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The median experience level of Air Force air traffic control-
lers has decreased significantly over the past five years. The
purpose of this thesis is to determine what impact , if any, this
high turnover rate has had on the quality of ATC services pro-
vided as measured by Hazardous Air Traffic Reports (HATR).
Trend analysis , proportions , multiple linear regression , and
tests on the differences of the population means were used in
the analysis of the total , facility, and local exper ience
leve 1~ of the controllers cited as cause of the HATRs . The
impact of weather, traffic volume, equipment failure , the
presence of a crew chie f, and the presence/absence of a trainee
were also examined . The data base consisted of all HATRa
filed from January 1975 to Apr il. 1978. The findings were:
(1) that the number of HATR5 received by controllers is decress- V

ing, (2) the mean experience levels of controllers is not chang—
~ng significantl y and (3) that a controller is most vulnerable
to receive a HATR in his first two years or 1e~s on station,regardless  of h i s  previous facility and total experience.
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CHAPTE R I

BACKGROU N D

O v e r v i e w

The attrition rate wi t hin the air traf fic control.

c a r e e r  f i e l d  ( A i r F o r c e  S~~e cj ,~ 1tv Code (AFSC ) 2 7 2 X O ~ has

caused ~ ‘:irtual turnover in personnel over the last five

yea rs (15). During this same time period , the to tal A i r

Force f ly in g h o u r t  has decreased w h i l e  t h e  cost of man—

power ar .~ e~~u : r— . ent ha:~ : n c re ~~~ed trener.dous’.c: as can O~

se”~ :ron recent US7t? h:~~ et::. H t ~~ric a ’~v , t h .~ ‘use cf

f : n a r. o : i  i n c e n t i v es  in  t h e  a i r  traffic control career

f i e ~~ ~~s improved th .~ rets~r .t1,2n rate , hut recently t h P

:n,;~~~h :1~ t’: of t O v ~ Select ive R e — P : ’ I i n t r e r t  Bonus  ( S R B )

,ncen’i’ .”~:; his actually contributed to nannini turbu lences

(~~~s~~~ T an  Ic  ) . Tb” i ro a c t  of th .~ a~’e~vS’ fac ”r:: is

unknown. A ‘~t~ d’,’ was n.”-”~ed to ascertai .. th’~ ~‘ffec t of

con tr oll er att r :t~ on Cr, t h .~ q : a l : t y of U n i t e d  (~t a t e s  A i r

Force t USAF air traff~ c control serv:ces.

Intuitive l y , i t  ~~n ’~d t n at  as the experience

i n  t h .~ c~ r .tro1ler fo r ce decreased , th s ’ qu a l i ty of

t ’~~’~~rvices pro’:’.ded wr:l~ decro.isc as w~ l .  )!owever ,

th:~ J~ d~~~~n~ d~ d not  appear to h~ f2unded in empirical

ev id~ nc~ ( I ) .  We h~~ij n’ r~d t h a t  rni~n , l con e nt  needed  to know

1

~Ik~ _ _ _ _ _ _ _  _ _ _ _ _ __ _ _ _ _ __ _ _ _ _
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1

whether or not the high attrition rates and the lower

resul tant exper :er.ce levels were , in fact , posing a

pro b lem b~ fore they considered any actions to halt the

exodus. Therefore , the purpose of th:s research was to

determine whether or not the number of Hazardous A:r

Traf fic Reports (HATRs) subm itted on USA! air traffic

controllers was related to the high attrition rate. The

HATR was a val id m easurement because i was specifically

des igned  to repor t ha~~,ir dz w i t h i n  t h e  A i r  T r a f f i c  COn t r o l

(ATC) environment. However , it remained to be sees if the

HATR ha d a reliabi l:ty ccm~ ensurate with i ts  valid:ty . If

a si’~nificar. t correlation exist .~d between USA! a:r traffic

c o n t r o l l e r  experienc .’ leVels and t h e  volume cf reported

HAT R s , thor. minai. ”men.t wi’:i.~ n.~ t on,. v h.’ able to empiri-

cally determ:ne w:r’thcr or n o t  t::”v had a nrcb em , hut

also oa in n effective nagen.’n’ t~’ ’1 for eva ’
~jat :ni the

air tr a ffic con.~ ro1 force (9).

This study is neonssarv for many reasons. The

firs t is sif.’tv. Today a controller handles much faster

aircraft than did h i s  predecessors. The aircraft are

larger and m u c h  m e r e  expensive. Further , t he  policy of

the United States Air Force is to ma kn maximum use of

Instrument Flight Rules wherever possible. These factors

not only increase the r.um~’er of aircraft handled by air

traffic control , hu t  they also decrease the time factor in.

which a controller can make a decision. This results in a

3
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stress situation w h i c h  can lead to false conclusions and

err ors. Little is currently known concerning the rela—

t:onsh:p between a controller ’s experience level and his

a o : l it v  to r e a ct  e f f e c t i v e l y  in stress situations (4; 8;

9; 13; . ‘
~~) .

Fu r t h e r , A : r  Force Co~~ un i ca t ions Se rv ice  (AFCS)

ai r tr ar~~:c contr~~~~”r ; not only provide the USA? with

ace i m ~ ~pr ’:ice5 , b u t  t h ey  f o r m  the core from which air

traf r: c c o n t r o l  operations can be expanded in. tirne of war .

A ns”asoned force .s esser .t :al t O suen:rt air operations if

tne A ir For :z ~~~ — a : n. t .a :~ a wor l wi ’e capability, as we

c a m ’” depend so ’”I: on :nd:genous support overseas.

t h e  :mcac t  of a r”d ;ced exn. ’rience ls”:c across the

a:r t r af ~~ic contro l :ro.’ or. t h  r .’e~’~~:red  c . a h i li t v  is

n e t  ~‘. m” w n . .

Ar:t net reason. ~nr th :s study is effect iv.’

r .~5o : r :c ’  m a n i . ’m en t . ° n” r ’ i~~~’.’ spea~~:no , a :u n :,r  f ’rc e

ccnta i~~o 1 ‘~.‘r r a r v ~: n, ;  a~ rmen w h o  are pa: ~ less ‘han. the

more sen.: ~r i : r m e n .  who wou l ma~ e up a mere exper :enced

force. The .‘coromicc of the situa tion is that the pay-

r o l l  rests of ~ v eu n s e r f - r o e , as compared to a more

n”n:or force, ccu~~ be sisn i fica ntl’: lower , provided the

y .;nger, less •‘xperi.nced force would produce s.’rvir.’ of

an i c ’r c r ~~i t Le  quality. However , tr a ini n g and other turn-

over cos ts ~cu L ’~ l ncrea~ e (turnover cost ~ traini n g ,

recruit-” n.t , in—processing, etC .). This fact is

4
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accentuated when one considers  that  th ere are rou ghly

5,800 personnel assigned to the 2 2X0 career field (see

Appendix 0).

The question of where the Air Force would obtain

the core of experienced managers upo n w h i c h  to expand the

force if necessary is left to another study.

P r o b l e m  S t a t em e n t

Having identified the potential area of concern , a

more specific statement of the researcn problem can be

offered . Sp e cific a lly, the median experience level of

skilled USA? air traffic controllers has declined by more

than 20 percent Lr :n.g th~ la s t  three years (see Table 2).

The : mp a ct  of t h e  reduced experie”:.’ .e’.’e l on t h e  USAF ’ s

ab , :lit v to  p r o v :~~e adequat.” air t r a f f : c  c o n t r o l  serv:ces

is  no t  k n . c wn . In.  p articular , rospons :ble mar. ,aser~ do not

~ n cw i f  a s i~~n . i f i : a n” r e l a t i . -~r . sh i p  exio ~’s betwenr. the

exp erience evel of USA? air t r a f f i c  contr~~llers and the

rate of r e p o r te d  a : r  t r a f f : :  ha ’ar~~s.

Scope

In l’.nit:ng the pr ’~ - e m , we had certain boun-

daries , assumptions , and research ob ectives. Our data

base contained all HATRs involving Air Force controllers

during t h~ period of June 1975 to April 1978. This

ccn~ t i t uted a census of Information compiled by AFCS or.

a l l  f i nd A i r  T r a f f i c  ~‘azards for the period . The

S



TABLE 2

AFCS 2 7 2 X 0  PERSONNEL MF .D IA~ EXPERIENCE LEVEL

Sk i l l e d
AFSCs

All (5 ,7,9
Year 272X0 levels)

Jan 3.975 4.8 6.2

Jan 1276 3.49 5.2

Jan 1977 3.1 4.7

Jan 1978k 3.3 4 . 9

Firs t two quarters only.

SOURCE: HQ MAC DPAFR .

identified control ler s were div :ded :nto two categor :es ,

cause  and nonc a u s.’ factor:. Th e i:d~ m emt as to wh:oh

controller rece:ved the cause” des: sation where more than.

one contr oller was i d e n t i f i . ’ d  wa s b a s e d  or. t h e  analys:s

con ta’..ned :n t he  ~!ATP narrative.

~e limited the ama lvr: ,; to USA! act iv e dut y

controll ers , om it ti n q reserve , f’r”~ cn m:l~~
t arv , and am’;

ci vil controllers that were :t,it:~~n.ed a” ac t :ve A ir Force

fac :lities because the’.’ were not considered i n  experience

level computations. Supervi: .y r.’r”r ’-s su c h as Fac ili~ ’;

Management d :rect~~ves and command d:rectiv .’s were also

dele ted to enable us to look only at t’-.’ experi’~nce level

in the 272X0 career field.

6



In formulating the research objectives , certain

assumptions were made to further bound the analysis.

There .ir•~ many factors , natur al and otherwise , a f f e c t ing  a

complex sit uat ion such as the interaction between an air

t r a f f i c  c o n t r o l l e r  and a pilot . Geography and aircraft

as w ell as t v r e  of m iss ior., while possibly contri—

b u t i n g  t .~ c e r t a : m  HATRs , were net cons i dered  d ue to the

d:’.er sit y of ~act rs i n eacn area.

Research Oh’ectiv .’s

Th~~s res”ar :n had three oa~~’r re :?arch objec—

t :ves .

___________ “o ~d.~nt:fv tre nd s in the data that

ma. ’ ref ect the char ic ’er and cnano. ’ s in the character

o~ t n .~ : ‘n~ r ~l 1”' r’s and sit .:ar~ omal fac ’ ~rs reocrt.~d d urmn..~

t n e  Ja” ’  ,ar : ~~5 ‘.n r - u qm A n r i l  l~~’8 t :~~.’ frame .

1. Tr .””h ~m t h e  t~~t i  .‘x~- .”r :e nco .

Trend s ~n 
‘ “ . •“~ n”‘r ~~~~~~~~~~~~ l.’.’~~~5 ~t

tr olle r : fac~ 1~~t~ es of tt.’ ~a—~” ~
‘:‘F” as th at in

‘ .‘  ~ATP ‘~c ::rr ”‘d .

3. T r ” m d s  :n ne “xp e r l en c e  l”' .’.” ’.: of tn ’~

r : ~~rs in t o e  ;~‘ ‘~~‘ : f  ic t a — :  l i t . ’ :nvrlved.

4. ~~~~~~~‘ m t i f y  pa’terns .n the situat io nal

var i a: 1”‘: ( • • , t r a ic and w.’a’ n.’r cc”rd i r n  , etc.



Objective 2. To determine if a statistically

sign ificant relationship existed between the number of

repor ted haza rds  and the fol low i ng :

1. Total experience (XT).

2. Experience in same type facility (XF).

3. Experience at the local facility (XL)

4. Si tuational variables (i.e., weather , tr a f f i c

densi ty ,  crew ch i e f , equipment failure , and trainee).

Multiple Linear Regression was used to performed

this analysis. The operational definitions , models , and

model ampl ifications are deferred to Chapter III (Metho-

dolog y )

Objective 3. To d e t e r m i n e  if there were any sta-

tistically significant differences between the experience

levels and situational factors identified in the HATRs

where the controller was cited as cause , and those HATRs

attr :buted to other factors ( i . e ., pilot , material , etC.~~.

In conclusion , by showing a trond in the three

l ev els of .‘xperience involving a i r  t r a f f i c  c o n t r o l l e r s ,

regress ing these levels on the HATRs over the same time

period , and analyzing the effec t s of environmental or

exte rnal factors bearin g on the incident resulting i n  a

~ATR , we were able to show whether or rot a correlation

ex is ted between experience levels of USA? air traff :c

8



controllers and a i r c r a f t  hazards as reported in the

Hazardous Ai r Traffic Reports.

Plan of the Report

The remainder of this thesis is concerned with the

del~ neation and analys i3 of the aforementioned problem.

The following chapter is concerned with our hack~~rcurd

:nvestigatior. into the ~r:~~lern , and related studies and

invest i . at ions , bot h past and present. Chapter UI con-

tains our data selection and 3n.alys:s plan , the metho-

dology f o r  ex am in in g th~” data , and t h e  hvt~etheses in sup-

port of cur o~~ ect:ves. Chapter 1’; summarizes the results

of our :r.vestigat :cn , and tne f:~~th ar.d final cha nter con—

ta:ns our conclusion.: and recomm”~rdatioms .



CHAPT ER I I

LITERATURE REVIEW

In the first chapter , we introduced the general

purpose of the research and provided the scope , ass ump-

tions , and limitations of this study . This chapter pre-

sents an overview of current related kn.owledce, a descrip-

tion of the data source , and some caut i~~ns that must be

observed when considering the s u b j e c t s  ci Air Traffic

Co nt rol , HATRs , and the environment of the air traffic

con troller .

P r e v io u s  S tu d i e s

Pr ”‘ ’i icuS stud :•“ s or the air traf ~c cont roller are

l:mited. ‘~~~c Federa. Av iation A dm:n istrat:on ~ ‘AA ) Stu-

d i e s  p e r f o r m e d  b y C o b b  1) and H a u t v ~~~ Trit es (3)

a d dr e s s e d  e x p e r i e n c e  b u t  these st’,id:os were him: ted ~n.

scope and depth .

The Cobb stud y , N RC l 3 t j O f l S b ip s  
~ .“tween Chron—

Olocical Ag” , Len~~t ”  of E xr ’er i e n c e , ~ nd . oh  P e r f o r m a n c e

Ratings of Air Route Traffic Control Sp.”cial :st:,” w,::

primar i l y concerned with performanc e , r.”ac tions to stress ,

and any  a s zo c :a t i o n  t h e r e  mi~sht be between these factors

and the age and experience level of t h e  c o n t r o l l e r .  A

m’~ l t i p a r t s u r v e y  of bo th peer g r o u p  and s u p e r v i s o r n

10
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established three rating factors and combinations thereof:

peer evaluation on the radar control position (R), super-

visor general evaluation (B) , supervisor technical eva-

l u a t i o n  ( C ) ,  ar .d a c o m b in a t i o n  of b o t h  sunerv~~:er ratings

and aLL three r a t : nq s  combined , resulti ng in f:ve standar-

dized rating factors with a mean. of 50 (1:5). The survey

covered 5~~ contr oller s fr.~m a~;e ~~ 5 at f o u r  a i r

route rra ff:c c o r . tr o 1  cent ’ru located in the ea~~ier n

~r.ited Stases. t indicated toat there was a low :~‘jt s t a —

t :sticallv s :;nificant neoat:’.~e relationsh:p between age

and perf ormance ratings (l: n ). w h e n  t h e  ~:a l vs i ~; was done

b e t w e .~n ex n e r ~~ ?nc ~ as ~a co n t r O l l e r  an d  ~er ~~~r m a n c e  t o e r e

was also a necat:’;.~ r~~ l a t : ° n : h : o  h u t  i t  w a s  nc r t a t : s t : —

oaljv si~~ni~~j:,irt 1:5). Tb~ s’:rvev :‘‘;~‘red all the

contro ’.le rs a t  ~~~~ nrsi~ ions of ~rerat:on : ~nterphcne /

radi o , cc~ r ~:na
t 
~r , and radar :cnt rolle r. The r a d a r  p o st —

tion was the ~r, L ’; reS~~t i or , wher .” sisn :~~::onh diff eren ce :

we r e  f o : n d  b e t w e en  o o n ’ r  I c r  or ” :n’~ of ~~. f fer e n t lero ”hs

of ATC exner~~.~nce ~L : T ) .

?~ en ace and exper~ e~~ e were c”ns:der .”d tecether ,

d :ffic~:~~~:es resul~~~nc fr Tm th~ fr”ouenc ~ d~ :tr~ huti on of

age  and .~xner:nr.ce :mrnsed  l~~o i t , i t i o n s  t h a t  rrever”e d the

~t ana ,; si s Of v ar : a n c e  Af • V A )  or ~- h e r  mo r e

soph :st~~o~~ted ana1vs~ s 1:”). Cn. t h e  mean :,‘~ror::te

r a t i n c s  w e r e  n l o t ’~~’~ , us inc dichotomized croop in u s based

- . .~~~~~~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



on age , it was n o t e d  toar for the age group ‘f 40 or l’~ :s ,

t h e  mean per formance rat:n ; usin~: three of t~ e fiv e fac-

tors , B , C, and R , ; e ne r a l i :  :ncreased i n .  t h e  eigh t

eleven years exper i. er,ce ,area (Se.’ F’. ~ure 1) . toe

o der sr ~uo , th :s wa ; nct t O e  c a : e .  T h o u : h  the p, otted

dat a shows a ar~~e amn~ ren.t d i f fer en c e , the on l y  S t ’ t :: ; t i —

ca~~~’, u i ~~n :~~: : a n t  d i f t e ; . ’n c e  cain e w o e r , one r a t i n o  f a c t ~~r ,

a s :ce:’.’ : s cr  ‘s rat in o , wa: oon~ ,ar.’J at ~t .” ~~~~~ t e n

year exn.~r ~ ‘nce l”‘’.’e’~s (1 :S)

The relevance ~ 0 :s FAA study m,~’.’ : ~‘ cueo—

- m n a r - ~ 
- e T : l i t a : ’ .’ e nv ~~r cr ,men ~ o t

h e  .\P t :  r T: ’ a c Con t to 1 5;’.’-: i I:’; t ) . ~~ rce

c o ntr ;l1 ~~rs mo ve n~’re f r ’ ; :en~~~ . an- f e x n p r j . ~ n, -e a h i r h ’~o

turn ove r rat .’ to~~n ~e :r FtI~ c c u~’’ : v ~~r t s .  T~- ’’; a r e  -ilso

pr :mo .” o : ” .r ’  mere o~ ’rv: - t v  d- :’~~es m u ch e~~r l~~e~ i~

he r ‘~~ ‘ r S ‘ a :‘ e r F tA coo “ r no t . C’ “ ti r Force

:or, t ’ r ’~1.~ : :~~n he ~~~~~~~~~~~~ ~ua1:f: ed i’ an El ‘r E a n d

u : ’ ’ r a dr ~d to •“ . v ” — l e v e  s~~:~~ w i t h  cr1’.’ s~~x m on tu s

e x p e r : en c r ’  in — 
~~~~~~~~~~ c o n t r ol ~ -;~- e r s  (5). A l~~n ;er

red f ‘r mos~ r ~ a t  f a:: : j •s i t  ~s no

o’ ar the F:,,t o i r a m . . er  of t h r e e  y e a r s  - b e c om e  a

~~~~~
— . . J o u r n e y m a n  centro~~ er ( c )  . ‘-

~~~~~~; “~~ r Fo r c e

c ntr o l ers ~~ t - ’ ’ :r at~’ e”n s  or ea r l: t - ..~-’~~t~~~n or

e’”. r y  ~~~ r~~i~— h  t h e  a:-n,a ’.,~n. c ri ~ ~cal  a : e  of ~~~~~~ 
k ’

,: m u c h

later :n the :r ~we r , t v  ~~~~
‘ ~h ir ’’ ’,ear career (9~ 14 ) .

l
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Though the Coi’b study :n.d:cated that ccr ,trollers

with m ore than eleven years experience r e c e i v e d  c o n s i :—

t .~ntl’: lower ro~ Inc : in the radar control positi on. than

t b ’  l.~ss exner:erced contr ol ler , t h i s  fact is not eas~~ly

i n .  t h e  ~2 S A F  env:r~~rm .’nt . At the eleven t~

t~~el ’.’e ‘
:~~~
‘-

~~~~ 
2 ” 0  , ~~~~• ‘ A t  F0rO~’ cor,tr~~ller is nc rm ,allv

sued a a .:‘.‘r ..~~SO r an ~~, 10 ~ch , is ~ expect ”‘d t - per—

a c”n t ~ : , h-u t as a z u p e r v : : c r  or

cccrd:na tor ( . , 1 4 ) .

:‘ . h ,~ H a ;~ y v-d Tr ~“‘s :;d y, “B:-’med . ical Survey

of AT, Fac~~~~ ~es Ex:- .’::e-’ce and Ac e , ” i t  was rev eal ed

a s~~r -n - ~’r r.’ i ~n - b : p  ex isted ~~~~~~~~ ex~~er :ence

0~ a. ’. and :‘~ ‘‘s~~:a ; ress -~- ,an

~ ;e a n d  o- -
~~n a :~’ s  ‘: ‘—e ~~ a n  novs: cal ‘~~re - s  ( : 4 , 5)

A o a . : —  ~~~
- .. h:r e r e~-ce ~n 

e~~v~~r , r ~~. n f S  m ,a~:es ~en erali.~a t i on

f r — n  b ” ,’ :t,’ ~~‘e ~ r ;t ~ s:t at :~~r: d: ff~~c :l~~.

a am er Ic l i v”  r he f ~‘re a nee~ :n-: ~ f t h e  ‘~AC~’

‘ r ” u n a ’~” ~~r .s ea r~~~ , and :~ev ,~~:-~ -— ’e n t ,

C r. ‘ La n g :. ~~~~n a n ~- or n . s : d e r .~d w r k i ~~ad a n d  p e r f’rm ance

fac~ ors or ai r tra~ i c  c~”r r - l  r ada r opcr .1t~~rs .

The fcc-c o or toe rar er ~~i ; ~‘n w’’r~.1y”,ad .an-~ ncr formanc e

f a. ” r s  a: ~h ev  r ,~ l , a t e ,~ ~~~“ r”- -~ :n:tin n of s:t :a~~icn.s and

react~ on t”‘ v i :  :a  n t ; —  ;l a . t : - n  in ~b” rad a r oon~~r ” i

A cr~~
t :oal ~mn. d somewhat “ m t  ~: t i . e ” ( 4 ;  5;

8; 9 )  belief t h a t  j
~ ;; ‘;-~‘ r t ” ~ ~~~~ Dr. etzmann is tha~

~cal t i m e  fo r ~r r~~rs :n. ~he air traffic control

‘‘I

—— ~~~~~~~
-
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system is when there is a lack of , not an overabundance

of , traffic to be handled. As indicated in Figure 2, a

low stim ulation rate yielded a much poorer recognition

fac tor toan a h:;h stimul ation rate. Mistakes made at the

h igher stimulat ion rate can be traced back to fatigue or

excess~~ve complexit ies (l8:9—l~~.

Mr. 7. D. ~L ’ckmn. of the RAF Institute of Aviation

Med~ cine , Farnbor’o u~ o , England , pr esen ted a paper , “Work—

Rest Cycles in Air Tra~~fi o Control Tasks ,” at the same

NA T O meet~~ng . He po int ed out that effects of shift wor~

over a period Of t:me is  not cnown , and that the effects

of age ‘.wh~~ch comes along w i sn. experienc e ) may make it

ncr .” d i ff :cult to  adapt to c h a n c a m n c  work -’ rest cycles

~~~~~~~~~~~~~ T h m ~ nay be relevant tc the I~SAF envm ronm ent in

trat r t a . o ~~n ; sh :ftz are the norm al means of ope ratmn. c a

faci m t y e~ ghteen to twen.t v— f~~:r hours a day. Mr. Hcpkin

fsrtn .’ r related , ~n rem arks to the me ”txn c , that in the

U.s. and ~ n ; l~an d , y- ;nse r cersonnel , wi t h out previous

a :rcrew .“xoorien -c w er e  recr :i~~ed and were j L n t  as pro f:—

c~~ent and scnen:me: be tter th an , eliot men who have taken

the Job a fter h,avinc a .rcrew experience (~~:1O—9) . The

~‘ ;n-~ i r m e n .  who ma ~~e up the creat”:t part of the USAF ATC

pe r s’nn e l zone on hoard w i t h  no p r i o r  e xm e r i e n c e  ( ‘~ , l 5 ) .

Mr. ~~ r~~in :nd:cated that pr ior to l~~~0, ver

L m m ted .~~“r a. t ur e wa s .avamla b le concerning the measure—

— “nt of toe effect : ~ ace , expe r :”nce , and sh ift work on

15
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the performance of an air traffic controller (6:10—4).

The time horj:on of that remark has been extended signifi-

can tly . It ’s now 1979 and r.either the FAA nor HO AFCS

know of any existin g definitive studies (2; 4; 5; 8; 9;

l l : l 4 — l ~~)

Current ~ncw1edoe

Whit info rma tmo n we have m s gained from the exper—

ier.ce of our interviewees (4; 5; ; 8; 9; 11; 14; 15; 16;

1 ) ,  and from the data AFCS has gathered over the period

from Jan iarv l9~~ thr ou gh April 1~
” ’~. Durj nq th m s time ,

records were kept on. each HATR , dct,a.~~l~~n.g toe specific

situa t io n , place, tim e , weather , traffic and controller

f~~ct-’r,;. Descr~ pt~ ve stati:t~~cS , soot as those found in ,

Amrendmx A , pcb :she~ i n  to .” A ’:’ Fac~~l~~t y C: :.” s t  , M a v/ . ’ ~n .e

0’: Ca t a m  d o u t k r o ’ p e r  a t 
~.l AF .~5 AT’,: Scppor t

~~i ’: i s : c n , a-e the only known analysis toa t has beer . done

w ith the d,i t~ ( 1 3 ) .  Whml e the descr iptive statistics are

as so who is c o n m i t m n O  error :, it does not

r e v e a l  s :;nm fica n t re ,at :~~’sh~ ps or caus a l factors.

:r ,s~~it : ’:~~l’.’ , e x p e r i e n ce  an d  g’:ality of service are

relat ed . :n te~~~mncne interviews th:s hyreth”sis has b””n

:~~p p o r t e d  by  m a n y  p e r s on n e l  :n  r o s i t i o n s  of authority and

exn ”rme nc e (4; 5; ; 8; 9; 11; 13; 14; 1 ;  l~~; ,7).

Though t
, e hypothes~: is  attra c~~ive , :n t u : t i v e l y ,  l i t t l e

empirical evid ence exist : t °  support it. Th fact ,

1~
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evidence in the form of the Cobb study for the FAA indi-

cates that performance may be inversely related to age and

experience (1:5). In. the opinion of Dr. Mary Lewis of the

Psychological Branch at the FAA Aeromedical Institute this

is a supportable hypothesis (8)

Fr om the inve sti Jation and telephone interviews

w ith Air Force ATC managers it is evident that little is

known about the relationships between experience level and

job performance . In the telephone interviews (4; 5’; 7; 9;

l ; 13; 14; 15; 16; 17) the following question was posed:

“What is  the effect of th~ decl ini ng ATC e x p e r i en c e  level

mn the performance of the AFCS n iusm on . ” The answers were

all of the same natur e , “ . . . We don ’t kncw , but m t  can-

not be good (4; 5; ~~; 9; ‘.1; l~~; 14; 15; 16; 1 1 . ” When

the questi on. was posed St FAA per ,~onnel the answer was

e::en.tia~~ v the san” . Cr . Lewis stressed the d m f f m c u l t v

of measurin ca p erformance and of ~i en. t ifymn.~ performance

factor :. Tv’” FAA is b ”tter ah’~”‘ to do some researc h on

work ing con tro ller : ~r, !‘h A m r  Route Traffic Con trol cen-

ters because ‘-he 1ar~ e ratio of supervisors to controllers

permits mu tiple , mn.d ”renden.t ratin g s. In t ” rmmnal faci-

l ities , Sb’-’ smaller number “f controller : and supervisors

makes i t  d i f f i c u l t  to measure perf ormance (8). The Air

Force is in the same situation of having a limited number

of qualified nhserver : to measure an individual’ s per for -

mance , in dependent of other factor : (9).
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Three  fac tors , the HATR , the C h i e f , Air Traffic

Control Operations (CATCO) , and the training load are

central to the theme of this paper. (1) The occurrence

of the HATR is not taken lightly, an d some HA TRs a re

accidents that just didn ’t happen. (2) The way the CATCO

does his job is reflected ira the rate of complaints and

HATRS. (3) ‘rho training load absorbed h the controller

is extr emely heavy. Each of these subjects needs to be

cons idered at length before developing the specific tests

for the ana vsis of the data.

The ~ATR, A Pare Event

The filing of a ~iATR is a fairly rare event (8).

W~ th an a-.-erage of 5 ,344 controller : assigned mn 1~~~8,

t here w ”re fort y—five HATRs attr ibu ted to U SAF control-

lers. Thms yields an annual average of .0C 7 per control-

ler. Th m: compares wm th thirty—seven HATRO and an annual

average of 5, P’
~L cont rollers or .0063 per controller in

1077 (8).

Pr ior ~~o 1975 the repor tmnt of A m o  Traf fic hazards

was lmmit ed to She Ha~~ar.d Perott , A F Form 45- 7 (see Appen—

dix F). T h i s  system was somewhat di f fm cul s for the su et

-and crr .Sro’~l.-’r in that it r e qumr ed extensive tmm e and

e ffort to compl .”~ ” She p are rwo rk (°) . Thor , the form was

oft” n ionr’red.

1.
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The HATR (Appendix C) , on the other hand , was spe-

cific .allv designed to report hazards encountered withi n

t he  ATC sys tem , and is easier and more read ily completed .

This easier reporting may explain the apparent increase In

t he  number of hazards reported from 81 and 75 in 1974 and

1975 respec ti ve ly  to 365, 442 , and 428 in  the yea r s 1976

t h r o u g h  1978 (A p p e n d i x  A ) . For the years 1975 through

1973 , seventy—f ive valid HATRs (ATC ca’:se factor) were

f i l e d  agai nst USAF con tr o l l e r s  in 1975, sixty—two in 1976,

thirty—seven in 1977 , and forty—five in 1978.

The n u m b er  of HATR5 ray well be affected by the

effectiveness of manaoers wmt h :n. the ATZ system . The pri—

na ry f igure is the CATCO .

The CATCO ’s Role

The Chief of Air Traffic Control Operations , or

CATCO , is a critical l ink in the reportin g of HATRs . As

the responsible figure for all ATC management at the

operatin g locas~ rn , this individ ual , more than an” other ,

ma affect the HATR rate . Wheth er responsible for a

single control tower at a remote support base or a m u lti—

f acility operation with Tower , Radar Approach Con trol and

Pr eci sion Approac h R a d a r , the CATCO is the central figure.

As ide from personnel management functions , the  CATCO is a

pub l ic relations representative for his people. Close

contact must he ma ntained with the fly ing customers.
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rj ~~~~~~~~~~~~~

‘

Coordination must be clo:e : ma int a ined ~~~~~~~~~ a d ’ t o ~~n !

facilities and , mcst  or  a l l , th” quest~ ors , - :ripes , an~

compl aints of con tr o l l ers and pi lots must ~e

answered. :n 5 c c  c r o c s~~’ :; r a n -  ~ ‘ - r  ins s’~ se comp lamn t s is

i s felt ~na many n’ t ent ma HATRs are s h ” r ’- ~~~
‘- ~ p e~~ ( 7 ;  9;

Il; 13; 14; 15; 1) . By ~ ‘-~~“ .r Jobs ~~~~~~~ ~~~~~~~ CATC°~

are tak in g compl aint : , :dentm ~~’ m n  : r r  -
~~ 1cm:, a”‘

c o r r e c t u v e  acs . i,;r :; thore rv al ”v :ati~~: ‘- r e  ‘~~~.0 !  “
~~ ~ar~ ’

potent~~al  ~ATRz ~~~~~ re an f~~rm a l report :c: ms :n~~’-

The T r a m n i — s  ~cad

Cr;” add • m r ì  i- ’-o: ‘u: : r : ’ . :~ r : 0

develo::m n : t o e  - :“ . - : i ~ 
- -~~- hodc -

~~~~‘: ‘- r  ~~- e ~~~~~~~~~ 
. 3

t n ”  da a: Th e  r — — s l~~ad . h _ n. A 7 - 
, bc h — 1 : 5  ‘ir

a n ~ ::‘:ml:an sra :n:- ’ : m t  ~r. ~~~c:~~ :‘: ~~ - ‘ S .

t rol ’r.; tr a~~n ~~~ :ni t ial u a l m f i r a : ’ ’ , trar ,sf e r~~~d

c o n t r o l l e r s  t r a : n  f o r  f 3 c u l l ’ - y ’~ ’ : a l 1 ~~t c a ~~lo n :  ( r a ~~~n~~) ,

and  a l l  c o n t r o l l e r :  — . ‘t  hay” r r ” ~~~~o : e n c  ‘- r a m c i ~~;. Any

time an ur. o~ a l u f ~~e~ - “ n ’ r , ” l i e r  o c O - u r l . ’: a c~~— r ~~l prsj—

t :on , t h i t contr oll er :o und er ne d u r e .t s ~re r vm s :~~r ~f a

cer tif u ed contr oller . T’—,i: js a or,e — or , —~~r, e si :a i” n ,an~

~~~ not s’e v :olate-~ . - ~~ ~O—5 )

The : ur ” r v :  t : n s  ‘r o n t r ” ~~~~~r i s  m c  a 15 no ’; .—

Sian . He mu st a l l o w  t h e  train e e to work , ‘ :st a- ~ -an

m n :truc t ’r pu b s m ost i bnw the :s ider .~ p :l~~t t o  fly so”

airplane Th~ dif ficult y is , bow far c a n  or .e let a

L ~~~~~~~~~~~~~~~~~~~~~~~ - .



trainee ~~~‘ before assum ing direct control? The student

m o o t  he a l l o wed  to make mistakes in order to learn , but

where does one stop? Sometimes , t he student gets too far

a. lon 3 b efor e she in struct or mc ter venes. In flying , t h e

r a m m o m o a s l o r . s  of thms are clearly evident. In ATC , i t  may

not always res ul t i n  an accudent m nc md ent , but it may be a

3m ~n.mf ~~~an~ oause un the number of HATPO ecause , i n .

p e rf :rmmng ~n s t r o c s o r  u u t m e o , the suner ’,-::cr ma ~~cse

~-‘r of ~ cicr.cv and he u n a b l e  to  sa~~v a o ’ .- a sit ;Iti cr. h roucht

‘n by toe student before i t  becomes t ~~ATR .

The dec lun~ nq experience level in ‘- . . .~ ySAF ATC

sys’-em mo emph asun.-.d and :tua ~~.v .“xpla:ned mc. to; ”‘

tr .a m n i — ,; g~~ .ation : f a c u n . ;  the A m: F ” r : e  ( ‘_~~~
). As “vm —

m m  t h e  ~~~~ ‘.~:ns lna ’; us 00 c.ao-’;m- ’ s o :m• n: : ar

r r ’2 e c ~~. ’:  or ;m ;  ~a i n s  , : oe n d : ’ c es an ~ C~~, i :  s~’”re mc a

Sm ;n mfm c , a n s re.a ~~u :n~-o’ _ p ~‘- ‘.~eer. c-ct: ~~~ er  s r l m n m n s ,

exr e ruen ce -
~~~ , and ‘-he ; .,a lu v of :er’.~m :e:, i t

m a -  wel l . .  m n  ‘- 5 ”  a r e a  o~ ‘n~~ - :  inc r ~ i~~~”.”’o m d

‘.“r ’. h : ~h mn , :c load ~
‘ 

~r-.~~~.-d by ‘
~~~~ .\: 0 aci I i  • m ” s ( 4 ;

IS). Tt” FAA t r a : n m c ~ 1 ‘ ad  is  
- ‘ — “ ‘- . - i  m t h o e o  Sh an ~hao

of -‘e A : r  ~- - r . .  (5; 3~~. T - i s  du ’~ 
. • n ~~-~ rarH

v~~r in . A u r  ~~r:” c o n t r o l l e r ;  and t” ” r e s u l t u n c  h”

r a : r u c s  l c ..-e regiu: .”d - m e e t  A i r  ~~ r ,Te needs , a:; ev i ~~

~e nce~ by ne A~ A u  m a n  ~‘v-~’ m c ;  ~~~“-~~ :“r  ~Pao 11 ,

~r : e n d u x D) , s’- a~ ~n d m ’ a ” -’: ~ ‘- a~~, as f 31 ‘ , v  ~~~~ ‘ e

E ~ f -‘“—I ~ ye ~ cm i n : ~ “r  ‘ 8 ‘

~ 3 rv’r tv ’ -- m a r o n e ~ , •



ES five—level authorizations were at 42 percent. This

rel3tion ship holds at the seven—level skill as follow ::

ES seven—levels , 549 percent m anned while ~ r- seven— e-.- els

were manned at ~- 2  percent. The indica t ions are clear.

The hulk of the front line control lers f o r  t h e  A ir Force

are E3 five—levels who , b- , r a n k  a n d  skm l , as ”‘ ce rt a in ly

firs t t”rm a i r m e n . A l o e , m a n ’ .’ first l mc ,” s-u r.’-r vmcc rs

p o s : t : o ns  a re  b e i n g  f u l l e d  o v  E S o” ‘’.-e n— l- ” -:”ls ‘who wr o~~~ be

p r : o ” a r i l - :  second t.”rm airm en .

The f o t  :re  i s  not b r m  ;h t  in  ‘ - -
~~~ t r a m n m c ;  a r e a .  As

Apr er d ix P ~c .dm~~,ases , t o e  - - -- : ‘- -“ d :-- ,’k: ~~~ ‘-‘-ree l- ”’,- ’ l

•‘n.tr me s f o r  t h i r d  qua : ter are l~~5 r e m  ~ - r  ‘ au ’- ’cor :z”d

w i t h  ov er  30 per : c - r t  of s :’te icnu~ a t  ~ ‘e ~rad ” F4 ac.~

a b o v e .  The cr~~n :  ‘- r a u n m n , ~: -~f ~~~, ~~~~~~, and P ’, p r - s - - co-el

i n ’ - ”  he 2 ’X C  car- ’v ’r f~~el w ho “ a- -c v e : - .~ I S ’ -  le

e(r.~s1ence m t  he ha-.- m ~~s ~ ‘o v ’  effec ‘0 also r .”-~ ;cm— - t td’e

c v ’ r a l l  e x r r - s  m r - n~~e lo .,’e s L; he’: O i 1

‘- me n : in: on’.~~ 1 0- ”‘ — .aoa smc. g I fac :li~~- - ’ ’..mthun .-e ‘-‘“ -a: of

cross r a mc - - F:: - “ r - i I u • - -
~ 

‘ ‘ e cr ”‘ r “ — . - .‘ 1ev” is

w i L l  -‘oc-o r as fis: t~~r o  am r -nen are r” :”l aced 0-v new

in -
~~“ ‘O v ’  “0 ;‘— - - i  r i m — ’ - ’ e o ’ ~, ~~~~~~~~~

— m c . ;”:; ‘ c e r’ r1— ~~- ’ t S r - m r  - i : - - - p rs ,ln 1 rr- t r r - . T~ ”

r a ’ ” “f :v’r ’, ; ’ ’ ~~~~~~~~~ i s  m c ’ ~~j - o , -i t - ’~ i n  ~o’:’ .” ’ o . X  P , c o o —

t s ‘- ‘ - m c  a n a l y s i s .
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CHA P-rER III

METHODO L OGY

H a v i n g  re ’.- i e w e d  t:;e p r o b l e m , re~~e a r  on ob; -:“:t m - .’es ,

r . i c . s r o o n d  of t h e  o , ; o ” e c t , an d  related st :dies , we intro—

t oe  d a t  a r a s e  ,m r, m r - t h o d o i - o~ v . Cr :s c h a n t e r  c ov e r s

o r ” ‘  ,~a a t a , ;r - and  t oe , ; s m s  : :tj : a l  s - ? c h n j c o e s  used i n  t n ”

acal vs ms of so- ,.” v a r i o u s  expe mm ence l”‘’,’.’s. M: t upl e

I :n”‘ar :.- :ress: on , and ~.“o c r m r s : . -” a n d  m n:er :’ct ial sta—

:s w r - r - ” u s e d  dr - t ” ‘ m ’— ’i n c w h e t h e r  0: cot there w,ao

an’.’ :s~~ ms m:all- ,
~ sm~~n j fm c ~ nt r”‘ a’- : ‘“ s h i p  Let ’wer ’ n i-” ’.’els

of •-‘‘ o- e r:.~--ce and ~iA ’Ps . The ana l s m o  wa s p r - so

‘- s ; :h  t o e  ; - -“ of :‘‘‘; r - - -s:cn , tr en d a n a l - ’ s :o , d r - sc m u r n : v e

:z:: t

t h e  ~ A 7 p o  O u e d  ~ r so 1 .t a r m  a s :  1~~75 th r ‘- o s h  20 A p r :l  t 7~~~.

“he p” ‘nula ’- m :r m s -;~~~~~ 
‘•~~A~ ;‘r: c--c ’- r ” Il r - r : l i s te d on tre

d A ? ? : , s- - ’;ar-~~ess 00 : a : s e  O a c ’ ;r ( “ “‘ :o-,i’: - ” r ’ r -  ms a~~

~SAF a:: i c  con r ’ o l i e r o ) .  T O : ” ‘ m “ ‘wa: - ‘a ~r- av aml able

- r “ ‘ : :  C a , n, v’ fl e rr r -’_ l  ~~~. O’-”‘~~nn’’ , Pim ec t ’- r of T’° 7~~ ’

to a : ‘- -en t 
, tX~ A m :  7: if fuc Serv:ces , ~~ AF .’,, ‘~‘ m ~~h

c’onr~~m n ,’tt u o -  ~hr u ;h Li-’ ;‘-~~r,ant CO i0c.r ,l n.ivid
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- _ _ _ _ _ _  ~~~~~~~~~~~~~~ ‘ _ __  _ _

~‘!artmn son , Boanch Chief , Air Traffic Control Support

B r a n c h , DCS ;u r  Tra f fic Services , HQ AFCS , Scott Air F o r c e

Base , :llin ,ois .

E a c h  HA7~ record consisted of tre location , t :me ,

Sit oatmor-m ( n e a r  ~ :d a : r  n o n n e a r  m i d a i r ) ,  and  other factors

descr :b:no weato:er , s u p e r v i s o r y f actor s , t raffic con—

ditions , c ’ : u : m m e n s  s t a t u s , a n d  c a u s e  f a c~ - os . Po r t -nc r ,

each rec ”r d contained ec~~f i c in ~~0 r m a t o c n , as so the

experience l e v el , ;  (tot,al A ’ , samr -  t ’--oe f a c : li ’ o , 3 n.i~

local) of controllers mnvel’;”d is- ”’- App .ond:x G) . A

n a r m a t j  y e  de ocr m t  m o n  of e - ;””t s  ‘wa s m n . c l o d r - d  as a roast of

t h e  f m i e  ‘ a k m n q  :t p o s s m r o l e  ‘ m : d ” ‘ n t : O v ’ ’ : ’ - c : f m c  o - ” r t s o —

h e r s ,, so mc.f: r ooat:o n en sool m p le controll e rs ‘was lms ed.

C a u s e  ‘wa; moo :cn,’-”d on so.” b a s m s  t:’ i s  n o :  r~~
t i.e scr :p—

s m o n  an d  d e s i o n a t m o n  “1 ‘-‘ e control les ro s : m ’-’ o~ oc e r ] —

~ cn as ~~
- “~~ a:Iv ’d m n to’,.’ car :’ -a j ’,-e ,

‘w : c ;  0 ac ’- - us w ere d . ”r -’ .” r el ”‘’-’’an~ 
-‘ t o -is

:-:o ’oa r .’io an~ -w”re ex ’- o’ a c t ” d  m r - ” n  t o e  HATR da .a ‘,a r,~ Sc

c0 n 5 :  ; -t  a f i l e  O o r  a n a l y s m s .  E ach : a e ~~er is u ir -n ,Si f :”‘ )

and a s a t - ” - v ’n . t  mad e as it s rn era ’- i’n ,a l dr-f:n ,:’- u o ;  and

:se mc. the -anal’:sio .

~ ATP . Ha .’ct r— )r ’ ,;s A :: Tm t0 ~~ m -  ~r- rort, A r- ” ; : c r t

fm ed by n m L c t s , corot ro ll o r o , or ether ccmp r-t ”nt au’’- h oti ’- y

‘woo -- ri hazards re latin s t o  the f yino and air t r a f f i c

e n v m r o n — r - o t s  a r e  m d e n t i f ~~od .  Th m s  m c  nom inal lev”l data 

-



O oa t  mao ’ be ‘- r c a  t ed  ms rat : data w h e n ,  c; r e ; : ro e d  nv ’’ r sp ec

f : c  i n t e r v a l s  of t i m e .

‘l’ o t , a i E’x : ’ ” r  m r - n c ” ‘ . ‘:“ o r - len go :; of tmsoe , ~n calen da r

m o n t h s , t h a t  t h e  :nd  _ v m d u a  :~~nt  ro ll e r has ne-o n as s i

A : :  t’:aofmc C-o r ;t : o  d ’ u t i r - s  i - ; c l o d i n ;  ‘w o r k  a s  a l l  f a c i l ~~—

s ues. T h i s  m s sir m o l’”v” ‘l ~,ms ~~.

m t ’. ~xnr-~~:-” --c” T”n’ ‘ - ‘n - ’h  c ’ - - n ”‘ , m n
--__ - .-

non ’. hs o’ ,o,a t the mnd i ’ ; :iu a cent: - l - -r has br-era ass: oned

A ’  d,:s:”‘: :n ‘~ fac mh i t v  0 ‘‘ ‘. - s amo ’— ‘ ‘ .O~~”‘~ e. ~~~. ,

s ow .’: . Tb : s is a r t t  10 Ic’.-” 1 actor -

L o c a l  ~- x n - ” r : ” n c r - . C’- ”‘ I r - n o ’ - ’ -  0 ‘ 1” ”  m r

that 5 ;. . :n d u v i d u a l  cent: ;l1”- r :‘oas 0 - r - ” n  ass: ~ 0 r - O  ATC

1 .es .n toe ‘;:.“ : u f : ~~ f ; - oi l i  - ‘n or t 0-, - - o c cu r r e n c e  ‘ - f

t h r -  ~ A 7 P .  Th:s ms a sa ’- :0 “‘v” I  , a o - r .

w’-’r “~ - r  c o n d :  ; -ns , s’ a~ “d as. S’isual

- - ten: ol cc i soil Cc oo : “n o  (t ’0-~C)  ‘-or r : t :‘ m m ”- ’ O A r- “or  1. ‘ j —

c al  C c r ,d : ’- i o r,:; ( ‘ ‘  - , • r a t  •“x j~~ v’d a t “h ’ t m m e  0

Tb ms v i : :  a b l e  S o  br - coo 5:3” - 0 -r’-’ed In “ooo fo ur fac—

-rrs i n c l u r h o; : ‘ c m  o h t  ‘ - a h obo’- ‘“cm n e d  factor , t’ -~C P S ’

. 0  r e s . i r ~ ‘- : ‘-iso ”. T’-is :s 3 o; m m n a  ir ’ -.-eI

t : - ’ i ’ - . ” - ~ as a s.-ro~~-ce ‘.- o r m , a h l ”  w i t h  ‘nv” indica’ u n c the

:‘s” ‘ - ’ n - ” - “
~~ 

‘,“ a n ) ;:r’r” in dm ‘o mooc ‘- , ‘ c c r d m t i o n S .

2 ,1;

——‘
,

-‘- ——- ‘~~~~~~~~~~,—-—- .~~~~~‘ -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — -——-— ‘—‘—--—- ‘—- “ ‘- ‘~, - . 
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‘

~~~~~~~~~ ~~~~~~~~~~~~~~

‘t:a:::c. The le’’el of mm :  t:~~t ’. ic a c ;vit’ ,’ ‘ ooa ’-

a: ‘- o r - ‘ mm ” o: ‘- r- .’ HATS . 7h:s 0 ,c:t~- r has :.- ca

t :ans:oo-’- ~’ o o men the :o:’e °~ as:: .-s , li ;h: , -r :‘-r ,t t ’- ,

h e m . - ’ .’ , ‘-o I : r O t , a n )  “ .:• -‘:as” t h r - a ’.’’~’ . T’us was 0’ n,- ”

a 0 : : : - ’ : :  :o:ed on tO’.’ ~.r osoan r , :o,,c’r-r as ~;thi c.t’d ~n C h a r —

• •o: of ‘-o:s o’- ,;d’’ . 7’.’ 0 - ‘ -  ‘n  m : ’ n o m : — a  a n d  o ’ O  i n ’ ’

r o ( 0 )  ~r,d :ca ’’: ’ node :  m e ,, ’o ” ‘ a ’ ,’’; an  n ’ - ( )

I :  : ‘no’ r~
, ’’:~~” 0 .

C r : ” : .  -o : n , c o : . ’ : : : , m l , - Ii’: : :aImf: ed :c

a f a - i l : t v , ass: o n ” ‘- .) ~u ’- :r - - :  as a 5, .  

-- - - s  ~- a - .’ : n ;  to c r c - m n ’ :  ‘ o e ’ : f i ”  c c ’ n : ’  prs: :’n .

\ n ’n-:na ‘.- m : : , i : ” c o d e d  ‘“ ‘ ‘- ;nh :a ’es ht• ores ’’” ’ - , asH

- -m o :nd - :a- es t ’  • ‘ ao - ,;.” n c ” ‘ “‘. an ,  a s s :  ;n ’o-O “: ‘ -‘w

‘so”-’” , : :o’. ~~~ ‘-o m l O . n ~~ i 0 0 0 : n c o  ‘ o r

a : c ” ‘- ’oe or A:’~’ “ a : :  “ a v i ~~. a ’ -  mon “ ‘‘o ::pso-- - nm. w o o  a f a - ~~ o m c

~~~~~~~~~~~~~~~ t o e  - o - h~~i ” - -r , ’was ; 0 ’ - ”’ - ; ’, : - H 0 ’ ~ ’ ,a c- ’ r 0 — ” n ”

‘: ,‘t : : a : l ” ;  ,- “ : “  (0) 0 - ’- :’ no 0 o m I , : - ” , n” (I) :n.’,m (’’I’- j n ’: a

“~~ “ : t - o r i n c  .o ’ n~~ :n ”r - . TO’ .’ t a - - k  oo - r : ” ‘ r v : n : ,

:“ - r r e - - ’ - i n ; , - -tn 0 i ’ m ’ ;  n o s n ” ‘ c s m b m l : t ’ ’  f o :  H ’o v’ ac .: i o n S

‘t oo c o  a : f : ’ - ”d : n d : - ~- :  0 - : i  — ‘‘ m f c : s o i ” ;  ‘~~~~~~ d-: ’- .”s . Tb”

s e r - n ~ oo a ‘-ram’- ”” : ‘o  ; n O m — a ’ - - ’) 0”: n ’  ‘ 1 )  of he

- n e  -; am : aS Ic , asH c-’: - ( 1)  j nd: a • — i i  ‘~0 ’ ’ ’ ’

I ,  -



~

Esoeroe r o ’ , :f an. ‘ o’o- .’r-;”nc’.- ccr,d :~~~:r, ex :sted as

-h’’,sThmed by the nil — n or::er ‘~“sor - ” ’ -n , :  a ; ’ - n c - r i t ’ - ,  it ;:

- ‘  :e-’,c ‘ ‘ - .. m g u n d : ‘a: ed n’. t ‘or - - - ““  1) oo ‘-h ’- co . ’s - —

‘.‘a:  :,mro e.

t f o r ” - - ’r - c t : o r ,’-d ‘.‘ , a r i a n - l e s  O a I I  m n tO two ca ’e—

-: ‘: m es , those m o —na o~~:’o-: -n , to: .’ or - - n : : -  11cr  anc  t h o s e

‘ ‘ - m n ;  -n ‘ - o r -  ;m ;a:m -’on (S .”‘ F: :ux- .” 0 ) .  ‘7’ .- factors

‘ ‘ - ‘ :r o H ” :  and ~ r-r- s m ’ :,m ’- : ‘n ‘w e :”  a l l

t O;.’ 0a’~ Soar’: ~ r d  ~r-r e used to

spe c:: mc ~
.‘:~~s as ‘ ‘- l~~n”‘ 

m n ce: obseo m’ ,’ ’-:; .

C’ “ ‘ d,a t t i l e  -:c:- : S te  - 0 all HA:::-; : : led 0’:r in :

‘-do o r -  o r - n i  ‘ 0  C~~c’— ‘
~~~ “ :- “u ;o; ,-’.;-: ml  “3 . of t”o.’se , ‘B

:n’:’I’.- e 3 c ” n ’ - r ’ H ’o:s as camO ” 0o1 ” - ’ rs, :den ’- m ; ’ - : :  203

- 1, ’ o  -o . F’:: 5 - ;”‘: , 2 • ot ’•”r ‘ “ ‘ -  :o l lr - : , s  w e : ” ‘

m c d 0: ‘- -we re net c i  m o ’  f,’t’:’’ors. T O -m s ‘‘m r - I ~.-d a ‘

of 4 - ~~ s o n . t r  ‘ lr-r .s sHr a n a h y s m s . ~~~‘ ‘~~0 ’ o t ’:’ — ’ ‘.“

o ’ - - ’ ’r  : : ‘ - ‘- s w”'r r - m ’ ” :: j e d  .1:; -“n . ‘~1 l ” - r  ca,;s”’O S m ’ no

:‘ n ’ : o I l ’ ’ o  “x :’ r - r : ’-’n , ’ ’ Ir - ;--ls ~. r c  a’,- a ~~l ,a 0’~~ :“ ‘ o r -  ,Li”a.

To -n - ) analvs:s ~as oseo m m c  s” ’ - ’ - i ”-; sh ”  H a : ’  O c r

-c mr ,fe r”r,’- ‘ml o ,:dm”s t:’ at 0 -l “-w ’~’ ~~. An ‘‘ mi;On - -

cern oo S ri; ‘“ .‘s:s ‘was  0;” , ) r - ”~m : n : n c  e ” :  :er ,ce  I - - e l  a n d

“‘ 00 - ‘ ‘ ‘ a ’ ’ . ’- — a ’ ’  ‘ ‘ t o - ”  h a d  -‘n ‘- he :u a l v ’.’ of cr- :o’:ce

a s  ‘ “ a s : r ed  0’’ . ’ - ‘ ~ ‘H? mm ’-” , t:” ‘ a n i l . ’oo i n ~ “‘:r ’:” 0 plo’-— - 0

• m n ;  ‘-O , ” - .’ar b u s  r- :<r”r “n’e r-’.”‘lc (‘-0’ il , - ac: I:

-‘
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io c .a ) aqa:ra;: 0 0;.’ HATS:: over t i n e . A lin e oO best f u t

‘wa ~; com:::m t ~H by ~ r oe least s o u ’ t r  es m e: . h od  a n d  r evea l ed

t r e n d  i - o r - r -ola ’ -, m c r, i n  s : rr ’- c ’r t  of ob~ ect 1: v~ n u o n :,.’r one ,
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Test of Sample D i f f e r e n c es

Our third objective was to test whether or not
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fOl I~~;i:,: a,:s- m — ° ”io n:’ -,,.,”‘r ,’ ‘a :- ” ’)  ‘ - o n - : c thcu t  t ,ois a-oalvs :s:

‘-he ccn.~~n ‘H e r s  i ) e n t m f : ”  o moo ‘“ . ‘ HAT~ but “ ‘‘

as ‘ ‘- -‘ m nd: ’;m.kaI c -ausm- ” : ‘- no’ ha ar d  w e r e  ass mn ’- ’ ) ‘-0 be

:nc ,~”::”ood”’o - ‘H ‘ ‘oc “vr-’o ’- , Tb” mdc n ’- m: ’ : c a s i o - n, ‘:

than cis c-,” f ‘too ’- o s con ’- :- I lers f- o - rmn ‘a a.am,so1o a-c -a inst

‘wh:ch ‘be ca :s~’ factor :“‘ :om l ,at j -n may 5”’ oompared. 

,, 
---

~~~~~ .- , ~~~~~~



l ’to ”‘ s t a s j  : o :~c a l  ,),c “n , the file s ‘wan

‘hr cuch r :,e use :: a :‘- :l:” s- p r :~c r a m , TCA~ T (time :-ries

an clvsma) , and : o : r o - u a 0 o  “ O: ’-’ ’a:’,e 0: l in e a r  r ” - c r ’ o n s m o n  ,: - ‘ - h

a ’ :aj l ’ a b l e  “:o the CRT ,”HE so-s: ’oo- , A s :ooo oooar ’,’ of ‘ t o  Oi les

an d  c h a r a c s ’r : a  ics  o: i o’ 0-.” found i n .  T a b l e  4 ,

A n I t  c’’ t o ” ‘ n a ’ - ’ : ’ :  of ~~ L ’ ’ - -s ’-’: S i : — ” :‘ -“ v e a l ” — ”) a

s I  c- - • — . l ’ ’~ ”a 3 0 z ’~ .-.- i t h  a o se an  a n d  :‘- a n - ) o r . 3  des -mat : n. 0:’

5.6~ and 3 Hl2’~ ~s- ’e F :o:r - ’- 4~ I’: “es ’-in c c” ’- n u l l

h’- ’ ::- °thes:s , ‘- o ‘ ac 1 -no’ - - - :,:‘aI -~
) zero , ‘w h . ’ :e :

*

s :o- .’- ,~~“:—,oo-~ ~-~o’ -’ ,a o ’~ 50 :° oct ~~ a ’ ‘he ‘a~~ o-” :cen ’ CI ,

T h : s  m o o d :  :,v-”’) t h a t  t ’
~” n- :n’0-’- ’- o’ HATS:’ a ’ - ’ -  r i o - ’  ‘- Y’I” ‘-os

~H’-, cont: -l ”o- s .‘~~~~~
‘ -)“c r ’ a s m n s ”.- ’-’r th- ” ‘- m ’ -’ pc:’: ’ )

a-: a .y ‘; is

‘\ l e a ; :  as m a r e s  I i n ”  of “s’ f m  S -~ s )-‘-‘,- eI o -n”‘d

~h n- ’osgh :he -),‘t ’ ,’t n c :n ’- s  r - ’:;ul”m o ” : ‘ran ’ H ‘‘ i n c  - h e  HA T Ss

ho’ r - x s o ” r : e n c c  s’cel no,-r - r ‘ m’~a , ‘-‘‘e r” m lt ’ o -wore ‘- r e nd

1 :n,”,o : n d i n ’a ’ m n -; ‘- - ‘  :“—“ “ :aI “ r ’n ) ‘ ‘“ , O ’ :’ a: -- ‘ -“  dat a as’”:

- :ooo r- . TOo ” f m n s ~ -anal y sis was on a l l  - -
~~~~

‘- r - ’ll- ”rs ( ‘: , c ”H’~~~,,

482 C lads) ‘7”’ ” re su lt inn lines were (see ~‘i oar” 5)

‘.1 ~xsoe: :en.cr- ‘XT) •
•‘ = ~ 3 .OO’~ .0’.40612X

l-’ac iI: ’- y Ex ””’ri”nce (Xl” y ‘0.fl .’°~’~ • . O ( H 2 5 3 X

,oca1 x :o’o:m ’no” (;(:) -; 16,1 ~
-

‘--

~ 

~~-
-
~~~~~ -‘~~~~~~ ‘ ~~~~~

- -~~~~~~- ~~~—_ 
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is tO o c .“sti oo ,a ” ’-d ‘,‘alue o f  ‘c , exo” ::-”n ,o’-

‘,,a tO- -- ’.~ :ue’--, ”~’ , 1—4 82 , of t he  H A l ’ S .

TO o ’- tH .’ wa:; 5’- .’o; ::r o.:en down 5’,’ c au s e  (~~ATRF::,4,

2 0 3  c , ”t s ’~ : o )  non_ :,’t,; :;,a (H~s~’:-’:’::, 2 , 2’ ca::es) t - -  1cc’: a’ “oe

: r s m e, ’acn - : r ’ - m r  :-- o - -- o ’”n :) e n H o -  (se . ” 2 ’ : : s re ’~) .

‘a a , ,- oo  cc ,:-~ t :o e n 0 0 0 — c a u s ”  : ac:or :: - - a:,’ had a h~~;:’, .’r SI

, “k 

~~~ 
:

‘a
~~ :c °‘-: 

: ~~. ~: ~:

lac,a l “-x o ” ‘::en-” ) ‘ ‘ a~~~~. - : - ’ o- ’s: ” :’-e 0’-u ’- s ’ ’ n o ’ ’ — : a u se f a c -

t or oI’::.’ -,- a th:- - -’ - ’ ’,’-’~’~ - ‘ - as - ‘ “ “.‘ c a m : -’ ”‘ O ac ’o: sI-n’-’” ,

:“ i o ’, ’- ” :’ es :’-o : ‘ - nr’t~ ‘~ i~~’ •“c- ’n, ‘ho: :h “he ncr—cause

O a’’ ‘m c c n : : a H”r  ‘s ‘I - ’:” w ,’’; t’- no” • ” ‘-ma ’” :; tc’-’,’ 0: 5- .’

,oa’-:n” : o ’ ’ - ’ r al-n. ’ , “ ‘ “  ‘c—k ‘- ‘ ‘ o - ’- : ’ ’  of she ca m n ” f a c t o :

-

‘ 

co”’ roH” :s ‘wia ~~— , . ,‘t ct  ‘- ‘ a ’- ‘- ‘:-a- o ‘he oo”-” “a - sc - c fa ”

:oll” :n (l, ’ ,A 1 ‘,s. 1~- , ” t 5 ) .

TO- ’- - ‘ha :  ac’er :S’- m cs ‘ - “ “- aao ”~’H” n ~.- rr’ ne~c ’

‘‘a o:’ - : ’-”d ~s0e Ta0”l ”” 3),

H, ” ‘ he  tn-a nd I i n . ’:: as oH - s —  “d ‘~ r -r . ’ dr- c-cr ip ’ m y.’

- cy -wi’ ’- a - ’” as m’o f ‘r’’ a” 1c ~ 1 , 0 “ -,~~‘‘
‘ m o o : ” : ‘a ’H,s-~~~:-o- -- - ‘o r - ’- - ) .

A: ‘- b ”a- ” -w ” r e  s .a’ - ’n ’lo: ; : r a w o  ‘-““' a ‘‘‘- 0 ’  m l a ’- m ’ n , “ -  - ‘- r

va l :r - o’  s — c  ‘- r r - r  , m r ” ‘n o ’- ’ts - n”t : •‘ r - ‘:- ‘ - ‘ -“ n ” ”d , Th ”r- ’—

‘H- :” , a ‘- ‘n ’ : ) r ~ oo o r -  :o’- ’- r- r ’,- ’ t I a) ‘t a  rc’r- ’ ”-’, ’ ‘wan Oor,st::c ’ :)

a r - : ; o o , :  ~ ‘ach H ’s:’- “ -  )“‘-“ro-,:os ’-’ :0 “hi” c-~bnr ” ‘was of suf-

‘ m c m e ” ’  — o : o o , ’ ide , s~~-Th, “ O o a ~ m o o  ‘ t i n  p erc r ’ oo ’ o’ ~~~

_ _ _
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the i nterval -wc ,:1d n or  c o n t a : n , zero, If “he :n,t r - r -;a. con—

t a m r t e d  z e n  -
, we w o,H ~i il 

‘ - “  r ’a ’.aoot  t O o c  null h’cn ”shesmn

s,:,as ~~, to ’ ,’ a l p e , “‘su a l ’  z e : - : .

-J

H , : ~~~~~‘ O

I) we r-~~ected t~’e r,s ,1 Os’,’’’’ he :’ :s tha’ ‘he :rt r - r—

‘~aI 0 :) no’t :-‘:‘ ‘- am’ - ’, z.”r. ’, ‘w ’ ’  “ c u l u  si’’ --.i:h :‘ - - :- - ‘- ‘
~

c”n: idenc” s~’a ” ‘- or -  S I — c e  ~ as oar’’- -“ :  .,al ‘- —“ :-‘r - an) ‘-ha’-

to- .’ oo’’-; t I: ‘m ”lo’ ’-’’aI: ” f’ r 50’ ” a l - : ‘ ‘- ‘- “w a , o ‘ h i ’ cc~~p : 5 - ’’)

‘c a l  s” -

‘7” .’ -ocn f: Oenc” :‘o ’ “:‘. ‘ H. fo: n~’ slorne -~ ,is e ’-.’n—

- :  ~~~ ‘“ ‘‘ c m i ’- :

s

‘w 
~~~“ r r-

0 : 0 .’- t r  so sl— r ” ,

:s ‘ - ‘  •‘ c- -—o ’ m ’-~’~ ‘-“ ‘aHm e 00 “0 ’ ” ‘H or - f r  ‘- — - Os.-’

c-a— n r- -

m a ‘no ’ ‘,‘ a l’j .-’ ~~- o  -~~ 
“t~1 oo e r ,’eo’’ coo l: ‘r’rce

1”-cei .

S :s ‘-‘ i ” a- ; m a r ”  : ‘“ ~~
‘ 0 t o-c  r ” sidu a l s-~i r m ” ,n ’ ” , arc )

c - m n’ of (X— ~~) 
2 : r’c~s ‘- be sample.

4 ’- ’



~~~~~~~~~“ ' ‘~~~~~~~ “ ~~~~~~~~~~~~~ “~~~~

Tne ,;r ”cm fmc test: ; for HA ’l ’~~) 2j ~~ ( a l l  -c on tr o llers),

HA’l’RFII, on. on—c a ,mo ,~ controllers), a:; HA’l’P1’~~~4 (cause

contr aH.’rs) soI l ‘w , ~ac’o 1 : 1 - ’ 0 ,’r o’: .”n  i c ’wn .  m o o  .1

“x:o~’ r m - ’nco (Xl ’~ , : ‘t~’: l m ’ - v ex :’ . ’r :e r , c .’ (XF) , “,n  I ‘- ‘ ,‘~I

- ‘:‘c’- ’: :““-e (“.1-’ ’ -

(4” C l  :. - : )

, O l 4 - ’~~:2  , O 88 4~

l”— r- m ” ’ e r ’ c ’ a l , ,  ‘ ‘ -  “ am oo: ; c~’ro , ‘- ‘- ‘~re 0 ‘re :~ : a m l o  t o

H A T 2 ) H  :

— . O~~~2 3’’

— .317476 ~ fl ’ 3 5 ’

-.‘‘t con’ al -o ”o “ ‘‘r’’ , tb ’ - r - ’-: r- - 0 a: l t

0 c ,- ;”,’s

= .-0l 1-- 5 3 - ~ -° . -‘0 8 8 4 ’ t ’ -

. C 3 ~~O 9

:‘- -‘d f :  — I . ’- ~‘5 , ,- ~~~~~
“ , :“ “ ‘ a - ’OO C3 ’’ f lf l  r e r —

- ‘c r - n t ‘ n ’ :d””’ - ’r’ :~~‘ •‘r n.H. (~~~) J .



-~~~~~~~~~~~~~~~~~~ ~~~- - -~~~

Re~ ecs H0, t o o .’ m n ” ”- r - ’al -does no ’- c o n t a i n  z r - n ” .

H A ’ l ’ P ) ” O ’. :  ( 2 ’ 9  ,ca ,- o e s )  XT

= .0 3 0 8 5 ° $

— . 0 3 H ’ t 4 5  < - . 3 4 4 5 5

FaH , so :‘ ‘ ‘~~~~- “ -- ‘‘ H 3, ‘ - ‘ “‘ m n ’ ” r ’ ,’ -’t l  c- - - o t a m n . s

O l ’ 0 S C 3 3  .O ~~~’- ‘t ’ t~~

< -s ~, ‘ “  ‘ o 4 4 0 5

:“‘ ‘“ ‘“ ~~, she :n.” r- :’.-a l -oonta:oos zero .

= ,~~3l :2 ’ 
, - .02~~40A

,O l ” t 0 5 ~32 ., , 0 5  33 12

~~~~~~~ n o ~ ‘~r- m o o ’ ” r ’ ,, ’t I ~~~~~~ ‘ “  ‘ ““‘ ~m n  c - o r ” .

4 :  ( 2 3  ‘~~~ ‘t e - - )  XT

~~~~~~~~~~~~~~~~~~~~~~~ - - ‘ .0

S ’- :I “0 ~ “) “ “ 9~~, “ Os” m”’ -’:va - ‘ ‘:o ’- lmo o n o e r .

: ‘C’

• . 0 r 4 ’ - ~ ,~~~f l 2  ‘ .:~ ‘~~~ : ‘ t

. 1  l 4 - ° ’ t E I
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~~~~~~~~~~~~~

Fa : 1  to  :e~~r - o r  H0, too.’- i n r ’ - r v a l  c o o n t - a m n u  z er o .

HA’l’RFI:4: XL

* ,00~~
)l
~~: + O~~ ‘ t 4 ? 4

— .0H’42~~2 < ,~

F a m I  so :~“~~“— c s  H , sh e  sn ~~-’- r ’ .’ i l  ‘-L-nta:n.S c - e r a .

The  r H ,  1. . . - ~c 4 . , e S  ; :‘ a m icc) “ ‘ :- ,‘- ‘~er ”  m o o  :r-’.’en. s- S

o o : n e  “ ‘ 5 3 ,  So o t hr s e  c a :r ’ :: t ’ a ’- f , ’ t : l e O  ‘- ‘ rs’’i’c” we

t o - ’ . ’ pr ’s s sb :  i ,- t h a ”  “ “ e  s I  ‘r”- of s - - c’ : r - ’- ro d

I m o ac “,a o- h~ zero an ) t-oeref :’r” ‘-a.’ -‘).“ o - ” ‘n 1 r’n ’- var: ‘to - ic ,

“ x c - .-:’ : “‘ace ‘OS ”t ’ : 0- ’-’ - c - ha n s s-o s c’’-’-r ‘- :““- , or ‘- “ ‘a ’: cs’ - ’-n

0”- n o ; a ” :-ce , I” ‘o ” :- ’w cases ‘ - ‘  ‘a ’ 0 : 0  rej- :- -’ , l o c a l

moo : ‘ - O s  “ 0 : .” c, ” :- :n e  a-’ ,) n - ’o- ’ -a m ” -” 0 act or

“ “ “  sI  ‘so” wa - :‘ “ :  “ m c ”  a n )  m n - 3 m , ‘t ”r- () In :o o c r - a a S e

m oo I ‘‘ I -‘x:’ - ’ r m r - ’ o ” : ‘- t h e n o n , n a - ,or’e S a c ” - ’: :o c n u l a ” : ’ o o .

‘- or -  no’: mod , tO o ”‘ ‘-‘tH n, : o ”” :’ ‘f h - - m r : ;  flown ,

by ,~~A ’ a : o r  ‘a :
‘ 
s 0cc :  - “ -: sr-c ) so on i f  m C i ’ - ’- 1’~

’ -‘t o :- - r  d i  nc 50

;:~ b- u 0 ; e~ ; ‘ C : th:s :or-r: ‘0 , -~O’ ‘- “ aS ‘ - h i ’  “0 O ec t ‘““ ‘-0  on

sOs .” tr ‘a : :  m oo c ‘ m a ” as m ai n s a:” ”‘- O moo ‘‘: , c~F ‘,, ‘r ,affi c

ao :l: ’- m es ? A s :o o ~~I”  ‘- -‘a ”t,~~~~~ f :  (‘~r la nd:o’ n m a

cc on ”” ) Oa r e,ach 0 1: oh’- “‘:‘“ra o m o o r ,  —n, , — :‘ :n ‘ - ‘ - .‘ nois e —‘f

a;’nr ‘aohes , a’:”- r th~ , ‘am:c -cr” - 7~:,; m oo’ :oo o the tr ,af 0 m c

-:-“ :n,s moo “ o o t n o l ,  ‘-“w”rs is -‘a o oo ”a: o -o. r ” ‘0 ‘-he :oo’c’H ,’tc” b e t —

toe ana t r,al er an,- ) th e  0 Is’ m oo’o cus’ ‘ ‘-‘- ‘-r , so—’” cs - n .—

a 0 ”: a ’- ico n of ‘ 0:” in’:’ - a :‘- of - h e “ ‘ d u o ’-, m o n  i ~-o £ 1 ’:
’ m n o hours

-‘t~ o;” )—e ‘a,Oe. ,~. ~ a’ nI ” o~ ‘- w i”n ’ - ’,’ o : o , c - ’-, , a l l - i ” m -n , s  w a s

_____________ 
‘- - - -

‘ “
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I

d r a w n  at r a n . d o n ’  with o n ly  one stipul ati - :n , that 0”±:ng no

c-sa’or ms::sson c h a r , c - ”‘ had taken place d u r m r s  the peri”- d

The bascs ‘were: A1 ”us , (‘- K ;  Bar ’c :: ’0 ,,lle , ,A; C a n r , c n , to’O ;

Ca s t  Ie , CA;  Da’cis—Mcnthan Al ’.; Egl :r ., FL; En olan d , :,A ;

)) ‘or”‘os ’~ d , FL; Langl’r?v , ‘.A ; Httle Roc’:, AX; Luk.’, Al’;

‘-Sc , :;crd , ~‘.
‘,- \;  :-~cCleilan , CA;  o~o c- ’ 3 .’’.’ , ‘ ;~ :-~‘‘rt I r - Beach , SC;

? a t r m c ~~, FL ;  R c b : r , : ’ , C A ;  ~:o aw , l’C; Th’ - : d a l l , FL; and

~ r : 000 t—)at ter a ,o r ,, -‘IH . ~A, o mc develoce 0 one c-a ::” ,

A~’03 , -~ . ‘ o r 3 m , a , w a s  i n c lu d e d  erron ” ‘”-ool’ .’. ‘c-h”- o - ra : fm c count

d r c n r e , 0  t o -  a’ ‘a n ,  as’ -:: ak;” ,: :‘, r t c ’ r l ’  s’aI : r -  a: I~~,lQ 3 ‘n- ’- ra—

S m On s :o”: ,o :,i: ’- or i n  o - ,:,a r ’ - ’- :s - “5 . 4 / 5 , an ) l ’~~~ to -an

a-’” o’ a;e on u , 46 “ n r - r ,a t m ’ n a  f o r  s ’~:s” — r s 
“ ,: , 3 / ’7~~, an , - , )

4 “
~~ - As t h - ’ -  ‘cal ~‘s rr-n ’ a m n - ” s” ” a d y cv’:-: ‘- 0’ .’ r:r -oe “-Ia- can

ar” ’: , mc -w as )“tcr’r :’- ’-’ - ) ‘h i ” t:” - ‘- :  f r - c ”  ‘w a - o  z ’ : ’ a : o o  o i l

an-:: tc-e m n : -r’n a ’- :nn ;~~is r ” n , m c n, .’ )  m n toe co ’ oo c - u t ’a’- m ’s’,:. )

Al l  t: ;c ~r oifO i - c  c .nun ’- 0 a t.a wa:: ‘- ‘t - : ” o o  fr ‘a’ t h e  A F C S

- ;u ,’tr ser b tra : S ic cc :n ’-, ren o -r s : r s c - c  p e r i o d s 3 75

tn r :-,sih I, “ ‘ t . to- ’ “ otal t ra to: - : c:o u oo ” 0 ’ :  e ach  of ‘-t”

“~ . - - o o ’ ‘,- bases in ‘-“acO : o m a n  s. ’r ‘w a,; a :ooo ,-o’o” ) 
‘a r c )  ‘a n ” a n  d r -y e 1—

0 ‘r ~~~ osar t-’:, T 0 : m : ;  ‘4,a :’ )flfl” C5’”r six ’ ”-” r, ~;- o ’ar te m- c-

to )‘a -.’eloto S :xteeoo d,i~ oi point.; So : oifl3ivs:3, The ore an

: - ‘ r c ’r  ~~- ; a r ’- r - :  - ‘-‘:“r the ::r-r:--”) ,- -
~~~~ 

;,~ a 34” A ( )  ‘no’: a—

sc - n a c-er c:i r s .’-r — :th a ‘;~irian c” 00 1 , 0 7 , a - ’zo , z c o  a n , - )

S’-  lo o O a r )  - 0 ” v m a t i ’ r  ‘H 3 , c- ,, l ~~~~~~~ TOo ” r r - o r - ’ :0 :; m c-so l i n e

• 4~~O ’ t r l ’ 5 ~
5 -~
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‘

Testing the h ,’no’ t O o .’::s t :oat 3 = 0, that is , ‘-no ’

sl oDe of the ljn,e was zr ’r ;, y i e l d e d  t o ’-’ foIl ‘wins m n s ”—r s’oil

at “he “0 crec”- n ” confidence I 

3. -9~~6’S 2 ’a’~.44

—235.5 5 - , 43 .32

T h ” ‘ r e O  r - ’- , we ‘w c ’re  ‘uflabI - ? S - r”’ ”‘c: )!0 ‘an’) o” ’u::’-

coons : 0.’: that oo -o” .msh 5, ’’ “.1 f v s n . s  ho - : : : ;  h a s  decreac c’d

il traff:c cos:ns , tO’.’ ‘oo.’- -’t o,ir” c”f the - - - ‘n tr - ’lIer n m b o r

:nter mace , has n’s cn.ar ,~~.’d subst an t ial lv .

______________ ‘-o n of ~!A’::::;
0’’.’ £ x n o o rm -- -o

A 5 ‘so-I-”' ‘- ‘ exc -”r m ” a n r ~’ I ” ’,’”i~ 
- ‘r all 4 2  ,:oon—

“ :-oIie:,: ‘w ’a,; - )” -’,- ”‘ l ’o’ -’-). ~ “ -‘- o-, br ’ -: -’oo :‘ns” year - or - -: :- ’ ,

t Ooc ’ ;-’ “ ahb -’ s r ’-’ ’,’” ab ” 3 ‘-ha ’- ‘I a l l  -n ’ ’ a ’ ’- : s - l” :  - : )cn.” m ’ ied ,

54.356 c-.’: c oon s ‘w . ’ r -” m n - O r - : ’ fo:: ‘;“ ‘ar S ‘ - “ i .  exa” r m e n ooc ’ ‘and

‘0 . 33 p ” r - c ” - o ’- ‘.-.-r’ n ’-’ m o o d ” :  s : x  ‘ ‘“ ‘ a : : . “.‘a”oo plo’ ’-”’0 0- -.’

1 : “ “ ‘x no” r m -‘ nce ‘we : m n O  ‘- ‘c, A - I no ” n c r - n . ’ a :  “a :: n - O r - : 0 :-mr

‘.‘aoi: a ex~:er man n a ma, S “ci ’ “ ‘
~:~
:.“ S i c  : 1 : 5 ’ .’ “-n c) “2, ‘-~~

we:.’ ‘in Oer ni x years (Se e  c - a :  I - ’- U ,

; ‘; Ooer tO: ” f : l ” c -  we:.-’ 0-r’:- :”n cm: ’ Oo~ ‘- “ 0 : 1  ex r r - rm ” ’o c-r- ,

‘cc- . oo- ’ n — s - a o : ; ” f ,a c ’ ‘ r , ‘-i” 0 ’ , -~~~
‘- 0 b . ’c’ c - c r c -c ’”’ ”

w ” r - ’  on :) ” :  f - ”-:r o s , a” -O A ” , :‘‘‘r— ” n ’- ‘w”‘r” ond ”o -~m x

-r “ “ -“ nr’n—c ,a-:se 1 ’ ’  - o  5 . ‘\ no r - r ---’n,’ ‘to - ’ of r 3 1 ”

n f ’ : o  “‘‘~r 3 , -an ) “~~. 8 4  c - e r c r~n s  u n d e r  S m x  s ” ' i r a  -wr -~~~-’
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there was an equipment failure. Autocorrelat lon di~i not

appear as a problem in any of the regressions the

researchers ran , but a significant degree of multicolli—

nearity (77 percent) did exist between total experience

and facility experience. The salient fact pervading each

of our attempts to use the multiple regression to fit a

line to the data was that very little of the variance was

explained , thereby making it impossible to show ccrre—

lation at any appreciable level of significance.

Test of Means and
Di fferences

Our last ob:ect~ ve w~s to fir~d cut whet~ er or not

there was a ztat jstj~~all v si,njf~~ca r.t dif~ er”r,ce with the

exp i~~~ce leve ls ~r.d the sit~ ational v a riab l~ s r~ f cc~r.—

tro~~ ers cit ed as the cause of ~ HATR , and the “xperience

levels cf controllers and situational variables i~ HATR ’s

~~ pilots , ~ater~~a . fa tiq~~e , etc. To accomplish

thi s -,h~ ective a twelv .’ mon th random sarnple of HATRs was

~r~~wn fr:~~ each c f  t h~ above popu litions. The sample

‘a~ s , standar~ de v ia t ions , and virlances for each factor

was th~ n computed , and th’~s~ are listed ~~‘ Tables 9 and

l~~. A ~~~~~~~~~ t— test was performed on the ~~~~~ usin g

~~~ Behr z-r~~ cher approx~~~ation to conpute the degrees

of free dc~ due to the unequal variances. The h~ pcthesis

wa~ that the means were equal:
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TABLE 8

CONTROLLER CAUSE FACTORS

s s2

X T 6l.2l2~ 66 61.159782 3660.9335

33.936 7 24.722287 598.l8’42

l8.5l~~638 12.949521 164.12223

CC .92978~~2 .3798826 .1412404

W~ .82~~’8’2 .3798826 .1412404

TFC .5 31)149 .E(~43’49 .2489814

TNG .2 2766 .4 36881 .1674966

EQ 26381~ 8 ~~~~~~ OcQ7S5c

E~M .C2 2~ ’S6 .14586~ .0208239
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TABLE ~

NON-CONTROLLER CAUSED HATRs

S S2

56.176471 52.866892 2740.1061

40.392157 35.2352~ 4 1217.1795

X L 4.62745. 15.161742 225.37101

CC . 8 4 3 3 3  .3672C~ .1322568

.862’4~~. .34 7~~404 .118416

TFC .4~~3~~ 04 .5025426 .2475971

TNG .1176471 .3253957 .1038062

EQ .0~~B03~~2 .3003266 .0884275

EM . 3 3 9 2 l ~~~ .1960392 .0376778
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The test statistic was:

1~~~2~ l~~~2~

and the Behrens—F ischer approximation for the degrees of

freedom :

~ 2 2

n i n 2,
- -

The results were (95 percent confidence intervals).

For total experience:

5.036295 ~ 22.8304

For facility experience:

— 6.455987 + 12.088046

For local experience :

— 6.116813 ‘ 5.5971741
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Crew Chief:

— .0133501 + .1488966

Weather:

.0329597 + .1452427

Traffic:

.9828953 + .2005098

Trainee:

.0951189 .~ .1489069

Equipment :

— .0342094 + .1090924

~nergency :
— •01793ql + .068412

Note that in each case , with the exception of

local experience and traff ic density we were unable to

reject the null hypothesis .

The Students t—test on the means of the the sub—

populations is based on the assumption that the variances

are equal. Therefore, an F—test was accomplished at the

95 percent level of confidence on the variances of the
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comparable subpopulations. The hypothesis was that the

var iances were equal:

2H0 : ~~ 
a

H1: ~~

The results were:

Total Experience: 3660.9335/2740.1061 • 1.3360554

Facility
Experience: 1217 .1795/598.18742 • 2.0347795

Local Experience: 225.37101/164.12223 • 1.37319

Crew Chief: .14124041.1322568 a 1.0679254

Weather : .8627 451/.8297872 a 1.0397185

Traffic: .53l9l4~~’ .4509804 • 1.1794635

Tra ining : .212766/.1176471 • 1.8085104

Eq u ipmen t Sta t u~~: .0980392/ .0638298 • 1.5359472

Declared

~nergency: .~~392l57/.02l2766 • 1.8431375

The F cr itical statistic for the above analysis

was 1.54. Facili ty experience , training and emergencies

clearly exceed the F critical value. The equipmen t status

was quest ionable as it wa~ so close to the F critical
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value. In the case of total experience , local exper ience,

crew ch ief , weather , an d tr a f f ic, we could not reject the

hypothesis that the variances were equal. Therefore , the

t—tests on the means of local experience and traffic den—

site were valid , and statistically significant differences

existed between these populations.

One second series of tests on this obejctive is on

HATRFI~~, the HATR file consisting of 482 records con-

taining 203 controllers cited as the cause of the filed

HATR , and 279 controllers on duty at the time of the HATR ,

but not cited as the cause. Our f i rs t ques t ion to be

addressed here was: Is there any statistically signifi-

cant difference between the experience levels of those

controllers cited as cause , and those not cited as cause?

The hypothesis is that the means of the two populations

a r e  equa l :

H0 : ~~ *

H 1: 
~i

W h e r e

• the means c~f the controllers experience

(total , facility, and local) cited as cause.

a the mean of the controllers experience

(total , f a c i l i ty ,  and local) ci ted as non—

cause .
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Using the statistical data contained in Table 3, an F— test

of the variances was first performed to validate the use

of the Student ’s t—test. The hypothesis was:

H0: ~ a

2 2H1: ~~‘ 
�

where:

• the variances of the controllers experiences

cited as cause , and

• the variances of the controllers experiences

cited as non—cause

The results were:

To tal Expe r i ence : 3,224.19552/2 ,275.6716 1.4168

278FC * 1
2 0 2

Facility Experience: 1 ,850.729/927.2695 a 1.9959

~ 
2 7 8

C 2 0 2  1

Local Experience: 334.743’Y175.6°24 • 1.8053

F.2 8  
• 1
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Pictorally, this Is represented as:

N

H 
t C~~~~~ T~~~~L \ F

Since each computed F st ~~t~~~t~~c excee dr~d F cr~~t i c a 1  t h e

hypothesis that the variances were eq~~a 1 ~~~ rejec ted.

Therefore , the Behrens—Fi3c her approximati on for unequal

variances was used to comp ite t h e  degrees of fr e e d c ’n  for

the t—test . This validates the ~—t e~ t of the meant .

‘Jsinq th e  t e s t  3t3tiS~~jc:

• 
~~~~~~~ ~ ~.O2SJ

1
~~

and the r~ehrens— Fischer a~ nroxi ma tion for the degrees of

f r e e d om : 

~~~~~~~~~~~ - -~ - - -~~~~~ -~~~~ - - _ -  ~~~~~~~ _- - - — --
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f

df

s~
_

n
1

—~ fl
2~~~

For total experience (95 percent CI)

54.35 — 6 6 . 5  + 1.96 * 4 . 7 6 1 3

— 1 2 . 1 5  + 9 . 3 3 2 1

Fc~r f a c i l i t y  ex p e r i e n c e  ( 9 5  p e r c e n t  C : ) :

3 6 . 3 A  — 4 5 .3 3  ~ 1 .96  • 3 . 3 3~~

— 8 . 9 7  ~ 6 . 5 4 6 2

F~~r local  ex p e r i e n ce  ( 9 5  p e r c e n t  C I ) :

1 7 . 7 9  — 21 .013  + 1.96 • 1 . 4 3 4 1

— 3 . 2 2 8  + 2.81()9

In cich case , th e researcher re :ected H 0~ The

ex per ience level of the controller .~ c~ t’~d as cause

fact~~r~ was ~t~~tistica 1ly different Iron the mean

~ 2

— ~~~~-~~~~~~~
-
~~~~~~~

---- - --— -—-__
~~~~~~~~

- --
~~~~-



experience levels of those controllers listed in the HATR

but not cited as cause.

Having looked at the facts derived from the

descriptive and inferential statistics used ~n the analy-

sis of the trends in experience levels , the linear

regression , and the tests of the various individual popu-

lations , we r~ext developed our conc~~ sions and formulated

our recomi~endations . These ccnciusior.s and recominer—

dations are set forth in the next and final chapter ,

Cha ~~t er V .
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CUAPT E~ V

C3N C:~Js :  ~~~ AND RE c CM~~E~~DAT:D ~;S

This chapter i~ d ivide d into two Lections : T~ e

f .~r s t  se c t ion  c o n t a i n s  th e  conc 1~~~ion s  dr~~wn~~~: a  r e s u l t

or  our research , a r .d t h e  s~~cor .d s e c t ion  c on t a ~~rs  o~~r

recorrT .’n. t i ~’r.s . f~~r.;t s e c t i o n  is f~~r~~~e r su:: d~~v :~~ed

into t h r e e  n~~r ~s , one f .~r eoch  of csr  res.~3r c ~ cb~~”c~ iv’~s

The r.~ ;u1t~ of ou~ a n a 1 v s i ~ ar .~ c a t a - ’~~ue~ an d  n r e s e n ~~’~d

be c h 2 e ct : v ~~. Cu r r e : —~~en d~~ :o ns  ar . ’ d i v : d e d  I n t o  t .~ o

p a r t s .  Th ’~ f i r 3 t  c c r . t a~~ns our recrmmen t v~r.s t o  AFCS f o r

poss : :1.’ p~~’~Icv chances and man~~~~n~ nr acti~~., and the

sec u~nd con inn our re:onm”n :atI~~n 3 f c~ a r e a n  o f  ~u r ~~h~~r

re1at~ d id’’ .

•h ~~r~r c h ’ ec~ ~ve or . r~, t r end ~~~~~~~~ we sad  t o u r

oaj~~r a r ’~~T~~~~~r ’ :- ’1ron: trend 1~ n.~ ; 3 n ( ~ r~ c~ eri~~t~~cs ,

t n e  d~~~tr~~b :~~ on of ~AT~ s ex:’.~r i~~noe 1”v’~1n , th~ ca t~~—

v i r :  ~t- en , and the propor~~i~~nc . C~’ :oh dr~~or ip—

t Ive rat he r thi n ~n f e r e n t : a ’. ,  t hIs ana1ys::~ was une~~j/.. in

~o r I h L n  ~h.’ n a ’  u r ’i of ‘h - ’  “xpc~: : - ~nc~ l . v c ’ n ~nu

cat ~ ;~~ r ab  L e n nj  r r ~ u n d  I n  h i ~ occur r ~nc’~ of the

H A T 2 .  Th.~ sne  - : f ~ f i nd:n r ~~ we r e  as ‘

_ _ _ _ _  -.—~~~~~



I. Controller—caused HATRs have decreased at a

statist Ically si~ ni fic ant rate over the period of analy-

si s.

2. The  local experience level of t~ e contro llers

ci ted as non—cause factors increased at a sta t ist ical ly

si g n i f i c a n t  r a t e .

3. The experience l ev e l s  of all c o n t r o l l e r s  c i te d

as cause f a c t o r s  f a i l e d  to  de n on s t r a t e  a n y  s : o n i f i c a n t

t r ends.

4. Se~ Tab .
~ ~

TA~3 .T :~
?E ~~CE N T . \ ~~:-; OF CC CPC flR 5 w: TH “NrEP FC~~~,

AND :‘~~~p 5:x , Y~:A Rs ~(PERXENC ~

“Non—

Expe r ie nce. ‘‘n’ : Contro lle r :; Cont rollers

T~~ a ’.

‘‘ nd e r  4 ~~e : r ~ 
- 

. 36~ ~9 . 2%L’nder 6 Yeu 7 .33 ~~~~ 1. 5 • 04

Fa c: L I  to.’

‘nde r 4 Yea:n 6 . I 3 . 3~ 6 .  ~6
6 yeirs 

~ 3~~. 16

Local

h’n~ .’r 4 Year n 
~~~~~~. 0 ‘

~~~~. ~ 2
under 

~~ Year s ~~~~~~.,  
~~.0



5. When considering the sample of all controllers

identified , both cause and non—cause , controllers with two

years or less experience make up 64.73 percen t of the

popula tion , and accounted for 78.43 percent of the HATRs by

local experience. When the proportions of the two samples

were compared , a significantly high er number of control-

lers with zero to twenty—f our months local experience was

found i n  the cause factor group.

6. Of the controllers cited as cause factors in

the HATRs , over 98 percent had four or less years

exper ience at the local facilit y , 73.39 percent had four

or less years experIence in the same type facility, and

53 .12 percent had four •~r less yearn total experience .

The n Ituatlo r ,al var :a~-l es affecting the HATRs

occurred as ~n L 1 n w z  in  t h e  199 cases cited as controller

c au s e d :  ( T h e  per certa~ e of controllers with two or less

years local exper ience is included I n  parer.theses).

a. Cr.’w chief on d u t y , 70.35 ~79.28) percent.

b. :~~ ;‘;eather 87.43 (~~~.58) percent.

c. :~inht Traf fic , 6.78 (79.14) percent.

d. Trainee ~n Posit ion , C.l (‘2. 5) percent.

e~~ Equ ipmen t 7’a i l~~r.’ , 11.55 ( 9 6 . 9 5 )  p e r c e n t .

W h e n  the data i n  the s:tuatjona c o m b i n a t ~~or.s (F~ c u r e s  1~

~o 21) w i n  r ep l o t t e d  by to~ta1 experience , rat ’s-er than

~ 6



local experience , the histograms became random in nature

and displayed no iden tifiable patterns .

8. Controllers on their first tour of duty make

up 27 . 2 4  p e r c e n r  of the non—cause group and 33.5 percent

of the cause factor group. When tested at a 90 percent

conf idence level thi s difference in proportions was sta-

tist i c a l l v  s i c n i f i c a n t .

9. C o n t r o l l e r s  w ith previous experience in a

f a c I l i t y  of t h .’ ty p e  in  which the HATR occurred made up

5 3 . 4  p e r o en t  of t~ :e n o n — c a u s e  o r o u p  and 43.84 pe rcen t  of

the  cause factor group. AgaIn , thI s d~~ffer e nce between

the two s am p l e s  is s t a t i s t i c a l l y  s i n n l f i c a r .t .

l~~. C o n t r o l l e r s  w i t h  p r ev : °u s  e x p e r i e n c e  in  o t h e r

t y p es  of f a c I l i t I e s  comprIsed 54.12 pe rcent of t h e  nor.—

c a u s e  n r ° ’ :p  w h : l ~ 4~~.3  p e r c en ~ ot  t h e  c a u s e  f a c t o r  gr ou p

had prev:o’:s experience in other faci itie s. This d i f—

ference ~n n r r o ’-~r t l o n n  was -~~so 
nt lt :sti cal ly s :gnif ican t.

11. Controller -; ~n the .“-‘rn ~~~ ‘ t ;~e n t e — f c u r  m o n t h

l o c a L  e xp e r I e n c e  cone , r e q i r d l e n s  of t o t a l  ~r f a c I l i t y

experience , h ave  t h e  hi n h p ~ t HATR rate of any  c r o u p .  The

p r o m o r t l o n s  of ~n d : v i d u - i l n  w i t h  t o t a l  ex p er i e n c e  over four

y e a r s  was  not  n~~ ni~~~cant1e d i f f e r r ~n t  b e t w e en  t h e  cause

3n d  n o r — c a u s e  o r o u r .

The sample of nc r.—c a :sp factor controllers was

used to con firm the ~ec In: nn exp er ience levels of ATC

con troll er s an rerorted by AFCS. Care oust be taken

1~~
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though to recognize that while AFCS reported a decline in

the median experience level we , of necessity, measured the

mean of the sample over time . The res ulting least squares

line , while positive in nature , was not statistically

significant . There were thirty—four very hi gh time indi-

v iduals in the sample (over 132 months total experience).

In order to ins ure that the actual trend was not bein~

masked by these high time individuals , they were removed

from the sample and the trend line recomputed. Aga in a

sligh tly posit ive (0.045X) slope was i d entifi ed , but it

too proved to be statistically ins~ gn if i car.r. In. conclu-

s~ on , thouqh the median experience level had decreased by

20 percent , the mean of the sample of ncn—ca use control-

l e r s  does not r e f l e c t  t h i s  d ec l i n e .

T h r o u s h o u t  t h e  d e sc r i p t i v e  s t a t i s t i c s  the zero to

tw enty_ four n.onth .c time rer~~—d for local experience per-

s i st ed s : r f a c : n ~; a g a i n  and a Q a i n .  w h e n  t h e  ~ A TR s w e r e

plotted by the five n j ru a t~ cral variab les wea ther , traf-

f i c , etc.) i n .  cc r .b i n a~~ion s , we f o u n d  the p e r c e n t a g e s  of

perscnne ’~ in the zero to twe nth— fou r mcnt h area rance from

~~0 percen t (h~~gbest ) t o  6 ’~~ 5 p er c en t  ( o ~~o s t ) ,  and

accou~- ’ ’ d f o r  8.53 Percent St  the occurrences. As

p ” : nt e d  n u t  i n  seven above , t h e  p e r s on n e l  i d e n t i f i e d  ~n

t h e  zero ‘n t w e n t y - f o u r  north range made up over 73 per-

cen t  of the popu 1at~~on ~n each in ~~~a nc e .  F u r t h e r , w h e n

the pr oportions in the z e r o  to t w e n t y _ f o u r  m o n t h  g r o u p

9~R



were examined , it was found that 78.32 percent of the

cause factor group and 54.83 percent of the non—cause

group fell in this experience level.

The sign ificance of the period from zero to

twenty-four months local experience nay result from any

si ngle or combination of the following factors: (1) The

period zero to twenty—four months local experience is one

of h igh vulnerab ilit y for HATRs . (2~ The majority of the

personnel i n  the zero to twent y—f our m cnths are the “front

line ” controllers . (3) The ma ;r ’ritv of th e controllers

have less t oan twen~ v_ four months exper ience . Eviden ce

tnd~~:a es tb.~t 
t
~~ree , above , may be re~ ected. This leaves

one and  two w h~~ch , in combir. at :-n , m a y  j n d : C~~’e that a

rel at~~onuh~ p ‘x~~srs b e t w e e n  1°c~~ experi e nce and nalit

of service as mea sured by t o e  ~ a n a r  ~o’:s A~~r Traf fi c

Reports .

Our second ot-’ ’ect~~ve was t n  d e t e r m i n e  i f  a s t a t i s -

t i c a l l y  s i g n i f i c a n t  r , l a t i n n s b~~p ex ist ’~d between the

n u m b e r  of r e p o r t e d  h a z a r d s  a n d  the total , fac i li ty , and

local exper ience levels of the cont roller s ~nv~ lved , and

the si’uat~ona ’~ fact~ rs ~eatb n r , crew chief , tra f f~~c ,

trainee , equipm ~ nt fa :lure) b ea rin g on he sl t uati on .

The mult iple l~ nnar reu rensi cns attempted with

various combinat ions of the vir~~abtes proved i n co n c l u s i v e .

~very att empt to regress the experience levels to the

num h~~r of HATRs failed - -
~ produce a sa r’ificant

LJ- ~~~~--~~- - ~~~- ---~~_  - - -  --~~~~ 
-
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regression . The authors can only speculate as to why a

valid regression could not be accomplished. Possible

reasons are the distr ibu tion and~’or frequency of the HATR

occurrence , the lack of the predictive power of the vari-

ables , or the point that the wrong variables are being

l ooke d  at. However , it is apparent that , given the data

cor .ta~ ned ~n the HATR as it was operationally defined , no

si;n.a.f~ cant association could be identified between the

Occurrences of HATRs and the total , facilit~’ , or local

exper ience levels of the ATC controllers cited as cause.

A lso , no s: ;nili ca r. r level of association could be iden—

t~~fied between the :csu:rt~nce a HATR or local experience

a° o~~n a ’. ~acrn rs s u c r ~ as the presence/~ ns era ce of a

r ew c~’ • r ‘a f f i c dep~ i - v  (1~ ht , or modera te t

heavy ), ~he .~ath er cnrdit~ :r .s (IFR or V F? (  , t h e

presence ab sence --
~~ a trainee , and equipment failure.

The an al ys i s in support of obje ctive number two ,

t 11 e mu:t: p e  I n e a r  regress:nn , pr ov ed inconc lus ive . The

reSresslon ‘an. -~~~ ~~~:n~-~ w ’as incap able of fu lly descr ib~ n,q

t h e  HA T ?  ~ :“ to eithe r t o e  inef fect ivene ss , or t he insuf—

fi c ie ncy of t he  var iab ns. Wh ile the reduced mean exp eri—

er.cc. levels of the control lers as reported by AFCS m a y  be

causing ‘an ~ncrease ira tr aI n~ n .q, proces sinc , an d  recruit-

ment costs , th is analys~ n cann ot support that contention.

The third oh :ect~ ve was to deter m ine whether or

net a stati st Ica ’~ly si.~~nifican t difference exists between

100



the experience levels of controllers and the distribution

of situational variables as cause factors and those iden-

tified bu t not cited as cause of the HATR .

A test of the differences between the means of the

samples or cause and non—cause factor controllers revealed

(at a 95 percent C )  that all three levels ( t o t a l , faci-

li ty, and local) were s~~gn:fican t1v lower for toe cause

factor group. From this , or~ ma inf ~~r t h at t h e  popUla-

ti o n from wh ich th e s.iop ’.e of ca~~se f a c ~~’r cen t  r°llers was

~rawn is sta~ ist1call y less ex reri enc .~d ~~‘at  t h e  n o n — c a u s e

factor r e n : a~~i- rn . T’ eref or .~, i t car. be stated w ith ~5

per cent —r- °fidenc e ~h a t  ro r~~r c~~~er .~ r e c e i v i n g  !~ATR s have

ess ~~~~~~~~~~~~~~~ ~r ~he aver .’aoe t h a n  controllers not

r e c e L y l - :  H A T R s .

A ~~.v e  o ’n ”  random tim ~ i n t e rv ~~l was i d e n t j f i p d

and the HATRs ~‘ccurnt n q wi~~h i n , the pe ric were divided

i n t o  t ~ ‘a~~p e s :  c n ~~r~~ll e r caused HATRS ~nd trose .‘a t t n i ~

o u t ed t~~ t~~er  ci :s.s , i. e., r~ l o t , ma~~e r i a l , e~~c. The

control ler ca.se ,d sa o r e  o’ -n ~~a i n e d  f r t - ~— s e v e n  L ’a t ’ a

records ‘and the non—contr ~~ller -a us e d  samr~., c~ n tiin e d

fif ty—one recnr~~s . T~’~ simp e u were ~--— r ’ar e d as

experience l e v e l s  ‘and ~~he ~cr urrence -t ;a~ ~ona

v riables . The hffere .’~~o; we r e  zt~~~ts~~~call y n i : r ~~f ~~p a n t

when local experienc , a n d  ~r i f t i c  ~~~~ 0 - n : ; . t , ’ : e u .  7~

other vari abl es f ’ a i l n d  t o  r e~~n ct  t h e  n : l l  ~~~~~~~O e S I 5 , tha t

thn means of the samp les w er e  e q i a l .  T~ er~~f- r e , li ch t

131
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traffic was a factor in more controller caused HATRs than

in HATRs caused by other factors , and the local experience

levels of the cause factor controllers were lower than the

local experience levels of controllers identified in HA ’Rs

caused by pilots , etc. This was consistent with two

earlier findings that the mean of the local experience

levels of the cause factor group of controllers is lower

than that of the non—cause factor group. Therefore , we

are able to conclude with a confidence level of 95 percent

that a significant relationship exists between local

experience levels of air traffic controllers , par t ic u larly

at the two year or less level , and the  q u a l i t y  of s e r v i c e

as measured ny Hazardous ,~~r Traffic Repo rts.

As a result of th~
-- above cencl is ion s , the follow-

ing recomm endations are oft .’red for nananement con—

3~~i erati on and for areas of further research.

P, ’cor - p - e n t i t  ion :;

The following actions are recommended for manage-

ment consideration Since local experience (particularly

the f irst twenty—four m or c -h s  of a controller ’s tenure at a

base) appears to be a major factor i n .  t h e  o c c u r r e n c e  of a

~ATR , we believe t at increased m anag erial emphas is shcil ’~

be placed on an air traffic c - n ~~r ~~~~~~~~~ ‘ s first two years on

station , and tha t a survey be initiated in an attempt to

define pr ob ,m areas affecting retenti on. The rat ionale

102
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for this latter recommendation is the fact that the high

turnover rate of personnel in the 272X0 career field

d r i v e s , of necess i ty , a h i g h  t u r n o v e r  r a t e  of l ine

controllers in the field. In other  words , the high tur-

nover ra te forces more people through the zero to twenty—

four mon th time interval than would occur if the force

were more s table .

Though unab l e  to v a l i d a t e  the  d e c l i n i n g  expe r i ence

level , this research demonstrated a significant relation-

sh ip between the quality of service as measured by HATRS

~nd the first two years of local experience regardless of

total experience . In an effort to improve the quality of

service of th is g r o u p ,  the auth ors .;u bmit the following

recommendat i or.s.

F~ rst , supervio orv emphas is should continue at an

increased L e . ,.p l even a f t e r  th e controller has been rated

un t i l he h ag  a ~r i n ~~ n . : n  of t~ nr.~ y— f, ’~~r m onths on station.

Secon d , increased eoohas~~
,; sheuli :e  p~~ ’a ce~~ on mangerial

an d superv i sory  ev a l u a t:°n s.  The CATCO , chief controller,

or a supervisor who n o r m a l l y  does not  w o r k  w i t h  t h e  new

( z e r o  to t w e n t y — f o u r  month local experience ) controller

sh -o:l1 increase their number of spot or nc—notice cver—

t o e — g h o u l - i c r ” e v a lu a t i o n s  or, a c o n t ro l l e r  a f t e r he is ce r—

t i f i e d . T h i s  w o u l d  ~er1 t o  reduce any complacency t h a t

cou ld  develop  i n  a c ’n t r o l l e r  a f t e r  he r e a l i z e s  t h a t  he is

3 3
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a rated , “ tulifledged ” controller , but before he has been

exposed to  a greater number of air traffic problems .

Tb~~r ~: ; , i-creased emphasis should be placed on

crew ~nte~ r~ tv  ~the same controllers working with each

othe r over a period of time). The rationale behind this

r e c o m m e n d a t i o n  i 1  that the men on the crew work as a team

and toe team fur ,ctions better when each member of the team

.inows the other menu- er;. The full effect of crew integ-

rity is not known and constitutes a ma~ cr portion of a

recc~~ endation for further study .

Another method of r e d u c i n o  t h e  number of control-

lers in the zero to twenty —four month local experience

level of controllers is to reduce the  numo er of ir .tr afac ;—

l i t y  t r a n s f e r s  . . . the number cf time s a cent r o l l e r  is

moved betwe .~n fac~~l~~ties and therefore re—enters the z~ r c

to twent y—four month local exoerlence zone . ~~~~ ‘ r.~ 
-

t h a t  m ann i ng r e q u i r e m e n t s  ~~~~~~~~ preclude this; however , a

concerted effort in this area shcu d be stressed. ~astly ,

and in parallel w i t h  our fourth recommendation , the num be r

of Permanent Change of Station (PCS) assi.~nmer .ts should be

reduced to the maximum extent possible. This , toe , wou ld

reduce the numb er of times a controller enters to at zero

to twenty—four month local experience level , thereby per-

mitting him to gain greater knowledge and experience abcut

the local air traf fic area and the operational customers

he serves. One must recognize , however , that any increase
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in stability may be accompanied by a loss in managerial

flexability and may not , when all variables are accounted

for , result in an optimal solution.

Along with the above—stated recommendations for

possible management action and policy changes , we recom-

mend the follow i ng areas for further stud y and analysis.

The first recommendation deals with a reduction of

the r.umter of personnel falling in the zero to twenty—four

m cn t h local experience group. We believe a study should

be ~~~~~~~~~~ to id e n t i fy specific alternativ es that would

result i n a m e r e  stahl .’ work force . The b en e fits of a

more s tab l e w o r k  f o r c e  a r~ fewer per sonn el tran: ;fer s into

t h e  more vuloe r ’anl ” zero to tw o rt y— fo jr m crth iccol

e x m e r i e n c ~ or o ’ ;p ,  i n c r ’~ased  q u a l : t y  of service , an d  lower

nersonne l costs due to f e w e r  PCS m cv e~; .

The second reccmmend ’at~~on deal- ; w ith the effec-

t i v e n e s s  and ef :ici”ocn of measures of the qualit y of a i r

tr a ffi c contr ol serv~~ces. Our resear ch dem onstrated that

a sign~~ficant rela tions h in ex :°ts he~ ween the local

e x p e r i e n c e  lev e ls  of a i r  t r a f f i c  c o n t r o ll e r s  and t h e

q u a l i t y  of  s e r v i c e  as m e a s u r e d  by H a z a r d o u s  A i r T r a f f i c

Reports . However , the sreci~~ic s’rengt h and nat .:r~’ of -h~

r e l a t : o n sh i p  c~~-i ld  not he ident if ~~ed f r o m  t h e  e x i s t i n o

dat a .  T h e r e f o r e , new m e a su r e s  sh”ul~-d be devised t o  pro—

~~~~ m an a ~~e m e n t  ‘w ith tools  t o  not only me asure the effec—

t i v e n e ss  of i t s  c o nt r o l l e r  f o r c e  b u t  a l s o  p r o v i d e  a b a s i s

lo~

- - — ~-~~~~~--- - —,
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fro m which to measure the impact of policy changes on the

quality of service as related to experience levels.

The third recommendation is that AFCS undertake a

study of the job environment of the controllers in an

attempt to access the impact of factors such as crew

integrity, shif t length , rota t ion sched ules , specif i c job

ass ig nmen ts, the degree of job satisfaction and , the

eff ect of the ceographical location on the quality of ser-

vice. These variables were not considered in this st,:jy

and their emission may have attribu ted to the inconclusive

regression.

The final recommendation is that AFCS coordinate

with the Air Traffic Services Branch of the Federal

Aviati on Administration in an attempt t o  have the F7.~A

re view their systc~ms de .’i at~ ons ~a measur’~ of quality of

services similar to the ~ATR ) to determ ine :f the same

vuln erable zero ‘-a twent y-four month period exists within

th eir work force. It is recognized that , wit h the much

more stable work force , the relation sh~ ms may not he as

i n t e n s e  as w i t h  the hi~~h l y  m o b i l e  U SAF c o n t r o l l e r s  y et  due

to a m u c h  g r e a t e r  number of f ac i l l t ~~es and contr ollers , it

ma’ ; still he ident ifiable .

~n corcljsion , w h i l e we have not heck able to sum—

por t a declinin g experience level or an attend ant

increa se in the numbet of ~ATRs , based on our sample we

have been able ‘- o demonstrate that the local experience
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level of the non—cause factor c o n t r o l l e r s  is i n c r e a s i n g

and that the controller caused HATR rate has decreased.

Furthermore , we have identified a subpopulation of

cont rolle r s tha t appears to ha ve a si gn ifican tly h iTher

vulnerabilit y to HATRs than the remainder of the popula-

tion regardless of total experience. That subpepu lation

is character~~zed by a local experience level of from zero

to t w e n t y — f o u r  m o n t h s .

In  t h i s  t h e s i s  we have  a t t em p t e d  to i d e n t i f y  t h e

e f f o r t  of e x p e r i e n c e  levels on the q u al ~~tv  of ATC ser—

V~~5e5 . Our stud’; has ~d’-~n t~~f~~ed a n e e d  f o r  s t a b i l i ty  ~n

t h e  w o r k  f o r c e  t h a t  m ay he enhanced by an increased reten-

tion rate. Thoush an rncrea se ~n retention wou ld result

in an incr ease in stahil ~~tv , t he costs assoc:atcd with it

are -un known . Theref ore , a cost ben efit ,an~~~ysjs should be

underta ken t o :nsure t o a t  t h e  h e n e :  it s to ~e ca~ ned are

not exceeded by the costs inc ur r~~d p r i ~r to an’; mana cm ent

action .

10~
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~e Lev ’’, ~Y H C i ~~t lic k :: - n  FF~

T b .  -
~ ~~~~ ~ .~~~ 

- a  2 r~~nd an t ~~~is concerns the exnerlence 1~~ve
o~ A Y S  ~ . . r : : t : : . c  . n t r ~~ (ATC ) sori-,el ~n’,’olved i n  h a z —

a~~r t: i: c : ’ rt~ (HATRs) subm ttei since 1 Jan 74.
S• t i s  -

~~~ ..rn,~~she :~‘.a with the fol1ow~ n.: ~actors : total
ex:er~~’~ -e , o~ al ~~tm~ ty~-~’ f t c i 1 ~~tv ex:er~ ence , total

uca r.co~ e , : r . i d ~ ’ , i\FS ~~ , du ty po~~~ticn arid facility
in  :-,. The ~~: - : - - r i c e  levels f r . u n  dY 74 , JY 7 5 , a nd  CY 76

1: - d  a t : . .  o a o o  o t n ~~:- and  t h~ ccn~mand s~:ii eu co n—
- :  Ic: (.\F,2J 2~~_ 53 , L 2 0 , in  .2” ) J )  exner~ .:nce e v e, s

~~~~~~
• - - . : : ---. : t ’ t ~so: 5 a n  : t : i 3 - ~~:, ”’

~. S .unei,’.i sor~
- . . t  O S O i ’ .”~ L , n r  .~~,eri ;ut f non the o,’eral , data. The

~4 , JY 75 , and 76 sul .er’.’:sor ex :enience levels ha’,’e
al s o  ‘o ’~~~’un ~~a:- . ’ d  ;a~~n u o e~~-h t n ~,r  ~n d  t~~~’ c o m m a n d  exne i—

0’ . 7 . 7  - a n d  ‘2  - n e : S : n n e  . dn ~~:n ’ ’e : t r :  2
tre - . ~n cl - , Hi i. ’-,

~o.: u.n - a ~o~, -n  as ta~;e n : : m  :ne ~~~~~~~~~~~~~~~~~~~~
_ o  S ,mm :‘ ‘ ~ ‘ :--. ‘, ,~~~‘n : r ’ ’  : b a s e  con ~~~~~ ~iAT7 ~~

i A • ’ A~’:~ - 
‘ — . Source Houmern,r -

~~~~

.“.‘ .itta ~s n P~~r~~~n n ~ - O m ~~~~ t C 5

~°~‘r :.1:) is ~~~~~ ‘- a n d  3~~~~~t n  ~~~~~~. C a l c u l a t ~ . u n s  f o r
~~\ ‘ Z ~~, a : ’  : i s ’  O n ~~n : O n m a ’ su~p:’ by ~~~ A F J

each cc -

~ t~ e _ 1 O  ~iAT~ s : , : i t ,~~. - d  - i . : . n ~ 2’.2 74 , 81 ~nvo~~~~:t , r  t r  ~f ’ ’  - . -y ’- l ers arid ‘ ners m e l
~~ . ;- :e: ’;:s.~ ns , wj ’ : ’ -  c ted as o m r r : n . ~ t i n- :  factor:.; .

75 ~~ of t he  1.29 ~AT~ O s .n . --. i t ~~~ d : - t ’ d  l l  contro l—
l e r s  , ‘. i i n  : su:ervi .; :r; , is  con : c i :  :t in:

T h i s  con:: t n ’ : ;  - 12 of t h e ’  54  ~ A T R s  f i l e :  iur:n : dl’ 7~-
-‘.n:ch :i.tod l-~5 c:nt :- . o I - r s , _ . ‘. . d : m . ’ LI S-,:ner,’~~sors , is

a 1~~sc of e:-To:omce 1e’ el mean :; f:r il l
o •‘r’,

~~ ~rs :~ ntr lle:-s n - .’ ~~~~~~~~~ ~ n ‘:; i u r l n  dl’ 4 ,
• t :  t dl’ ‘‘- as  ‘ -m n  a n - ’ t - ’ c - j - ’ ,t n d  sk~~l led  ., or trc I Ion

“--:n~’::”nce

5 2 a m  3 .2’ an
l Ie - i S ki l l ed

al  ~T . -o- ’ ’ r , Y  ‘
~ dl’ ‘A Controller

A T J  5 .6  •.‘
~~~~ 5 . S v:- s ‘ . l~ y r s  5 . 0 0  y r s  ‘- . 80  y r s

3. a ) yrs 4... 2 yrs NA 3 .8  yrs NA

Loc al  .~~ ~~‘.‘rs l.5~ yrs l.~~l yr s  1. 8 5  yrs l .8a yrs
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NCTE: The ta ’. f a c : L ~~tv  oxne :~~erice m ean c ou l d  no t  be c o n —
noted frjm the SPIIU.’S da ta so no cornnar~ son can be made.

The data 1~~ste’J above mcrrrays a ccot~ nu~ o~ decrease the
total ATC expcr~ ence leve l of control ers ~n v c l v e d  ~n HATRs ,
wO~~cn p a r ~t l 1 e L s  the decreasi:,; c ommand sk~~I~~ - i  c o n t r ~~~’ ’ 0 r

exper :ence le’.’el. The’ exper~~e::ce’ love! similar t y r i e

fac~~l:t:es showed a s~~- n.~~f~~cant deo :-2as e dur:n : C? 7’ , as
comma r ed to a sl~~-;ht : ncr e a s e  f o r  C? 75 over dl’ 74. Th~e x n e r~~enc e 1e”.’el at the p r e s e nt  -on : t ot ass~~cn m e n t  i ,ncrea ,ed
si’~;ot ’ ’’ ~or~ n-~ C? 7~ and ;s t  s : ; h t l ’;  lower to~~n toe
command skilled :o’nti- zol.e r m o a n  f o r  c-c~~ e x n er ~~enc e .

The fol .ow:n ~s a 1~~uo o: e x n er : en c e  l” ’,’ . ’l m oans f -on suoer—
visors ~n ’.’o1ve’d  HAT PO d~;r : n  : JY 4 , CV “5, -and C? 6 as

i r - ’d t o  ‘ om,mar ,d s-unenv~ sor’.’ ( 2 7 2 ~~O and “290) exner~ ence
leve ls .

5 C t n  ‘. 3 J an  77
So: “n

T o  a . Ex’- ’’r ‘V ‘ 4 ‘V .‘ co t : 2 ’ :  2 ’.’ ‘ Contr ol

3 .3’ yns ‘,Oa yns 13 .30 ‘,- :s ~.40 ‘;rs ~~~• a o  
~‘r S

5.30 yr.; 5.53 yrs NA 6.1.: y r s  NA

Local .2.2 ’. ‘.‘n . ;  2 . 2 ’ -  crs 2 ,12 yr :;  3.29 yrs .2.24 ‘:rs

a n t  luctuat:: ns ,n 000a , ATC “ ,-:~~er : enco  of s
v’.,s-~rs was c.tosed :~~,‘ toe numn ,!n o: nersc:.ne w : t o  m o r e  t h a n
2 0  y e ar s  exn~’r~ enc~’ c:’ ed t oe  data; s::~: tor~ n ; CV 74 ,
toree dur~ o : dY ~5 , i n :  13 d : n ~~n CV 7 6 .  A l m o s t  h a l f  of

s ’ r :s~ r s i. t”n ’ f : ’ d  bur ~ o: C’.
’ 

~~~ w e :- ’ ~n t o~~s c,ato—
The s-u:.’’r’::so:-’- ’ (2 T27~ !2”2~~.) A 0 ’  .‘xner :..coce l’~’~’el

~n : r- ’i s c  i e ow. ’”n S .Th:- ‘
~~

- m i  3 C a n  ‘
~~~ ~s a : o s u l t  of a

-n : - - . the ’ sorer’:~ So r’: - : ; “  .T~~03 to 2 3 1 0 .  rh~’
‘‘so los.~~s ’w”n ’ ~n t : . .’ I w - :  • ‘ni t h i ’

• • , second in~ 0 . - i  :d  t e ’rn  - o n t o .  1: ers. Tie c-on—
t~~nu e d  :n o r e ’ ~ :;“ 10, ,;an~o t’,’n ‘o f i c i .  1: t ’~’ e x n e r~~e nce  w a s
on t b . ’ n-:nb .-’r of s : : - ’n ’ .’ s  :r s w :~~ o mo re ~h an f:ve years

I’,’ ~ 4 , t i ’ ,’e ‘l’ ~~~ , as comna red
14 2? ‘

~~~~ . Th~ sam ’ h . 2  is too ’’ f o r  l o c a l  exper~ en-:s’ as
~sorg i.1e: ’~~ : : ’ ’. wi~ h oh in t h r - ~’

~‘~‘a : ’s loca  ~‘:‘:ncrionce has f u c t - u a c ’ d ;  r -~n s~~x ~ n dl’
CV 75 , i :; c om:: a r oct to : ne in CV

The  g r a d e  of :c’n~ r ° I I o n s  ~~~~~~~~~ in  }~AT~ :~ has re’noa~ nei
fairl y con -

. a n t  in .  h ” r  : i t e s  of occ’~rr’nca in. CY “~‘1 as
ir e’ CY 74 and CY ‘

~~~~ . Th e .mb.-c of E-3s anne~ar~ :-.
t o”  Li t  a n as no’ n :n creas ~n : .;i  nce  C? 74  ~and  ~s ;ne oft h e  m rtme fa ct °r~ hr :n:ir ,; the ox::’’ r:er,ce level . t - ’w n .

—~
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Another nr:me factor ~s the n.-imLer of cnos s-tra~ nees e r o t e i —
ir ig  the career  t~~e l d .  Thr ee out of 12 ~:-7s .ini tou r oLt
a: 20 E — ~~s , all with ex oer ~~e ’nce  le’.’ e s  we ll below that of
other controller s ~dent~~f~ ei ~r t he  HATR data , were n.oted.

The rate occurrence by i~~~ll le’.’ t- .~ also :ema~ nod fairly
constant. The fo 1ow~~n u  ~s a 1i~~t cf  o t~t ATd exner~ ence
level means for controll ’:s ~~O y o 2 ’ ,”.: i  ~n HATRs io r~~::: CV 7 6
as c-om~~ared to the command m.e~ o ‘-x;.er~~ n c -  !e’,’ e s  r ea ch
AFSC .

‘2o t a l  A:C

AFSC HA TR

2 . 23  ~ ‘- a r - ;  . 2 40  y e a : : :

‘ . c  y e a r s  .54 y e a rs

15.25 ~‘ ‘o~~n~ ~~~~~~.
‘

2 . 0 0  - ,- . - i :  s . 4

N CT : :  AF SC l ’: l I  ~s n o  ~ n.L- l - : t e ’  t i n  ‘ i l’XX e x o e n : —
ence I c ’ ,’ ‘ ‘ I .  A , - s : o w n  a b c ’” - , no A T ’  ex:~~-: - - ‘ - - of  c o : . o n ~ I —

HAT~ S le ss than t h~ - : o n~m a c ,  I - - c  “r ~~er c e
a l l  A F C - s .  To ’ ’ snaIl s_ o e of  t o ’  ‘0 ~o :  1’ ~X

:;amr’le s, f;:: and o nr e e  i’:o.c,’ . i : a l s r e s z • ’00 ’, e !- .’ , sh - ;:
be cons~ dere’d :‘-: n~~t~ n. ; • n” Ian ;. ’ ~if~ ’~renc’: ~n o m l  AT

The’ fo  I ,ia ’ a a:’: lis’ ‘i f :-

‘;2’r :-~. :‘ures .c, :;.ar”n.t~~.’ s~ s :nJ . it S o ’  : ‘  .sor’ n.’rscnne l
‘I  .. L-’ I ~~~

‘, t h~ ,t e d  o ’ : - e ’  , T a l  A~ 
‘ ex: .’ r . on ~~~

- a~~d t c o a l
f a ’ : I : 0 2 ’  e x p en i e n : e ’  ~~t t a  w o n ”  o c o  a ’.- i i . i i - I e  r :. .‘

.~~sor d’or~ n.~ C. ~ Joe  t PCS before : . ‘ HA TP - . i s  -, :  ~essed .
d .noi ’-’t ’ m n.:-:.rmao~ ora -

~ a.; ava:l,a.2e’ f ’r so m e .~~t ‘oe HATRs
s’::-nn,ttei ~i : r~~0 , ;  CV 74.

T ° a l ATC :,~n ’:r~~’:~~” ( ‘ ‘ e ’ a r :~)

-TV 4 .2’ “
~~~ C’:’ “

~~~

~~~ than 1 15 13
1— 2 13 (1) 7
2—3 1’- (‘j 14 (1)
3—4 1 3 ( 1 )  10 (2) 10(2)
4—5 ~~(1) 13(2) 11 (1)

12 (1) ~(4)

1~~2
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CV ‘4 C? 75 CV 7~,

6—7 6 4(1) 7 (2)
7— 8 8(4) 4 4
8— -i 2(1k 3(1) ‘3(l )
9,_ i .) ‘ ( ‘ )  3
10— lI 5 (3) 2(l) 1(1)
11— 1 2 3(1) 1 (1) 1 (1. )

1 3 4(4)
13— 1 4 0 2 ( 1 )  1(1 )
1 4—1 5 0 4 2 (2)

1(1) 0 2 (1)
i t , — ’ . ”  1 0 0

.2 0
1(1 ) I 0
0 1 0

- — 2 1 1 C
2 2 — 2 2  0 0 0

.3 0
2 3 —2 ’  0 0

1 0 0

T.-~~~l J ane ‘c’:e • t~~’ ’ ~.• ?Tx:er:en:e (:‘-::s)

0

L ess  t h an 1 5 ( j )  1” 24 ( )
1—2 1 (2) 14(1) 24
2— 3 22 (3) 6(4) 13

1 2 ( l )  14( I ) 10(2)
4—S ~~l) 

“ (.1)
5 — ’ -  ~(3) ~ (1) 13 (’- )
6— ” 4 ‘(l) 6t4 )

3(3) 5(l) 3(1)
- — I  2(2) 0 2

~— I3 .2 2(l )
l I - I l  5 ( 2 )  3 0
i _ — 1 2  1 0 1 ( 1 )
1 — 1 3  0 2(l) 1(1 )
1 3 — 1 4  1 0 0
1 4 — 1 5  0 1

0 0
0 0

.3 0 0
1 1 0
3 0 0

2 -21 0 1 0

11 3
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Total L-o.al Experience (‘~‘ears)

____ 
C? 7 5 CV 76

Less than. 1 3 8 ( 7 )  4 5 ( 3 )  34(4)
24(4) ‘ ( 2 )  3 6 ( 3 )

2— 3 18(2) 14 (3) 18 (5)
3—4 11 (3) ‘.1 (2) 9(2)
4— 5 3(2) 4 (1) 2(1)
0 ” ’ ’ ) 0 1 4 ( 4 )
‘-— 7 1 (1 ) 0 1 (1)

0 0 1(l)

C V 4  C? 75 C? “6

E - 2  0 4 4
E—3 ~

‘ 15 18
E— 4 I) 2 2

42 ( ‘)  27 (S) 26 (6)
22 (8)

5(2) 8 12(7)
0 0 0
1 0 0

0— 1 3 2 0
— -,

— -

0— 3 1 0

AF SC

Cl’ .: 4 CV 75 Cl’ “

3~ 50
2 2 ;  -

‘ • SO
1 0 4

3

P -. s t on

.2’ “4 CV 75 Cl’ “ 6

ATC NC 1 0 0
~
‘:

- -:‘~
‘ C h i , e f  1’- — 16

Ser~~cr ~~ n~~n~~~Ie ’r  3 3 5
A p p r o a c h  1 ’ !par t ~~r e .2 20 24

C:; n t r .o I
Arr~ -,’i1 Cont ro ‘.5 II :0

“-4

- -~~ ———- -~ -~~~ -- —~~~~- --~~~~~~~~- -



CY 4 C’x’ ’
~ C ’~’ 76

F~ na1 Control 8 11
15 4

Local Control 28 30 22F1i~ bt Data 4 2
Ground Control 1 1 4ATRC 0 1 0

Fac~~1~~ty Rao~~n.;:;

CV 74 CV 75 CV “6

R—APC 53 43 41RFC .3 24 22GCA 8 19 15CT 41 38 45AT RC 0 1 0
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