.' o theil hi.,h r escores.

For pi lo s , the F-4 flIight phase was their- transition into a f ullI -size f iC1 er

aircraft foiic.'ing a series of colprcehnsive sessions in a sir.ulator. The F-,

aircraft does not have dual controls, thus the instructor can only provide verb_ 1

guidance. It ;..as observed that pilots' urinary epinephrine excretion during the

simulator flights for both the FAM and Radar phase significantly correlated with

their average performance for cach of these phases. The trainer epinephrine value-

to-avera ge performance correlation wis 0.74 (p<.Ol) 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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influcnt- s outsidO the training setting,,. Further w r rlatiria individual differ-

ences in perceived stress to differences in reactivity is suggestcd.
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norepli nephr inc arid ur ina ry c rea tin ine during this flight . 1 lot s thoni(Olout
tra iinu o'tnined significacntl 'Y hinher purformance scores and Jhowed siuni fi -
canifly lcs fear arid fat igue thaln did radar intercept officers (k<10 ) . Pilot,
DD ~Z.1473 1 -I"'C" 011 NOV. 6S !E CeS~1LLTEUrCAS [D ___
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20. Abstract (continued)

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