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1.0 S UMMARY

Several of the autu:m~tion f u n c t i o n s  introduced by the ARTS III

Enhanc~ nicnt ~rogram will result in productivity improvements . This

was the principal finding in the ARTS III Enhancements Costs and

Benefits Stud y (Reference 1). Thus , f ewer cont ro l lers would have

to be ~~1dcd to the t e r m i n a l  work  fo rce  to accommodate f u t u r e  L r a f f i c

g r o w t h .  The E n h a n c e m e n t s  w h i c h  can increase  p r o d u c t i v i t y  a r e :

o Termina l I n f o r m a t i o n  P rocess ing  System ( T I P S )

o M e t e r i n g  and Spac ing  ( M & S )

• C o n f l i c t  P r e d i c t i o n  and Reso lu t ion  ( C P & R )

• Cont ro l  Message Au tomat ion  (CMA )

The previous cost/benefits study of the ARTS Enhancements con-

cluded that the largest productivity gains would be realized by the

automated flight data handling capabilities of TIPS . This analysis

also concluded that the costs of most of the Enhancements could be

justified only at the largest ARTS TRACONs . While other sources

of ben ef its ( s a f ety improvements and delay reductions) are larger

than those due to productivity, the benefits which accrue to TIPS

and CMA are predominantly productivity gains. Further , the TIPS

gains are achieved primarily by eliminating the flight data (FD)

positions in the TRACON and tower cab. These positions are typi-

cally the first assigned to a new trainee. Hence , there arose the

question of whether the productivity gains calculated in the costs

and benefits study woul d be lar gely lost due to increased training

time . The training impact of these Enhancements is the principal

issue addressed in this study .

1—1
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A detailed productivity analysis of two Level IV ARTS facili-

ties was conducted in support of this study . These productivity

gains , with and without training impact , were extended to the can-

didate Enhancement sites. The results of this analysis are reflected

in Table 1. The training impact of the productivity gains shown con-

siders the entire training cycle , including the facility on-the-job

training (OJT) , which is the point of heaviest impact. The nu~~ er

of deve lopmental controllers needed when the Enhancements are avail-

able reflects these changes. In addition , an analysis of the staff

savings made possible by TIPS at ARTS satellite towers is included .

These results are projected to the ARTS Enhancement candidate sites

to determine overall productivity gains , including necessary modifi-

cations in the training cycle. Other data are taken directly from

the previous benefits and costs analysis.

The princi pal conclusion of this analysis is that the training

impact has a minima l effect on the earlier ARTS Enhancements Benefits

analysis. Some decrease in developmental productivity will occur

because of elimination of the FD position; however , this reduction

is small. This small loss in developmental productivity is due to

the fact that a longer time would be required to certif y on the first

(ground control) position after the flig ht data position is eliminat-

ed. This analysis was based on “worst case ” assumptions regarding

reduced developmental productivity . These assumptions included the

elimina tion of flight data and clearance delivery positions.

In addition to the principal analysis , the e f f ect iveness of

alternative training aids in accelerating the training cycle was

1—2
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TABLE 1

ARTS ENHANCEMENTS -

PRESENT VALUE BENEFITS AND COSTS
CURRENT DECISION DATA

EXPECTED PRESENT
VALUE

__________________________ 
( $  M I L L I O N )

BENEFITS

Delay Reduction 518

Equi pment  S a v i n g s  6

P r o d u c t i v i ty  84 .6  / 8 8 . 6 *

TOTAL BENEFITS 608.6 /612 .6

COST 77

BENEFITS / COST 7 .90 / 7 . 9 6

DIFFERENCE DUE TO
T R A I N I N G  IMPACT 0 .8%

* First nunther reflects the impact of training ;
second number ignores training i m p a c t .

1—3
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‘~xamined . A radar simulator , or other screening technique , used tc

accelerate the washout rate , can save salaries paid to those develop-

mentals  who u l t i mately wash out . Annual salary savings of $50 - $218

thousand per year has been projected , depending on how much the wash-

out rate could be accelerated. A facility radar simulator could re-

duce OJT time (which requires one-on—one supervision by a full pro-

ficiency level (FPL) controller) and thereby save time in achieving

position certification . Also , using TIPS to store other facility

related data (approach procedures , letters of agreement, etc.) which

must be memorized by the developmental could accelerate the training

process.

The time constraints imposed by the Whitten Amendment will not

allow the developmental to progress to FPL any sooner regardless of

reduced OJT and classroom time to achieve certification on particu-

lar positions. However , this does not present any cost disadvantages

to the FAA as long as the developmental can be assigned to work those

positions for which he is certified . The principal savings from re-

duced training time is fewer hours of FPL staff tied up in “non-

produc tive ” OJT or classroom instruction .

Based on the data summarized in Table 1, it is concluded that

the training impact of introducing ARTS Enhancements does not ma-

terially affect the quantifiable benefits or costs previously cal-

culated .

1—4
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2.0 ARTS ENHANCEMENTS PRODUCTIVITY IMPR OVEMENTS

The benefits provided by ARTS Enhancements fall princi pa l l y in-

to three categories: improving safety, decreasing ATC delays at the

termina l , and increasing productivity . In an earlier study (Refer-

ence 1) which calculated these benefits , the principal conclusion

regarding productivity improvements was that the bulk of the improve-

ments would come from implementation of an automated flight data han-

dling system similar to the Terminal Information Processing System

currently under development. This system would essentially elimi-

nate the need for the flight data duties currently performed in the

tower cab and the TRACON . The flight data , rather than being man-

uall y transcribed onto paper strips and physically moved about the

facility, would be stored in a digital computer and automatically

presented to each position as required by the air traffic control

process. Other Enhancement items , such as control message automation

and metering and spacing, would increase the peak capacity of the

radar controller , but productivity gains would be real~~ ed only by

reducing staff growth as peak hour traffic increases in the future.

The flight data position is usually that position to which the

developmental is first assigned , since it requires relatively fewer

skills. While performing the fli ght data function , the developmental

also learns other necessary materiul about the facility, such as its

geography and general operating procedures. Therefore , even though

the flight data function can be eliminated by the TIPS , the question

remains as to whether such elimination yields full productivit y

2—1
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improvements since the developmental who might previously have per-

formed the flight data function might not be capable of other pro-

ductive work in the facility until he had achieved a higher level

of on—the-job instruction . It is principally this question to which

this study is addressed.

In addition to determining whether alternative productive assign-

ments for a developmental are available in the TRACON , the study also

investigates whether it is possible to utilize other training tech-

niques to effectively accelerate the period spent on OJT instruction

at the facility . In particular , the use of a training simulator

might accelerate the washout rate of trainees and developmentals.

Earlier washout saves the unproductive p3rtion of salaries paid

prior to washout .

The previous ARTS Enhancement anal ysis considered implementat-

tion at only the 30 largest ARTS [II facilities . A benefits analy-

sis concluded that implementation of all Enhancements at smaller

sites was not cost effective . Thus , this analysis is concerned prin-

cipall y with the larger ARTS III sites , which are candidates for the

full Enhancement package . These sites are predominantly Level IV

facilities (27 Level IV facilities in the U.S.) . Level III is the

lowest level activity which mi ght be so equipped (75 Level Ills in

the U.S .) . Although the full Enhancements will be limited to the

larger facilities , the Terminal Information Processinq System will

be deployed at all ARTS III facilities , and possibly at smaller

t1W( V ri ; and TRA :ON:; as well
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3.0 THE TRAINING CYCLE

The typical trainee air traffic controller is recruited from

a Federal register , after passing certain basic skill and aptitude

examinations , by a termina l or center facility . After an initial

(two weeks) indoctrination at the facility , the trainee is sent to

the Oklahoma City Training Academy for sixteen weeks of instruction

in the basics of air traffic control and radar and non-radar tech-

niques . The trainee is then returned to the facility from which he

was recruited for continued on-the—job and classroom training. This

facility training will inc lude classroom instruction which indoc-

trinates the trainee in the general knowledge regarding the facili-

ty ’s geography, procedures , etc. The trainee then begins a qualifi-

cation process which involves on—the-job instruction . He becomes a

developmental controller as he begins the position certification pro-

cess and beg ins to operate the position under direct supervision un-

til he has demonstrated proficiency . Generally, for a new recruit ,

the flight data position in the tower cab is the first position as-

signed , since it is the easiest to master. In many smaller facili-

ties , it is combined \~.ith the clearance delivery position . Typically,

a minimum and maximum number of hours is allocated in the facility

training program for the trainee to master the skills of that posi-

tion . After position certification , he can be assigned to operate

tha t position under general supervision. The developmental then pro-

qrcsses to more complex positions , again operating the position with

direct supervision by an O~JT instructor. Later , once he has demon-

strated sufficient skills , he is certified on that position to

3—1
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operate it under general supervision . Typically, a developmental

may be in the certification process on several positions simu lta-

neously and at the same time periodically rotated to those positions

for which he is already certified . This assures maintenance of pro-

ficiency on those positions already certified , and a diversit y of

experience on those in process. This training cycle is described

in detail in Reference 2. Figure 1 shows a typical career pa t h

which leads to FPL status at a Level IV facility .

There are two important constraints on the rate at which the

developmental progresses. First , when recruited at the GS_7* level ,

he is constrained as long as he remains in that grade to operate a

limited number of positions. As he progresses to Grade 9 and sub-

sequent grades , tOe number of positions for which he can be certi-

fied increases. This is an absolute constraint on the rate at which

any developmental can progress through the developmental cycle.

These constraints are shown in Table 2 (Reference 3)

The second constraint is that the Level IV (largest) facili-

ties , of which there are 27 in the United States , ty~ icaliv do not

use new recruits as developmentals; they generally recruit , if pos-

sible , a full proficiency level controller from a smaller (Level

III or II) facility . The full proficiency level controller will

have already developed some skills necessary for the lower level

facility , and therefore in those particular positions , he w i l l  have

an accelerated learning and certification process in the new , larger

facility . For other skills which were not required at the earlieL

facility, he must start initial training for the certification

* So m e r~Vv rui ts a t  the GS—5 level dro Liken , but they a ro  p u t  through a p r o —
developmental pro~~ 11m t o  b r i i i ~; up h:isi~- skills and know1cd~ e pri or to o u t  t ’ r i f l5

the t rain  j f l y  ( V VO I e
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TABLE ~*

TERMiNAl. DEVE LOU)MEN1AL POSi TI ON
QU A L I F 1C A T I O N / C E R T I F I C A T I O N

PROMOT I ON REQUIREMENTS

Radar
Radar A ppro ach
Approach Control
Control (without
(wi th CAB) CAB)

POSITION CERTIFICA - CS LEVE L LEVEL~~~1
TI~ 4 REQU I RE~~ V NTS GRADE It  I I I  IV II I I I  IV

Develop mental ii
Flieh t Pata _______ — —
Develop m enta l ,
Ground Cgntrn l ~ X 

— — — — —

Developme ntal 
~Clea ra oc e Delivery _~~

_ L. — — —

Deve l opmental
Fa d ar -A ~ ’,ocia ted 9 

— — — — —

D ev e lo pm ent al Radar- 
~ ~L~~S O C S R t C d . L i r- i ted — — — — —

Local  io

A pproach 10 
. —

Local 11 X

Radar 11 x x

Approach Ii

Developmental
Loc al-A s sociated — — X 

—
~~~ 

— —
~~~

Developmental
Radar-A s a or Ia ted _J!_ _ _  _~~

__ _
~~._ — —~~-- —~~ --

Deve lopmeru ta I
Loc al

Loca l  12

Approach 12

R a dar  12 X X
Developmental
I.ocql 12 X
Developmental 2/ 

— — _~V _

R a d a r-Limited — 12

R a dar 13 X X

1/ Training Received Upon Returning from the FAA Academy .

2/ Limited to working not more than 507~ of the radar po s itton e of operation which

con.tttutas the ful l performa nce level .

* D at a  in rom FAA Not ice N 3l20 . V’+ S  u N i t e d  8 — 1 2 — 7 6 .
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process. Ev en then , he will have a better general feeling for the

ATC system and undoubtedly progress more rapidly by virtue of his

prior experience as an FPL (full proficiency level) controller in

a smaller facility . Thus , the new arriva l, even though he was FPL

at a smaller facility, must be certified by the appropriate train-

ing personnel on each position in the new facility prior to the

time he can become an FPL controller at the larger facility . Since

the lower level pos it ions , including flight data and clearance de-

livery , have been mastered in the lower level facility, the new

arrival at a Level IV facility spends relatively little time in

achieving certification at  these positions. This is referred to

as “subsequent ” as opposed to “initial” training . Thus , very littli

OJT time is required or allowed for certification on the flight dota

or clearance delivery positions . Their elimination would have little

impact on the overall training cyc~~ - it Level I V  facilities. Table

3 shows the maximum OJT tim e- allowed - r i .  each position as defined in

Reference 2. The facility chief may red ’e these maximums . A lso ,

not-. that if a facilit y has several positie ii of ane type (i.e.,

radar), th~- tota l OJT time is t~ie appropriate ;ultip le of the time

shown in Table 3.

As an individual moves through this training c~’cle , he can

“ wash  o u t ”  a t  e s sen t i a l ly a n y  p o i n t .  I t  is obv ious ly  j~r e f e r a b l e

to have the washouts occur earl y in the cycle to avoid ti~~ cost

of salaries prior to washout , and also to fill the pipeline with

individuals who will ultimately achieve full proficiency level.

I f , a f t e r  ex p e n d i n g  t h e  m a x i m u m  number  of a l l o w a b l e  hou r s  w i t h  OJT

3— 5
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TABLE 3*

MAX IMUM ON THE -JOB AND CLASSROOM INSIRUCTION TIME ( H OU R S)
FOR FI RM ! NM. CONTROLLER POS IT IONS

IN IT IAL S U B S E Q U E N I
P O S I T I O N  OJT OV I F CLASSROOM

F .l i h t  Data 80 40 160

Cle irance Delivery 50 30 20

Ground C o n t r o l  150 75 80

Local Control 180 90 80

Non—Radar 80 40 120

Radar 120 90 200

* Data  from t he  Term ina l I n s t r u c t i o n  P r o g r a m  Guide
TP— 12—O—l , d a t e d  Ma y , 1976.
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instruction, it is still impossible for the individual to satisfy

his supervisors that he has achieved the necess ary sk ill s, the in—

dividual cannot be certified on that position . Once achieving full

proficiency level at the Level IV facility , and therefo re achieving

the grade of GS-l3, he is still subject to periodic over-the-shoulder

evaluations and proficiency training .

Since t r a i n i n g  can absorb a s i g n i f i c a n t  f r a c t i o n  of the to ta l

productive manpower in a facility , it is an important element in

the overall labor cost of operating the facility . Typically, a

larger burden of initial training falls on the lower level facili-

ties. The larger facilities present a more demanding environment

and thus require a full time training staff to assure that the fa-

cility will have the necessary FPL controllers available when re-

quired .

As the developmental progresses through the training cycle ,

he increases his productivity at the facility by qualif ying on more

positions , thereby being assignable to those positions under gene-

ral supervision. This rate of progression is limited by the indi-

vidual’s capability and those function—in—grade limits defined in

Table 2. Table 4, derived from an unpublished Air Traffic Service

analysis of qualification rates (Reference 4) , shows the average

p r o d u c t i v i t y  of developmenta l s  as a f u n c t i o n  of t i m e  t h ey  have been

in the training cycle.

V 3—7
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TABLE 4 *

PRODUCTIVITY RATES FOR TERMINAL DEV ELOPMENTAL CONTROLLERS

PERIOD (months) PRODUCTIVITY hOURS LOST ‘10 TRAINING **

0 —  3 0 470

4 — 6 .10 423

7 —  9 .18 38 5

10 — 12 .25 353

13 — 15 .36 301

16 — 18 .48 2 2 4

19 — 21 .6 188

22 — 24 .7 141

25 — 27 .76 113

28 — 30 .82 S5

31 — 33 .90 47

34 — 36 .95 24

37 — 39 .96 19

40 — 42 .~~~~~ 9

43 — 45 1.00 0

46 — 4 S 1.00 0

TOTAL HOURS LOST 2802

A V l ~R A~ -~ !‘ROOUtlIVI TY
D U R I N O  48 M O N T h S  = .63

* l) a ta d e r i v e d  f r o m  ( 1ual if  i c at  i on R a t  c s  f o r  G S — 2 ]  52
Ai r T r a f f i c  C o n t r o l  S p e c i a l  i s t s , R e f e r e n c e  4 .

** 1881) h o u i r s / y c a  r

3—8
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4 . 0  IMPACT OF ARTS ENHANCEMENTS ON
PRODUCTIVITY OF

TERMINAL CONTROLLER POSITIONS

The initial ARTS Enhancements study was performed prior to

the time that a w e l l — d e f i n e d  T e r m i n a l  I n f o r m a t i o n  Process ing  Sys-

tem was developed . Since that time , more detailed data on TIPS

specifications have been made available by a Mitre developed Sys-

tem Description (Reference 5): these data are used in the following

analyses . In some cases , additional functional capabilities could

be added . These capabilities are described in a later section.

Since TIPS is the source of the largest productivity gains , It is

the major factor in this analysis.

In the following paragraphs , impact of TIPS on the various

positions staffed in the TRACON and tower cab will be defined. In

addition to the impact on the position as staffed by an FPL con-

troller , the impact of eliminating or modif ying the position func-

tions on the overall training cycle will also be discussed . Sub-

sequently, th se individual position anal yses will be transformed

into an overall staff reduction for the 1987 time period .

The other productivity improvements made possible by metering

and spacing, conflict alert , and control message automation princi-

pally impact the radar positions. These Enhancements will have

Less impact on the training cycle since they affect only the radar

positions which are typ ically the last positions certified .

4 — 1
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4 . F L I G H T  DATA P O S I T I O N  - TOWE R CAB

One flight data positicn is generally located in the tower cab

where the principal activity involves tearing off flight strips

which are sent from the center via the FDEP printer an d moving

these about  the f a c i l i t y. These printed strips are modified as

necessary and inserted into plastic holders and passed on to the

clearance delivery position . In those cases where clearance de-

livery is combined with the fli ght data position , the clearance

delivery position delivers the appropriate clearance to the air-

craft and passes the flight strip on to the ground control posi-

tion . Flight data is received from the center for all IFR flight

plans; VFR Stage 3 traffic has a flight strip initiated at the

flight data position . While the fli ght data position may have

some peripheral duties such as recording visibility observations

and recording ATIS broadcasts , t he  bulk of the duties are totally

eliminated by the TIPS . Any peri pheral duties can easily be com-

bined with the clearance delivery position when clearance delivery

is separatel y staffed. In Level IV faci1iti~~s and in many larger

Level Ill facilitie s , separate flight data and clearance delivery

positions are necessar for peak hours operations since one man

c a n n o t  h a n d l e  the  combined w o r k l o a d  of the  two jobs.

W i l u n these p o s i t i o n s  ar c  combined  a t  the s m a l l e r  f a c i l i t y ,  the

TIPS would in some cases allow total elimination of the clearance

delivery position as well as the flight data position by merging

it into the ground c o n t r u l  position. At some low level facilities ,

this consolidation is used presently.

4 — 2

- ~
‘

~
‘

V• -

. - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-- -- V - -

In the Level IV or higher Level III facilities , where most

developmental controllers in the training pipeline have previously

been c e r t i f i e d  FPL at  a lower level f a c i l i t y ,  e l i m i n a t i o n  of the

flight data position would have relatively little impact on the

training cycle or on the flexibility to staff the various positions.

Typically, less than 40 hours is allowed an FPL developmental to

check out on the fli0ht data and 30 hours on the clearance delivery

positions (Table 3) . The classroom training for the flight data

position would be larlel y unaffected since it includes much general

material specific to the facility . Table S briefly describes this

material.

4 . 2  FLIGHT DATA IN  TIl E i i  A( ’O~

In many cases the fli~ ht data function in the TRACON is staf-

fed in a more complex manner than in the tower cab. In some cases ,

one or more individuals are assigned purel y to flight data functions;

this can include init~~~tinq and modif ying flight strips and distrib-

uting them to the radar posit le ns in the TRACON . In the case of

the Atlanta TRACON , for example , one flight data position is staf-

fed full time . This individual devotes 100 percent of his effort

to pure flight data functions. Clearly, this position can be to-

tally eliminated by the introduction of TIPS . In Jacksonville ,

however , four flight data/handoff positions arc staffed at peak

operations. The fraction of the time each of these positions de-

votes to the flight data function \-aries from 90 per cent  to 30

percent. While a l l  of t l i c-  functions cannot be eliminated by TIPS ,
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‘tABLE 5*

FACiLiTY CLASSROOM IRA I N I  N O FOR
FLIGHT DATA POSITIONS

(up to 160 hours)

I . I iRM I NA I AREA I N FORMA T’ I (IN

A. Local Airport Da ta
B. Airway S tructure , N A V A I P S , e tc.

I I .  EQU I P M E N T

A. Operat e FDEP (replaced h\V TIPS)
B. O p e r a t e  I n t e r p h o n e  Sy st em
C. Ope r a t e  R a d i o  C o m m u n i c a t i o n s  E q u i p m e n t
D. Opt - rate A u t o m a t i c  T er m i n a l  I n f o r m a t i o n  S e r v i c e
1- . Operate NAVAID Mon i t o r i  II~~

V D e v i c e s
F . Operate Recording Equipment
C . Operate Electrowritc- r
H. O t h e r  Equipment  (ART S . Cuoisole I n s t r u c t i o n , Li~~h t  I ri~~, e t c . )

I I I .  PROCEDURE S

A. Facility Positions
B. Handbooks , D i r e c t i v e s , etc .
C. Flight Data Procedures
D. Flight Data Handling
E. [Sc of Interphone
F. NOTA M S
G. Records
H.  A i r p o r t  Emergenc ies

I V .  WEA THER

* Dat i from the T er m i n a l I n s t r u c t i o n  P r o i ram O u l d e
TP—12— 0— l , dated Mae , 1976.
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the four positions could be reduced to two , with the resulting po-

sitions devoted to supporting the radar positions .

The elimination of the fli ght data portion of these positions

likewise would have little impact on training in the Level IV and

larqer Level III facilities . In the smaller facilities , the larger

number of d e v e l o p n i e O t V t i s  m i g h t  be in the  G S — 7  or GS-9 category , and

i t  .‘~ould be impossible to assign them to positions other than the

f l i g h t  d a ta , c learance  d e l i v e r y ,  and suppor t  f u n c t i o n s .  In  such

instances , tIn elimination of these lower level positions would

not allow the staff to be effectivel y utilized . (This is due to

the constraints imposed by Agency Order 3120.45.)

4.3 IMPACT ON MANAGEME N T A N D  C L E R I C A L  STAFF

The current AT staffing standard (Reference 6) specifies a

number of management and clerical positions that are allowed as a

function of the total controller staff . Therefore , if the elimi-

nation of positioos made possible by ARTS Enhancements reduces the

st a f f , it is also possible , in some instances , to reduce overal l

m a na g em e n t  and clerical staff. Table 6 defines the total support

staff allowed as a function of the professional controller staff.

These reductions will be taken into account in thc total staff sav-

ings made possible by t h e  Enhancements .

4.4 GROUND CONTROL POSITIONS

In the event TIPS automated all the functions of the flight

data  and c l ea rance  delivery positions , some add itional work load

4 — 5
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would t r a n s f e r  to the ground control  posit ion if he were the in-

dividua l contacted by a p ilot request ing IFR c learance .  In order

to per form the ground contro l f u n c t i o n , the ground control ler  needs

from the p ilot certain information , including his departure gate .

The pilo t must be told his assi gned beacon code . Unless cer tain

“canned” departure procedures have been agreed upon between the

center and the tower , it is necessary for the clearance delivery

position to get an IFR clearance . The ground control position must

also handle arrivals after landing, but this would not be impacted

by TIPS . The add i t i ona l  workload t h a t  would f a l l  to the ground

control position would be minima l, and would not be expected to

s i g n i f i c a n t l y  impact the number of a i r c r a f t  the ground con t ro l l e r

could hand le .

4.5 RADAR POSITIONS

Wh ile the radar  posi tion s are not di rectly impacted by the im-

plementation of TIPS, the radar controller should have available

for his use a more timely coordinated flight data product than it

made possible by the manual manipulation and updating of flight

strips. If the TIPS utilizes the ARTS key board , as p l a n n e d , the

ARTS computer can activate TIPS f l i g h t  data transfer. The use of

TIPS to store and display weather data , satell ite approach proce-

dures , and letters of agreement could accelerate the position cer-

ti f i cation by the developmental and allow more rapid and saf er

response to unusual situations .
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A minima l additional training burden would be imposed on the

radar controller positions since the controller would also have

to be able to manipulate the TIPS System as well as the ARTS Sys-

tem in order to receive his flight data . However , the training

time to utilize TIPS should not be significantly greater than that

required to learn to manipulate or view the flight strips as they

are currently printed . There should be no change in the format

or content of the data prov ided by TIPS unless such change is

des ir ed by th e user.

The other Enhancement functions which significantly impact

the radar controller include control message automation , metering

and spacing , conflict alert , and conflict resolution. No experi-

ence has been gained with these to-be-developed techniques. How-

ev er , an analytical technique for projecting these impacts was

developed by the Stanford Research Institute (Reference 9) . These

studies concluded that radar position peak capacity would be in-

creased by 10 to 45 percent if all the Enhancement automation aids

were implemented . Table 7 shows the c u r r e n t  r a d a r  complex  staff-

ing standard for peak operations rates (peak hour for the shift

on the 37th busiest IFR activity day ) . Table 8 shows these same

rates for the full Enhancements that would be projected from Ref-

erence 9. The actua l gains are those derived from Level 3a of

automation , which is the UG3RD level with curient airspace struc-

ture. Averages for arrival and departure sectors studies (Oakland ,

Boston , and Washington National) are used.
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TABLE 7

RADAR COMPLEX STAFFING STANDARD*

RADAR COMPLEX AIRCRAFT PER HOUR

ARRIVAL 0 — 14 15 - 19 20 or Greater

DEPARTURE 0 - 16 17 - 24 25 or Greater

ARR I VAL/
DEPARTURE 0 — 15 16 - 23 24 or Grea ter

COMPLEX STAFFING 1.0 1.5 2 . 0

*Data from the ATC Staffing Standard System , Reference 6.

TABLE 8

RADAR COMPLEX STAFFING
WITH FULL ARTS ENHANCEMENTS*

RADAR COMPLEX AIRCRAFT PER HOUR

ARRIVAL 0 - 18 19 - 24 25 or Greater

DEPARTURE 0 - 20 21 - 30 30 or Greater

ARR IVAL/
DEPARTURE 0 - 19 20 - 29 30 or Greater

COMPLEX STAFFING 1.0 1.5 2.0

* Data derived from the Air Traffic Controllers Contribution t o
ATC System Capacity in Automated Environments , Reference 9.

4— 9

- V 

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~ J



~~~~~~ - - _

The current system would require a position to be split if

the peak hour count grows beyond some maximum which depends on the

complexity of the airspace. At some facilities , highly structured

sectors can accommodate peak rates of 60 per hour or more , usually

for periods of less than one hour.

Thus , the exact point at which sectors would have to be split ,

or airspace structures changed , is difficult to predict with pre-

cision . The other factor affecting maximum operations rates is the

V 
physical capacity of the airport. The two Enhancements which can

significantly affect this are wake vortex avoidance (reduced sepa-

ration behind heavies) and metering and spacing (more precise time

control and therefore less average separation)

The training impact of these advanced automation functions on

the radar controller is difficult to estimate at this time . No

experience has been gained in the area of training with such a

highly automated system . It seems likely that classroom and self-

study time would increase somewhat simply because there would be

more ARTS functions to be mastered.

4.6 RADAR ASSISTING POSITIONS

The staffing standards (Reference 6) provide for the staffing

of three kinds of radar complexes. The 1.0 Complex has a single

cont ro l l e r  to operate  the radar  console; the 1.5 uses a shared

assisting controller to support two radar controllers; and the

2 . 0  Comp lex provides a full time assisting con t ro l l e r  to the  con—

troller operating the radar scope. The capacity of each of these

4—1 0
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complexes is def ined  for staffing purposes as the rnaxirnur number

of aircraft per hour that can be handled by the position. The

facility is to be staffed so that the available position can han-

dle the maximum hourly workload during the 37th busiest day at

the facility . Table 7 defines the capacity of the radar complexes

as currently envisioned . Table 8 defines the capacity which would

be possible if the full array of ARTS Enhancements were available.

The sapporting positions are significantly impacted by the

availability of the TIPS System. The exact functions assigned to

the assisting positions depend on the specific facility and the

airspace structure at that facility. Typ ically, these positions

are defined as flight data positions , handoff positions , or coordi-

nator positions. In all cases , the principal purpose is to support

the individual manning the radar scope . Many of these duties are

eith er simp lified or eliminated by the availability of a TIPS dis-

play for the radar controller and/or his assistant. If a flight

data position is staffed in the TRACON , TIPS will allow its elimi-

nation. In many cases , however , the flight data is handled by the

assisting controller as one of several other duties , including

handoff and coordination functions. Based on the distribution of

tasks identified in the Atlanta and Jacksonville analysis , it ha s

been concluded that if TIPS were available , the 1.5 Complex staf-

fing would be effective in handling the largest n umber of aircraft

per hour by the radar controller . In other words , the installation

of TIPS should eliminate the need for devoting one ass i s t ing  con-

troll er f ull time for the su pport of the radar con troller in the

4— 11
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busies t  sectors .  The p r o d u c t i v i t y  ana lys i s  tha t  fo l lows  assumes

that the 1.5 Complex is capable of handling the peak aircraft per

hour rates which had previously been accommodated by the 2.0 Com-

plex staffing .
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5 .0  PRODUCTIVITY ANALYSIS

5.1 ANALYSIS APPROACH

The previous ARTS III Costs/Benefits Study ( r e f e r e n c e  1) de-

t e r m i n e d  pro du c t i v i t y  improvements which could be expected from thr

automated flight data handling capability and with a full ARTS En-

hancement program . The approach used in this present stud y is an

a n a l y s i s  of p r o d u c t i v i t y  g a i n s  t ha t  can be expected at  twe l a r g e

ARTS I I I  f a c i l i t i e s .  These p r o d u c t i v i t y  g a i n s  have  btcn calculated

from existing staff positions and a projection of the  number  of

posi t ions requ i red  in the f u t u r e  w i t h  ARTS III alone and with t u e

Enhancements. These calculations are based on available traffic

projections and staffing in November , 1976 . The analysis tnen

determines the productivity gains per unit operation at these two

facilities , and projects the average productivity gain t~ all ARTS

f a c i l i t i e s  which  were cand ida t e s  for  the E n h a n c e m e n t s .  The impact

of training requirements on these gains is also analyzed.

Since  the e a r l i e r  s tudy ,  new FAA traffic projections have been

developed and the staff at the two facilities has changed slig h tl y .

Thus , in addition to a review and update of the productivity gains

to be expected at these facilities , this study includes a correc-

tion for losses in average trainee productivity due to the elimina-

tion of flig ht data positions and increased classroom training time

n e c e s s i t a t e d  by the other ARTS Enhancement functions. For the

reasons explained in the preceding chapter , no impact on overall

5—1
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t ime  to achieve FPL s t a tus  is expected because of the E n h a n c e m e n t s .

The constraints described in Table 2 governing the in-grade activi-

ties of the air traffic control specialist are still the pacing

factor in the rate at which the developmental can progress to FPL

status . Nothing visualized in the Enhancement program is expected

to a f f e c t  t h i s  ra te  of p rogress ion .

The major impacts of training are twofold: First , the produc-

tivity of the developmental controller prior to the first position

certification can be expectea to drop slightly ; second , some addi-

tional training time , principally classroom training , will be re-

quired to teach the radar controller as well as the tower cab posi-

tions how to operate the additional automation equipments .

The fo l l owing  sections include detailed analyses of Atlanta

and Jacksonville. The staff projections with the ARTS Enhancements

are based on the position impact statements in the previous chapter .

The future staffing required with ARTS III only , ARTS III plus TIPS ,

and the f u l l  Enhancements  package  is ca lcu la ted . Then , the p roduc-

tivity gains are pro jec ted  to a t o t a l  productivity savings at t h e

candidate ARTS Enhancement sites. The impact on the overall develop-

mental population at these facilities is isolated and presented

separately. Finally, in Section 5 .4 , these results are summarized.

5 . 2  TRAINING IMPACT

In order to assess the impact  of e l i m i n a t i n g  the f l i g h t  data

pos i t i on  on developmental  p r o d u c t i v i t y , the data  in Table 3 w i l l

be m o d i f i e d  as fo l lows . To dete rmine the maximum impact , assume

5 — 2

.1.— ,
.3- - . - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~—-~~~-—_ -— -_ - ~~~~~~~~~ - --_ --—~~~ -— - -  - — V - ~~~~~~~ .



the f ull , initial OJT and classroom instruction time for flight

data and clearance delivery must be completed prior to any develop-

mental productivity. This “pushes forward” the productivity sched-

ule (in Table 3) 310 hours , the total OJT and classroom instruction

time for flight data and clearance delivery . In other words , it is

assumed that the developmental must learn the flight data and clear-

ance delivery skills but that he cannot be productive until he is

certified on the next position (ground control) . Figure 2 shows

the origina l productivity data , derived from an unpublished FAA

anal ysis of controller qualification rates (Reference 4) , plotted

on a graph and the same curve displaced 310 hours to the right .

This productivity data is currently used in the Advanced Recruit-

ment Model (Reference 6) to determine the number of new hires re-

quired to satisfy future staffing requirements. The number of new

recruits is based , among other factors , on the rate at which the

developmental’s productivity increases . The faster the develop-

mental can be assigned to positions under general supervision , the

faster he can contribute to facility staffing .

The displaced curve in Figure 2 results in the modified pro-

ductivity data shown in the table. This modified productivity

curve is a “worst case” of the training impact created by f l ight

data position elimination. This modified curve assumes , in effect ,

that the developmental must qualif y on the first two positions

before he begins to develop any productivity . When this delay in

productivity is considered , the average developmental productivity
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becomes .56 over the four-year period . This imp lies that an in-

crease in developmental staff of 12 percent would be required to

accomplish the same work e f f o r t  as is c u r r e n t ly t he  case w i t h  an

average p roduc t iv i ty  of . 6 3 .

In October , 1976 , there were 1947 developmental controllers

in the t e rmina l  work f o r ce .  If TIPS were deployed over the entire

system , the decrease in productivity shown by F i g u r e  2 would re-

quire a maximum addition of 243 developmentals . The approximate

t o t a l  cost , if the average grade  is GS-9 , would be about  $ 5 . 3  mil-

lion per year. As will be seen later , this is a small fraction of

TIPS productivity gains . Thus , the maximum increase in training

time created by TIPS , and therefore , the maximum reduction in

developme nt a l  productivity , will not significantl y impact the

cos t/benef i t s  r a t io .

In the following sections , these developmental productivity

changes will be applied to the particular facilities analyzed.

These detailed results will then be extrapolated to tile larger

ARTS III sites.

5— 5
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5.3 ANALYSIS

As mentioned earlier , two Level IV facilities were analyzed

in detail to determine the productivity and training impact of

the Enhancements. The automation introduced by the ARTS Enhance-

ments would eliminate , or increase the productivity of , certain

positions in the facility . Therefore , it was necessary to iso-

late the impact of eliminating or modifying these particular

positions.

Table 9 presents the current and projected staffing of thV ’

Atlanta and Jacksonville TRACONs. This staffing is broken into

specific positions and the staffing standards applied and compared

to the actual on—board staff.

The following methodology was used to derive these staffing

projections:

1. Current FPL and developmental staff is the actual
on-board as of November , 1976. These FPL numbers
are in close agreement to those derived from
Reference 6.

2. Projections to 1987 were used since this is the
mid point of the 15-year equipment life cycle
(1980—95)

3. The staff projections were made for a TIPS plus
ARTS Ill-only environment and a fully enhanced
ARTS III which includes M&S , CP&R , and CMA .

4 .  The TIPS + ARTS productivity impact results in
eliminating the flight data position in the
tower cab and reduc ing  the a s s i s t i n g  con t ro l l e r s
in the TRACON to .5 per radar position .

5. The full Enhancements have the effect of the
TIPS , p lus  increasing the peak hour capacity of
the  radar  pos i t ions  as shown in Table 8.
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6.  The number of developmentals required for
al l  cases is assumed to increase  (decrease)
in direct  proportion to the change  in total
s t a f f  f rom the 1976 d a t a .

7. If  TIPS is implemented , then the number of
developmentals is assumed to increase (be-
‘, ‘ond the number computed in 6) by an amoun t

~ hich r e f l e c t s  the i r  reduced p r o d u c t i v i t y
c~ lculated in Section 5.2. This decreased
produc t iv i ty  r e su l t s  from eliminating the
FD functions .

Table 10 summarizes the calculations which derive the aver-

age productivity savings per operation at the two TRACONs. For

TIPS implementation only , this savings amounts to $1.14 per opera-

tion . The full Enhancements , including TIPS , would yield $1.82

per operation . These calculations include increases in the de-

velopmental s t a f f  due to the e l i m i n a t i o n  of FD p o s i t i o n s .

I f  these  sav ings  a re  app l ied  to the  la ree r  ARTS I I I  ins ta l -

l a t i o n s  f o r  t r a f f i c  p r o j e c t i o n s, the annual savings which would

then accrue  w o u l d  be in ~)ro~ - c r t  i o n  t o  t he  number of o p e r a t i o n s

shown in Table  11 .

In order  to c a lo a l a to  t n C -  1 5 -y e a r  life cycle benefit , assume

the  average  s a v i n g s  is - q - ~ - l i c 1 u 1e  over t h e  e n t i r e  j ’cr i o d . Thus ,

the p r e s e n t  v a lu  b e n e f i t  H ~-ornes , i f  t h e  e - eu i p m e n t  is  a v a i l a b l e

in 19 80:

18

PVB = A n n u a l S a v in g s
- _ _ _ _

l . l~
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TABLE 11

198 7 ITENERANT OPERATIONS
AT ARTS I I I  ENHANCE MENT TERMINALS

Terminal  1987 OPs x 1000

At lan ta  700

Balt imore 331

Boston 420

Chicago 740

Cleveland 358

Denver 499

Detroit 340

Honolulu 340

Houston 299

Las Vegas 400

Los Angeles 600

Miami 585

M i n n e a p o l i s  358

New Orleans 240

Philadel phia 460

Phoenix  677

P i t t s b u r gh 415

San Antonio 323

San Francisco 455

S e a t t l e  275

St. Louis 413

Tampa 369

Washington 341

TOTAL 9,938

5—10
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This calculation yields the results shown in Table 12 .

TABLE 12

PRESENT VALUE BENEFITS
( in  $ Millions)

WITH WITHOUT
_ _ _ _  

EQUIPMENT T R A I N I N G_ IMPACT T R A I N I N G  IMPACT

ARTS I I I  + TIPS 6 4 . 74 6 8 . 7 2

ARTS I I I  + TIPS*
+ SATELLITE TIPS 84 . 6 4  8 8 . 6 2

FULL ENHANCEMENTS 123.26 127.24

*See Section 5.4

5 . 4  STAF F SAV I NGS AT TOWERS

Once TIPS is i n s t a l l e d  at  an ARTS I I I  f a c i l i t y, i t  becomes

r e l a t i v ely i nexpens ive  to remote t e r m i n a l s  and provide TIPS capa-

bilities at  s a t e l l i t e  towers as w e l l  as in the tower located at

the p r i m a r y  a i r p o r t .  The larger  towers typi ca l ly c a r r y  one f l i ght

data position on the two busy shifts , which can be eliminated by

TIPS . A r e a s o n a b l e  c r i t e r i o n  to e s t a b l i s h  if a tower is large

enough to r e a l i z e  such i s a v i n g s  is w h e t h e r  an FDE P p r i n t e r  is

installed . Table 13 shows the number  of tower airports served by

each of the ARTS I l l- e q u i p p e d  TRA CflN s and i n d i c a t e s  the  number

equipped with FDEP.

The ARTS Enhancements cand idCton are identified with an aster-

isk. These sites have 50 towers equ:~ with FEDP . If two posi-

t ions per tower can be eliminat~ -o , this results in a staff savings

5— 11
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TABLE 13

TOWER AIRPORTS SERVED BY ARTS III LOLIPPED T R A C U N S

Numbur of Tower Airports Served

TRACON Tota l _V VN±’
~~~~~~~~ 

M ilitary FAA FAA w/ F D E P

Birmingham 2 2 1
*phoenix 4 2 2 1
Tucson 2 1 1 1
Burbank 2 2 2

*Los Angeles 4 1 3 1

Oakland 10 2 8 3
Ontario/Riverside 7 2 5 1

*Sacramento 6 3 3 2
San Diego 9 4 5 1

*Santa Ana . 7 3 4 2

*Denver 4 1 3 1
Windsor  Locks 2 2 1

*Wash ing ton  3 1 2 2
*J a ck s on v i l l e  5 3 2 1

8 1 7

Or lan do 2 2 2
*Tampa 5 1 4 2
*A t l a n t a  4 1 3 3
*Honolu lu  1 1
*Chicago 5 1 4 3

Indianapolis 1 1 1
Des Mo ines 1 1 1
C o v i n g t o n / G r . Cin c in n at i  2 2 2
Louisv i l l e  3 1 2 1
New Orleans 3 1 2

Shreveport 3 1 2 1
*Bal t i more 3 2 1 1
*Boston 5 1 4 2
*Detrojt 5 5 3
*Mj nne apo l i s  4 4 1

*Kansas City 5 1 4 2
*St. LOu is 3 3 1

Om aha 2 1 1 1
*Las V egas 2 1 1 1

A l b u q u e r q u e  1 1 1

5—12
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TABLE 13 (Contd.)

Number of Tower Airports Served

TRACON Total NFT 
- 

M i l i t a r y  FAA FAA w/FDEP

Albany 1 1 1
Buffalo 2 2 1

*New York 13 1 12 6
Rochester  1 1 1
Syracuse 1 1 1

Char lo t te  1 1 1
Raleigh 1 1 1

*Cleveland 3 3 2
Columbus 3 1 2 1
Dayton 2 1 1 1

Oklahoma Ci ty  3 1 2 1
Tulsa 2 2 1
Portland 3 3 1

*philadelphia 6 2 4 2
*pittsburgh 3 3 2

Providence 4 1 3 1
Memphis 3 1 2 1
Nashvi l le  1 1 1
El Paso 2 1 1 1

*Dallas/Fort Worth 7 2 5 2

*Houston 3 1 2 2
*San Antonio 4 2 2 1

Salt Lake City 1 1 1
Dulles 1 1 1
N o r f o l k  6 4 2 2

*Seattle/Tacoma 3 3 2
Milwaukee 2 2 1
*San Juan 1 1

TOTALS (63) 218 2 52 164 90

*Enhancement Candidate Sites

**Non_ FedC--r~l l Towers
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of 160. These pos i t ions  would approximate  the GS-ll level , and

hence represent a savings of $3.5 million per year . The staff at

these towers is too small to anticipate a significant training im-

pact.

The s a t e l l i t e  tower savings  is computed as fol lows :

Total Positions Saved = 50 Towers x 1 FD Pos i t ion  x 2 Shifts = 100

Total Staff Saved = 100 Positions x 1.6 = 160 Staff
Total Dollars Saved = 160 Staff x $l7 ,000* x 1.28 Fringe Pkg. =

$3.48 million/year

These staff r o du c t i n s  wi ll be largely independent of traffic growth

since further C O f l S O I I U V I t l O f l  beyond elimination of the FD function is

difficult even in the largest satellite towers.

Thus , i f  t he  TIPS ca : ab i l i t y  were available in 1980 (N=4) , the

15-year l i f e  cyc le  b e n e f i t  w h i c h  would  accrue , u s ing  a 10 percent

discount rate , is:

18

PVB = 
_ _ _ _  = $19.9 million.

N = 4

*Initial GS—ll salary is $17 ,056.
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6.0 ALTERNATIVE TRAINING MECHANISMS

The in t roduc t ion  of advanced automation affects the training

requirements , as described in the preceding chapters. First , the

elimination of some positions can affect the overall training cycle ,

and there fore  the rate at which  developmentals  become p roduc t ive .

Second , changes in those functions that must be performed by the

radar controller can affect the classroom and OJT instruction re-

quired. The radar controller must learn new ARTS III functions as

well as new radar techniques to fully utilize such advanced auto-

mation functions as Control Message Automation and Metering and

Spacing . New and innovative training techniques can undoubtedl y

assist in improving the overall training function . This section

discusses several of these techniques . Since , in most cases ,

there is little experience with these techniques , no data is avail-

able on how the training cycle woul a be affected .

6.1 RADAR T R A I N I N G  SIMULATOR

The use of computer—based simulation t- ’hniques has increased

in training complex system operators , and the ase of aircraft simu-

lators has been common for some time . Recently , the Air Force has

procured a radar proficiency simulator for the use in RAPCON5 and

the more elaborate radar training simulator for initial training

of air traffic controllers. Several foreign countries hove pro-

cured broadband radar simulators. These devices are just coming

on-line and no significant data on their use has been a c c u m u l a t e d .

6—1
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The FAA is currently in the process of procuring a radar

training simulator for use at the FAA Academy . One of the goals

of this simulation is to force earlier washouto . In the current

terminal training program , 38 percent of those developmentals who

enter at the GS-7 grade ultimately wash out before achieving full

pro f i c i ency  level .  This means that during the earlier period prior

to washout , par t  of the salaries expended on the individual who

u l t i m a t e l y  does wash  out a re  was ted . F u r t h e r more , the  ~ ro (;ram rL’-

quires that the capacity of the training p i p e l i n e  be g rea t e r  a t

the front end since constant attrition along tfi0 wa~’ leaves a lower

f low of q u a l i f i e d  FPL c o n t r o l l e r s  at the out~~u t end. The i m p ac - t

of an e a r l y  w a s h o u t  ach ieved  t h r o u g h  a radar training simulator , or

any  o the r  e f f e c t i v e  t e s t i n g  t e c h n i q u e , is e x a r p l i f i e d  by the follow-

ing model.

The total output of controllers , CFPL C can be C ~~ ressed ~~~

terms of the inpu t  of trainees , CT~ 
and tb~ w a s h o u t  r at e  during

each time period , W t :

C
FPL 

= C
T 

( 1 — ~~~ ) . ( l_
~~2

) .... ( l - W ~1 ) . ( 1)

I f  the s a l a r y  of the deve lopmen ta l  is S
T 

d u r i n g  each t i m e  per iod ,

the t o t a l  s a l a r y  lost  to wash  ou t s  becomes ;

CTST . \ r d ;  ( 1- W
1) (l-~’~1

) . .
~~~ ~~~n -l~ 

. (l-P~~) (2)

n=l

whe re  P~ is t h C )  d e v e l o p m e n t a l’ s p r o d u c t i vi t y  d ur in c i  the n th per iod .

- -~~.‘: 
- 
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Using the washout data from a 1974 s t ud y by th c I n s t i t u t e  fo r

Defense  A n a l y s i s  (R e f e r e n ce  7) , the effec t of earlier washout can

be d e t e r m i n e d .

I f  i t  is assumed t h a t  a s i m u l a t o r  does not r e d uce  the t o t a l

washout  r a t e , but simp ly i d e n t i f i es the  wa s h o u t  earlier , ti~~-n the

c u m u l a t i v e  w a s h o u t  rate w i l l  be the  same . In  o rde r  to a n a ly z e

t h i s  e f f e c t , a p a r a m e t r i c  v a r ia t i o n  on early ~ V a ~~~~~~~u t  is used .

T a b le  14 shows the results of a 25 , 50 , and 100 percent increase

in washout rate durin V ; the firt— t two periods.

TABLE 14

ALTE kN A T IV E  HH 1i UT SCHEDULES

P 1 . R r 0 0
1 2 1 4 5 (TM

( u T c t r i —  ( I c C - —
nat ionl Control) ( V 1 - R )  I F R )  ( R a d a r )

3974 ora . Dat . .1 .07 . 1 .07 .10 .38

2 5 4  I noro,lso 1 , - ‘ . 12 5  .088 . (181 .683 .081 . 18

40 7 I n c r e a s e  1, 2 . 15  . 1 1  .064 .064  
- 

• O h V .  . 38

1007 I ncr e a.Vn 1, 2 .2  . 14  .034 .03 4  .0 1-4 .38

Data on the duration of v c h  pe r iod was not availabl~ from

R e f e ren c e  7; t l~er  -fo r- .- , t or  m u rp o s e s  of the  s e n s i t  i v i t  y c a l c u la —

ion , the periods will be assumed to be two a u a  r t  era . Hence the

a v e ta O e  sa la ry , S , i.s $) , 000 J u r ic Vcq t h e  period (GS—9 x 1.28)

The c u r r e n t  ( O c t n L V e r  1976) devclopmei al popul ation is l’347 .

If the t ot .cl period i_ s 2.5 y~ ur s * , then the  initial p o p u l a t i on . ,

*[h&. total tim e to O i c i & V  FP L s L , c t u s  is  n o r , b u t  earl ic r C~,V V O 3 i U t  i s not
I i k e l v  to sig nificantl y i t  t o r t  s( 3 rat ion r a t ta h~-v acd this p er i o d .
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CT, w ill be 774 (= 1a37/2 .5) . U s i n g  the product i v i t  V~ d a t a  i n  F i t  1

4, the corresponding lost salaries for the four w i s h o u t  a s s u m p t i o n s

shown in  Table 14 are:

LOST S A L A R I  i-~S ANNEAL SAVINGS
S C E N A R I O  ($  M i l l io n s )  ($ Thousands)

Ac tual (‘74) 3.508

25% Increase 3.458 50

50% Increase 3.382 76

100% Increase 3.240 218

Thus , if the c u r r e n t  cu r l y  washout  rate were doubled (and tnt

c u m u l a t i v e  r a te  unc t i ~~nged)  , a sav i r e ; s o $218 , 000  per  i - ea r  w o u l d

be realized from reductions in lost salaries. Since classroom and

A c a d e my  t c c il it ic s  r t - : r e s e n t  p r e d o m i n a n t ly f i x e d  expenses , the

cu r l i e r  washout would result in few economies there.

The 15-year present value savings would t h en  be $1.55 million

if the current washout rate were doubled.

In addition to utilizing a radar simulator a t  the Academy ,

i t  L S  relatively inexpensive to add the necessary pilot consoles

and softwa re to the APTS I~~I computer to provide an effective

radar training simulator. One or more data entry and disp lay de-

vices would be required for t h e  training positions as well as the

necessary software modifications to support the training functions.

With a facility simulator , it would be possible to accomplish much

of the OJT radar instruction without interference with live traf-

fic. A n o t h e r  advantage is the ability to generate a variety of

6 — 4
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stress or emergency situations which a deve1opment~il would seldom

encounter in an OJT environment . Without experiments utilizing

such a simula tor , it is impossible to predict with a n y  precision

how much the OJT instruction time for the radar controller could

be reduced. Estimates from the training officers at the sites

analyzed in the preceding chapters estimated 25 to 50 percen t rc--

duction in OJT instruction time . This , of course , is not a net

gain since an instructor ’s time is required to utilize the simu-

l a t o r .

6.2 TEACHING MACHINE CONCEPTS

The TIPS System has all the basic technical capabilities re-

quired to serve the controller as a memory aid and/or teaching

device as well as a distributor of flight data . The current de-

sign anticipates utilizing TIPS for distributing weather and N OT AM

as well as flight da ta .

These , and other TIPS applications , w e r e  discussed at the 1974

National Seminar on TIPS (Reference 11)

One possible new application is to store in the TIPS System

all of that data which must be learned by the developmental control-

ler . Examp les of this data include approach procedures , letters of

agreement , and equipment characteristics. In many cases , even the

FPL controller may require refresher training on some of this data

which is seldom used , and could be greatly assisted by having the

a b i l i t y  to recal l  it w i t h  TIPS . Such adaptation of TIPS would be

a minor change , but could improve the rate at which the developmen-

tal ass imilates the da ta wh ich mus t be rem embered to perfor m his

6 — 5
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m anction . Separate termina ls could be installed to be used only as

training devices and could provide a teaching machine type assis-

tance for t h e  trainee when he is in a classroom environment. Any

acceleration of this learninq process which allows earlier comple-

tion of classroom time and earlier certification on position trans-

lates into direct dollar savings P7 increasing average developmental

productivity. To provide quantitative measures of such improvements ,

it will be necessary to perform experiments either at NAFEC or at

the  tower.
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7 . 0  RESULTS

The results from the earlier ARTS III Enhancements Benefits

and Cost ( R e f e r e n c e  1) ~ire summarized in Table 15.

TABLE 15

BENEFITS AND COST OF ARTS III ENHANCI- Mi-NTS

i C I t V D  ~-~A X A~.P ~
- I N

iPIU E 1 11- SI-NI —VALUE

- - — - VVVV V~ __V_ V V
( 1 C 1 t

~~~~
o R Y  ($  ~1 LL I  NS) ( $ ~

- . I L L I L N 5 I )

B E N E F I  ‘rs

Delay P - d u c t  ion 518 2 7 9  - 796

Pio duct iv ity 88 88 - 99

Safety 37 37 — 42

Equi~ - -nt S t V j ~~y S 6 6

TOTA L 649 410 — 9 4 3

COST 119 119 — 148

B~ NEFIT/COST 5.5 3.1 — 7 . 9

“CURRENT DECISION CASE”

BENEFITS 612

COSTS 77

BENEFIT/COST 7.95
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The largest source of benefits was due to reduction in delays.

P r o d u c t i v i t y  ga ins  were the second largest  source of benefits.

Since the earlier analysis , part of the enhancements have been

procured. This package included the Minimum Safe Altitude Warning

capability which is the only significant source of safety related

benefits. Therefore , the current decision will not involve these

capabilities. This results in removal of the safety benefits from

the current decision case , and a reduction in present value cost

of $42 million , the amount of the procurement.

The productivity benefits used in the final results include

only TIPS . This is because the data link capability provided by

DABS is essen t i a l  in achieving productivity gains from the other

automation functions (M&S , CP&R and CMA ) . Since the cost of DABS

and associated avionics was not included in the enhancement costs ,

the benefits are not included . The productivity benefits result-

ing from the full enhancements were calculated in Chapter 5.

The r e su l t s  of the revised productivity calculations are

shown in Table 12. These results show the productivity gains with

and wi thout  the decreased developmental productivity due to elimi-

nation of the Flight Data positions . The change in total benefits

is quite small (less than one percent) . Also , the assumptions used

in the training impact calculations qenerate the maximum cost , and

therefore the differences , even though small , are the largest

l i k ely to be encountered . Based on these results , installation of

TIPS a t the ARTS Enhancement sites and remote terminals at the

satellite towers served is recommended .

7 — 2

- .-
‘ 

. 
-

V 
- _

V - -~P j~.~7 
V



- VVV ~ V_ _-~~~ V V~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- - _ -~~~~~~~~~~~--- --~~

The to ta]  present value cost of the ARTS Enhancements , m i n u s

the equi pment a l ready procured , is $77 m i l l i o n .  This cost includes

all costs required for the productivity improvements except the

data link provide d by the Discre te Address Bea con Sys tem . Thus ,

the present value benefit cost rates for the current decision case

is 7.90 when the impact of training is considered , and 7.96 when

the training impact is ignored . The difference is less than one

percent.
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