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installation.
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introduction of ARTS—Ill had no appreciable effect on work—related anxiety levels

• of controllers. The post—ARTS—Ill A—State means for both facilities were not
— significantly elevated. A—Trait was unchanged at LAX but decreased significantly

• at OAK. Assessments of A—State showed significant work—related increments but
tended to be low
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STRESS IN AIR TRAFFIC CONTROLLERS: EFFECTS OF ARTS-Ill

1. Introduction. TRACON s were so similar that they are reported

The computer-based Automated Radar Ter- t ogether.

minal Systems-Ill (ARTS-Ill) supplies the al l
traffic controller with positive aircraft ident-iflea- II. Methods.
tioi i and three—dim ensional data rega rding its rFllirteen controllers served as subjects in
location and movement in the airspace, and thus LAX—i and 17 in OAK—i. Nine of the original
contributes enorniouslv to safety. ARTS-Ill 13 controllers (69 percent) at LAX and 11 of
also eases the workload of controllers by reduc- the or iginu~ 17 (6~ percent) at OAK served as
ing intercontrol l~r coordination , fli ght stri p ac- subjects in the post-ARTS—Ill studies. Urine
tivitv , com munication with  pilots. and activity data were obtained froiii seven of the nine
related to radar anti radu) adjustments. ARTS- l4AX— ~ subjects (7~ percent).
III differs operationally from t h e  01(1 radar Subjects reporte(l to the tempora ry laboratory
system in several wa s. Controllers do not carry areas in the TRACOXs 30 minutes before going
out as much ~faee to face” coordination but must on duty . ‘I’Iiey were fitted for ambulatory
communicate by telep hone. ART S—Ill calls for electrocard iography as previously described.4
a great deal of key board work in use of the co mim - Electroca rdiograms (ECGs) from all subjects
puter The radar consoles are arranged in is- were recorded on ape throughout each of five
lands equipped wi th  horizontal cathode ray ~-hioii r day sliift~s. Prework heart rates were
tubes, and tk li ghting level is somewhat higher iimeasnred (luring reeoi’ding svste iii checkout at
in the new terminal radar approach control the tune of electrode app lication. ECU tapes
(TRA ( ’ON) facilities than it was in the old were spot checked at the end of experimental
ones. Many other environmental changes accoin- perio(ls to verif y that  the recor(lings were tech—
panietl _~Wt’S-l 11: temii per ature is iiiore closely nicallv good. ECU tapes were later rednce(l to
controlle(l, decor is pleas~tnt , and eating facil i t ie s 1—ni inute  heart rates in the laboratory at tlit ’
are improved. l’arking is close by. whereas it Civil Aer ommi edi ea l In st i tute (CAM!).
had been in fa i r ly  remote areas at t h e  towels . Each subject - was instructed to void and dis—
The beneficial effects of ARTS-Ill a u g ht be re- card urine prior to retiring the night before
fleeted in measurably reduced 1)lIysiolt)giL’aI and each day of bioii edit al observation and to collect
psychological st ress. it coiuiple t e urine specimen on arising. This

The effect of AR r F S_III on controller stress spet imen was used as the reference specimen in
was e st ij im ate t l  from pre- and post—ART S-lI I all biochemical estim ates of stress. The subject
miie asur etnen ts made at Los Angeles (LA X )  and was siii i i lar ]y instructed to void and (liM Car (l
Oakland Bay Area (OAK) TRACON facilities. ut im ’ just before going on duty and to collect- in
When t he p i e—A WI ’S—Ill ineasurenieffi s were one vessel all ii rine he voided (luring the 8—ho u r
minnie at- Oakland in August 197’2 (OAK—I ) and work period. The specimen was used as the
at- Los Angeles in Novenibe r i97~ ( L AX — i ) ,  the “work specimen ” in estimates of st iess .
TRACON s were located in the towers. When l’m~irw ~ m collected in 1-quart- p ls-stic bottles
the post —A WI’S— I l l  st II (h ieS wele ( ‘mlr r ie ( l out in tha t  contain etl  dry boric acid as a l eserva t i%e.
Ju ly  W74 (L.~ X—~ ) and Nove mmi be r 1~ T4 ‘d hien each urine specimen was delivered to the
(OAK ~- 2) , the TRACONs were located in 1) 11 11 ( 1— t e mmm l t o r a rv  laboratory, it was imm edia te l y  n ntrked
irigs separate fro imi the towers. ARTS—Il l  h~itt  wit Ii fl (‘0th. niiiiultt ’i .  logged. ant i  placed in a

L

I teen opera t i t tn a l  for about 7 mum o n t  his at t h e  t i mi ie s  freeze,’. Speci m i i e n s  ~vem’e kept frozen Un ti l  they
of LAX— ~ and OAK -— ~. Results at the two were thawed for analy s is  at CAMI.  

---•- — - - -  -~~~~~~~~~ - -  -
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Urine was anal yzed for 17-ketogenic steroids and OAK—L comnmllu ni ( ’flt iofl t i mim e could not be
(st) .  epinephrine (e) , and norepinep hrine (ne).  used as a reliable comuipa t ’at ii’e iuieasur e of work—
and creatinine (cr).~ In this report , i’esults are load. Instead , the busiest approach control
expressed as micrograms [)CP 100 iiu ill igr aiiis of sector at both LAX anti OAK was identified ,
cr. From i. these results st iess indices were cal- the i’ecoi’der channel on which the i’fl(lio t i’ans—
cuulated as described in tnt eat’Iier l)uhilicit t ion.’ missions of flin t- sector were recorded was l)laye(1

The State—Ti’ait Anxiety Inventory (STAI) ‘ back in real t im i i e , and count s were iiiade of the
was used to measuu’e stress arousal of a psycho- nu ui i l te r  of controller—p ilot contacts and of thi( ’
logical nature in controllers. Immediately lie— total numit ber  of aircraft contacted during each
fore and just after each work per ioti , t ’acht 8-hour work pei’iod. From these counts the
controller completed the A—State scale of the iIluuuul )eI’ of contacts per n i icr aft  was calculated.
STAI , w hich measures current anxiety level.

IlL Results.The A-i rait scale of the ~ FAI , a measure of
‘in~ iet s ploflenes~ 0! t % pi al le% el of tn~ iet~ ~ 

flea, I l?af r ihile 1 shows he tit 1 aks foi

presented to each controller just before t h e  ini t ia l  individuals uIfl(lei’ prewoi’k and working condi—

shift- of the study and again at the completion tions, Mean heart i’ates were the sumac under

of the last observed workshift . working conditions for t h e  pl’e- and 1)Ost-ARTS-
III studies. T h e  LAX—i iuiean pi’ewoi’k heartl’ape recorders were attached to the I BACON i’ate- was slight ly  highei’ than the corresponding

tape re(’orders to record radio trnnsniissit,ns he— mean working valu e, whereas the I4AX—~ uuu ean
tweeui (‘Out rollers and pil ots. It oI ’l(r lna ll y had l)reworlc heart late was the saute ~Ls the LAX— ~been planned to reduce these tape recordings to mean working value. The OAK—i iiu ean pi’e—
total controller—pilot coni m ii umuic atio n t ime as a work heart la te  was lower than  the correspond—
measure of workload. Because conti’olleu ’—t o—con- ing iiiean working value , w hereas t h e  OAK— ~
t rolley commnunicat ion was recorded in LAX—~ niean pi’ewoi’k and working values were the
an(l OAK—~ and was not recorded in LAX--i sauiu e.

TABLE 1. Individual Heart Rates

LAX- i LAX- 2 OAK-i - OAK- 2

Pre- Percent Pre- Percent Pro- Percent Pre- Percent
Sub te~.A ~~~~ Work _____ Work ~~~k It - W~~k ~~~~ A - Work Work 

— 
A -

1 92 85 (7.2)* 89 94 6.0 79 80 1.3 84 86 2.0

2 81 77 (5.8) 73 84 15.0 66 81 23.2 73 73 0

~~ 3 78 59 (23.5) 7-4 58 (21.6) 89 101 14.1 103 98 (4.9)

4 97 99 2.6 85 89 4.9 74 78 5.7 79 75 (5.9)

5 80 66 (17.4) 70 69 (1.9) 71 88 24.9 70 78 11.3

6 95 92 (3,5) 90 92 1.8 76 89 17.2 83 92 10.9

7 92 92 0 88 87 (0.7) 83 73 (11 .4) 93 88 (4.9)

8 87 79 (9,4) 87 77 (11.4) 69 71 2 .8 64 60 (6.2)

9 66 72 9.4 63 67 6.7 65 73 12 .6 68 70 3.1

10 72 75 4 .7 81 80 (1.1)

11 75 74 (0.9) 80 82 1.9

1 85 80 80 80 74 80 80 80

S.D. 10 13 tO 13 7 9 11 11

* P.renthesi, indicate that working value is less than resting value .

• 
~~~~~~~~~~~~~~~~~~~~~ ~~~ - :T ...:II. 



Table 2 shows that there are no significant and --2. Resting-to-working diffe rences are sig-
diffe rences at either TRA(’OX in (hit ’ group nifieauit for all three stress indicators. Both
mean heart- rates din ing work at t h e  ~~~~~~~ resting anti working levels of excretion of at
positions. were sign if icant ly  reduced in the LAX— 2 and

Urine (i ~emiut, ’y. Table 3 sh ows the resting OAK—2 groups from the levels in LA X— i and
(night sleep specimen) anti working values for OAK—I. The resting level of e excretion was
st, e, and ne for LAX—i and —2 and OAK— i not significantl y different between the LAX—i

TABLE 2. Comparisons of Heart Rates During Different Activities*

Average Significance
First Ac tivity Heart Rate Second Act ivity Heart Rate Leve i**

LAX- i AR 80 LAX- 2 AR 81 N .S,
C

LAX-I DR 79 LAX-2 DR 80 tl .S.

LAX- i Others 80 LAX-2 Others 81 N .S.

LAX- i Prework Heart Rate 85 LAX- 2 Prework Hear t Rate 80 .01

LAX— i Average All Positions 80 LAX-2 Average All Position s 80 N .S.

OAK-i AR 78 OAX-2 AR 79 N .S.

OAK-i OR 79 OAX-2 DR 79 LS.

OAK-i Others 82 0A K 2  Others 81 N .S.

OAK- i Prework near t Rate 74 OAK-2 Prework Hear t Rate 80 .01

OAK-i Average All Position s 80 OAK-2 Average All Positions 80 N .S.

— Arrival Radar , DR — Departure Radar , Others = Data Positions , Coordination Work , Supervision
and Training

**Wilcoxon matched-pairs signed-rank test

TABLE 3. Comparisons of Levels of Urinary Stress Hetabolites at Los Angeles (LAX)
and Oakland (OAK) tRACONs Before and After ARTS-Ill Installation

st e ne

Facil ity Rest Work .It ! Rest Work It Rest Work A 2

LAX- I 521.3 1152.5 631.2 .01 0.38 1.19 0.81 .01 2.07 4 .26 2.19 .01

LAX—2 ~~_9 700.1 317.2 .01 0.76 1.95 1.19 .01 3.30 5.42 2.12 .01

A 138.4 452. 4 0.38 0.76 1 .23 1.16

2 .05 .01 N .S . .01 N . S . N .S .

OA~ — l 485.1 899 . 2 414.0 .01 0.39 1 .25  0.86 .01 1 ,59 2 .58  0.9 9 .01

OAX -2 319.7 
~~~~ 

360.8 .01 0.76 2 .26 1 .50 .01 2. 24 3.47 1.23 .01

A 166.4 220.6 0.37 1.00 0.64 0.89

2 .01 .0 1 .01 .01 .05 .01

3 
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and —2 groups; however, the working lei el of e An earhiet ’ report described a sti’ess index
excretion was significantly elevated in the (C ,) that was dei’ived from mathematically ad—
L,~&X—2 group. Both resting and working levels justed (c) values of st. e, and ne. This index
of e excretion were significantly greater in t h e  greatly facilitates the comparison of stress at
OAK—2 group than in the OAK— i group. different- air traffic control (ATC) facilities.
Xorepinehrine show ed an insignificant change at- ‘l’able 4 shows the values for the coluipOsite

LAX anti a significant change at OAK from mi index , C,. toget hueu ’ wi t h  c~~. c,, and c,,, at the air
before to after ARTS-Ill installation , traffic facilities studied thus far. It is evident

from ‘Fable 4 that total stress w’as greater in
LAX.—2 and. OAIc—2 than in LAX— i and OAi~—1.

_________________________________ ____ Further, it is evident tha t  the increase in total
_ _ _ _ _ _ _  — ~1 _ _

O H., . r~~ o L O S  1 .41 0.75 0.98 
to increased exci ’etioii of —

Opo L~~ 6. T~~.r ~~~ 0.64 0 7 4  ~~ catecholam i i i mu e s . heca misc steroid t’xcret ion was
A~ 10M. A5*CC 0 .82 ~~~ 0.34 

~~~~ 
actua l ly  reduced in LA X—~ and O_ ~ K—2 .

6 1 6  80 7CC 0.7 6 O . bl 0 . 71  0 96 ‘ —Fable t shows a coimip ar ison of st l t’ss indices
0.75 0.25 0.69 I Si

I I~~~. (197 0) 0.76 1 .27  0 .2 9  0.65 
calculated front data of individual  cont rollers

090-2 0 . 72 0 .2 3 1 3 1  0 6 1  who pal’t iciptltetl in liothi studies. Th ee con—
NX,,i,n (,~ .0,0n,1o.,6.l To~ 6. ( 197 1) 0.68 0 .69 0 .62 0.52 t~ollej ’s at LAX and two at OAK showed de—
020-1* 08 0  0 . 62  0 . 7 6  0.43 creases in C0. all controllers at LAX and all but
800 — I ’ 0 .60 0 6 6  0.34 0 8 1 one at OAK showed decreases in c0 ,  all LAX
78,, 800,0 ARTCC 0 .34 0 .22  0 .5 8  0.20

V.Io.. for ‘40-1 .nd l A X - I  o.r. d.riv .d ~~~ .11 ~~~~~~~~~ p.rl1 po X t h~ 
cont-i’ollers itnd all hut- one O~\.IC controller

~~~~~~~~~ 
T~~~~~V for 0.1*.. fr ~~ 0020,011.,. .6. ..rv,d 8~ showed incleases in c7. and three t’onti’ollei’s at

LAX and two at- OAK showed decreases in c

TABLE 5. Stress Indices From Individual Controllers Before and After ARTS-Il l Installation

C5 
______________ — 

C~ 
— — 

cne

LA~~~_ 1 2 l _ 2 1 2 1 2

Subject

1 0.90 1. 25 0.96 0.34 0.48 1.80 1 .25 1 .61
2 0.42 0.37 0.64 0.20 0.20 0.50 0.42 0.41
3 0.30 0 . 36 0. 48 0.32 0.09 0.18 0 . 3 2  0 .57
4 0.48 1.28 0.33 0.21 0.38 1.11 0.72 2.51
5 0 , 62  0 4 7  0 .55  0.14 0.43 0.67 0.89 0.60
6 0.52 0. 47 0.68 0.34 0.20 0.42 0.69 0.65
7 0.42 1. 42 0.59 0.33 0 .29 0.59 0 .38 3.42

OAK 1 2 1 2 1 — _2 1 2

Subject

1 0. 45 0. 68 0.5 8 0.51 0.53 0.99 0.24 0.54
2 0.73 0.72 0.50 0.27 1.21 1.17 0.50 0.72
3 0.57 0.47 0.56 0.21 0.49 0 .59  0.67 0.60
4 0.35 0.’71 0.3 1 0 .29 0.29 1.56 0.44 0.28
5 0.46 0 6 9  0.90 0.37 0 .23 1.08 0.25 0.63
6 0. 42 0.86 0.59 0.43 0.24 1.27 0.43 0.88
7 0.27 1.36 0.20 0.21 0.28 2.83 0.34 1.05
8 0.18 0.57 1.17 0.05 0.15 1.01 0 .22  0.65
9 0.40 0.84 0.73 0.15 0.28 1.81 0.20 0.56

10 0. 33 0. 47 0.61 0.16 0 .22 1.03 0.17 0 .22
11 0.22 0.74 0.31 0.10 0.16 1.33 0.20 0.79

4
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RELAT IONSHIP OF Ca t ,  Ce, Cne REPRESENTED
ON THE STRENG TRIANGLE

C/~~~~~~~~~~~~~~~~~~~~~\ A A, ,~~~~~~~~

Cne
ORD (‘68) OPF (‘ 72) ATL (‘73) MIA (‘72) LAX -2 (‘74)

C~ s 1 .05 0.84 0.82 
- 

0.16 0.75

A AA A AA

IAH - I  (‘70) OA K -2 ( ’74) IAH -2 (‘ 7 %) OA K-I ( ‘72 LAX -I ( ‘72) FTW (‘73)
0.74 0.72 0.66 0.60 0.60 0.34

F’ i t ;  I lIE 1 .—Iianki og i~f total stress i n ATC facilities by siw of St r I-J Ig t m ’ia ligit ’s . TI II’  I i  ItI rilal I i  0 ( 5  I’I 1 (i’I’Sl’mlt til l ’

re lative eII Ilt rihl mt ions (I f  17—ketogemi ie steroids (c, 1 , ep iIII p i I r i l I ( ’  ( ( ‘ 0 ) . HII ( 1  Io repima’pIIriIa’ ) l , - )  t o t o t a l  si ross
the  i l lt ( ’ f l I i l I  Ii 1 1 ( 5  a lso) SIIO~\ the r(’lnt toals h  Ills l9t W( ’* ’ I I  1 , , ‘ , 1111 ( 1

The data in Table 4 can he presented graphi- STRENG T R I A N G L E  R E P R E S E N T A T I O N  OF CH ANGES

eallv (Fig. 1 and 2) on the Streng ti ’iangle.~
2 ~ O C C U R R I N G  IN c5~, C s. AND C~~, A F T E R  I N S T A L L A T I O N

in this (liagi’auII the values for e 0 .  c . .  and c ,. OF ARTS ~~ Ar OAKLAND AND LOS ANGELES TRACONS

t i l e  represented by lines diverging at angles of
- - l2O~ fro mm i a common point. Lines constructed

perpendicular to the ends of the diverging lines C s, C5
form an equilatei’ al triang le, the al t i tude of ____________ _____________

whi ch is equal to t h e  sum of the lengths of the C ne

- , m h i ~ ergen t- lines. The altitudes (thus the area) OAK (‘72) OAK ( ‘74)
of the  t r iang le is pm’oPortional to C,, the avem’age
of c0 . c,. and c,,. One can quickl y gRill RU C 5 0.60 0.72

appreciation of relative strcssfulness by sim iu p ly
( ‘omllpau ’ing the sizes of the triang les representing

- - th u e  different- ATC facilit ies (Fi g. 1). In addi-
- - t ion. *mne can ea si ly see the relative couit t ’ilmt ion 

____________ ______________

of each of the t h ree metabolites to total st m ess.
Ifl t i l l ’ L Ost’S of LAX anti OAK. it is apparent LAX e72) LAX ( ‘74)
that steroid excm’etion is greatLy reduced in
L,~X - - 9 and OA K—2 from the levels in LA X—l 0.60 0.75
and OA K—I (Fi g. 9).  ‘J ’hue increase in total

. . I l o l I IF :  ~~. Si roog t r i I lngIos  sII ( o%vIml g t ile Iiwrt ’mm se Ini n et sul ~ hit o t o  to be d ime cut ii el~ to 1( 01 ( I  “I t o  I l l  ( 111( 1 1 t \— _ ~M’( I I ,,)!! 0
(‘levilt(’(l eat echio lanuj uw excu’t’t ion . o. ~~L -  ui f oo t  4-s~ ( IlI l l i l t I o I m l .

- ~~~~~~~~~~~~~~~~~ - T= . -



P .s !/ eholü!/ /e ,l Data . The irtean A-Trait score si gnificance (p < .0;~),  which raises a question
for ’ LAX contt ’olleis (31.3) \%‘as somewhat whether soiiie n onr andom ii  selection 11i0( t’ss was
hi gher ’ tham i  the macan for controllers at. OAK operating at LAX during the tw’o tiss( 551l1t’fltS.

however , this trend just - failed to achieve
accepte(l levels of statistical si~rnificance . Thus, TABI,E 7.  Mean A-State Raw Scores for U K  and OAK Controlter e

0’~ Before snd After Work sh j f tal)aselnle , or typ ical , levels of anxiet y were
roughl y comiip ai ’able for both gi’oul)s, with tile Pre—AR TS. iII Post ARTS I I I
OAK controllers indicating slightl y less general 

Befor e After Before Aft er
1)r~mit ’mie ss to anxiety.

‘Flie A-State results (Table 6) were very
similar for both LAX and OAK controllers. ~~~ 28.4 33.3  31.9  35.0
Partici pants at both facilities reported slightly 

OAK 28. 1 32 . 5  28.4 34.1
hi gher macan A-State scot-es after  AR’I’S-III
installation . but the increases (lid not approach Co11i/~ 1l ’/RO1t  of Physiologieal ;i i~ l P sye liolog-
statist ical  significance. Thu s, it is clear that ( ( ( /  J) 0.j f ~ As an addi t ional  step. analyses were
acqui~.ition of t h e  ARTS—Ill  display h in d ~~~~ cont imic te tl  on the ~aosihle  i ’elationshi 1; between
effect , beneficial ‘or otherwise , on anxiety lesels t h e  ~)li3’siOlogical imiea smu ’es obtained in these
of controllers. assessments and the STAI data. In general ,

th ere was l i t t le , if any, coi’respondence between
the two sets of t iata. Neither A-State nor
A—Trait - levels related to working or resting

TABLE 6. Mean A—Stare Raw Scores for Air Tr a ffic controlle r s heart- i’ate , C0, c7 1, c,. ol’ c,,0 values. Aii aly scs of
Before and After ARTS. ItI  Ins ta l la t ion

changes in A-State levels also were not cori’elated
Pre—AR TS .III Po st -AKTS— III  — 

with changes in these physiological measures.

Sean S.D.  Mean S. D. TIL l COX Woi*1o i4.~. Th LAX—i theme were
1:1,806 mt lio Conta( ’ts wi th  1,803 aircra ft  (7.66

__________________________________________________________ contacts per aircraft ) on the busiest approach i
LAX 30.9 6.0  33.4 6. 3 control sector. In LAX—2 there were 14,210
OAK 30.3 4 .2 3 1.2  4. 2 contacts with 1,860 aircraft on the, sorti e sector

(7.64 contacts pt’i’ air craft) .  In OAK—I there
were 8,719 contacts wi th  1,190 a i rc r a f t  (7.32
contacts 1)eI’ a i rcraf t ) ,  and in OAK—2 thiei’ t ’ were
8,827 (‘OIltItCt5 with 1.23~ aircraft (7.13 contacts

In previous st lm ( hies  of anxie ty  ifl a im’  t m ’a f l i t ’  pci’ a i r c r a f t ) .  Thus, the number of aircraft and
t ’ontroll ers.~ ~ the 1110—I consistent- finding Ilas nu m ber ti f conttu ’ts both iiit’reasc~I by 3 percent
been it signi f icant  i?k’i’ easv in A—State scales fron t u t  LAX. At OAK, the number of a i rcraf t  in—
before shi f t i  to af ter  sh ii fts.  In the pi’e~~n tI creased by 4 percent , while the miu nib er ’ of coi l—
st uth ’, the effect was found to be significant om il y tn( ’tS iuwu’easetl by onl I percent.
for t h e  OAK gm’oli j m (~ < .01 lot’ both pie— and

. , 
— 

. IV. Discussion.
o u s t - ARl  S-Ill uiss& ’ss i t i eu i t s)  (Table . 1 he
I ~A X coot mo l  he m s  sl iowt’ I the so m at ’ ove m a i l  I m en i I TI me ~ii> ss ii  i i i i  v t Ito t t’ mi t i’ol let’ phiy siologica I
hi owevt ’i ’, in hot Ii t lie LAX— i and LAX— 2 ev a lu— i in i i l  ~)sy (hIOh ) gi ( ’ l t  I ~t l t ’s~ ~voult l be reduced by
at i o m ls ,  three of t h e  nine 101 i t  iC i 1) l t i It s  tV} ) i ( ’all y A ~.i’S- I i i  wum ~ not ( 1( 11 iomi str atetl at LAX timid
me po m ’t e i  I s u b  ist aiit i Vt’ (leci ’east s iii A—St ate  frau i )A K.
I i( ’fom’(’ to aftei ’ sit  i t t  ‘. ( ‘OmIl }Hlr et l wit hi on ly one Ot h e r  l”A A st Ilulit ,s l 2 of ( lie effect — (if AWL ’S—
slO hl in stam a ’e for t h e  11 cool i ’ohl ( ’ls at OAK. It I I I  oil coOt i ’o lic m’ woi ’kliauh in t i l e  ‘fRA( ’()N s
is ~voi ’thi no t im i g .  however’ , t l l u t t  if t i l e  au d i t  i omial an I loui s lo n I n t e t c o m i t i n e m i t a l  Ai r po r t and at
foii r comm t i’ol hers at LA X w ho ~ui n - I it’ i 1 t at (‘I I i i i  I tost om i I ~( iga U A m’~ )Om t h un vt ’ sb 1W ii a net I C I  lu re —
(l i t ’ P~’t’ lOu t not t u e  1iost— AWI ~~— I 1  I sI t m ( l v  1114 ’ I ion in a im ’  t m ’afl i c c om t l m o l l e r  ac t iv i t i t ’s . S i m i i i l a r lv ,
04 ide( I to t i m e t oo l  vs is . t I ie LA X—1 cant m i  ri so I l  I lie oh ijt’t’t i t t ’  Ii  it ’ll 511 n’s of workload in (lit ’ pres emt
of hie fore — 1111(1 af ter-shif t  A—St a te  51 ( 01 ( 5  ILt ’ hj evi’s ~-t uni v shiow (‘ii hit ’i ’ a IThI (leci’ease in w’oi’kload

6 
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o on ’ i im s i g m t i lh ’ a m i i  t ’h ian i~t’ as a m t ’ su t l t  of AWl ’S— I I I .  i ’elate I o o i i l i j ) i ’ O i ( ’  ! l l ( I i ’ l l l ( ’  im i l i mo ’  iit’~i’ ( I h t t m n u t ’ i 5 .
- ‘ Tbtei’ e fo ie . liii’ I i i o ’ i ’ t’tls ( ’ I I I  1( 0101 pbi ,vsi~ log ical e~i l:mm - gvoi  coot ro ller i’es~ion s ibi l i ty  amn i I i i t i ~ It ’ss

—u I t ’ss t ’ l lmi iU ) t  hoe a l t  i’ilniteuj t o o  increased w om ’k — dirt ’t ’t s r i } i e i ’v i — l o m i .  am m o l  i n i l l I r o i t ( ’ o l  lal,oi ’— m mr am , age —
load. m i t t ’ i t t  n t ~lat iaius .

(° olivt ’l’ s u m t t o o i i —  w i t h  ‘oiit rollers t u b 1  s l l l oen ’v i u l r _  \~‘ i t I i  n ’sln ’t ’t to .S. —St a l e  levels . t h i t ’ f i m i o h i m i g s
I l n i f o m ’ i l l l y i n o h i t t l t e o l  I I iu t t  .t ll’l ’S—I I I  is a lou -g e are g e i i em’a l lv  t \ - l i i ca l  of those ohota in e ol  f r oiui
step fo m w an ’ oi i i i  a im ’  t n u m i l i c  (‘( l i l t  i o o h .  N o u n’ wi n o  oi t  b i t — i ’ t ’oiii t i’( Oll ( ’ i ’  h ( i I ) u l i ; u l  iOlis to W i t .  woi ’kim ig as
ivt ’m t ’ in t e i i - i t ’w e o l  w o i i l o i  w i h I i m i g l v  m t ’ t l l m ’mi  to o  t h o u ’  an ai m ’  t m’ ; Ifhi t ’  v om it m ’ ohle m ’ b i a s  —oolo l e .  a~i p ; imt ’ i i t l v  im om ’ —
oh! ri met liods. I loweyt ’u . u h e re  \V ;l~ I l i s o l g en l t ’i t l l  i o o u i l . a r ( o l l s i l l g  q imahi t i t ’ s  as t ’vi oh ’ru ’t ’oI l iv  I lie ai ( ’i’ —

t im e l i t  t h a t  .o  n t ior t t  l i s ’ ut ~~’ i ’. l ion long ( ‘ i ioomig bi age I l b o l P a s t ’  i ti A — S t a t e  s ( u o n e s  h ’ t i u i i  }o ( ’ f ( OI’ ( ’  t o ,

to (leV( ’lop tot ui l f a i m t i i i a m i i v  am i d I n i i s t  in I l ie  t u f t e r  s i i i  I t s .  ‘l ’i aoul g hu t of i rmsmi l l ic i t ’ui t  fr’ t~qurera’ v to
(‘(~u i p 1 h 1 t ’ m l t .  ( ‘o umi l  t o l l e m s  at loat h L A X  an io l  ( )A K lo t ’  v o n i s i o h e r e o l  ;~ ( ‘lear I re iiol  i l l  h it ’ 1 i i t ’ ~ 0 ’ ult  s t l io i ,v.
statt ’ o l t h i a l  a o ’nii i p lete t ’v a I I m a t  ion by conI i -oilers t h e  few i m n i i v i o h i i a l  ( N o e l o l  b o I ls  t o t h i s  f imu l im i g
w oulol h0’ I t o oss j b o i ( ’  o u i t l t  at ’ ten’  a goool o it ’al i i i o i u ’  nov  rt ’t lt ’vt u - em - ta u t  l i v ( ’ l - s b o o I t a rv o ’ i i u u i t u o t t ’ n i s t  j o s

e X }) t ’ i i e i~~’e h a i l  hoeo ’ m t g ; t i n t e u i  iii t his lien w a l k  of t i m e  wor k for ‘soIlit ’ l oo ’ l s ~~b l s  who b a it ’  hm ig lie m’ —
(‘it V I I ’ O i I i i  it’l l I . t I i a n — ti  vt i t t  ge it ’ ye is of t ’h t ’ouiit ’ lilt  X it ’I V .  I I St i l l—

‘ I ’biui— . I lie increase i i i  t h i e  t ’st ir i i a ted  to ta l  si l o ~~s. se(j I l ( ’ it t  lv  ( ‘ om t l i i ’ l l l t ’ u l ,  I his would le mul ~o l i ) I s ) m t t o o
en t i r e ly  ao - t - oi lmi te d Ion l iv  ini t ’n ’t ’aseol o ’ a t e t ’ i b o l a l l l i l l o  ~~~~~~~~~~~~~ l iyp ot i i e u— is h I a t t  p e n s o o l l s  i e l a t i v e l y
ou u i t 1 o m t t .  i i i u t y  is’ v iewed as b e i n g iotis t ’uI ( in ca nt— h igh i i i  A—Tra i l  i i l a \ -  lo t ’ uh iv t ’ i l ed  f m’o m tu  i i i l t ’ i ’ —

tro lIet ’s~ ott  it un it - s at that  ( m it ’ towar d _~R’I’S— u inl i ’ i , t ’ul  —h i i i o i l i  I l i t i t  art ’ vIa ’s fou’ anx iel v i i ’ —

I I I .  At t h e  t i u i u t ’  of t i n ’ se —h u n i t e s . t ’uni t roui l t ’r - s ’ —p ol o—i ’ s l iv  engaging i i i  abo s ( o r bo in g  t ;i sks  : I h i s
t u t t i t l i o l e —  w( ’m’t ’ so l i i t ’wi i t i t  tu ~t i l o i v t t l t ’t t t .  (‘ omit  1 ( 01— ( ub ) 5 ( ’ i ’Vt l t  14) 11 was al~o u ’o iis io i em’ eul by S m i i i t h i °’’ i t t

It- m s  h i k e o l  t h e  i t o h l l v t  iu ) i t  i l l  ( ‘ o o o ) n ’ O l j I l t l t  iou loot hi t i l t ’  ;tsso ’ ss i t i u ’ i i t u o f  ; i iux i t ’t v in st u i ( l ( ’n t  p ilot s.
n - j t h i  ot i ie r  f a o ’j l j t i u ’ s t u m i o b  w i t h i j m i ( l i e  ‘L ’HA( ’ON. ‘f ’hi ( ’ f t l j l l bm ’ ( ’  oo f  _~ — ‘J’ i t t j t  u t m i u l  A — S t a t e  iilt’tis ill ’( ’S
the~’ l i k ed t h e  —o u st ’ u i f  pu - i vac at t ho’ t ’aul t i i  t o o  coo r r t ’bn te  i i i  o i ly  i~~iy  wi t  Ii t i l t ’  ~) hiVI ~iObo gical
1510110!— . tut u ! t h e y  likt ’ol ‘t b o o ’  obt ’ t ’ o oi ’  t i t i o b  h it ’  i h i l b i l l i —  u l l ( ’ ; I s l l u - (’s ( ‘ I l I l i l ( o y & ’ d  i i i  I h i s  s t i i o l y  is  u o i l i t ( l l t
l i t i t  iou lu ’vel .  ‘h ’ l le ~’ o h i o !  m oot l ike  t l ie local oni of’ w i t h  1111 ’ f l o o r - I l l  lou’ sln’Ii  st u i o h i e s , 0 ( )f m u a i u y  u~°——
t i i u’ t e l ep i i o o uto ’  panel niiol  t h i t ’  i na ’ ou iv e i t iu ’ i l o ’o ~i l o lt- o ’xp lana t ia u u s  tot ’ I his lack of t ’oi’l ’t ’sh SflOl—
o o o - o - : t — i o i i o - o l  l i v  u l u i f t t m l i i I i t u I i t ~r of t ot hi u ’ m’ _ \ ‘h ’( ‘ f l t ( ’ i i  ~i io’ ’~ h o t ’ m’ l l t1 I ~

5 t i lt’ s i i i i 1o lu ’ s t  is t h at t i l t ’  ~i h i y si o —
i t l ( o  W i t  Ii m i en I l l ,~ ( ’()N h0’0ct ’0l1t ~ 0 ’ lo gical 111101 ~isvu .Iu i log i o ’ t i l  I1 I ( ’ a Sl l i o t i ssu ’ss o h i l l t m ’ e m t t

‘l’h ie i ’t ’ o lti o ’e o l level tot ’ u ’Xu ’ mt ’ t  j a i l  ( I I  sI . t I n i ( h ( ’ u  0 5 10 0 -I s  u o f  t i l t ’  I ) oss i lo l ( ’  i’t ’tI ( ’t lou ts  t ( i  ~ t n o ~~ ~ it 1 111 —

l o o t i ì  l est i n o g  a u t h  w ’( o l k i l t g  ( ‘ ( ) t b i l I t  1011 ’. t i f t o ’ I ’  t O O t s ,  Be t h i t i t  I t s  i t  l l i t I \ ,  i t  i s  ( ‘ 1( 111’ I ha t  w l i t i t —
A Wl~~ — I  I I  in s t a l l a t i o n  j n~~l i - u u t o ’ s i l i i t l o ’h b I u l i  i i i  eVeu ’ t i t e  ~ublvs io io gu’n i  ( ‘ ( I — t  ( 0  ivork Il ~ aim o i l
o ’hi l ’oi n i o ’  —I t o - — — , ‘f I le O ’ l l I O n i i o ’ — I t t ’~ — o O l  I 11111 is I I —  t I - t h O u ’  o ’o mi t i ’ o l l e r ’ . I h tu ’  }osVu h b O b o L ’ i o ’ t I l  i h u l l o t i o ’ l  . t i t
o h io ’ t ’ o I  I’ u’ u , ioo  h i t ’fo r e I t o  a l I e u ’  A l~~h *  I I I  j n i s t t ~l l t u — least t i s  m - ef ieo - I e o l  iii  a n x i e t y s t a t e — , i5 h o o t

t i t i l l  ( ‘ t l i I m l ( o t  lot ’ h 0 0 0 s i l  i i t ’ I ,v i( I ( ’il l i l i t ’ o l .  i o t t t it  h i l t l ,\ t io ’ i u l a r l v  o i n O n l O t I I  i i ’ .
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