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FOREWORD

The FAA has been increasingly concerned about the National Train-
ing Programs for development of En Route and Terminal controllers.
Divergent views have been expressed concerning location and duration
of this training, the order and content of the curriculum, the use and
capabilities uf simulators and the degree cf centralization that is
desirable. This report addresses these questions. Where answers are
not available now, a way of obtaining the answers is offered. Cost is

the dominant measure used in comparing alternatives.

In addition to tne authors, several people helped in the study
and the preparation of this report. James J. Bagnall performed an
early investigation of the simulation capabilities of the existing
ATC systems and the associated improvement program. Vernon I. Weihe,
consultant, of Arlington, Va., recviewed the capabilities of digital
computer simulators, particularly as they could be used for the
ARTS II system. The data obtained in the facility survey that was
performed were processed and developed by Elizabeth Ratigan of the
IDA Computer Group. Beth A. McClain helped to prepare the survey
data and also helped in using the results to develop program costs.
Their efforts are gratefully acknowledged,

A draft of this report was reviewed by Joseph G. Colmen, presi-
dent of Education and Public Affairs, Inc., and by Stuart H. Starr and
John J. Metzko, both of IDA. Their helpful suggestions and revisions

have made an important contribution to this report.

Finally, the assistance and support of Arnold Corradino, James I.
Moore, and H. Douglas French, Office of Personnel and Training, FAA,
are greatly appreciated; Gratitude is due for their efforts to obtain

much of the necessary information for this study.
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SUMMARY v

A. OBJECTIVE

The objective of this study is to provide information useful for
improving the air traffic controller training system of the U.S. Fed-
eral Aviation Administration (FAA), Speccial consideration is given
to the cost and duration of training and to the ability of the train-
ing system to handle various loads. Key issues are the benefits of

. centralized and noncentralized training and the nced for simulators,

B. FINDINGS

The principal findings of the study are summarized here, grouped
according to the tasks assigned by thc agrecment {or the study. Evi-
dence in support of each finding appears in the reﬁort on the pages
cited in parentheses.

Task 1. Training Load

1.1. The hiring requirement {or new. air traffic controllers is
highly dependent on tche separati%ﬁ‘rate of controllers and
the attrition rate of trainees. The present attrition rate
of trainees (FY 1974) is 43 percent for the en route option
and 38 percent for the terminal option. The average annual
separation rate for the last 13 years has been 5.1 percent

for en route controllers and 3.3 percent for terminal con-
trollers. Should these latter separation rates prevail
into the future, thernew hires needed to f£ill FAA projec-

tions of required controller positions are:




Task 2.

2.1.

2.2.

2.3.

2.4.

Task 3.

Trainee FY 1975 FY 1980

Attrition Rate En Route Terminal En Route Terminal
Present Rate 1110 1350 1160 1480
1/2 Present Rate 810 1040 840 11350
1/4 Present Rate 710 920 . 740 1000

(pp. 11-21) _

Training Process

Improved selection criteria are available that could reduce
the number of controllers who fail during training. If
failures could be eliminated completely, the cost of training
would be reduced 33 percent for the en route option and 22
percent for the terminal o tion. (pp. 25-26)

Objective measures of performance of air traffic control-
lers have been developed by the FAA but are not in use at
present. These measures are important for determining the
competence of controllers during and after training. (Pp.
27-30)

The presenttcurriculum provides the information needed by
controllers to do their work. However, questions about the
amount of time given to various segments of training, the
order of training (e.g., non-radar training followed by
radar training), and the value of training on prototype
sectors can be resolved best by an experimental approach
which would use the foregoing objective performance measures.
(pp. 26-27)

There is substantial evidence of lack of standardization
throughout controller training. An FAA office should be
vested with a positive rolé of certification of both field
facility training programs and the qualification of individual
trainees. (pp. 26-27, 61)

Simulation

The simulators in the National Airspace System, Stage A
(NAS-A) and the Automated Radar Terminal System (ARTS) III

2
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appear suffieciently realistic and adequate for radar train-
ing of controllers, although. they have some limitations,
e.g., analog information cannot be simulated on the ARTS
III system. These limitations could be remedied by develop-
ment of inexpensive software and hardware, some of which is
already under way. The simulators at the facilities are
usable for proficiency, remedial, and supplemental training.
Because performance is not measured objectively at present,
a program of software development to accomplish this should
be introduced. A simulation capability for proficiency
testing and supplemental training should be introduced in
the ARTS II. (pp. 35-41)

3.2. The cost of air traffic control simulators is a small part
of the training cost for developmentals (less than S per-
cent). A full simulation capability should be introduced
at a centralized training facility, presumably the FAA
Academy. (pp. 53-55)

3.3. The training requirements introduced by improvements in
future systems should be identified early in the develop-
ment cycle. This is important in order to procure hardware
and software for simulation and to develop pfoper training

programs in a more timely fashion. (pp. 57-58)

Task 4. Training Method

4.1. Within the accuracy of the study's cost estimation and
training program specification, there is little difference
in the costs of actual trainir of developmentals on a
centralized or noncentralized basis for either controller
option.

The duration of the developmental period has a strong

impact on the cost of training, and shortening of this
period can save as much as $48,000 for training each con-

troller. With full-time academic training, screening can

be accomplished sooner, and developmentals' unproductive




time can be reduced. A centralized facility would have
greater capability for full-time training than an operating
control facility.  (pp. 43~51)

5. General Findings

5.1. The total controller training budget is substantially
greater than is explicitly identified at present. The
actual amount should be determined and the application to
purposes of training should be reviewed regularly. (pp.
55-56)

5.2. New R&D on controller selection, performance measurcs,
order of training, and traininé techniques is warranted.

A focal point should be established to coordinate all per-
sonnel-related RED in FAA, including ongoing research, and
to respond to findings. (pp. 58-59)

5.3. [Fluctuations in hiring can and should be reduced. More
efficient use of the Academy would result. At current
staffing and training leads, approximately $1 million could

be saved annually by smoothing trainee enrollments.
(pp. 59-62)




I. TINTRODUCTION

A. OBJECTIVE AND TASKS

The objectivc of this study is to provide infommation useful for
improviﬁg the air traffic controller training system of the U.S.
Federal Aviation Admiristration (FAA). Special considcration is
given to the costs and duration of training and to the ability of
the training system to handle various loads. Key issues are thec
benefits of ccntralized and noncentralized training. The study ,
addresses thc following tasks (paraphrased {rom the work statement
rcproducced in Appendix A):

® Review the evolution of the existing national programs
for the qualification, refrcsher, proficiency maintenance,
and supplemcntary training of en route and terminal control.
specialists,

1. Develop estimatcs of the number of individuals who will
require various typcs of qualification and supplementary
training.

2, Access the adequacy of current specifications for training.
Compare (a) the content and relevance of present training
courscs and (b) the metholds used to establish competence at
course completion and the current specifications for train-
ing. Examine the extent to which the current specifications
for training are based upon analyses of on-the-job perform-
ance and the degree to which qualification standards have
bcen validated against operational performance data. In-
cluded would be an analysis of the need for, and a descrip-

tion of, the requirements for standardization and quality

vl
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control in terms of the implication or impact, or the lack
thereof, on training. .
3. Appraise the capabilities and limitations of thec state
of the art of simulation devices relevant to air traffic
control training. Describe and analyze the applicable
simulation, on-linc, and classroom facilitiecs that may
be required for training the anticipated loads. Include
the influence of such factors as number, type, and com-
plexity of equipment, location of the training facil-
ities, and sequence of progression through training
blocks upon the number of individuals who may be trained
per unit time, the duration of training, and the total
annual cost of the training program. The purpose of the
analysis is to provide information needed to make deci-
sions concerning the number, type, and location of
training facilities and cquipment.
4, Identify and evaluatec the alternative melhods currently ;
and potentially available in which training nceds could

be satisfied.

B. METHODOLOGY AND MANNER OF PRESENTATION

Standard fesearth procedures were used for much of the study; e.g.,
training materials were examined, visits were made to FAA facilities,
interviews and discussions werc held, regional and headquarters
reports were reviewed, research reports were studied, statistical
information was collected. Later, a survey was undertaken of all
en route and terminal facilities because specific data on training
at these facilities were needed. A scven-page questionnaire was
constructed and disseminated. All the centers and over 80 per- '
cent of the terminal facilities responded. Thesc responses became
an important: source of data for this study and may have value to

other FAA activities.




The main body of this report consists of chapters arranged in
the order of the tasks listed above, followed by a chapter that
covers a number of important aspects developed in the process of
performing the study. Nine appendices contain much of the support-
. ing data and information.

C. THE AIR TRAFFIC CONTROL SYSTEM

' The purpose of air traftic control (ATC) is to cnsure safe
and efficient movement of aircraft. Control of aircraflt in the
National Airspace Systeh'(NAS) is done from the ground, and it is
designed to keep aircraft separated from cach other and f; expedite
the flow of traffic. Control facilities develop information from a
varicty of sources, including long-range surveillance radars, Jlocal
airport radars, adjacent control. areas, and'by direct vision from
towers. Air traffic control is exercised at terminals and between
terminals. Control between terminals is called c¢n route control. En
route control in the continental United States is distributed among 20
air route traffic control centers (ART(Cs) for aircraft operating on
instrument flight rules (IFR). Terminal control facilities can be
divided into those capable of handling traffic operatihg on IFR and
those that can handle only aircraft operating under visual flight
rules (VFR). Controllers are usually classified by the kind of facil-
ity in which they operate, i.e., en route, IFR terminal, and VFR

terminal. Training programs for controllers are designed {or cach of

these specialties.




.y II. EVOLUTION OF THE NATIONAL TRAINING PROGRAM

This chapter reviews the evolution of the existing national
program for the qualification, refresher, proficiency maintenance,
and supplementary training of en route and terminal control special-

ists.

The objective of the national training program is to equip and
retain controllers who can make the ultimate decisions necessary to f
maintain the safe, expeditious, and orderly flow of air traffic;> At
times the controllers who operate this man-machine system perform
under great stress; often they operate under great boredom. The
character of this workload provides the basis for selecting and

training air controllers.

ATC services were initiated in November 1941. The training
program starééa in the same year and, in the next two years, seven
training centers were established in key locations throughout the
country. Wartime {lying demands caused the service to be considerably
expanded. Women were also recruited, and by the end of World War II
they comprised one-third of the controller work force. In contrast,
only 2.2 percent of enrollments for ATC training in 1969 were women
(Cobb et al., 1972). The pay of women has always been the same as,
that of men in the Air Traffic Service (ATS). )

After World War II, the regional training schools were closed,
and many instructors moved to the Aeronautical. Center established
by the Civil Aeronautics Administration (CAA) in 1946 at Oklahoma
City. However, most training reverted to an on-the-job training r
(OJT) method. Centralized training was authorized in 1956 by the
CAA at what became in 1959 the FAA Academy. When the ATC work l'l
force expanded in 1959-63, this centralized training comprised v

9




some 4 to 8 weeks of training on the so-called basic airman sub-
jects (e.g., flight navigation, communication, maps and flight »
plans). At that time the Academy program performed a primary screen-
. ing function by determining the aptitude of prospective air traffic

controllers while at the school.

By 1963, enrollment at the Academy had declined to 76 percent
of capacity. Although plans were developed to increase the depth
and amount of centralized training, ATC training at the Academy was
discontinued in 1963 when recruitment of new controller candidates
fell to a low level. The primary function of the Academy then be-
came the preparation and distribution of training materials to the
facilities which conducted the qualification, refresher, and sup-

. lementary training programs.

Centralized training of the 6- to 8-week variety was reinsti-
tuted in 1968, primarily for screcening purposes. In 1970, a major
part of the Phase II portion of the en route training program was
inaugurated at the Academy, and rédar control training was accom-
plished by using the simulation facilities at NAFEC. This latter
expedient was discontinued in 1972. Comparablc portions of term-
inal control specialist training werc performed at the Academy
beginning in 1971. However, lack of adequate simulation facilities
prevented effective radar control training, and it still does. The

present Terminal Training Program was adopted in 1972.

Refresher, proficiency maintenance, and supplementary training
have always been under the control and operation of cach facility.
The standards arc established at the Academy, which also prepares
self-study materials. For example, supplementary training associated
with the introduction of automation has generally been performed

on an expediency basis at each facility.

10
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III. PROJECTED TRAINING LOAD

This Chapter develops estimates of the number of individuals
who will require various types of qualification and supplementary
training. Estimates arc provided for three classes of training--
en route, terminal, and supplemental. A variety of data sources
have been used, including the recent IDA éurvey of training at
centers and terminals described in Appendix B. The estimates arc
based on the relationship between controller positions, attrition,
and training losses and reflect controller productivity improvements.

P

Some problems inherent in translating the necessary hiring to an

efficient training program arc presented.

A. METHOD

The method used to develop the estimates of the developmental
training load was as follows:

a. Determine from FAA (1973b) and FAA (1974f) the linear trend

of traffic handled by centers and terminals.

b. Take the linear trend through the actual number of control-
ler positions in the last 6 years (FAA RIS MIN 3300-5
reports) and the estimates of requircments through 1985
(Office of Aviation Economics, FAA, 1974c). The projected

productivity improvements can be observed.

c. Examine the history of the separation rates of controllers
(FAA, 1971b and RIS MN 3300-5 reports) to estimate a future

separation rate.

d. Estimate the attrition of air traffic controllers from
the IDA survey for FY 1974. [Similar attrition rates p

11
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were reported in the Corson Report (Corson et al., 1970)
and more recently in the Great Lakes Region (Hollinger,
1974).]

e. Use an elementary difference equation to predict necessary

hires, and hence the future developmental training load.

Another method of estimation was initially tried. In that
method, an attempt was made to construct an estimate from the sum o .
of the requirements at each individual facility and thereby reflect
their present situation and trends. However, there was such vari-
ability in the facility data (Appendix B) that consistent projeétions
were infeasible. This approach is unworkable without detailed know-
ledge of the separation, hiring, and training situation prevailing
at each facility.

B. EN ROUTE

The histery and latest projection of IFR traffic handled (over-
flights plus departures multiplied by two) for the United States is
shown in Fig. 1. The straight line is a least-squares fit to these
data. Also shown are the numbers of all en route controller posi-
tions for past years and the provisional estimates for future years.
These data apply to the end of the fiscal year. A straight line is
again fitted to the controller data for smoothing purposes. The
data smoothed by the linear fits are recorded in Tabie 1.

The straight-line fit avoids the discontinuities in the esti-

mates of controller numbers developing from different 'sources at

L "

different times and from changes in productivity estimates.

Experience concerning ARTCC separations for the en route con-
trollers is shown in Fig. 2. Considerable fluctuation occurs from
year to year (from 2.1 percent in FY 1965 to 11.2 percent in FY
1970). The average separation rate is 5.1 percent.

12
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TABLE 1. SMOOTHED TRAFFIC AND EN ROUTE CONTROLLER ESTIMATES®

All Annual
IFR En Route Gross Productivity
Traffic Controllers Productivity Increase
Year (millions)  (thousands) (IFR/Controller) (percent)
1970 19.2 10.0 1920 --
1972 21.5 10.2 2108 4.9% PY
1974 23.8 10.4 2288 4. .
1976 26.0 10.6 2453 3,
1978 28.3 10.8 2620 3.
1980 30.5 11.0 2773 2.
1982 32.8 11.2 2929 2.8

%pata Source: Least-squares fit in Fig. 1.

15
10
-
y4
[3§]
O
[°4
&
5
\\\‘\\\\\ ‘\\\\\\ 'y
0
1960 1965 1970 1975
FISCAL YEAR

10-15-74-15 Source: FAA AMN-22
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The loss rate of developinentals during the training period is
y larger than the later 1o0ss rate of journeymen. The
1970) reported attrition as a per-

substantiall
Corson Committee (Corson et al.,

centage of hires to be:

Year Attrition
13967 17.4%
1968 17.8
1969 22.4

The IDA survey found an overall attrition (all phases) to be some-

what lower--14.3 percent for en route in FY 1974. This corresponds
to a loss rate of approximately 43 percent over the entire develop-

mental period (Appendix G, Table G-13).

A projection to the future training load can be made by us-

ing a difference cquation relating hires with numbers of control-

lers required and separation and training losses,
Hy = [ +r)Cpy - Cy]/(l - 8), (1)

where H_  represents the number of new hires in year y

y
r is the separation rate of journeyman controllers

is the loss rate -of developmentals during training
C_ is the number of controllers required in year V.
This reflects changes in controller productivity in

year y. The number of controllers required is shown

in Table 1.

The required hiring to meet retirement, training losses, and

ontroller position increases is derived for en route

traffic ¢
The smoothed con-

ers by using Eq. 1 and is shown in Fig. 3.
To meet the increasing traffic
To meet

cent
troller requirements are used.
demands, 103 additional positions per year are required.

training losses alone,

tional 103 positions.

Also shown in Fig. 3 are the effects of reduced attrition

losses.

181 employees must be hired for these addi- *

The remaining hires are to replace separation

e
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during training, from the FY 1974 rate of 43 percent to assumed val-
ues of 20 percent, 10 percent, and zcro (with separation rate kept
constant at the present 5 percent). The training load obviously is *
much more sensitive to separation rate. In Fig. 4, the necessary
hires to meet 7.5 percent, 5.0 percent, 2.5 percent, and zero separa-
tion rates are shown (in this case, with developmental loss rate kept
constant at its present 43 percent.) Also shown, as individual points,
are the actual en route controller hires for thc last 5 fiscal year..
Although the latter vary greatly, the prediction is within Liw Lio-
torical range.

The great sensitivity ol the training load to separation rates
and developmental loss rates is important. A training load of less
than 1100 new developmentals each year would secm feasible for the
en route option as Jong as the separation rate of journeyman con-
trollers does not exceced S percent. Productivity changes have a
small effect on the number of new hires required.

C. TERMINAL

In the same manner, projections have been made for controllers
in the terminal option. Figure b shows the history and latest pro-
jection of tgtal terminal operations in the United States. Again,
the straight 1line is a least-squares fit to these data. Also shown ,
are the history and projections of IFR operations at terminals. It |
is evident that most of the growth of terminal operations will be
of the IFR type, VFR increases being considerably less. Finally, |
the history of controller positions is shown along with the recent ‘
FAMA estimates. The data, smoothed by the linear fits, are recorded
in Table 2. The changes in controller productivity are also shown.

The experienced separation rate of terminal controllers is
shown in Fig. 6. Fluctuation has been less than for en route con-
trollers, and the average separation rate of 3.3 percent is also

luss.

The loss rate of developmentals in the IFR terminal option in

FY 1974 was 38 percent. e
17
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TABLE 2. SMOOTHED TRAFFIC ANDaTERMINAL
CONTROLLER ESTIMATES

All Gross Annual
Total IFR Terminal Productivity  Productivity
Operations Operations Controllers (all operations/ Increase
Year (millions) (millions) (thousands) controller) (percent)
1970 51.5 18.0 8,578 6,004 --
1972 57.7 21.5 9,535 6, 051 0.39%
1974 63.8 25.1 10,491 6,081 0.25
1976 70.0 28.7 11,447 6,115 0.25%
1978 76.1 "32.2 12,404 6,135 0.25
1980 82.3 35.8 13,360 6,160 0.20
1982 85.4 39.3 14,317 6,172 0.20

3pata Source: Fig. S.
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From Eq. 1, the projections for new hiring to meet sepafatiops,
trainiﬁg losses, and expanded operations, with allowance for expected
productivity improvements, are shown in Figure 7. The projections
have been smoothed. To meet traffic expansion alone, approximately
480 additional terminal positions are required each year. When FY
1974 developmental loss rates (38 percent) are introduced, this re-
quirement rises to 771. The remaining hires are to replace controller

separations.

Figure 8 shows the significance of separations for hiring re-
quirements. The training load projection is very sensitive to the

separation rate.

As has already been observed, growth of controller complement at
VFR towers is expected to be slower. As approximately 20 percent of
controllers operate at VFR facility, it can be expected that appror-
imately 250 VFR controllers will be needed in FY 1975 and about 300

! in FY 1S80.

With prescent separation and developmental loss rates, a terminal
option training load of 1300 in FY 1975 and 1500 in FY 1980 can be
anticipated. As will be seen in later sections, these estimates can

be significantly modified.

D. SUPPLEMENTAL

|
|
|
|
\
As specified, and as confirmed by the IDA survey, nearly all con-
trollers undergo supplemental proficiency training during a year. In

FY 1974, 94 percent of en route controllers and 92 percent of IFR

terminal controllers undertook such training. The average duration

of such training as performed at each facility was 42 hours for

centers and 53 hours for terminals, averaging over a week for each
controller. Refresher training involvéd 90 percent of en route con-

trollers and essentially all terminal controllers.

Some form of remedial training in FY 1974 was required for

approximately 4 percent of en route controllers and 10 percent of IFR
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terminal cuntrollers, averaging 22 and 14 hours, respectively Zﬁbpen-
dix G, Tables G-13, G-14, and G-15).

In sum, the equivalent of one to two weeks of proficiency train-

ing is given to the average journeyman controller each year.

E. FINDINGS

The hiring cequirement for new air traffic controllers is very
sensitive to the separation of controllers and the attrition rate of
trainces. The average annual separation rate for the last 13 years
has been 5.1 percent for en route controllers and 3.3 percent for
terminal controllers. Should these separatioﬁ rates prevail into

the future, the new hires needed are as follows:

FY 1975 FY 1980
En Route Terminal En Route Terminal
Present Student Attrition 1110 1350 1160 1480
One-Half{ Present Attrition 810 1040 840 1130
One-Quarter Present Attrition 710 920 740 1000

The present student attrition (FY 1574) is 43 percent for en route

controllers and 38 percent for terminal controllers.
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IV. PRESENT CONTROLLER TRAINING PROGRAMS

This Chapter examines the adequacy of current specifications
for training, the content and reclevance of present training courses,
and the methods used to establish competence at their completion. At
the outset, selection procedures arc revicwed because of their impact
upon the likelihood that a new hire can successfully complete his
training, as well as upon the quality of his performance on the job.
Then, attention is given to the rclevance of present training courses

to the work actually performed by air traffic controllers.

This leads to an investigation of the mecthods used to measure
performance and to establish competence on the job. The role of

standardization and quality control is also addressed.

A. SELECTION

The FAA has long recognized the importance of selecting qualified
controller candidates and has conducted many studies to improve its
selection criteria. The present selection procedure includes a Civil
Service Commission aptitude test, evaluation of amount and type of
experience, an age limitation of 30 years, reference and background
checks, medical examinations (both physical and psychological), and
an interview. A number of studies have examined the relation of
test sclres at time of selection to success in training and to length
of service. Unfortunately, little effort has been made to relate

selection criteria to objective information about the performance of

journeyman controllers.
FAA studies (by Education and Public Affairs, Inc., and the

Civil Aeromedical Institute, for example) indicate, however, that

selection procedures can be improved by incorporating tests which
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measure behaviors required of controllers on the job. Experiments show
that tests which measure skills in psychomotor coordination and ability
to perform several tasks simultaneously wéuld sclect superior journey-
men, as judged by supervisors (Education and Public Affairs, 1972,

and Chiles et al., 1972). Further improvements are possible by assign-
ing newly hired personnel to the en route, IFR, or VFR option on the
basis of their test scores. Such improved selection procedures would
be expected to reduce the number of candidate controllers who fail to
complete their training. (See Appendix D.)

Improved selection methods have monetary implications. Cost
savings can accrue from improved selection and assignment (Appendix G,
p.:242). If the attrition losses during training could be completely
eliminated, the cost of en route controller training would be reduced
by 33 percent and the cost of terminal controller training would be
reduced by 22 percent. If the trainee losses could b¢ reduced by
50 percent, training cost reductions of approximately 16 percent for
en routgwgraining and 11 percent for terminal training would result.

B. RELEVANCE (see Appendix F)

The curricula of both the National En Route and the Terminal Air
Traffic Training Programs specify in great detail the information
and procedures to be taught during training and the methods of assur-
ing their accomplishment at each phase. These programs have frequent
and vigorous reviews. At the same time, there is evidence (e.g., Pp-
184) that training is not standardized at the facilities, that train-
ing times given to various topics differ between facilities, that some
procedures specified by the curriculum are inconsistent with others in
the curriculum,.that qualification standards are interpreted differently
at various facilities, and that some teaching materials do not conform
to current operational practices. Such a situation will continue as
long as there does not exist a fully supported mechanism to ensure
adherence to program standards or to ensure uniform changes in the

program across the system.

-
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The rclevance of training to operational requirements is main-
tained in several ways. Only experienced controllers constitute. the
training corps. Evaluation surveys of courses are conducted by.the
Air Traffic Branch (AAC-930). Corrections are generally implemented
when within program budget. Improvements to the present curriculum
and training"%rocedures are possible, as discussed in the next sec-
tion. These can be tested and appraised in an objective fashion by
means of valid measures of performance also discussed in the next

section. Questions about present training include:

1. Is the time allocation appropriate for each training segment?
Is the order of training appropriate? In particular, if
radar is less complex to learn than non-radar, should
radar training follow non-radar training, as at present?
Learning theory strongly suggests that one learns more
effcctively when proceeding from simple to complex tasks,
rather than in the reverse order.

3, What is the value of training on prototype sectors (e.g.,
Tango) rather than on actual ones?

The. TAA training program can be made more efficient and effective
by adopting an experimental method to evaluate alternative concepts
about what has to be taught and how to do so. The associated measure-
ment capability needed for such evaluations is now close at hand with-
in the FAA (Appendix E). This could substantially improve the com-
mendable effort, now primarily subjective, that is accorded the reso-
lution of major issues about how best to train new controllers adnd

how Lo assure competence among journeymen.

(. MEASURING THE EFFECTIVENESS OF TRAINING AND PERFORMANCE (see
Appendix E) ’

Objective performance measures have important implications for
the evaluation of alternative methods of training. They also have
important applications, as mentioned above, in the selection of air
traffic controllers, in the evaluation of controllers'! performance

on the job, in determining controllers' maximum useful workload for
- - LS

-
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purposes of sector design, and for testing controllers' performanée on
proposed improvements to the air traffic system, Despite such value,
objective performance measures are not in use at present, although their
feasibility has been demonstrated in work at the National Aviation
Facilities Experimental Center (NAFEC) (Buckley et al., 1969, 1972).

As journeymen, controllers are assessed for proficiency by
periodic written examinaticns, over-the-shoulder evaluations, and
the Employee Appraisal Records (EARs) required by the Civil Service
Commission. The purpose is to determine whéther proficiency is
acceptable; the criteyion is pass or fail. Failure would indicate
the need for refresher, remedial, or supplemental training, Or, in
the extreme case, elimination from the service for unacceptable per-
formance. This méthod of measuring performance, however, does not
establish the level or degree of proficiency. All controllers who
pass the tests are not equivalent in performance. Such measures make
it difficult, if not impossible, to establish whether one method of
training is more effective than another, quite apart from consider-
ations of accuracy, reliability, or objectiviéy of measurement. There
are no scores (except, perhaps, in written tests) which can measure
actual performance on the job. Among the results of inadequate
measures of performance are p0551ble inefficiencies if developmentals
are trained longer than really required. Training is oriented to
provide the required number who can just qualify.

There are several reasons to believe that there are significant
limitations to the present use of ratings in general and to the over-
the-shoulder rating in particular. These relate to the subjective
nature of the rating procedure and problems of inter-rater agreement.
A rating describes one person's judgment of another, and it can be
influenced by a variety of causes, such as the extent of the super-
visor's knowiedge of the employee's performance, differing standards
between supervisors about what constitutes adequate performance, and,
in a subtle way, social and personality factors (Appendix E). In
addition, the lack of standardization in tﬁe traffic samples used to
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evaluate controllers! performance makes comparisons between persons, or
comparisons of the same person over time, of questionable utility.
Variability in conditions of obscrvation, including such factors as

the density and complexity of traffic, and in the duratic.. of the
observation period have also been shown to degrade over-the-shoulder
ratings (Buckley et al., 1969).

Recent studies f{or the FAA by the System Development Corporation
(spc, 1971, 1972a-d, 1974a-f) have developed new controller rating
procedures that are more carefully specified and more relevant to the
important aspects of the controller's job than are those used up to now,
To the extent that contrcllers are evaluated on behavior that is directly
observable, explicitly described, and truly related to job perfommance,
improved reproducibility of subjective measures can be cXpectced,
although this has not yet been demonstrated.

It is feasible to msasure a controller's performance in an ob-
jective way; that is, in a way that produces quantitative scores,
uncontaminated by human error, on various characteristics of per-
formance. Such major characteristics as speed and accurady of response,
maximum number of aircraft handled, maintcnance of separation stand-
ards (measurcd in time and distance), and the- like can be measured.
The prototype for doing this is a recording and scoring module
attached to a dynamic simulation of the air traffic controller's
console and work environment. It -could also be attached to the
operational equipment. The simulator is, of course, preciscly the
equipment used for training, provided that means exist to repeat
selected samples of air traffic without variation and to record and

score various characteristics of the controller's performance.

Simulators capable of mecasuring the performance of air traffic
controllers have been developed by the FAA. A radar air traffic sim-
ulator was developed at the Civil Aeromedical Research Institute
(CARI) in 1965 that was uscful for research on training, selection,
controller proficiency, and workload as functions of the number and

speeds of targets, the display design, and the like. The NAFEC
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simulator (1969) had grcater track-handliﬁg camabilities than the one
at CARI. Situations of greater complexity could therefore be sim-
ulated. The NAFEC simulator clearly demonstrated the feasibility of
measuring the performance of air traffic controllers objectively and
reliably. This work at NAFEC is still going on, and the current
NAFEC Digital Simulation Facility (DSF) is improved over the sim-
ulator used in the initial study. Among other improvements, the

current DSF provides virtually real-time scoring.

Thus, it has been shown that the performance of air traffic con-
trollers can be measured in an objective way. It is necessary to use
representative samples of air traffic carefully standardized for
level of difficulty, i.c., in density, complexity, and potential con-
flictions. The duration of the observations must be rcasonably long,
probably an average of at least two one-hour periods. Objective
performance data are needed to cvaluate the ef fectiveness of various
types of training. They would also have great valuc for the purposes
of selection, establishing qualification standards, evaluating tho"”
proficiency of developmental and journcyman controllers, and determ-
ining controller workloads at various levels of traffic, thereby

contributing to the design of sectors.

D. FINDINGS

e Relcvance. The present curriculum provides the information
nceded by controllers to do their work. However, questions
about the amount of time given to various segments of train-
ing, the order of non-radar training followed by radar trdin-
ing, and the value of training on prototype sectors (e.qg.,
Tango) can be resolved best by an experimental approach

based on objective performance measures. (Appendix F)

e Methods used to establish competence. Objective tests used

for classroom or textbook subjects are thoroughly appropriate
and relevant to the instructional material in the training

program. However, determining the proficiency of performance
>
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at the ATC console (i.e., over-the-shoulder evaluations) is a
subjective procedure which has been demonst ited experimentally
to have limited reliability. The feasibility of objective
performance measures has becn aemonstrated at NAFEC but such
measures arc not in usec at present. (Appendix E)

Sclection. FAA studies show that selection procedures could
be improved by incorporating performance tests that measure
bchaviors required of controllers at work. Further improve-
ments are possible by assigning candidates to the en route,
IFR, or VFR option on the basis of their test scéfes. Such
improved setection procedures would be expected to reduce
the number of candidate controllers who fail to complete
their training. (Appendix D)




|

V. SIMULATION DEVICES FOR AIR TRAFFIC CONTROL TRAINING
The capabilities and limitations of the state of the art oE sim-
ulation devices for air traffic control training are considered here.
After a brief review of the history of simulators, their capabilities
for training controllers are addressed. The training simulation capa-
bilities of the automated systems, National Airspace System, Stage A
(NAS-A), Automated Radar Terminal System (ARTS) III, and ARTS‘II, and
the prospects for their use in training are then examined, and
strengths and deficiencies are identificd. The need for more systaom-

atic planning for future simulation requirements is also discussed.

The purposc of this analysis is to provide information neecded to
make decisions concerning the number, type, and location of training
facilities and equipment. Appendix C provides a morc extensive dis-

cussion,

A. HISTORY

For this study, the simulators of interest are those that
reproduce under controllable conditions air traffic situations likely
to occur in actual practice and to do so in a fashion suitable for
training. Simulation of air traffic for training has a long history,
both for military applications and for air traffic control. It has

"heen exploited for both training and reséarch for the Airborne Com-

bat Information Centers and Tactical Data Systems of the Navy, the
radar stations and the Semi-Automatic Ground Environment (SAGE) System
of the Air Force, and major national command and control systems, in-
clviing those of the Joint Chiefs of Staff{ and the Strategic Air
Command. It is used widely for air traffic control training in for-

eign countries and for training military controllers in the United
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States. Substantial simulation work has been done for the FAR, first
at the Technical Development Center in Indianapolis and later at NAFEC
in Atlantic City (Vickers, 1959, 1972). The simulators at these
facilities have been used to investigate such problems as simultaneous
dual approaches, combining of approach control facilities, traffic
flow pattecmns, and airport sector selection. And, as mentioned in

the previous Chapter, they have been used in system performance in-

vestigations.

B. CAPABILITIES

Some of the obvious benefits in the use of simuiators for air

traffic control training are:

e They permit experiences with air traffic to be arranged in
an order of incrcasing complexity that is optimally useful
for training purposes

e They permit immediate roview and assessment of each training
experience ,

e They provide as much cepetition of any type of traffic prob-
lem as is required to achieve mastery

e They necd not interfere with actual operatioens

e They permit students to experience uncommon but important
events or situations without having to wait for their occur-
rence in real life

e Scheduling is flexible and can be tailored to the overall
training program and for periods appropriate to the subject’s
importance "

e safety is preserved

e The duration of overall training time is reduced. 4

There is no serious debate about the usefulness of simulation
for training air traffic controllers. The value of simulation equip-
ment For training purposes has been demonstrated beyond question in
pilot training, air defense radar operation, malfunction detection

for electronic cquipment, sonar operation, and the like (e.g., PP.

34

‘ 43




96-98). It should be expected that simulators would also be eifective
in training air traffic controllers, although statistical data to
this effect have not been collected.

C. ABOUT REALISM

As the wofﬁ implies, simulation is the process of representing a
real task or event; by implication, the simulation is not a complete
duplicate of the real thing, although parts of what is being rcpre-
sented may be duplicated. Depending on the purpose to be served,.the
degree of simulation, the portions of the system to be included, and
the fidelity of simulation should vary. For example, it has been
found that high fidelity of simulation is not important when training
a person to perform tasks with fixed procedures (Prophet, 1966, and
Cox et al., 1965). Precise sensory cues are important in training
{or tasks which require precise motor skills, such as accurate {eed-
back (or "control feel") on aileron and rudder controls in aircraft
simulators, Only that part of air traffic control that is a precise
sensory-motor skill requires high fidelity in the simulation. On the
other hand, if the critical skilié'are mostly in the areas of decision
making and communication, completeness rather than precise rcalism
of the display on the scope will probably be most significant. In the
final analysis, the validity of a simulation has to be\proven by

rescarch and experiment,

D. CAPABILITY OF SIMULATORS IN OPERATIONAL SYSTEMS

NAS-A and ARTS III were initially delivered with a limited sim-
ulation capability to permit cquipment checkout, to facilitate main-
tenance, and to be used for initial facility shakedown. In the
realization that these simulation capabilities would also be useful
for training, the staffs of two facilities (Houston ARTS III terminal
and Washington NAS-A center) werc tasked to develop "patches" to the
operational programs that would permit flexible training at designated

positions without interfering with operational .positions. The results
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are the Enhanced Target Generator (ETG) for the ARTS III and the
Dynamic Simulator (DS) for NAS-A, and both have been demonstrated.®
These simulators need not interfere in any way with the use of oper-
ational positions, althougl there is a question about the capacity of
the computer and display facilities to handle training and certain

volumes of operational traffic at The same time.

The ARTS II has no simulation capability in the present speci-

fications.

These simulations can provide realistic representations of traf-
fic for digital operations but not for broadband or analog radar.
A1l "static" data available in the facility computer memories, as
well as live operational traffic, can be presented at the simulation
(i.e., training) positions. The nsratic? data include: Sector
boundaries, airport positions, navigation aid positions, holding pat-
terns, airways, and weather contours (NAS-A only), all of which can
be displayed optionally at any of the simulation positions. Essen-
tially all of the operations required for operational control of
aircraft can be simulated and outputs can also be generated for
the support positions (data man and handoff man), as necded. AS
part of a simulation problem, tapes of scheduled simulated traffic can
be prepared and entered into the computer before the problem begins,
and flight strips will be printed out at the appropriate simulated
support position. Also, simulated traffic entered into the simulated
arcas by the "aircraft pilots™ will be associated with the stored
traffic data, and tracks will be started automatically on targets
that pass the system association rules. All positions will be con-
nected by the standard level 300 communications system and npilots™
will ‘control simulated targets in accordance with the trainee con-
troller's instructions; thus, the pilot-controller communications are

also simulated.

e

“The program for the computer display channel (CcoC) of NAS-A was
not completed as of October 1974,
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The principal limitations of these simulations are: (1) limited
availability of positions and capacity in an operational. facility;
(2) the ability of "pilots" to generate and control adequate numbers
of simulated targets; (3) inability to simulate adequately inter-
actions with adjacent facilitics; and (4) the lack of recording capa-
bility designed for training purposcs. In addition, the simulations
have limited flexibility in that they can be interrupted but cannot
be "backed up" or have parts repeated in the middle of a simulation
problem to point out a control error or a deviation [rom control

rules or standard practices.

As mentioned above, necither the NAS-A nor the ARTS III simulation
capabilities include broadband radar. As discussed in Appendix C,
it is possible to use symbology to represent the analog return, but
thié resulls in an unrecalistic display. This is c¢learly a limitation,
particularly with ARTS III, since the analog display is an integral
part ol the operational mode in that system. Since the developmental
has ample opportunity Lo obsceve real displays, this lack of realism
should not be a problem, but special efforts will be required to
minimizce any negative transfer that might occur because of this lack.
For future broadband simulation requirements, discussced below, the
fcasibility of adding a simplc radar target generator Lo ARTS III
might be explored. A number of companies (Raytheon, llydrosystems,
Litton, Sanders Associates, and others) have off-the-shell broadband
simulators in the $25,000 price range that could be used to augment
the ETG capability. ’

The concern about capacity is that the simulation will overload
the computer system, requiring it to be cut back (NAS-A) or taken off
(ARTS III) so as not to interferc with ongoing operations. Table 3
shows the track capacity of the NAS-MA system at each center and the
traffic in the peak hour of the pcak day in 1973, More than half the
centers have the capacity to handle such extreme traffic loads,
Further, there is substantial variation of traific load throughout
the day. For cxamplc, Fig. 9 shows the load pattern by hour for Los
Angeles during the peak air traffic day of 1973. Track capacity was
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excecded for less than 8 hours on this peak day.

Tt is evident that

ample opportunily is available [or scheduling simulation training

in NAS-A centers.
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E. ACADEMY SIMULATION REQUIREMENTS

Since the simulation capabilities of NAS-A and ARTS III appear
to be adequate for facility training, at least for the ncar future, it
follows that scparate simulators at field locations arc not required.
The needs of the Academy are a diffcrent matter. Both the existing
but obsoletc Scrvonics equipment, which is expensive to operate, and
the Sylvania modules should be replaced if there is to be any signif-
icant radar training done at the Academy. Some modules could be
scavenged for a successor simulation installation. If all radar
training could be done in the field, no simulation capability would
be needed at the Academy. However, as will be discussed in later
scctions, there arc important cost savings to be had from early screcn-
ing, and this can most readily be doﬁe at the Academy. In fact, for
the smaller IFR terminals centralized training is almost mandatory,
because these terminals, with only a few controllers on duty at any

one time, have only limited training opportunities.

If at least some IFR terminal training should be done at the
Academy, & simulation capability is required. Installing the NAS-A
or ARTS III simulation hardwarc nccessary to operate in a simulation
mode would be costly ($4 million to $5 million for NAS-A) and would

result in a simulation lacking broadband capability.

The long-range simulation requirements for thc Academy should
be considered in the overall context of system planning discussed in
the next scction, but for the short term it scems clear that a sim-
ulator should be acquired as soon as possible. A number of questions,
such as whether the simulator should be configured for both terminal
and en route training, can be answered after altcrnative training

locations are examined (see next Chapter).

F. FUTURE SIMULATION REQUIREMENTS

Training requirements seem to have played a negligible role in
the specifications for NAS-A and ARTS III. Recognition of training

requirements as legitimate design considerations could have resulted
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in much more powerful simulation tools than were actually prodhced.
Further, improvements that are feasible, such as realistic speed
changes, are not being included in the rewrite of the dynamic sim-
ulation program that is under way at the present time. It is im-
portant for future system effectiveness that the need [or training
simulation be included in the design of future versions of the

National Airspacc System.,

A systems approach to simulation appeavrs to be essential. Re-
quirements for future simulation involving processes such as conflict
detection; conflict resolution, and intermittent positive control can
cause ATC displayed information to be quite different from what exists
at present. Effective simulation of these processes can be difficult
and expensive if it is done as an afterthought isolated from the main
system development program. A centralized group with knowledge of
training necds, available ATC operational hardware and software, and
competence in minicomputer applications could provide the systems
approach to applications of simulation in training which is needed to

cope with future simulation requirements.

G. FINDINGS

® The NAS-A and ARTS III simulators appear sufficiently rcal-
istic but have some limitations. Present and future defic-
iencies, however, can be remedied by target-generating soft-

ware and incxpensive hardware and recording capabilities.

® These present simulators can be used at most scheduled times,
particularly for proficiency, maintenance, and refresher and

supplemental training.

® A program of software for installation of performance measure-

ment should be initiated.

® A simulation capability for ARTS II equipment is warranted
and needed now. The modular structure of ARTS II facilitates
the introduction of this capability before the hardware is
installed.
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® As will be seen in later sections, a simulation capability
is required at the Academy. )
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TRAINING PROGRAMS

|
i
VI. ANALYSES OF ALTERNATIVE DEVELOPMENTAL .
|
|

)

1

The purpose of this Chapter is to identify and evaluate alter-
native methods currently and potentially available to meet the train-
ing needs of developmentals. The alternatives which are considered
reflect differences in degree of centralization and differences in

\

|

\

|

\

\

the duration of training, both issues of concern to the FAA.

A. DESCRIPTION OF ALTERNATIVES

The following options are significant in determining the possible

restructuring of the FAA training system:
® [Location of training Academy or facility

e Duration of training Related to curriculum (6-9
months ) or to necessary time for
experience and associated Civil

Service progression (3.5-4.5

- i years )
e Need for separate simu- Academy and/or facilities
lators
® Responsibility for final Academy or facility.
screening '

To analyze these options, it was assumed that five alternative
training programs would be considered, each coritaining some combin-
ation of the main features shown above. One of the alternatives to

be considered is the present program. All are summarized in Table 4

and explained below.




TABLE 4. DEVELOPMENTAL TRAINING ALTERNATIVES
(GS-7 to GS-12/13)

Alternatives
Accelerated Extended Present Extended Accelerated
Academy Academy Program Facility Facility

‘fraining Duration, 6-9 7-10 7-10 7-10 6-9
months

Elapsed Time, 0.5-0.75 3.5-4.5 3.5-4.5 3.5-4.5 0.5-0.75
years

Final Screcning Academy Academy Facility Facility Facility

Separate Simulator At Acad- At Acad- No No Terminal

emy emy simulation .
at Academy

Some aspects of training are not at issue and, in the analysis
that follows, it is assumed that these aspects are treated in the
same way in all five alternative programs. This applics, for example,
to the contents of the curriculum, the order of presentation of topics,
the amount of time devoted tc each phasc of training, and the methods
used to ecstablish competence. The Academy would be responsible for
developing lesson plans, training materials, and tests and for keep-

ing them up to date.
™~

Common to cach alternative would be the adoption of the improved
entrance selection criteria discussecd in Chapter IV. Revised pro-
cedures and reordering of course matcrials to reflect present auto-
mation and radar capabilities, improved pedagogical concepts, and
performance measurcs would be incorporated as available in cach alter-
native. The advantages of simulators would be exploited_throughout.
The present Civil Service grade structures could be retained. Re-
visions of job assignments and responsibilities would be required for

scveral of the options examined.

1. Acceleratcd Academy

In this alternative, the student would rcceive all his academic

training at a centralized facility such as thc Academy at Oklahoma
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City. The training would be continuous and completed over a period
estimated to be from 6 to 9 months (as curriculum, measurements, and
experience indicate) and would include simulation to prepare the
student for final sector or position qualification at his home
facility. A capability to simulate both en route and terminal facil-
ities would be maintained at the Academy. Separate courses would '
be scheduled for controllers destined for en route, IFR, and VFR
facilities. Screening would be done 4t the Academy and not take

more than 9 months or so, and it would be done before the trainee
achieved status as a civil servant. Entry into the ATS would not
occur until after successful completion of Academy training, when
status in a Civil Service grade would be assigned. The first sector
or position qualification would normally take another several months
at the home facility. Progression to fully qualified journeyman '
controller would take place as the necessary experience and season-

ing are gained.

2. Extended Academy ¢’

As above, all formal training would be given at the Acadeﬁy,
but the training for each phase would be followed by service and
on-the-job training (OJT) at the home (or nearby) facility. The
overall time would approximate the 3.5- to 4.5-year period of the .
present schedule and the present Civil Service ATC grade structure.
Screening would be done at the Academy at thé completion of each
training phase. Time to reach final or position qualification for
journeyman status would presumably be shorter than for the first

alternative because of greater familiarity with facility operations.

3. Present Program

This is the present prescribed training program, in which the

training load is shared by the Academy and the facilities. Screen- ‘

ing would be primarily done at each facility.




but is done in a continuous, decentralized fashion at centers and )

]
y.

4. Extended Facility

This alternative features the possibility of accomplishing all
training at each facility (or in local groupings, where more appro-
priate). The training plan and progression would be centrally devel-
oped and standardized, as would the scheduling and performance of
regular inspections. Af{ter completion of cach phase of developmental
training, facility service and OJT would follow at the facility. As
in the "Extended Academy™ option; the elapsed time to qualification
would take 3.5 to 4.5 years. Final qualification would be similar to
present procedures, screening responsibilities resting with the facil-
ities.

5, Accelerated Facility

This case is similar in pace to the "Accelerated Academy" option

terminals (or groups of terminals, as appropriate). This reflects

the obgectlve of completing formal academic training before proceed-
ing to OJT and before Civil Service status is achieved. Again, course
materials, plans, and final examinations would be centrally prepared’
Upon passing, the stud@nt would be admitted to the ATS with the appro-
priate Civil Service grade. The initial period would take approx-
imately 6-9 months, as in the "Accelerated Academy" case. There-
after, the student would commence to gain final scctor and position
training and experience, and ho would normally qualify in another

fow months.

B. TRAINING SPECIFICATIONS FOR EACH ALTERNATIVE

Underlying the five foregoing alternatives are a number of de-
tailed specifications for the training programs for en route and
terminal controllers. These include the time and location of each
phase and subphase of the training, the mode of training (i.e., class-
room/laboratory, OJT, simulation), student/staff ratios, Civil Ser-
vice grade classification, and the clapsed time whlle in develop-

mental status. As far as possible, procedures and times that apply
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to present training are uscd. For facilities, averages were derived
from the results of the IDA survey of field facility training and -
then applied consistently to the scveral alternatives. All the de-
tails are rccorded in Appendix H. As an c¢xample, Table 5 shows the
specifications for training of en route controllers; the level of

detail is cvident.

. TRAINING COSTS FOR EACH ALTERNATIVE -’.
An extensive effort has been madc to develop cost estimates for ¥ E
ecach of the five alternatives. The costs of training are bascd on .. ot
the workload and practices in FY 1974. The cost data basc underlying

all estimates derives from FAA budget submissions and data specifi-

cally collected for this study from the FAA Academy and the en route’

and terminal facilities. Many of these data are new.

The principal measure uscd for comparison of alternatives is the
variable training cost per year per one thousand graduates. Variable
costs consist of wages and benefits of instructicnal and support staffs,
student travel and per diem, and wages and benefits of students dur-
ding their period of actual instruction. Capital costs, while not
unimportant, approximate ten percent of these variable costs. All
the details of the costing process are contained in Appendix G and

are an important part of the comparison.

Table 6 shows the costs for cach alternative way of training

for each controller option.

The cost differences among alternatives are caused by a complex
set of differences in the specification of cach training program of r)
the sort illustrated in Table Y. However, one major difference be-
tween the costs of Academy training and facility training is the per §
diem and travel costs of the former. The per diem cost could be re-
duced with residentsal facilities operated by thc Academy. More
importantly, however, "accelerated" training costs could be morec than
compensated by savings from possible reduced training time. These

and similar considerations suggest that with present knowledge only
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TABLE 6. VARIABLE TRAINING COSTS PER THOUSAND GRADUATES
(dollars in millions)

- Terminal
Alternative En Route IFR VFR
Accelerated Academy $33.6 $25.8 $10.6
Extended Academy 32.3 29.5 15.7
Current Program 29.9 24,2 12.8 ¢
Extended Facility 29.4 22.9 12.5
Accelerated Facility 27.2 18.7 8.2 '

minor cost diftferences can be assuredly distinguished among alter-

natives.

At current rates, about 900 en route controllers are hired each
year. Thus, the overall training costs each y2ar greatly exceed the
one-time cost of simulation necessary for the facilities and for the-

Academy.

D. TRAINEE SALARIES

The cost estimates in Table 6 include the fu’ 1l salaries of train-
ees while actually engaged in tréining. In Alternatives 2, 3, and 4
the trainee spends a considerable portion of his developmental period
performing at his facility those suprorting tasks for which he is
qualified. Since these opportunities are limited, some portion of
his saiary should be considered as a training cost, yet just what
fraction should be assessed against salary is uncertain. Table 7
shows the variable costs when 0, 25, 50, 75, and 100 percent of the )
nontraining time salaries are included as a training cost for the
en route, IFR, and VFR options.

The data in the table show the effect that stretching out the
training period has on cost. 1In fact, a major cost factor is the

duration of training.

Because of such considerations, the cost implications of selec-
tion procedures that are inferior to those now available and of late

recognition of the inability of a developmental to be a capable

journeyman controller have been determined in this study. Also, the




additional costs introduced by the great fluctuations in student
enrollments at the Academy have been estimated. The details of these

- costs are given in Appendix G.

TABLE 7. VARIABLE TRAINING COSTS OF ALTERNATIVE WAYS OF
TRAINING AIR TRAFFIC CONTROLLERS

(dollars in millions per 1000 controllers trained)

Porcentage of Nontraining Time
Salaries Charged to Training
Option & Altcrnative 0% 25% 50% 75% 1.00%

En‘Routc Centers

Accelerated Academy $§42.6 -- -- -- --
Extended Academy 32.% $43.4 $§54.5 $65.6 876.7
Present Program 29.9 41.3 52.6 64.0 75.4
. Extended Facility 29.4 41.1. 52.9 64.6 76.3
T Accelerated Facility 27.2 -- -- - --
IFR Terminals
Accelerated Academy 25.8 ke -- -- --
Extended Academy 29.5 39.9 50.2 60.6 70.9
Present Program 24,2 34,3 44,3 54.4 64.5
Extended Facility 22.9 33.0 43.1 3.1 63.2
Accelerated Facility 18.7 -- -~ -- --
VFR -Terminals
Accelerated Academy 10.6 - -- - --
Extended Academy 15.7 22.9 30.2 37.4 44.7
Present Program 12.8 19.8 26.9 33.9 41.0
Extondéd Facility 12.5 19.6 26.7 33,7 40,7+
Accelcrated Facility 8.2 - -- -- --

Accelerated training and consequent earlier screening could re-
duce the cost of training as much as $42,000-$48,000 for an en route
controller, $39,000-$46,000 for an IFR terminal controller, and
$30,000-$33,000 for a controller at a VFR terminal facility.
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Improved selection procedures to reduce the losses of develop-
mentals during training could reduce training costs a maximum of 33
percent for en route controllers and a maximum of 22 percent for
terminal controllers. These figures represent a perfect selection
process and are unachievable. A 50 percent reduction of traince los-
ses, however, would provide cost reductions of 16 percent in en route

training and 10 percent in terminal training.

Smoothing cut the flow of students at the FAA Academy and staf-
fing the Academy to deal with a steady training load could produce a
saving of between 20 and 30 percent of the cost of Academy controller
training operations. This would have meant something between $0.9
million and $1.4 million in FY 1974.

E. FINDINGS

® Within the accuracy of cost estimation, the cost differences
between training at the FAA Academy and at the field facil-
ities are small, and their significance is masked by uncer-
tainties associated with the details of the various alter-

native training programs.
(0
® Smoothing the enrollments of developrental controllers at

the Academy could result in cost benefits of approximately
$1 million each year, in addition to improved training per-

formance.

® An 1l to 16 percent cost reduction could result from selec-
tion procedures that reduce trainee attrition by 50 percent.

® A major cost factor is the duration of training. Accelerated
training and resultant earlier screening could reduce train-

ing costs as much as $48,000 per developmental.

e Simulation costs, whether at a facility or at the Academy,

are small compared to the training costs.




VII. IMPLICATIONS

The purpose of this Chapter is to consider the significance to
the FAA of the findings of this séudy and to develop some suggestions
for action. Attention is given to (a) simulators and centralized or
noncentralized training, (b) the training budget, (¢) future require-
ments for training, (d) R&D for training, (e) hiring practices, (f)

standardizaliion, and (g) the training load at the Academy.

A. SIMULATORS AND CENTRALIZED OR NONCENTRALIZED TRAINING

Since the Corson Report (Corson et al., 1970), the FAA has been
concerned with how to implement recommendations that simulation equip-
ment should be procured for training en route and IFR terminal con-
trollers at a centralized location. The findings of this study beaa
directly on this problem. As presented in the previous Chapter, the
major part of training costs is the variable cost (i.e., that due to
wages and benefits of instructors and students, travel and per diem).
This cost is about $24,000 to $30,000 per“gdalified developmental,
depending on controller option. In add&tibn, a charge should be
added to reflect the nontraining time salary while not a fully quali-

fied journeyman.

To train 1000 controllers costs from $24 million to $30 million.
A full-fledged simulator for a central location would cost less than
$10 million and would be available to more than 10,000 controllers
over 5 years; thus, it would cost less than 41000 per controiler.

gimulator costs are therefore small compared to actual controller

training costs.

5
“a

53




There are not significant cost dJifferences between centralized
and decentralized training modes--between training at the Academy and

training at a facility.

Major cost factors are introduced by the duration of training and
by any delay in screening. These can account for more than half the
training cost to produce a qualified controller. Centralized train-
ing has inherent advantages in these cost areas. A centralized train-
ing facility can train a student full time, a capability possible at
only the largest of operating facilities. Thus, screening can take
place most quickly. Standardization of training, measurement of
training effectiveness, and application of uniform screening procedures
can all be done easily and objectively at a central facility. Ob-
viously, such a centralized facility must be fully equipped to accom-
plish its mission, and this would include an air traffic conteol sim-
ulator fitted for training. This should be provided in the very near

future.

Proficiency, remedial, supplemental, and other testing and
training can be done more easily at a facility, particularly with
central support. The simulated training and measurement capabilities
possible in the NAS-A, ARTS III, and ARTS II equipment is important
in this aspect of the controller training program. Some capability
for training almost exists in the existing NAS-A and, ARTS IIT equip-
ment. As an interim measure, the '"patches" required to make these
equipments useful for training can and should be extended immediately
to the entire system. These "patches," of course, are the Dynamic
gimulator (DS) for NAS-A, demonstrated at the Leesburg Center, and
the Enhanced Target Generator (ETG) for ARTS III, demonstrated at the
Houston Terminal. Provision should also be made soon for “"pilot"
consoles to conserve PVDs,* and for recording and playback equipment
to permit the review of performance so important for training. All
of these steps should be regarded as readily feasible, near-term

steps to realize the current almost-present capabilify for training.

b

“Por NAS-A.
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Dedicated simulators for training might well be needed in the
longer term, although a strong case cannot be made for them at the
present time. The long-term case rests upon (1) the growth of traf-

- fic and the addition of new control features which might reduce the
availability of the NAS-A and ARTS for training, (2) the specification
of required performance measures ami rgcording and analytical capabil-
ity to provide training scores (which depends on work still under way
at NAFEC), and (3) management arrangements to ensure adherence amony
centers and terminals to the curriculum and standards promulgated by
the national training program. Planning for the characterization of

_the required, simulators should start immediately. The "patches" sug-

P

gested above as feasible and relatively inexpensive in the near term
cannot be regarded as an ideal solution. The simulators in‘NAS-A and
ARTS III were designed for purposes of maintenance, but they can and
should be adapted now to training as well. When this is done, there

will still be a need for more competent and flexible simulation capa-
. |
bilities for training, and steps to specify and install these, over |
|

the next 3 to 5-years, should also be started immediately.

B. THE TRAINING BUDGET

The sources of training funds and their control are spread among
a number of offices within the FAA. As a result, it is difficult to
identify all the points in the budget which relate to training and
hence to identify the full costs of training. Of more importance,
the dispersion and diffuse control of training funds in the present
budget structure makes it difficult, if not impossible, to administer
a uniform national training system. Appendix I discusses the budget-
ary sources of controller training and coincidentally derives an

expenses. It also discusses problems inherent in the present method
of funding training activities with respect to coherence of the pro-

|
|
|
\
|
|
|
estimate of ATC training cost--about 5 to 8 percent of FAA operating 1
gram and standardization of its content and quality.




Funds are allocated from the FAA appropriation to organizational
offices and institutions (i.e., the Aeronautical Center, Regions,
etc.) without binding functional application. For example, funds to
the Regions, budgeted for training, travel, and per diem can be--and
often are--used for other operating functions at the discretion of
field administrators. Variations among facilities in the conduct of
the training program, as reported in this study, are probably related
to this method of budgeting. Consequently, planning for training
and control of its application becomes almost impossible, and utili-
zation of training resources becomes highly variable.

Further, sizable amounts of money are involved in the air traf-
fic controller training system. Table 8 shows the FY 1974 funds
related explicitly to controller training. The total approaches 7
bercent of the FAA operating accounts, increasing to 10 percent if
developmental nontraining time salaries are included. Centralization
of fiscal authority for controller training activities does not exist
at present. If it is warranted, as is probably the case, a plan for
a new training budget structure, together with organizational re-

sponsibilities, will have to be developed.

b

TABLE C. AIR TRAFFIC TRAINING COSTS, FY }974
(dollars in millions)

Centralized Training Budget Costs $18.9
Allocation of Centralized Training Support & Travel $8.2
Allocation of Management Training School (MTS) 4.1
Air Traffic Branch (ATB) 6.6

Field Facility Training Staffs : 13.1

Trainee Salaries® 46.7

TOTAL $78.7

4Includes periodic training of full-performance controllers.
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C. FUTURE REQUIREMENTS

The "Ten Year Plan, 1973-1982" (FAA, 1973a) and FAA Engineering
and Development Programs (FAA, 1974b) project many improvements to
the National Airspace Traffic Control System. Many of these will
have significant implications for training and for new features not
present in any training equipment contemplated so far. The follow-

ing operational improvements must be considered in this category:

1. Air Route Traffic Control Center (ARTCC)

Conflict detection
Conflict resolution

Intermittent positive control (IPC)
Discrete address (tactical) data link of discrete address

2 o0 U w

beacon system (DABS)
e. DABS interrogation hierarchy control. ‘ |

2. Terminal Radar Approach Control (TRACON)

|
Automatic radar level tracking with tagged targets

Metering and spacing
Conflict prediction _ -
Conflict resolution !
Fail safe/Fail soft/Auto standby switch

Multiradar N
Multiprocessing ‘

DABS data link.

> Q o0 20 oUW

3. Tower Radar Automation Cab (TRACAB)

Radar level tracking
Noise abatement pattern control

Wake turbulence separation control

Q 0 T w

Multisegmented approach and departure routings to
exploit the characteristics of area navigation (RNAV)
and microwave landing system (MLS)

e. Upgrading ARTS II from beacon data level to beacon

tracking level.
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Attention is directed to the importance of including the train-

ing implications of these improvements early in the development cycle.

D. RED FOR TRAINING

This section presents several research projects that would
support further improvements in the selection, performance measures,
and training of air traffic controllers. The FAA has supported and
is supporting research that has direct application to training. How-
ever, the current level of support is so modest that it will take a
long time before the needed results become available. Therefore,
several research areas have been identified in this study as worthy

6} immediate attention:

e Selection. Little is known about how the criteria used dur-
ing selection affect assignment to controller option or the
quality of performance after completion of training. Im-
proved selection procedures would be expected to reduce
attrition during training and thereby save some of the ex-

penses due to attrition (Appendix D).

e Performance Measures. These are very important to the FAA

because, together with other factors such as cost and flexi-
bility, hey provide the means needed to evaluate the ulti-
mate effectiveness of alternative methods of training air
traffic controllers. Performance measures are also needed
for many other purposes of interest to the FAA, such as
determining, for example, the controller's maximum useful
workload, the distribution of traffic loads among sectors,
the impact of new or proposed types of ATC equipment, and
the significance of various tests and criteria for the selec-
tion of controllers (Appendix E). Such research should be
focused on objective performance measures that could be
employed in conjunction with the automated eqdipment at

centers and terminals.
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® Training. The present national programs for air traffic con-
troller training specify in great detail the information and
procedures that are to be taught during each phase of train-
ing and the goals to be accomplished before the developmental
can move from one phase to the next. Yet it is evident that
there are substantial variations in the training programs at
the many facilities. Substantial questions are outstanding
about the content and method of training. Experiments de-
signed to evaluate the significance of different ways of

training are warranted (Appendix F).

Research and development related to selection and training are
conducted on behalf of the FAA, variously, by CAMI, the Academy,
NAFEC, the Office of Aviation Medicine, the Office of Personnel and
Training, the Systems Research and Development Service, and the Air
Traffic Service. Although there is a clear interdependence between
many of these efforts, there are no ready mecans for coordinating the
various perograms. It is suggested that a focal point be established
to coordinate these research efforts and to respond to findings.
Initially, an Advisory Committee on Personnel Research and Training,
reporting to the FAA Administrator, could be established for a trial

*

period.

E. HIRING PRACTICES

The history of ATC hiring is shown in Fig. 10. The present
practice is to delegate hiring to the Regions and ihe facilities they
control. As a result, there is little or no synchronization of hir-
ing across the country. Most hiring now takes place during the
fourth quarter, when availability of funds is more certain and fiscal
year expenditures are thereby less, without the loss of the author-
ization for controller positions. This results in large fluctuations
in input to the training system and resultant saturation of the sys-
tem for extended periods. There are further impliéations for sched-

uling and sequencing of the units of training. And, as already
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FIGURE 10, ATC Quarterly Hires, FY 1969-1973

60




discussed and as shown in Appendix G, this practice leads to in-

efficient use of training resources.

There are a number of standard management procedures that would

resolve this problem without disturbing the decentralized operations

of the National Airspace Systen.. In this study, the important de-

tails of the hiring problem have not been examined, but it is very

evident that improved planning and execution of the recruitment effort

is needed. This, also, was a finding of the Corson Report (Corson et

al., 1970).
|
|

F. STANDARDIZATION

As mentioned before, there is substantial evidence of lack of
standardization in training, use of training recsources, and operating |
practices.

It might be thought that standardizacion could be achieved by
vesting the Academy with sole jurisdiction over all training, or at
least over portions of the training program to be standardized. The
Academy has had exclusive responsibility for portions of the train-
ing program in the past, but no such arrangement has survived for an
appreciable length of time or over large changes in the numbers to
be trained. Other requirements for a viable centralized training
program have not been met in the past. One of these requirements
has t.o do with budgeting, as discussed above. Another has to do
with hiring, alsc discussed above. Standardized training requires

central and systematic hiring on the basis of projected needs.

Finally, standardization of training without centralization
could be achieved, but the requirement for centralization of other
functions remains, and some office must be vested with a positive
and absolute role of certification of both field facility training
programs and the qualifications of individual trainees. In some way,
the independence and responsibility c¢f this certifying of Fice would
have to be ensured. A




G. THE TRAINING LOAD AT THE ACADEMY

Figure 11 shows the number of residents in air traffic control-
ler courses at *the Academy for the period FY 1968-1974. Large
fluctvations are evident, but, in this case, they are not cyclical
and thus could not be anticipated long in advance. Over this period
the Academy staff size has remained relatively stable. Thus the
staff at the Academy is generally either overloaded or overmanned
and is only ocgasionally in proper balance with the student load. As
a practical matter, development of new course materials and surveys
of training effectivencss are set aside at the Academy when there 1is
a large influx of students. Since the dominant cost at the Academy
is maintaining instructional staff, unused capacity implies high
unit cost and inefficiency, as discussed in Chapter VI and Appendix
G. x

It is estimated that the cost of centralized training can be
significantly reduced by smoothing the flow of training. The re-
sultant savings in FY 1974 could have been about $1 million.

H. FINDINGS

e C(Centralization. The full-time training done at a central-

ized facility permits the earliest screening of develop-
mentals and the fastest development of productive controller
capabilities. Great cost benefits accrue to such a training
proceduﬁe as well as the desirable application of uniform
training procedures, performance measurement, and screening.
All the full-time training necessary to ready a developmental
for qualification should be done at a centralized facility.
Exceptions could be large facilities where the developmental
could receive full-time training. Qualification and season-

ing through experience would be done at the home facility.

e Simulations. The centralized facility, presumably the
Academy, should be equipped with a fully capable air traffic
control simulator designed specifically for training. NAS-A

v
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¥

and ARTS III simulatioqqcan serve training and proficiency
testing where NAS-A and 'ARTS III are installed. The training
limitations of these equipments should be upgraded as quickly
as possible. Simulation capabilities should be introduced

..Q
in the new ARTS II equipment currently under procurement.

ATC Training Budget. A system to ensure that budgeted funds

are used for controller training is indicated. These funds

account for 7 to 10 percent of FAA operating accounts.

Future Requirements. The training and simulation implications

of the many improvements to the National Airspace Traffic
Control System should be identified early in the development
cycle. This is important in order to procure hardware and
software and to develop proper training programs in a timely
fashion.

RED for Training. Further research should be undertaken in

controller selection, controller performance measures, and
training alternatives. Improved coordination of and respon-
siveness to all personnel-related RE&D, including ongoing

research, is required.

Hiring. A mechanism to smooth recruiting and hiring should
be adopted.

Standardization. There is substantial evidence of lack of

standardization in training. An FAA office should be ves ted
with a positive and absolute role of certification of both
field facility training programs and the qualification of

individual trairees.

Academy Training Load. Substantial cost benefits (about Sl

million in FY 1974) and efficiencies could result from smooth-
ing the flow of training.
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APPENDIX A
STATEMENT OF WORK

To successf “ly accomplish this requirement the Contractor shall
identify and evaluate alternative ways of improving the air traffic
controller training system. Alternative methods of training will be
evaluated in terms of (a) system costs, (b) length of training time,
(c) system capacity, (d) flexibility to accommodate to changes in
training loads, and (e) flexibility for incorporating new training
specifications.

\ Tasks. The following tasks will be undertaken in an effort to
identify and resolve the main issues which influence the training of

en route and terminal air traffic specialists:

Task 1. Review the evolution of the existing national programs
for the qualification, refresher, proficiency maint-
enance, and supplementary training of en route and
terminal control specialists. Develop estimates of the
number of individuals who will require various types of
qualification and supplementary training, identify
alternative methods of accomplishing the required
training, and establish the questions which must be
answered in order to evaluate the various ways in

which training needs could be satisfied.

Task 2. Assess the adzquacy of current specifications for train-
ing. Compare (1) the contents and relevance of present
training courses and (2) the methods used to establish
competence at their completion to the current specific-
ations for training. Examine the extent to which cur-

rent specifications for training are based upon analyses
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Task 3.

Task 4.

of on-the-job performance -and the degree to which quali-
fication standards have been validated against operational
performance data. Included would be an analysis of the
need for, and a description of, the requirements for
standardization and quality control in terms of the im-

plication or impact of the lack thereof on training.

Appraise the capabilities and limitations of the state-
of -the-art of simulation devices relevant to air traffic

control training.

Establish, for the purpose of analysis, the alternative
methods currently and potentially available for train-
ing en route and terminal control specialists. This
shall, in general, dégcribe the applicable simulation,
on-line, and classroom facilities that way be required
for training the anticipated loads. The analysis shall
examine the influence of such factors as the number,
type, and complexity of equipment, location of the train-
facilities, and the sequence of progression through
training blocks upon the number of individuals who may
be trained per unit time, the duration of training, and
the total annual cost of the training program. The pur-
pose of the analysis is to provide information needed to
make decisions concerning the number, type, and location

of training facilities and equipment.

ok
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A. INTRODUCTION

The purpose of this Appendix is to describe a survey that was
performed to determine the numerical characteristics of the air
traffic controller training pgrformed at facilities during FY 1974.
The survey was undertaken after it was found that little was known
about the overall effort that is directed to developmental and
proficiency training. The information solicited in the survey was
needed for a variety of purposes, a few of which are: determining
temporary training assignments and training losses; determining the

costs of training for FY 1974; and determining the timing of losses.

A copy of the questionnaire used in the survey and a sample of

the results are presented in this- Appendix.

It should be emphasized that the survey was concerned with
training activities during FY 1974. It offers a snapshot of the
situation prevailing at that time. Applications to other periods
should obviously be made with care. The results, however, may be

useful to activities other than training.

B. FIELD FACILITY SURVEY QUESTIONNAIRE

The survey was intended to cover every facility performing air
traffic control. This included air route traffic control centers
(ARTCCs), airport traffic control towers, combined stations/towers,
common IFR room RAPCONs/RATCCs, RAPCONs/ATCCs, and RAPCONs/ARTCTs.’
The addresses were obtained from the FAA's National Field Office
Directory. 'All the ARTCCs submitted responses, but a few question-

naires for terminal facilities were returned because of improper
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address. Most of the terminals responded. Overall, 78 percent‘of
IFR terminals and 70 percent of VFR terminals responded. The results,
therefore, are an extensive sample of FAA air traffic control facil-
ities. The support of these facilities is gratefully acknowledged.
Filling out the questionnaire involved substantial effort, as the

data requested were of a kind not normally collected about training

operations. More information- on the results is given in Section III

of Appendix G.

A copy of the survey questionnaire follows. Essentially the
same form was sent to both ARTCCs and terminal facilities; the sole

difference lay in the designations of sequential training phases.
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FIELD FACILITY TRAINING SURVEY
(LEVEL & CHARACTERISTICS OF TRAINING OPERATIONS)

Type of Facility (1) (En Route
(VFR Tower
(IFR Tower (Non-radar)
(Tower/TRACON
(TRACON

+

Facility Sequence Number (2)

Region Number )/  (7)

"
2’

Operations Level Classification 2/ (8) '

Automated Traffic Control Equipment - Scheduled
or In-place (9)

Key: En Route: cne
DCC

Tower/Terminal; ARTS III
ARTS 11
Radar Only
Non-Radar

uononouw

S W N -

Note: Fooinotes are found at the end 0f questionnaire.
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Card No.

—
o
—

~—

(02)

(03)

I1.

LII.

CONTROLLER COMPLEMENT AS OF YEAR END, FY 1974

Authorized Controllers

Other 2152 Series Required to
Maintain Facility Currency

Assigned & On-Board
Full Performance
.

Pre-Developmental
Phase 1

Phase I1I, Non-Radar
Phase II, Radar
Phase III, Non-Radar
Phase III, Radar

Number

()

(e)____

(1) ____
(3V)____
(41)_____
(8)____
an_____
(V) ___
(3 _____

Assigned & On Detail to FAA Academy

Pre-Developmental
Phase II, Non-Radar
Phase II, Radar

+

NUMBER OF DEVELOPMENTALS AND PRE-DEVELOPMENTALS

DETAILED TO FAA ACADEMY DURING FY
A. Pre-Developmentals

8. Developmentals;
Phase II, Non-radar

Phase 11, Radar

NEW HIRE DEVELOPMENTALS REPORTING
FY 1974, BY QUARTER 3/

1st Quarter
2nd Quarter
3rd Quarter

4th Quarter

74

79

74
m)____
Q1) I

() _____
(26)

P

Average GS
Grade Level

(26)_.
(36)___
(46)____
(56)_____
(16)___
(26)_____
(36)_____

(1)
(46)___
(51)_____
(56)____

ON-BOARD DURING

New To

FAA

() ___
(a1)____
(50) _____
(61)_____

Transfers From

ARTCC & FSS

(36)__
(C1) I
(56)_____
(66) ___ _

444

544

444




IV. TRAINING PERSONKEL COMPLEMERT

(04) A. Average Full Time Staff During FY 1974
(EPDO+EPDS) (1)
B. Part Time or Temporary Detail

Personnel; "Full Time
Equivalent" */
Man-Months During FY 1974 (16)

V. NUMBER OF CLASSROOMS/LABORATORIES
MAINTAINED BY FACILITY (21) 444

VI. NUMBERS OF DEVELOPMENTALS AND PRE-DEVELOPMENTALS
LEAVING TRAINING PROGRAM DURING FY 1974, BY PHASE

While Failing While Progressing

___Program Satisfactorily
(05) Pre-Developmentals () (16)
Phase I (21) (26)
Phase II, Non-Radar (31) (36)
Phase II, Radar (41) (46)
Phase 111, Non-Radar {51) (56)
Phase III, Radar (61) (66) '
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FOOTNOTES

1. Region number key:

Eastern

New England
Southern
-Great Lakes
Central
Southwest
Rocky Mountain
Northwest
Western

EZDNODDWNZM
mEZTEMECFOM>
— e

— S
nowouowoeu wonn
OO~ WN —~

2. Operations level classification key:

ARTCC level 1
ARTCC level 2
Terminal/tower level 1
Terminal/tower level 2
Terminal/tower level 2
Terminal/tower level 4

DN DWW —

3. Include only personnel new to the ATS.

4. A full time equivalent man-month is the number of hours per month worked
by a full time employee. A specialist devoting an average of one-half
time to training would be counted at a rate of one-half full time

equivalent man-months per month.

5. Persons initially entering combinations of classroom, self-study,
0JT, and other than training activities during the year should be
counted once in each applicable category. For example, a person who

o first enters phase 1II non-radar classroom, phase III non-radar 0JT,

phase 11! radar classroom, and who is promoted to GS 11 during FY
1974 would be included in each of the counts for phase III non-radar
classroom, phase III radar classroom, phase III non-radar 0JT, and
GS 11 other than training. He would not, however, be included in counts
for those categories to which he had been assigned prior to the first
day of FY 1974, e.g., phase II training or GS 9.

6. Include only on-duty (paid) time.
7. Include time spent in qualification check-out.

8. Exclude FAM trips.

e
iy |




C. SOME SURVEY RESULTS

This section presents some results of the survey coupled with
some statistical data from FAA Air Traffic Activity publications
(e.g., FAR, 1974a). More of the survey data, particularly those
relating to costs of training, are presented in Appendix G, partlc-
ularly Tables G- 13, G-14 and G-15.

Manning and training at each center are obviously related.
Each center has a number of sectors, and the number of personnel
assigned to a center depends on the volume and complexity of traffic
in the various sectors. This feature is examined herewith because
of its significance to future training loads.

Table B-1 shows some ratios between the numbers of controllers
and indices of traffic load at 20 en route centers listed in de-

creasing order of traffic volume (as measured by annual IFR aircraft
handled in 1973).

These ratios are plotted in Fig. B-l against traffic volume,
with a least-squares line fltted for each to assist in appraising
the trend. From both the table and the plot, it is evident that
each center has a unique set of operational characteristics, pre-
sumably deriving from its own peculiar situation.

The number of trainees at each center was also examined, based
on data derived from the IDA survey. Table B-2 shows that there are
very wide differences in the distribution of trainees according to

their phase at each center.
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TABLE B-2. NUMBER OF TRAINEES/DEVELOPMENTALS
BY TRAINING PHASE AT 20 ARTCCs

Phase
PRE I TI NR II R III NR III R Total

Cleveland 0 28 3 3 38 24 96
Chicago 5132 30 0 69 18, 224
New York o 93 10 21 100 .30 255
Atlanta 12 96 28 0 28 55 219
Washington, D.C. 4 13 28 0 49 64 158
Indianapolis 0 68 7 14 37 126
Fort Worth 15 48 0 33 107
Houston 4 65 1 0 24 94
Memphis 3 86 0 14 2 105
Jacksonville 6 50 87 0 6 158
Miami 3 24 24 0 10 67
Los Angeles 0 8 35 12 19 60 134
Kansas City 9 57 0 0 10 17 93
Boston 20 0 0 0 57 84
Oakland 15 26 25 0 34 10L
Albuquerque 14 29 8 8 62
Minneapolis 0 64 10 .0 11 8 93
Denver 0 8 16~ 5 9 10 43
- Seattle 12 15 L 0 2 3 38
Salt Lake City oo 5 o 0 15 1 3
Total 137 918 308 57 409 493 2322

NOTE: R = radar; NR = non-radar.

84
88




An associated consideration concerns the fraction of controllers
who are fully qualified and the inspructional resources at each

center. Table B-3 shows the relationship. The fraction of fully

qualified controllers ranges from 54 percent at Chicago to 85 per-

cent at Denver. The relationship of instructional capabilities to

apparent requirements is not obvious. (In fact, there seem to be

more training resources where there are fewer developmentals to
train.) It seems inadequate, for example, at Chicago. The relation-

ship between "studént/teacher“ ratio to fraction of qualified con-

trollers is shown in Figure B-2,

|
|
TABLE B-3. INSTRUCTIONAL RESOURCES, HIREg, AND ATTRITION |

DURING TRAINING AT 20 ARTCCs |

’

|
Percentage of |
Operational Controllers Developmental }

that are Developmentals Losses
En Route Center Fully Qualified per Instructor Hires Number Percentage
Cleveland 83% 6.9 56 11 11% {
Chicago 54 9.4 109 24 9
New York 56 12.4 98 36 14 ‘
Atlanta 50 20.7 111 12 S ‘
Washington 69 8.3 4 6 4
Indianapolis 72 8.0 45 16 13
Fort Worth 70 7.7 1 13 12
Houston 75 4,7 61 10 10
Memphis 67 17.0 69 13 12
Jacksonville 64 13.9 102 23 15
Miami 72 5.4 49 24 36
Los Angeles . 60 12,2 25 18 13
Xansas City 77 6.9 21 9 10 .
Boston 81 3.3 20 14 17 .
Oakland - 70 6.2 29 21 21
Albuquerque 77 3.0 76 17
Minneapolis 69 8.9 39 17
Seattle 81 3.6 0 7
Salt Lake City 83 2,32 29 24

4Source: IDA Survey.
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of Controllers that Are Fully Qualified
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In addition, the data show wide variations in training at term-

inals also. Table B-4 shows data for some of the major IFR terminals,

where the average number of developmentals per instructor is 7.3;
this ratio varies from 0.86 to 20.8. An average of 76 percent of the
entire staff are fully qualified journeymen, but this varies with
facility from 54 to 92 percent. There seems to be no consistent
relationship between the fraction of the staff needing developmental
training at these terminal facilities and the training resources.

The situation is shown graphically in Fig. B-3.

The history of separations and hires was also examined. These
are shown in Figs. B-4 and B-5. The pattern of substantial fluc-
tuation is evident. (It should be remembered that training programs
are less than a quarter of a year in duration, and hence quarterly
data are appropriate.) Again, it is difficult to use these data as

a basis for future projections.

D. REMAINING SURVEY RESULTS

As mentioned, the primary purpose of the survey was to obtain
the data necessary to help in the development of program costs. The
data for this purpose are given in Appendix G (starting at p. 218),
where they are used. '
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TABLE B-4. INSTRUCTIONAL RESOURCES, HIRES, AND_ATTRITION
DURING TRAINING AT 21 MAJOR TERMINALS
Percentage of
Operational Controllers Develrpmental
that are Developimentals LosLes
£n Routc (enter Fully Qualificd per Instructor Hires Number Percentage
New York {CIFRR) 824 3.2 35 4 15%
Chicago Y4 17.0 b 16 31
Atlanta 56 17.4 0 1 1
Miami 81 L.2 20 2 12
Paldas/Et. Worth 67 9.3 1] 4 14
Los Angoles 92 2.0 0 3 50
Washington Nat ional 68 20.8 13 1 4
Detroit I8 4,/ 6 / 64
g Boston 69 15.0 b 6 30

Houston 83 0.86 2 0 0
San Antonio 92 4,3 0 0 0
Tampa ’ 68 9.6 6 4 20
Denver 89 3.4 0 8 100
Mcmphis 80 8.5 Y 0 4%
pittsburgh 66 7.4 13 1 H
st. Louis 72 16.3 10 4 21
(leveland 75 4.7 6 7 64
Minnecapolis 76 7.3 6 . 6 46
Kansas City 84 8.0 i) 1 13
Columbus 92 2.0 3 0 0
Indianapolis 78 9.4 5 3 2/
dsource: IDA Survey. T
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I. INTRODUCTION

This Appendix is concerned with the capabilities and limitations
of simulation devices relevant to air traffic control training. For
background, the history of air traffic control simulation is reviewed,
and fidelity of simulation--a concept that is central to the use of
simulators for training--is discussed. Then, the functions of
National Airspace System, Stage A (NAS-A), Automated Radar Terminal
System (ARTS) III, and ARTS II are briefly described, and the sim-
ulation capabilities and limitations of those systems are discussed.
_There follows a discussion of the need for dedicated simulators at
the FAA Academy and an examination of future simulation requircments.

Finally, a summary and conclusions are presented.
II. HISTORY OF AIR TRAFFIC CONTROL SIMULATION

The term "simulation" has a variety of meanings, all centering
around the idea of representing something--an object, a condition, a
process--in some manner. What is simulated can vary from the simplest
device to complex systems involving sophisticated electronic com-
ponents, communication networks, and human decision makers. The
purpose of the simulation, and thus the method used, can vary as
well. When the purpose is system design, the simulation may be com-
pletely mathematical, often utilizing a computer, or it may involve
an electromechanical mockup. The literature on mathematical sim-
ulation and on engineering simulation is extensive (e.g., Naylor et
al,, 1966, and Flagle et al., 1960) but is not particularly relevant
when the purpose of simulation is training, performance assessﬁent,
or development of standard operational procedures and doctrine for

existing systems. There is also extensive Literature in this area,

perhaps the most comprehensive recent source being Parsons (1972).
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The idea of using simulation for training is an old one; the
game of chess is said to have evolved from ancient oriental war
games, and trai