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FOREWORD

One of the most remarkable feats of large-scale staffing for a highly techni-
cal occupation was the replacement of approximately 11,000 air traffic con-
trollers by the Office of Personnel Management and the Federal Aviation
Administration (FAA) following the PATCO strike in August 198l. This was
enabled, in part, by extensive research regarding air traffic controller
performance requirements and by the new Air Traffic Controller Selection Test
Battery developed by FAA research scientists. When adopted for use in October
1981, this controller selection battery reduced attrition in controller
training from 57 percent to 29 percent.

A major part of this report consists of an integrated presentation of the
significant research efforts that resulted in the adoption of the new selec-
tion test battery. The fipal section of the report describes the new National
Airspace System plan, announced by the FAA's Administrator in December 1981.
It analyzes the implications of this new automation program for the future of
the controller job and for selection of controllers in the new system, The
analysis presented suggests that much coordination may yet be needed between
systems engineers, who are designing the hardware and computer software, and
bhuman factors specialists, who are concerned with the compatibility of the
system and the human operator, before a viable system is finalized.

This report not oonly brings together in one integrated volume the previously
scattered and largely unpublished results of a successful research activity of
the utmost importance to American aviation, it also sets the record straight
on many widespread misconceptions about air traffic controllers-~-such as
stress and the impact of prior aviation experience, age, sex, and education on
controller job performance., It presents a history, an up-to-.ate account of
the current situation, and a view of the future.

H. L. Reigh
Federal Air
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Chapter 1
INTRODUCTION AND OVERVIEW

§, B. Sells and Evan W. Pickrel

Two events around the end of 1981 marked the culmination of develop-
ments, initiated considerably earlier, that must be regarded as major
landmarks in the history of the National Airspace System (NAS) of the United
States. These were the adoption of the new selection test battery for ATC
applicants, in October 1981, and the announcement of the new Alrspace System
Plan, in December 1981 (Federal Aviation Administration, 1981). The new
test battery 1s the outcome of a test development and validation research
program of a caliber comparable with that of the pilot selection program of
the United States Army Air Forces in World War II, and has already reduced
attrition in ATC training from 57% to 29%. One of the major purposes of
this book is to present the relevant research on the ATC test battery, pre—
viously widely scattered in published and unpublished technical reports and
memoranda, in a single, systematic document.

The new NAS Plan will not only replace aging and obsolescent equipment
with modern, state-of-the-art, solid-state, computers and communications
equipment, for greatly increased safety and efficiency, but will also intro-
duce higher levels of automation, modernize the flight service station
network to improve the dissemination of flight and weather data to pilots,
and deploy new radar, communications, and airport landing systems to further
enhance safety and provide more efficient traffic flow. By the year 2000,
the system is expected to provide automated decision-making. One of the
salient effects of the new system, that requires the most careful study,
will involve changes in the role of the air traffic controller and possibly
new requirements for controllers at some point in the transition. A second
purpose of this book is to review the new NAS Plan from the vantage of con-
troller selection and to begin to identify changes in the role and functions
of the controller in the future, as the system evolves from its present
(1982) form. The Plan is to introduce changes in an evolutionary fashion
and projections concerning controller functions must take account of the
expected status of the system at different stages of the replacement process.

The new test battery for controller selection must be regarded as a
major advance in the application of scientific, actuarial methods to the pre-
employment selection of personnel for a highly skilled technical specialty.

It involved both innovation in test content, compared to the approaches that
had become standard since World War I1, and comprehensive concern with virtu-
ally every detail of a complex, sensitive area. The story of this outstanding
program, which is reported in the first 23 chapters (Parts T through IV), is
both a research document of major importance and a reference document for
professionals and students in the field of persomnel selection.

At almost the same time that the new test battery became operational,
the announcement of the new NAS Plan gave warning that changes would be re-
quired in the selection program, perhaps within the next 10 years, depending



on the rate at which new computers, radar, and communications systems come

on line and pre-empt the customary functions of the controllers, and the ex-~
tent to which the resulting changes levy new requirements for those who will
perform the new functions. These issues are addressed in Part V, which sum-
marizes the projected developments, examines the changes expected in the job
of the controller, and suggests new research and development to bring the
selection procedures in line with requirements. Much of this analysis is
necessarily speculative. However, the first step in every new research enter-
prise must be concerned with conceptualization, formation of hypotheses, and
definition of alternatives, and at the outset must be considered speculative.

ISSUES IN PRE-EMPLOYMENT SELECTION RESEARCH

The purposes of pre-employment selection for any job, but particularly
for those such as airline pilot and air traffic controller, that are highly
technical and involve special skills, are to identify, within a population of
applicants, the subset that is most likely to complete technical training and
perform the job successfully at the entry level, and to advance to higher
levels of skill and responsibility, with experience on the job. The appli-
cation of scientific methods to selection, based on field validation of
objectively scored tests and other predictors, against reliable measures of
performance of the job, was demonstrated on a large scale in programs to
select pilots and other air crew members by the Aviation Psychology Program
of the United States Army Air Forces in World War II. More extensive discus-
sions of the issues addressed in this section can be found in Guion (1965),
Magnusson (1966) and other textbooks.

Actuarial selection, as this is generally called, stands in contrast to
clinical selection, which is based most commonly on interviews by personnel
specialists, supervisors, or psychologists. The critical differences between
the two approaches are that: (1) actuarial selection is based on probabili-
ties generalized from empirical experience, using a scientific research design,
while clinical selection is more intuitive, depending on the judgment and ex-
pertise of the interviewer, for which probabilities are not usually calculated;
and (2) in actuarial selection, probabilities are used for groups or "batches"
of applicants who have attained particular scores, but not for individual
applicants, whereas clinical selection attempts to form a judgment concerning
each applicant. The history of pre-employment selection favors the accuracy
of actuarial selection for occupations involving large numbers of employees,
by an overwhelming margin, but only in those instances where the methods have
been appropriately employed.

Actuarial methods are very demanding and require research designs for
validation in which special attention is required to the samples of subjects
tested, the selection of predictor measures, the conditions of data collection,
the criteria used as measures of job success, and the type of analysis per-
formed. Each of these components is critical, as discussed briefly below.

Subject samples. Because scores based on selection tests and other pre-
dictors have probabilistic implications, prediction equations must be based on
large samples of applicants (or incumbents, as discussed later). Although the
definition of "large'" may vary with the situation, sample size should generally
exceed several hundred and several thousand would be preferred. In order to




generalize experimental data to operational conditions, it is desirable that
the composition of the test population be comparable to that of the target
population with respect to status at the time of testing, and proportions by
age, sex, race-ethnic group, educational background, and other variables
deemed to be relevant.

Selection of predictor measures. Since the utility of a selection instru-
ment (e.g. test) or battery of instruments depends mainly on its correlation
with an acceptable criterion of job success (that is, its validity), and since
testing and validation of experimental predictors is expensive and time-
consuming, it is desirable to start out with a set of candidate predictors
that are likely to correlate well with the chosen criterion. This is a most
important step that should not be taken without insightful job analysis, to
identify the critical aptitudes, background, knowledge, skills, and other
human attributes involved in learning to do the job and performing it success-
fully. This implies intimate knowledge of the target job'with respect to the
environment, equipment, procedures, and organizational structure involved, the
training and prior experience required, the criteria for distinguishing effec-
tive from ineffective performers, and the characteristics of effective and
ineffective performers. Whenever any of these parameters changes, it is im-
portant to assess the effects of such change on the person requirements.

The predictors that are finally selected from among all the candidate
measures tried out experimentally will be those that correlate most consis-
tently and most highly with the criterion and that do so independently of
other predictors. It should be understood that reasonably high correlation
between a predictor and a criterion implies that individuals who score high
on that predictor also score high on the criterion (of job performance), and
vice-versa. This is the acid test of predictive validity for any test or
person characteristic assumed to be relevant to job performance.

All predictors that pass this test are relevant, but some that are con-
sidered relevant may not predict. Failure to predict may reflect: (1) that
the proposed predictor is not related to the criterion (mot relevant), or
(2) that virtually all candidates have similar scores (there is no variance)
on the predictor (e.g., if basic literacy were included as a test for air
traffic. controllers), or (3) that the factor measured by the predictor is
either not represented in the criterion or unimportant in the criterion as
measured (this is frequently the case with such personality variables as

social adaptability and dependability). Of course, predictor tests, parti-
cularly those that measure these and other personality variables, must also
be assumed to have demonstrated validity as measures of what they purport to
measure, before they are accepted for try-out.

Predictive validity, as represented by the correlation of experimental
predictors with criteria, is an objective, empirical test of the acceptability
of proposed predictors in selection research. If "expert" opinion is valid,
it can be confirmed by such a test. If it fails the test, there is a data-
based reason to reject it. In dealing with human behavior, almost anyone can
be an expert, but validation research is the only dependable test.

In selection researsh in general, the best results have been obtained
with tests of cognitive and motor skill aptitudes and abilities and with tests



of technical knowledge, which are most commonly well-reprosented in the cri-
terion measures. On the other hand, results with personality and temperament
measures have been at best marginally successful, partly because of limita-
tions of the personality measures commonly employed, and partly because of
the way that criterion measures are defined. In addition, an important re-
quirement for all measures used, both predictor and criterion, is reliability,
or consistency, which places an upper limit on any correlations that may be
obtained. All too often, the graveyard of failed selection studies is marked
by unreliable predictors or criteria, or both.

Conditions of data collection. The term prediction is frequently used
as a goal of correlation, in the sense that a high correlation enables the
prediction of the criterion based on knowledge of the (predictor) test scores
(by means of a regression equation). Prediction is also used in another
meaning, to distinguish between two types of study design. . The first is the
Predictive Study, in which the subjects are job applicants and the criteria
are determined at a future time (at the end of training or on-the-job after
completion of training) for those who are hired. The other is the Concurrent
Study, in which the subjects are all employees (in training or further along
on the job) and the criteria are determined concurrently (or sometimes even
retrospectively).

There are advantages and disadvantages to both approaches. The predic-
tive design captures the competitive motivation of job applicants, to do
well on the tests, and is therefore realistic. However, it requires time
delay for the criterion measures to mature and this may be administratively
objectionable. The concurrent design utilizes subjects who have already been
hired and their motivation in completing the tests might adversely affect the
test results. However, it produces results more quickly and often appeals to
administrators because of the convenience of the procedure,

Some investigators have arranged for tests taken in concurrent studies
to be treated confidentially, so that individual scores are withheld from the
employer. This is a desirable practice since it assures the employees tested
that their test scores will not affect their employment status.

Both designs are affected by the fact that since their data are based
only on employees, who are presumably qualified for the job, the range of
test scores and criterion measures is restricted, compared to the range that
would be observed in a population of applicants. Restriction of range has
the effect statistically of reducing the magnitude of correlations for any
data set, and therefore of underestimating the validity coefficients computed
by employee samples. The studies reported in this book reflect both types
of design and include procedures developed to make corrections for restric-
tion of range, in order to estimate the true correlations (validity
coefficients). .

Criterion measures. Perhaps the greatest limitation observed in selec-
tion research, over the years, has been in the shortcomings of measures
adopted as criteria of job success, with respect both to their reliability
and also to the extent to which the measures used in various studies have
truly represented actual job performance. Obviously, assessment of job
performance is difficult; for example, questions such as how well does an




airline captain perform his job? or an EnRoute or Terminal tower controller?
require complex decisions concerning behaviors to be included and design of
tailored instruments to measure them. Without going into detail at this
point (this topic 1s addressed in Part III), it is common knowledge that the
most reliable, quantitative, and comprehensive criterion measures for selec-
tion purposes have involved measures representing assessment of performance
during training, such s pass-fail of the training program, course test
scores, and grades, and comprehensive final assessments. For on-the-job
performance, global ratings by supervisors are generally believed to be less
reliable than differential, task-oriented, behavior-based supervisor ratings,
but both have been used successfully in carefully structured sltuations;
trait-oriented rating forms (e.g., honest, reliable, motivated, etc.) have
been found to be generally worthless.

The criterion measures employed in the research reported throughout this
book included both during-training and on-the-job assessment, and the ration-
ales, methods of data collection, and in most cases, the reliability of the
measures used, are reported in the text.

Analytic methods. The correlation of a predictor measure with the cri-
terion is a "raw" validity coefficient. The extent to which this figure can
be generalized for future operational use of the predictor as a selection
instrument depends on the representativeness of the sample with respect to
the target population; the sample size, which affects the stability of the
data; the conditions of test administration and data collection with respect
to the status of the persons tested as applicants or as employees; and confi-
dentiality. Some of these issues can be examined statistically; for example
it is possible to test the representativeness of sample data; to analyze vari-
ations among subgroups defined by age, sex, race-ethnicity, or other factors;
to calculate reliability estimates and standard errors of estimate; and to
estimate "true values," making adjustments for unreliability of measures and
restriction of range.

The correlation between a single predictor and a criterion is designated
by the symbol "r," while the multiple correlation between a set (or battery)
of predictors and a criterion is designated by the symbol "R." The prediction
equation calculated from the data used in computation of r is called a
regression equation, and from R, a multiple regression equation. The weights
assigned to predictors in a multiple regression equation, indicating thelr
differential contribution to the total, composite prediction score, are
called regression weights, and these may be expressed in standard score form
(beta weights) or raw score form (b weights).

A procedure that has become common practice in validation research is
that of testing the stability of miltiple regression results by cross—validation
on one or more independent samples. Failure to replicate results by cross-
validation throws doubt on the initial results, while successful cross-
validation increases the likelihood that the results will generalize by the
product of the probabilities obtained independently in the samples investigated.

Interpretation of the magnitude of r or R, which affects the accuracy
of predictions based on the relationship denoted, is based on the coefficient
of determination, obtained by squaring r or R. The squared correlation (r2or R?)




indicates the percentage of common variance, or the extent to which the pre-
dictor(s) and criterion reflect common factors. Figure 1 shows that re

(or R2) is initially lower and then increases by progressively larger steps
as r(or R) increases in uniform steps from zero to unity, illustrating that
the magnitude of the relationship changes with equal increments of the cor-
relation coefficient. Thus, a correlation of +40, which is in the higher
range of correlations usually obtained in industrial pre-employment selection
research, accounts for only 16% of variance in common with the criterion,
while a correlation of .20, which appears half as great, accounts for only 4%.
It should be noted that correlations in the range of .40 to .60 can provide
extremely effective selection, when compared with alternatives that correlate
with the same criteria at levels below .20,

Significance and causality. A universal condition of human measurement
is that of error, which is reflected in test scores as a result of a myriad
of causes, such as ambiguities and other shortcomings of tests, distractions
or other aspects of the testing situation, variations in individual effici-
ency, attitude, and well~being at the time of testing, errors in scoring,
transcribing, and processing of data, and many others. Consequently, psycho-
metricians assume that an actual, obtained score, as well as statistics
computed, such as means, is composed of the true score plus error. While
every effort is made to exclude error that can be controlled by the examiner
(by maximizing test reliability and validity, standardizing testing and pro-
cedures, and checking all data carefully), probability statistics are employed
to estimate error and to guide interpretation and adjustments to compensate,
where possible. For example, the reliability of a test can usually be in-
creased by increasing the number of items, assuming that a pool of relevant,
unambiguous, and properly constructed items is available initially, and the
statistical significance of a correlation coefficient can be increased by
increasing the size of the sample of persons tested, assuming that the age,
sex, ethnic, and other background mix remains the same, if additional sub-
jects are available.

Significance tests are usually evaluated in terms of probability. For
example, the standard error of a correlation coefficient is used to calculate
the probability that the obtained correlation differs significantly from
zero, and this is conventionally expressed as a p (probability) value. The
borderline value p < .05, generally accepted as indicating significance,
means that the chances are less than 5 in 100 that a correlation of the mag-—
nitude obtained would occur by chance alone (between the variables involved)
in an infinite series of replications of the data. Similar interpretation
applies for p < .01 (one chance in 100) and other values that may be calculated.

Since the standard error (and p value) is a function of sample size,
a distinction must be made between statistical significance, which refers to
the probability of approximating the true correlation for the population from
which the study sample was drawn, and practical significance, which refers
to the power of prediction afforded by the correlation obtained, regardless
of statistical significance. A correlation of .10, obtained for a sample of
10,000 applicants, would be highly significant (p € .001) statistically, but
would not afford significant predictive power.
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Another important distinction to be understood is between correlation,
which describes the degree of covariation between a pair of variables, and
causality, which implies that the relationship between them is such that the
Cccurrence of one results in a predictable effect with respect to the other.
Often, the correlation between two .variables may be the result of their com-
mon relation to a third variable, as for example, height and scores on a
school achievement test correlate fairly well (around .60) because of their
common relation to age. As a general rule, one should make no inferences
concerning causality from correlation data alomne.

Utility of proposed tests. After the predictive validity of a proposed
test or test battery is determined, there still remains the task of analyzing
its utility for operational use. This involves a number of congideratiocns,
including (1) the development of composite predictor scores, (2) the gain,
over existing selection procedures, in the percentage of successful candi-
dates, at various levels of predictor score (cutting scores), which can be
demonstrated by means of some form of expectancy table, (3) the consistency
of various cutting scores for subgroups of the applicant population (men,
women, race-ethnic groups, etc.), (4) the yield in successful cases in rela-
tion to gesting time required; and (5) assessment of the consequences of
shortening the battery (if necessary), in terms of yield. Related consid-
erations, such as the feasibility of including tests that require special
apparatus for administration, and the inclusion of items that may for any
reason be controversial, should be addressed in the preliminary stages of
the research. Finally, problems of security of tests and scoring keys must
be addressed in order to prevent compromise, should control of vital infor-
mation be lost. This usually implies the necessity of constructing sufficient
alternate forms of tests to enable replacement immediately should a need arise.

Fairmess. 1In a diverse, multi-ethnic population, such as that of the
United States, and also in bilingual populations, as in Canada, it is possible
to give an advantage to one group over others that may result in significant
differences in test scores, by choosing test items that afford differential
facility in responding, because of differential linguistic, cultural, educa-
tional, and economic background. Indeed, this problem even applies to sex
groups, since male and female developmental experience, and hence knowledge,

skills, and physical capabilities are in many ways a function of prescribed
sex roles.

Concern with this general problem arose in the United States in the
1930's, when 1t was claimed that mean differences, often as high as 15% to
20% between white and black school children on intelligence and other verbal
tests were attributable to built-in cultural bias in tests, designed mainly
by middle and upper-middle class white psychologists, rather than to biclogi-
cal differences between the "races." The controversy on this issue has raged
for over 50 years and is not yet resolved. However, efforts have been made
in educational testing to devise "culture fair" and "culture free" tests,
but with extremely modest success.

In the area of pre-employment testing, the issue of fairness is compli-
cated. Although it is considered desirable to give every applicant an equal
opportunity to be selected for a job for which he or she applies, without



penalty for race, color, sex, age, Or other personal attribute, it is also
imperative that persons selected, particularly for such critical jobs as air-
craft pilot and air traffic controller, be capable of performing the job suc-
cessfully. Both of these issues were recognized by the Equal Employment
Opportunity Commission, the Civil Service Commission (now the Office of
Personnel Management), and other cognizant federal agencies, and the Uniform
Guidelines in Employee Selection Procedures, adopted for federal employment
in 1978, provide what is generally regarded as an equitable solution. This
is explained ir Chapter 22 in relatiom to the new controller selection test
battery adopted in October 1981, and essentially prescribes that if adverse
impact for any sex, age, or racial minority groups is found for any proposed
selection procedure, then a positive demonstration of predictive wvalidity
(job relevance) and fairness ( in application of regression results) must

be made.

WHAT AIR TRAFFIC CONTROLLERS DO
AND THE SYSTEMS IN WHICH THEY WORK

The purpose of Air Traffic Control (ATC) was described in a report on
Alr Traffic Control Specialist (ATCS) training (Henry, Kamrass, Orlansky,
Rowan, String, & Reichenbach, 1975), as follows:

"The purpose of air traffic control (ATC) is to ensure safe
and efficient movement of aircraft. Control of airecraft in the
National Airspace System (NAS) is done from the ground, and it is
designed to keep aircraft separated from each other and to expedite
the flow of traffic. Control facilities develop information from
a variety of sources, including long-range surveillance radars,
local 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 en route
control. En route control in the continental United States is
distributed among 20 air route traffic control centers (ARTICCs)
for aircraft operating on instrument flight rules (IFR). Terminal
control facilities can be divided into those capable of handling
traffic operating on IFR and those that can handle only aircraft
operating under visual flight rules (VFR). Controllers are usually
classified by the kind of facility in which they operate, i.e., en
route, IFR terminal, and VFR terminal. Training programs for
controllers are designed for each of these specialties" (p. 7).

Air traffic controlling involves many human tasks that have been clus-
tered into a set of jobs that comprise the ATCS occupation. In broad terms,
the skills required to perform these jobs include problem solving, decision
making, information processing, oral communication, coordination, and equip-
ment operation. The knowledge requirements are extensive and relate to
regulations, operating procedures, air navigation, piloting, weather, and
sector mapping. Since the critical skills are cognitive, selection proce-
dures emphasize assessment of cognitive facility.

The jobs of the ATCS can be described in terms of these categories,
located at Terminal (Tower), Air Route Traffic Control Centers - ARTCCs



(EnRoute Centers) and Flight Service Stations (Statioms). Flight Service
Station (FSS) specialists provide advisory services only, to general avi-
ation pilots. The following discussion of these specialties includes
excerpts from the description of the new NAS Plan (Federal Aviation
Administration, 1981).

Terminal Air Traffic Control. The Terminal air traffic controller
works with aircraft during takeoff and landing, using direct vision, radio
communication, or radar to obtain information concerning the position and
course of the aircraft, and communicating with pilots by radio.

"The three major types of facilities used in terminal air traffic con-
trol are the airport traffic control tower (ATCT), terminal radar approach
control (TRACON), and terminal radar approach control in the tower cab
(TRACAB). Located on airports, the ATCTs are the most common, as well as
the most visible, of the three. Their purpose is to separate aircraft,
sequence aircraft in the traffic pattern, expedite arrivals and departures,
separate aircraft on the landing areas, and provide clearance and weather
information to pilots.

"The second most common are the TRACONs that control airspace around
airports with high~density traffic. TRACON controllers separate and sequence
both arriving and departing flights. Normally, each TRACON is associlated
with one ATCT and located within the same building. However, a TRACON may
be remotely located and may serve more than one ATCT. The third type, the
TRACAB, serves a function similar to that of the TRACON. TRACABs are loca-
ted within tower cabs at airports with low-traffic density.

"All terminal air traffic control facilities are equipped with radio
communications to aircraft, telephone communications to air- route traffic
control centers and flight service stations, and have a variety of equip-
ment for observing, detecting, receiving, and displaying weather information.

"Radios and telephones are major tools of the terminal controller.

"Terminal ground-to-air communications are conducted with VHF or UHF
transmitters and receivers. Current ATC ground-to-air communications require
many frequency changes as aircraft move through the system. Terminal ground-
to-ground communications use a variety of old switching.systems. These
systems are leased and range in complexity from the systems used in many
small ATCTs to Western Electric 301, and 301A systems used at TRACONs.

"The display of information on aircraft position in the traffic pattern,

aircraft identity, and aircraft altitude greatly assists the controller.

This information, obtained by surveillance radar, is required in areas of
high traffic density. Radar information assists in separating aircraft,
expediting the traffic flow and allowing separation minima to be greatly
reduced from those in non-radar operations. Terminal radar information is
provided by airport surveillance radar (ASR); i.e., primary radar and air
traffic control beacon interrogators (ATCBI) (i.e., beacon).

"Radar information currently is processed and displayed by a variety of
automation and display equipment depending on traffic density, required
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capabilities, and the display environment. Current automated processing and
display equipment came into general use during the 1970s.

"Computers not only have relieved the controller of routine tasks but
also give the controller information that assists in maintaining aircraft
jdentification. In addition, information such as altitude and aircraft speed,
which must be provided by the pilot in a non-automated environment, can be
displayed by means of alphanumeric symbology. '

"The TPX-42, which is the least sophisticated of the terminal automation
systems, is a non-programmable, numeric beacon decoder system. That is,
information from an aircraft's transponder is decoded and displayed for the
controller in numeric form along with normal radar data. It provides air-
craft identification and altitude information for suitably equipped aircraft.
TPX-42 is used at lower activity facilities.

"he automated radar terminal system (ARTS II) is a programmable, non-
tracking data processing system. Although it does not provide tracking, the
ARTS II system does provide meaningful information to the controller, such
as aircraft identification and altitude. Like TPX-42, the ARTS II derives
its information from the aircraft's transponder. The ARTS II system may be
interfaced with the ARTCC computer for the automatic exchange of information.
The ARTS II is used for facilities having low-to-medium activity. At present,
ARTS II has no unique software other than the basic operational program.

"The automated radar terminal system (ARTS III) is a programmable,
beacon tracking system. Based on information from the aircraft's transponder,
the ARTS TII detects, tracks, and predicts the position of aircraft in the
terminal area. The information is displayed on the controller's radar scope
by means of computer-generated symbols and alphanumeric characters, along
with normal radar data. The computer displays aircraft identification,
altitude, ground speed, and flight plan data. In addition, the ARTS III is
interfaced with the ARTCC computer, allowing the computers to pass informa-
tion between facilities.

"As of 1982, ARTS III has been installed at medium-to-high activity
terminal facilities and has provided two unique features, through programming.
The. first is the minimum safe altitude warning (MSAW). MSAW is a function
of the ARTS III computer, that will alert the controller when a tracked air-
craft, with altitude reporting capability, is below or is predicted by the
computer to go below a predetermined minimum safe altitude. The second is
conflict alert. Terminal conflict alert (CA) is a computer function that
alerts the controller to the situation that aircraft are in close proximity
and possibly require attemtion or action.

"The automated radar terminal system (ARTS IIIA) is an enhancement of
the existing ARTS III system designed to meet increasing traffic demands in
terminal airspace. The ARTS IIIA is capable of tracking radar targets as
well as transponder-equipped aircraft. Thus, all aircraft that are within
radar coverage of an ARTS ILIA facility are candidates for computer process-—
ing. Like ARTS IIIL, ARTS IIIA interfaces with the ARTCC's computer and
contains unique software features of MSAW and CA.
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"Flight data entry and printout (FDEP) is not, in and of itself, auto-
mated equipment. However, it does provide an automated means of printing
terminal flight progress strips. FDEP equipment interfaces with the ARTCC's
computer and is used extensively throughout the system to automatically pass
flight plan information from ARTCCs to terminal approach control facilitieés
and associated control towers.

"Bright radar indicator tower equipment (BRITE) is a supplemental radar
display system designed for use in the bright light environment of the ATCT cab.

"The current terminal ATC system consists of over 400 ATCTs and nearly
200 TRACON/TRACABs" (Federal Aviation Administration, 1981).

EnRoute Center (ARTCC) Air Traffic Control. Controllers at Centers
monitor some general aviation and all commercial aviation flights while they
are en route to their destinations. They also issue instructions to pilots
on proper altitudes and flight headings that they decide are necessary to
maintain legal separation from other aircraft. They instruct pilots to
ascend or descend to new altitudes or to change course to avoid severe weather
or restricted flight areas.

"A typical center is responsible for more than 100,000 square miles of
airspace and hundreds of miles of airways in the sky which are like electronic
highways to pilots. A center's geographic area is uvaually divided into 30
Or more sectors, with a team of controllers responsible for each sector.

"There are 20 air route trzffic control centers in the continental United
States. There are five offshore centers located at Anchorage, Honolulu, San
Juan, Panama, and Guam. The San Juan, Panama, and Guam centers are combined
center radar approach controls (CERAPs).

"Another integral part of the en route system is the central flow con-
trol facility in Jacksonville, Florida. Central flow control serves as a
focal point for evaluating and approving traffic flow redistribution, nation-
wide management of air traffic flow, and provides authority for initiating
systemwide flow control. Central flow control, associated with the airport
reservations office (AR), relieves congestion at the busiest airports. When
associated with the central altitude reservation function (CARF), it supports

military operations and provides coordination of other activities requiring
airspace protection.

"These en route centers control all aircraft in the United States opera-
ting under instrument flight rules (IFR) and not under control of military
or other facilities. They provide separation services, traffic advisories,
and weather advisories. 1In addition, they track aircraft operating under
distress. The FAA en route system 1s, of course, an integral part of this
country's national defense system.

"The air traffic control system determines correct aircraft separation
based on radar data input. It also provides visual flight rules (VFR) traffic
advisories, and fixed route clearances based upon separation.

:
3
H
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"Most flight data, after being processed, are now displayed on paper
strips torn from flight strip printers. This is a mechanical system requir-
ing manual coordination and input by the air traffic controllers. Handoffs

of aircraft from one controller to another, together with the required fre-
quency changes, are also done manually.

"The en route centers presently use 9020 computers developed in the
1960s. The three offshore control centers use en route automated radar
tracking systems (EARTS) computers to perform similar but more limited radar
and flight data processing" (Federal Aviation Administration, 1981).

Flight Service Station Specialists (FS58). The FSS function is mostly
advisory to the general aviation community (as distinguished from commercial
air carriers). It includes the following specific services: accepting and
closing flight plans, briefing pilots, en route communications with pilots
flying VFR, assisting pilots in distress, disseminating aviation weather
information, monitoring radio navigation stations, originating notices to
airmen, working with search and rescue units to locate missing aircraft, and
operating the national weather teletypewriter systems.

There are more than 300 FAA Flight Service Stations.

"At certain locatioms, flight service stations take weather observations,
issue airport advisories, provide en route flight advisory service, and advise
customs and immigration officials of .transborder flights. The stations also
have communications equipment for relaying information to towers and air
traffic control centers and for various other emergency services.

"0f all the FSS services, none are more important to safety than those
related to weather.

"The FAA aviation weather system collects weather information and distri-
butes it to both pilots and agency operations personnel. Weather information
is collected largely with electromechanical devices that give wind direction
and velocity and measure cloud ceilings. Facsimile weather maps and low-speed
teletype equipment alsc are used.

"FAA long-range air traffic radars also give two levels of contours to
outline weather on en route radar displays for controllers and for center
weather service unit (CWSU) meteorologists at the en route centers. Other
aviation weather information comes from the National Weather Service,
Aeronautical Radio, Inc. (ARINC), pilot reports, and observations made by
agency personnel.

"o get weather information to pilots, the agency depends on telephones
and radio voice broadcasts, including advisories made over VOR radio stations
used for navigation. At some locations, voice recordings disseminate mass
weather information. For pre-flight briefings and in-flight advisories,
direct communications between the pilot and flight service station specialist
are used" (Federal Aviation Administration, 1981).

Career path. Terminal and EnRoute air traffic controllers have a career
program ladder that extends from the entry level (GS-7 for competitive
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appointees from the OPM register or GS~5 for noncompetitive appointees) to
GS5-13, and GS-14 for Full Performance Level (FPL) journeyman radar control-
lers. Following initial centralized training at the FAA Academy at Oklahoma
City, the graduate works initially as a Developmental controller at the facil-
ity at which he or she was hired. Developmental controllers receive on-the-
job training and performance assessment and may progress through a series of
competency levels that terminate with achievement of FPL, journeyman status.

The FPL designation implies that an ATCS is fully certified to work at
any controller position at a facility. Developmental training may require
5 or more years to accomplish FPL status. Previously, unsatisfactory pro-
gression was a basis for termination of employment at any stage of develop-
mental training. However, as pointed out in Chapter 6, the system was
changed in 1981 after the PATCO strike. In the new personnel system radar
training is an advanced course at the Academy, for which developmental non-
radar controllers must qualify. Non-radar controllers who fail to qualify
for or to pass the radar course may now work out their careers in the non-
radar status. Those who do qualify for and complete radar training, and who
advance to FPL status, are expert professional specialists who have passed
through rigorous screening, training, and on-the-job developmental training
to qualify for this certification.

PROJECTED NATIONAL AIRSPACE SYSTEM CHANGES

In December, 1981, the Federal Aviation Administration announced the new
National Airspace System, which is intended to reach high levels of automation
around the year 2000. A detailed analysis of this plan, taking account of
its impact on the ATCS function, is presented by Neal A. Blake, in Chapter 24.
The conceptual approach and planned evolution of the Terminal, EnRoute, and
FS5 portions of the planned system are explained in the following extracts
from the FAA December, 1981 NAS Plan report.

Terminal System

"The objectives of the terminal system improvement plan are to maintain
a very high level of safety, impose minimum constraints consistent with effi-
cient use of the system and at the same time minimize FAA operations costs.
This involves extended use of automation and consolidation of the number of
air traffic control facilities required. For the near term this means making
hardware and software improvements to existing ARTS automation systems, and
improvements to the facilities .and voice communication switching which co-
exist with them. Over the intermediate term it involves replacement of the
automation equipment to provide capacity for traffic growth, higher system
reliability and the addition of safety and efficiency enhancements.

"A common family of computers and smart sector suites will eventually
be employed to improve air traffic productivity and provide significant cost
savings by reducing the multiple life-cycle costs for training, supply support,
engineering and software associated with TPX-42, ARTS II, ARTS III, and
ARTS IITA. Computers provided to hub TRACONs will be subsets of those used
for the en route centers and will employ common software. Sector suites used
at hub TRACONs will be identical to those developed for the en route ARTCC
and have identical processing capability.
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"“"A modular version sector suite will be developed for ATCT use. It will

contain identical processors but have unique displays for use in the space-
limited, high intensity light environment of the ATCT cab. Sector suites

will draw on terminal, en route, and FSS data bases and will satisfy the traf-
fic control requirements for radar flight position, intent and identify infor-
mation, flight data information, weather data information, and flow planning
information.

"In the long term, automation will be extended to create an integrated
flow management system which will maximize airport capacity, smooth traffic
flow and reduce aviation fuel consumption. Consolidation of terminal air
traffic control facilities will be undertaken to increase controller and
technician productivity. The 188 TRACON/TRACABs which currently exist will
be consolidated into 30 newly established hub TRACONs or existing ARTCCs by
the mid-1990s. The trend over the period will be to blend separate functions
of terminal and en route air traffic control into 48 major ATC facilities
and supporting ATCTs. Facility consolidation is expected to reduce the
flight coordination between pilots and controllers and result in significant
savings in equipment, personnel and operating costs. Upgrading automation
and voice communication switching will be the cornerstones of facility
consolidation.” :

Near Term - to 1985. Near term improvements (to 1985) will "focus on
higher productivity among air traffic controllers and Airway Facilitias
maintenance technicians and control of communication costs. ARTS II machines
will be upgraded. Scftware for conflict alert and MSAW safety improvements
will be provided. Software to enhance conflict alert at ARTS 1III locations
will be provided to reduce nuisance alarms. Enhancement of the controller
training capabilities at ARTS III locations will be provided to expedite
strike recovery.

"ARTS III memory will be expanded to provide capacity for traffic growth.
The capability to hand off aircraft and transfer flight data automatically
between ARTS IL and ARTCC facilities will be added to approximately 50 loca-
tions to reduce controller workload. A similar ARTS-to-ARTS direct interface
will be created. An automated ATC capability in the R-2508 restricted area
of California will be created to prevent midair collision of civil and mili-
tary aircraft.

"Radar remoting to satellite ATCTs will be provided to reduce collision
risk. Vacuum tube BRITE I and II displays will be replaced to improve tech-
nician productivity. TRACON BRITEs will be eliminated to improve working
conditions. An integrated communications switching system (ICSS) will be
purchased on a competitive basis to decrease leased communications costs.
Power conditioning systems will be provided to ARTS III locations to improve
reliability. Research and development will start on sector suite and com-
puter modernization with a host machine.

"Research and development of automated ailrport advisory services are
underway to determine the operational performance of a system targeted to
supplement or replace VFR tower service. Operational test of concepts to
improve airport capacity will be conducted. Operational test of a runway
configuration management system will be conducted at Chicago O'Hare. Research
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on integrated flow management is underway. Sustaining ATCT and TRACON mod-
ernization and relocations will continue. Construction of hub terminals
will begin.

Intermediate Term - 1990. "During the intermediate term (1990), TPX-42s
will be replaced and software for conflict alert and MSAW will be provided.
Terminal hub consolidation and terminal-to-center consolidation will be well
underway. Sector suites, tower sector suites, voice switching and control
systems, and subsets of en route host computers will be combined to allow
operations personnel to handle increased traffic without a proportional
increase in staffing. Tower communications switching systems will be pro-
vided to ATICTs which have not received ICSS in the near term to (1985).

The large geographic areas of the new 30 hub TRACONs and the absorption of
TRACON facilities into the ARTCCs will increase the similarity of terminal
and en route systems. Improved weather product utilization will result from
the computer and sector suite. ATCT sustaining relocations and modernization
will continue along with research into integrated flow management.

Long term (to 2000). "Over the long term (2000), the FAA plans to com-
plete terminal hub consolidation and terminal-to-center consolidation.
Computer software will be implemented for integrated flow management products.
Data link coverage will be extended down to 6,000 feet MSL and will be uti-
lized to provide weather and clearances to aircraft.

EnRoute System

“"Despite their capabilities, the current 9020 computer systems are not
expected to prove adequate for handling the projected growth in aviation
traffic beyond the late 1980s.

""Major enhancements to the operational software are not possible because
of capacity limits. For instance, the system is incapable of ensuring 100
percent functional reliability or availability necessary for upgrading auto-
mation. These higher levels of automation are being developed to further
reduce operational costs, improve safety, and provide fuel savings for air-
| craft users.

"In addition to its high hardware and software operating and maintenance
costs, the present en route system is labor-intensive. Moreover, equipment

manufacturers cannot continue to support the system indefinitely, regardless
of the cost. '

"FAA plans call for replacement of the central computer complex 9020
computers in the mid-1980s with a host computer. (A host computer is a
replacement computer which uses existing software from another computer
system.) This host computer will be capable of running the present 9020
software package with minimal modifications. This will provide immediate
relief for capacity restrictions from anticipated air traffic growth.

"The new computer system will be designed for approximately 100 percent
functional availability and reliability of en route services. Moreover, the
new computers, software programs and displays, now under development, will
be capable of providing both en route and terminal services. This will enable
the agency to comsolidate and.reduce the number of facilities needed.
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Significant savings in manpower, rents, utilities, and energy costs will be
realized. Use of the same system in en route and terminal facilities will
also eliminate or considerably diminish the present, somewhat arbitrary,
demarcation of services and thereby reduce operational overhead.

"At the same time, the agency will begin action to procure new sector
suites which include distributed processing minicomputers capable of handling
the functions now resident in the display channel computers. This contract
will also provide for development of replacement software programs parti-
tioned to run in the host computers and sector suites. Major operations
requiring centralized processing will be accomplished in the host, with all
remaining functions performed within the individual sector suites. This will
minimize the impact of most failures to a single sector, with sufficient back-
up capability to provide 100 percent functional reliability. It will also
minimize the adverse impact of a major techmical and operatiomal transition.
Additional safety and productivity functions will be included in the new
software.

"The sector suite will consist of three displays providing situation
display information, such as: radar/beacon coupled with the introduction of
real-time weather, electronic tabular display (eliminating the need for the
manual flight strip processing), and a third display for planning information
and advanced functions associated with AERA. Connection to various universal
busses will allow the sector suites access to all necessary informationm shared
with other systems.

"The capability of the system to accomplish processing of both en route
and terminal input and functions allows for the consolidation of terminal
facilities into the centers and the use of the same or a downsized system in
the terminal environment for consolidation of terminal radar approach control
(TRACONs). Standardization, flexibility, and expandability of the system's
design will allow more universal application, significantly reduce total
operations costs, and facilitate accommodations of future requirements and
enhancements.

"Integration of a voice switching and control system into this environ-
ment will provide further productivity gains through automatic switching of
communications. This capability will allow resectoring consistent with
demand requirements. Implementation will reduce leased line and equipment
costs and permit eventual integration of voice and data communications over
a satellite-based system. This will even further reduce transmission costs.

"During this period, the agency's replacement of the central flow
control computer complex system at Jacksonville will improve central flow
control and allow expansion to cover more of the system. The long-range goal
will be its coupling with en route and terminal programs for a total national
flow control concept. This will be more predictive and include consideration
of essentially all of the National Airspace System.

"In summary, FAA's present en route plans are designed to replace cur-
rent air traffic control systems to meet future needs of greater capacity and
reliability. With higher levels of automation, present en route plans will
improve both safety and productivity. The new system will be capable of pro-
viding both en route and terminal services, thereby enabling the agency to
consolidate and reduce the total number of facilities needed to do the job.
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"Near Term (to 1985). Over the near term (to 1985), the FAA will de-

velop a replacement for its 9020 computers with a new host computer capable
of running slightly modified 9020 software programs. The new host computer
is slated for complete development in 1985. It will provide the additional
capacity needed to handle the growth in air traffic expected beyond the mid-~
1980s.

"During this same period, agency plans call for more automated interfaces
between en route and terminal facilities providing better coordination of
operations.

"Near-term agency plans also call for improving weather information by
combining center weather processing capability with weather information from
flight service .stations. Replacement of mechanical, labor-intensive flight
strip printers (FSP) and flight data entry and printout (FDEP) equipment with
more reliable and faster electronic equipment is expected to improve produc-—
tivity. Near-term software improvements will be aimed at improving airspace
efficiency, safety, and reliability.

"The agency plans to implement new en route metering for high-altitude
traffic. This should alsc cut back on delays and produce optimized fuel
descent profiles. Conflict alert will be expanded to include detection of
aircraft equipped with Mode C transponders when they intrude into controlled
airspace. Additional software improvements will include development of con—
flict resolution logic that will assist controllers in preventing vioclatiomns
of separation standards. Other planned software changes will improve the
detection of hardware element errors and at the same time configure operating
elements into a working system.

"Similarly, the software for the en route automated radar tracking sys-
tems (EARTS) will be improved over the near term to provide conflict alert
and minimum safe altitude warning systems. Among the first improvements to
oceanic control systems will be automated conflict probes along with logic
needed to decide on the most fuel-efficient routing.

"Capability of the backup direct access radar channel (DARC) will be
expanded to provide full data information tags and individual display
switching. This will eliminate the need to convert the displays to a hori-
zontal position, to use shrimpboats, and to switch six displays at a time to
the backup channel, as is now the case.

"Successful completion of these near-term programs will enable the air
traffic control system to handle the growth in traffic forecast for this
period. There will also be benefits to the users in the forms of:
(1) greater efficiency through en route metering and direct route processing,
and (2) improved safety and airspace utilization via better weather information.

"During this period, the 9020 computer at the Jacksonville, Florida,
central flow control computer complex will be replaced by an interim IBM 4341
computer and the complex will be relocated to Leesburg, Virginia, for better
coordination with FAA's Washington headquarters. The manual altitude reser-
vation facility (CARF) and airport reservatioms office (ARO) functions will
also be automated at that time. In the near term, standard remote control
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equipment will be developed and implementation of the 2,400 tone control
channels will begin.

"Currently, there are 25 air route traffic control centers (including
three CERAPs). By 1985, consolidation will reduce that number to 21 air
route traffic control centers (including one CERAP).

"Intermediate Term (to 1990). During this period the display channel
processors and displays will be replaced by sector suites, including soft-
ware development of redistributed processing between the host computer and
sector suite processors. This will also allow for the integration of ter-
minal functions within the ARTCC and serve as a basis for future levels of
automation.

"Mode S will provide a major system enhancement by 1990. Mode S will
furnish improved surveillance, especially in high-density terminal areas.

In addition, data link provides rapid dissemination of control and other
information to specific aircraft.

. "These activities will result in enhanced safety levels through the use
of IFR/VFR conflict alert and conflict resolution advisories. Greater
government and user efficiency will be realized through: improved flight
planning using sector sulte facilities, reduced en route separation using

Mode 5 with monopulse, expanded use of area navigation, and oceanic probes
with displays.

"A complete voice switching and control system, which complements the
capabilities of the new sector suite, will be developed and implemented
during the intermediate period. This will allow dynamic reconfiguration of
sectors, further reducing workload.

"The central flow control function will be significantly upgraded with
the introduction of a new computer system. Along with software to enhance
its ability to project and estimate NAS congestion and delay levels, it will
evaluate alternate flow management strategies based on: arrival/departure
messages, capacity, estimates from major terminals, data input from the
flight service data processing system (FSDPS) on VFR flight plans, and input
from the aviation weather processor (AWP) for national weather informationm.

"Sixteen ARTCCs in the continental United States, two offshore ARTCCs,
and no CERAPs will exist by 1990. Center building and plant modernization
will be concentrated in the 16 continental centers that will remain after
the intermediate period.

"Long Term (to 2000). Activities early in this time period will provide
the capacity and informational framework for higher levels of automation.
Tools for operator use of the system at higher levels of automation will be
installed. During this period, the AERA functions will be implemented incre-
mentally in the following sequences: (1) diree¢t fuel-efficient routing,

{2) flow planning and traffic management, (3) strategic clearance delivery,
and (4) full tactical contreol. The central flow control function will have
been further upgraded to work with AERA and integrated flow management (IFM)
functions. Direct user access capability will also be provided for the
flying public.
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"These activities will result in higher levels of safety and efficiency
through the use of automated conflict probe and resolution, systemwide direct
routing, and the capability to operate a sector with one person.

"Services provided by this country's future en route system will be
significantly better and more cost-effective; system reliability will be
much higher. The increased use of automation will significantly improve
both safety and efficiency. Introduction of more advanced automation Ffunctions
into the system will result in ever greater fuel savings.

Flight Service Stations

"Flight services will be improved for pilots by giving them direct access
to: weather information; flight delay information, both in the air .and on
the ground; and flight plan filing. Aviation weather service will be improved
in quality and timeliness.

"Automation and improvement of flight service stations and related avi-
ation weather systems will allow consolidation of facilities, reducing
operating costs significantly. Weather radar and current weather information
will be provided to en route and terminal controllers.

Near Term (to 1985). Procurement of new computer systems for the auto-
mation of flight service stations is already underway. "FSS specialists will
be provided with more timely national weather data at their display consoles.
Automation will greatly accelerate retrieval of weather information along
flight routes and the entry of flight plans.

"Also during the near term, limited direct access for pilots will be
provided by the interim computer-generated voice response system. This will
permit pilots to retrieve information from an automated weather data base via
telephone. Replacement of low-speed teletype with data terminal equipment
also will begin. Development of improved weather sensors and products will
continue.

"Automated weather sensors will provide current airport weather infor-
mation directly to pilots and to the agency aviation weather collection system.
Satellite weather photos will be available at certain locations over facsimile
recorders, displaying the location of cloud cover and weather systems.

"Low-level wind shear equipment will be added at more airports to detect
hazardous wind conditions along the final approach. Six levels of weather
radar contouring, outlining storms, will be on television displays for en
route meteorologists and the automated flight service station specialists.

———

"Intermediate Term (to 1990). Major improvements to flight service
automatjon will allow direct pilot access to weather and system delay data
bases by telephone or through remote terminals. Flight movement data pro-
cessing will be improved. Computer-aided ditrection finder triangulation
will expedite locating and assisting lost aircraft. Flight service stations
will be consolidated. Because they are covering larger areas, the remaining
61 automated facilities will be expanded. New communications switching sys-
tems will improve pilot access and expedite coordination with flight service
specialists. The replacement of low-speed teletype equipment will be completed.
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"Using data link, automated weather information will be available to
pilots flying above 12,500 feet mean sea level and at certain airports.
Request-reply weather service will be availlable as will significant meteoro-
logical reports from center meteorologists.

"VOR radio navigation stations will provide the routine weather broad-
casts. Computer-generated voice weather broadcasts will be presented
continuously over a national VOR network with coverage at 2,000 feet alti-
tude and higher above the terrain. These automated weather broadcasts will
give current weather and significant meteorological reports to the large
number of general aviation and helicopter pilots who fly at the lower alti-
tudes, Automated weather sensor voice outputs will be broadcast over VOR
stations giving airport surface weather information and allowing lower
weather minimums for landings. Flight service station voice communications
with pilots will take place over other local and remote communication outlets.
Additional automated weather sensors will be installed at airports.

"The center weather processor at air route traffic control centers will
distribute current weather radar to the flight service specialist, center
meteorologist, central flow control, and tower cabs at major airports.
Weather radar will be distributed to displays used at the center and by the
terminal radar approach controllers.

"In addition, the center weather processor will provide automated dis-
tribution of alphanumeric and graphic weather information to operating
positions in flight service stations, via the flight service data processing
system (FSDPS). More accurate and timely weather radar information will be
provided through improved FAA terminal radar weather channels.

"Long Term (to 2000). Data link coverage will be extended downward from
12,500 to 6,000 feet altitude above mean sea level, giving automated weather
service to aircraft at lower altitudes. Improved weather radar data for op-
erational displays and automated air traffic control functions will continue
as the next generation of weather radar systems, called NEXRAD, are added.

"Ongoing development programs, such as wake vortex, wind shear, and
hazardous weather detection, will continue with more accurate and timely
weather data presented to pilots and agency operations personnel" (Federal
Aviation Administration, 1981).

ORGANIZATION OF THIS BOOK

Part I presents a historical overview of past research on air traffic
controller selection. This work has occurred almost exclusively in the
United States and Chapter 2, by Thomas F. Hilton and 5. B. Sells, opens the
discussion with an explanation for the up-to-now predominance of the United
States In this area. As a result of changing circumstances, it appears that
other countries are finding it necessary to follow suit. The next three
chapters, by Leland D. Brokaw (Chapter 3), William E. Collins, James 0. Boone,
and Allen D. VanDeventer {Chapter 4}, and Evan W. Pickrel (Chapter 5), review
the developments in air traffic controller research, both iIn historical per-
spective and from the vantage of the contributing organizations. The early
research, up to around 1960, took place in the Air Force and by contract
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between the Civil Aeronautics Administration (CAA), predecessor to the Federal
Aviation Administration (FAA) and the Air Force, with highly promising results.
This work was continued and extended by psychologists at the FAA Civil Aero-
medical Institute (CAMI), which was established in 1960, where the contri-
butions of David K. Trites, Bart B. Cobb, and James O. Boone, along with
numerous others, have been of major importance. The contributions of psy-
chologists John T. Dailey and Evan W. Pickrel, of the FAA Office of Aviation
Medicine (0AM) and their colleagues, in the design of innovative new tests
that constitute the new selection battery, and in personality screening, per-
formance measurement, and other aspects of the overall selection program,

round out the research review. The final chapter in Part I, by Evan W. Pickrel,
describes the adjustments made by the FAA after the massive dismissal of con-
trollers who refused to return to work, in August 1981, following the strike
by the Professional Air Traffic Controllers Organization (PATCO). 1In addi-
tion to activation of the new selection battery, some major changes were made
in the structure of the controller jobs and in the training curriculum of the
FAA Academy.

The two chapters in Part II present important information about the men
and women who comprise the Air Traffic Controller Specialist occupation and
about several important aspects of their careers, namely aging, stress, and
performance assessment. In Chapter 7, on controller characteristics, John
Dajiley brings together extensive information, from a variety of sources, that
has not been publisghed previously and that furnishes significant insights
concerning the ability profiles of successful controllers. Contrary to ex-
pectation, Dailey found that a series of detailed job analysis studies,
although highly useful for the guidance of training, were of limited value
for understanding requirements for test battery design..

In Chapter 8, Joseph A. Tucker, Jr. presents information concerning con-
troller careers and aging, and on stress, that may correct widely held mis-
conceptions created in the popular literature. Based on official employment
records, he found that controllers' careers, prior to the PATCO strike, had
been longer than other federal careers and that controllers evidenced strong
staying power, with reference both to average retirement age and length of
service. With respect to stress, his analysis is that air traffic controllers
as a group score low on trait anxiety and that the controller job 1is not a
uniquely stressful occupation, although it makes a high demand for mental
concentration. In the final section of this chapter, Tucker discusses the
development of objective performance assessment, to enable meaningful recog-
nition and reward for good performance and to supplant the subjective methods
that have been predominant in the past.

The last theme is pursued in Part I1I, edited by Jack M. Greener. There
are four chapters on performance measurement during training. In Chapter 9,
James 0. Boone describes the ATC training program at the FAA Academy and the
methods that have been developed for the assessment of student performance
in the Terminal and EnRoute options. This is followed by Evan Pickrel, in
Chapter 10, on assessment of student performance in the Flight Service Station
option. These discussions place emphasis on the assessment of pass—fail in
the respective courses. Chapter 11, by Evan Pickrel and Jack Greener, des-
cribes one of the objective measures developed for training assessment, the
Controller Skills Test, and Chapter 12, by Joseph Tucker, describes the devel-
opment of paper-and~pencil job simulation tests, which will eventually serve
an important function in the ‘objective assessment of training performance as
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well as on-the-job proficiency. 1In Chapter 13, Jack Greener reviews measures
that have been used to assess post-training, on-the-job performance and the
prospects for system-based, computer-scored measures. His review of the
stqﬁe—of—the—art of controller performance assessment concludes Part III.

Edited summaries,of technical reports related to the development and
validation of new tests and to the development, validation, and utility
assessment of the new selection battery, comprise the text of Part IV. The
new tests are the Multiplex Controller Aptitude Test (MCAT), in Chapter 15,
and the Occupational Knowledge Test (OKT), in Chapter 16, both by John Dailey
and Evan Pickrel. Chapter 17, by John J. Convey, reports research on person-
ality characteristics of contrecller applicants and the development of a
psychiatric screening test that is currently in use by the FAA. The next
five chapters (18 through 22) summarize studies that have for the most part
appeared only in technical reports, that provide the main documentation for
the new selection battery, and the final chapter -- 23, summarizes conclu=
sions and recommendations for operational use of the test battery. With the
exception of two contract studies by Joseph G. Colmen and his associates at
Education and Public Affairs, Inc. (EPA), a private firm, (reported in
Chapter 18), the authors of the remaining studies are Donald B. Rock,

John T. Dailey, James 0. Boone, and Evan W. Pickrel of FAA and Herbert Ozur
of the Office of Personnel Management (OPM), formerly the Civil Service
Commission. Chapters 18 through 23 were prepared in final form by S. B. Sells.

The final two chapters, in Part V, address the expected changes in the
NAS, as announced in the new Plan, the expected changes in the job of the
controller, assuming that the Plan is implemented on schedule, and new re-
search on controller selection that appears to be indicated, based on the
information and assumptions presented.

Chapter 24, by Neal A. Blake, discusses the new Plan, commenting on the
new hardware and software that is to be developed, the time frame in which
various items and procedural changes can be expected to come "on line,"
barring unforeseen obstacles, and the expected effects of the new equipment
and procedures on the job and role of the controller in the system.

Using this and other published and unpublished information as sources,
the final Chapter (25), by S. B. Sells and Evan Pickrel, attempts to charac-
terize the job and role of the controller in the system, both in the near term
(up to 1985) and beyond, and discusses new research that appears to be indi-
cated to anticipate changes in controller selection that may be required to
keep up with system changes and system requirements.

23.




PART I.

HISTORICAL OVERVIEW OF CONTROLLER SELECTION RESEARCH

Research on the selection of air traffic controllers in the United
States can be described in terms of two periods, an early period related
to the development of the Civil Service Commission Test Battery which
was adopted for operational use in 1964 and continued in use until 1981,
and later, the development of the new OPM-ATC Selection Battery, which
extended from around 1970 to 1981, when the new battery was formally
adopted.

The 5 chapters in Part I. discuss this research in historical per-
spective. Chapter 2, by Thomas F. Hilton and S. B. Sells, presents a
rationale for understanding the unilateral development of scientific,
actuarial methods of controller selection as a uniquely American need
as well as a uniquely American solution. As a result of recent social,
econonic, and technologic changes, the American methods have been borrowed
by other countries, and current practices in a number of countries are
described.

Early research on controller selection, mainly in the military,
spanning the period from 1941 to 1963, is described in Chapter 3 by
Leland D. Brokaw, who had major responsibility in this area at the Air
Force Personnel and Training Research Center. This period overlapped
the first three years of the important work of the group at the FAA
Civil Aeromedical Institute (CAMI), established in 1960, during which
cooperative research by Brokaw and David K, Trites of CAMI took place,
and set the stage for later work by Trites, Bart B. Cobb, James O.
Boone, and other CAMI scientists that contributed significantly to
both the 1964 and the 1981 batteries. The CAMI contributions were
extensive and are summarized in some detail in Chapter 4, by William E.
Colling, James O. Boone, and Allan D, VanDeventer.

Another organization within the FAA, that took primary leadership
in the conceptualization and basic new test development for the 1981
battery, 1s the headquarters Office of Aviation Medicine (0AM), in which
John T. Dailey and Evan W. Pickrel were principally responsible for the
controller selection activities. Chapter 5, by Evan W. Pickrel, describes
the contributions of the 0AM group.

The final chapter of Part I, also by Pickrel, discusses the adjust-
ments that were made in the Air Traffic Service as a result of the strike,
on August 3, 1981, by the Professional Air Traffic Controllers Organization
(PATCO), when over 11,000 controllers whe failed to return to work were
dismissed, This chapter describes several significant changes, including
a major restructuring of the controller jobs, that occurred too recently
to be reflected in the extensive research reported throughout this book.
It also reports the most recent results of the use of the new selection
battery, first administered in the fall of 1981, which were highly confir-
matory of the performance expected on the basis of the developmental research.

S. B, Sells
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Chapter 2

AIR TRAFFIC CONTROLLER SELECTION IN THE UNITED STATES
AND OTHER COUNTRIES. AN INTERNATIONAL OVERVIEW

Thomas F. Hilton and S. B. Sells

Although the selection of air traffic controllers is a worldwide problem,
it has received little research attention outside of the United States. With
the exception of the United States, there is practically no published research
validating the standards, instruments, and procedures used to screen appli~
cants for employment or training as ATC specialists. What is currently known
about the value of certain testing instruments and background standards has

been provided by research within and sponsored by the United States Federal
Aviation Administration (FAA).

This chapter addresses some of the reasons for the paucity of wvalidation
research on AT(CS selection in other countries, and reviews the standards em-
ployed by many major European and Eastern countries in the free world.,

FACTORS LEADING TO UNITED STATES DOMINANCE
IN ATCS SELECTION RESEARCH

The high degree of American involvement in ATCS selection research and
development appears to be the result of several related factors., First, the
United States became the early leader in the expansion of commercial and civil
aviation, thereby causing an early need for some form of air traffic control
on a large scale. At the same time, the United States was the dominant country
in the development of technological innovations employed in ATC operational
support. And finally, the United States has been the early leader and prin-

cipal center of psychological measurement, including pre-employment tests and
other screening instruments.

The United States Reole in Civil and Commercial Aviation

The requirement for air traffic control was a result of the post World
War II boom in American civil aviation. A number of factors contributed to
this boom, including (a) a large number of experienced ex-military pilots,
(b) the availability of a large surplus of decommissioned (and affordable)
postwar aircraft, (c) a number of highly productive aircraft manufacturers,
faced with a dwindling market for war planes, and (d) a national economic

situation free of the burden of postwar reconstruction (Solberg, 1979;
Whitnah, 1966).

The large number of postwar pilots, coupled with the availability of
affordable aircraft, led to rapid growth in both commercial and civil avi-
ation traffic. Many pilots obtained loans to purchase planes for cargo and
passenger transport. Others purchased or rented planes for pleasure or per-
sonal transportation. Aircraft manufacturers also began to exploit new
commercial and civil aviation markets in hopes of maintaining their wartime
gains in productivity.
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By the mid-1950's, most major airports had implemented radio controlled
airspace to coordinate takeoffs and landings due to increased’ traffic den-
sity (Gilbert, 1973). Nevertheless, there remained serious limitations to
the dependability of passenger and freight service, caused by frequent deteri-
oration of weather and the difficulty of safe nighttime air navigation. As a
consequence of economic pressures for expanded commercial air service, the
U.S. Civil Aviation Administration began, around the end of the 1950's, to
develop improvements in its air traffic system on a nationwide scale
(Frederick, 1961; Solberg, 1979).

The United States' Role in Air Traffic Control Technology

The radio traffic control system employed in the coordination of airport
landings and takeoffs had proven that enroute daytime control undér visual
flight rules was workable. The assistance of radar approach control developed
by the military during World War II had also provided a useful tool for the
control of airport traffic congestion. By establishing air routes, highways
in the sky, it became possible to control aircraft enroute between alrports,
even at night, using a system of radio beacoms. Although collision-avoidance
was still primarily a matter of pilot vigilance, the airspace was made suffi-
ciently predictable to enable nighttime air traffic. This was a boon to the
profitability of commercial aviationm.

Had American science and industry not been ready to provide superb radio
and radar technology, enroute traffic control, dependable enough to enjoy
almost unlimited consumer confidence, would not have been the almost "instant
success" that it appears to have been. However, the U.S. Civil Aviation
Administration (CAA), predecessor to the FAA, was ready with facts and figures
and proclaimed air travel as safer and faster than its most serious competi-
tor —— trains. By the late 1950's, the CAA's campaign had critically damaged
passenger rail service in favor of flying (Frederick, 1961). This resulted
in continued mammoth commercial aviation expansion and continued air traffic
density.

Despite gains in enroute traffic contrcl systems, weather continued to
present a serious problem in the 1950's and cancellations, delays, or re-
routing were not uncommon. However, with the approach of the 1960's, United
States radar technology was producing instrument landing systems capable of
reducing the weather minimums that restricted timely flight arrivals and
departures. This advance caused even broader use of air travel and enabled
expanded radar control and bad weather flying (Whitnah, 1966). By the mid-
1960's, air traffic density throughout the visual and instrument airspace
was approaching an almost unmanageable level. Mistakes were increasing in
frequency, and system reliability was under question (Boyle, 1975).

Again, American technology provided an answer, this time through the
application of commercially developed data processing computer systems.
The integration of computers within the air traffic system permitted air
traffic control specialists to handle more flights with greater precision,
and presumably, safety. However, this did pot afford much relief to the
system. Right on the heels of the installation of computerized enroute
control systems in the mid-1960's, commercial jet aircraft came on line and
jet air traffic began another rapid expansion.

27.




The jet aircraft placed a new burden on controllers because it could
travel both higher and faster than propeller craft. This necessitated a
revision of. flight rules throughout the world (Burkhardt, 1967). Enroute
control had little trouble in the maintenance of jet-prop separation, since
the faster jets also flew at higher altitudes than their slower prop cousins.
However, in the congested airspace around major air terminals, separation
posed serious problems. To meet this challenge, new systems were developed
that permitted interface between computers, radar, and inflight radio trans-
mitters. These systems provided information to controllers directly on
their radarscopes and thereby enhanced their ability to identify and monitor
planes of various types in congested airspace (Gilbert, 1973).

American leadership in the design and manufacture of hardware for the
nationwide air traffic control system ensured the expansion of our national
commercial aviation industry. It also enabled the United States to advance
commercial and civil aviation at a pace unprecedented in the industrialized
world. However, this advancement was not entirely an engineering triumph;
sophisticated technological hardware has required human partieipation in
system operation and maintenance as well. Between 1945 and 1965 the nature
of the ATCS task changed dramatically, and the system changes that occurred
required associated changes in controller qualifications and training.

In 1945, controllers relied on voice radio and visual contact to manage a
moderate number of similar types of aircraft during daylight landings and
takeoffs in clear weather. By 1965 controllers were managing ‘large numbers
of aircraft of diverse design and capabilities under positive contrel, '
24 hours a day, in all weather conditions, using very sophisticated equipment.
Rapid expansion and technical complexity posed two serious problems:

(a) finding a large number of personnel with aptitudes sufficient to the
mastery of the new technological systems and .(b) developing methods for
training theose selected.

Personnel Selection and Training in the United States

Because of its geographic size and burgeoning aviation industry, the
United States has experienced problems unique to its own economic success.
As commercial aviation expanded, the demand for trained ATCS's began to out-
strip the supply of experienced applicants, and formal selection and training
programs were urgently needed.

In the early years, air traffic controllers were drawn from the ranks
of personnel with military air traffic control experience. However, by the
1960's, demand seriously exceeded the available pool of experienced appli-~
cants (Cobb, Lay & Bourdet, 1971). Already in the mid-1950's research had
been initiated to examine the traits of qualified ATCS's, in anticipation of
increased demands for personnel. In addition to requirements to fill new
ATCS slots, positions were being vacated due to retirement and the inability
of some controllers to adjust to new task demands. Large scale standardized
programs were established to insure minimal technical competence {(Henry,
Kamrass, Orlansky, and others, 1975). A centralized school and standardized
aptitude screening have been in place since the early 1960's.

As the pool of experienced ATCS applicants became exhausted and the
number of training failures grew to acute proportions, experience variables
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and education minimums were inadequate to screen successful trainee appli-
cants. In addition, job turnover became problematic as new hardware systems
outpaced the ability of a number of older controllers to handle the pressure

of operating them. It was clear that a high school diploma and interest in
aviation were inadequate applicant qualities (Corson, 1970; Cobb, 1971).

Here, too, American science and technology provided means to address
the developing problem. During World War II, American psychologists had
demonstrated the effectiveness of methods used in screening applicants for
a wide range of technological jobs, using standardized and validated multiple
aptitude paper and pencil tests (Flanagan, 1947; Anastasi, 1968). These
aptitude tests were inexpensive to administer, and within the limits of
standardization, could be given in a variety of settings. The postwar boom
in psychological testing permitted the civil aviation authorities to capi-
talize on this new technology to aid in solving their staffing problems.

New programs were established, based on this psychological testing
technology, which enabled the selection of qualified trainees from large
pools of applicants with diverse backgrounds, in order to meet staffing needs.
These programs required the investigation and identification of critical vari-
ables that could predict successful training outcomes and on-the-job success
for the purpose of demonstrating their validity (Brokaw, 1959; Trites, 1961).
The resulting research, to which this book 1s dedicated, not only aided in
the improvement of test utility, but it also increased knowledge of the
human attributes essential to job performance.

In retrospect, the most valuable information affecting personnel deci-
slons was an outgrowth of the research related to the development of selection
variables and instruments. Maximum age limits for entry and retirement were
identified, to insure job efficiency (Cobb, Young, & Rizzuti, 1976). The
role of previous aviation-related experience was clarified, as were other
types of experience, such as education and military service (Trites & Cobb,
1963). The kinds of cognitive and psychomotor skills essential to task mas-
tery were explored (Cobb, 1962; Cobb, et al., 1971), and personality variables
were examined (Karson & 0'Dell, 1970, 1974). Many of these variables were

- shown to mediate training and job success, while others were dismissed as not
televant. Therefore, test research created information that went beyond the
assessment of selection instruments. It alsc helped to understand the factors
related to successful ATCS work (Cobb & Nelson, 1974).

ATCS Personnel Selection Outside the United States

As mentioned earlier, ATCS selection research and development have been
virtually nonexistent in the world scientific literature ocutside the United
States. In our opinion, this reflects three major factors: {(a) slower post-
war economic growth outside the United States, (b) the smaller geographic
scale and complexity of most other commercial aviation systems, and (c¢) dif-
ferences between the characteristics of ATCS applicants in the United States
and other countries. .

After World War II, most countries of the world suffered severe economic
hardship. Only North and South America were spared destructive land battles,

and only North America could claim a vital industrial economy. This delayed
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the rapid boom in commercial air transport elsewhere that had been experi-
enced in the United States. Most countries were left with few undamaged
aircraft manufacturing plants. Even though ex-military pilots were abundant,
aircraft production was quite limited, and so was passenger demand. In Europe,
especially, the small geographic size and physical proximity of the countries
gave rail transportation an economic edge (Sealy, 1957). Trains were reli-
able, fast, and inexpensive, and they could be restored after the war without
the high technology skills of aircraft mechanics.

Air transportation has always been expensive, more expensive than any
land or sea transport system. Only two elements make air travel worth the
cost; limited time and limited accessibility (Gromau, 1970). The old adage
that "time is money" reflected the desire of salesmen and executives, oper-
ating in world markets, to hasten the pace of their schedules to meet or beat
their competitors in the escalating postwar economy. For example, Danes could
compete with Germans for business in Egypt, if they both could travel there
in hours. Therefore, commercial aviation among industrial countries tended
to develop along the lines of passenger service.

Developing countries, on the other hand, have no need for rapid passen-
ger travel. For them, accessibility problems such as impassible terrain or
large scale geography can make it cost-effective or even necessary to use air
cargo rather than surface carriers. In developing countries, land-based
transportation is often limited. Perishable commodities, such as medicine
and foods, can best be transported over larger distances to and from inacces-
sible locations by air. Geological exploitation exemplifies how it 1s, in
the long run, economical to be able to fly in small survey teams and technical

equipment to determine whether resources warrant the construction of roads
and rail lines.

A consequence of the interaction of economic factors and geography has
been to emphasize passenger air travel in industrial nations, and air cargo
in those developing countries, where passenger travel was neither in demand
nor economical (Groenewege & Heitmeyer, 1964). Only in the United States
did the two factors exist simultaneously -- strong industrial growth and
inaccessible geographic regions (predominantly in the western United States)-——
thereby encouraging both passenger and cargo air transport.

The slower, more homogeneous expansion of commercial aviation outside
the United States helped to restraing its growth and to make it more manage-
able. As a result, air traffic control was more orderly, and technological
ATC system innovations when required, had typically already been debugged,
80 to speak, during development in American aviation, '

By 1960, commercial aviation expansion was evident in almost every
country in the world. European air terminals were rapidly reaching traffic
densities common to major cities in the United States, and by the mid-1960's,
jet transportation insured the need for technologically advanced ATC systems
throughout the industrialized world. Even in so-called "third world" coun-
tries sophisticated terminal ATC systems were necessary to insure passenger

service to major urban centers in order to promote tourism and economic trade
with industrialized nations.
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However, the geoeconomic constraints on air transportation outside the
United States held in check the staffing demands for ATC systems. Small in-
dustrialized countries had limited airspace capacity, and enroute/IFR traffic
did not require large complex radar and radio nets because planes seldom ex-—
ceeded the radar range of one country before being handed off to the control
of another country's air traffic system (Great Britain Department of Industry,
1977). In other words, enroute flight paths were shorter and under more radar
scrutiny than was possible in the United States.

Finally, apart from the smaller scale of commercial air traffic in other
countries, cultural factors made selection requirements less problematic out-
side the United States. The United States has been somewhat unique in its
political and cultural principles of equal opportunity for all citizens.

In particular, the principle of universal education has provided that all
citizens are entitled to education through the 12th grade. However, unlike

the competitive examinations that are required in the British and European-
type educational systems, where continued education is contingent on demon-
strated aptitude and mastery of the prescribed curriculum, American schools
have evolved a policy of "social promotion."” Under its various manifestations,
this policy has enabled students to obtain high school diplomas based on
criteria ranging from scholarly achievement to mere persistence in attendance
{Carver, 1981).

When screening is based initially on educational certification, in a
country using a strict examination system, the air ministry (and other em-
ployers) can depend on the reliability of educational quality control to
provide a minimal aptitude level. In the United States, on the other hand,
a diploma provides considerably less differentiation between candidates.

In some cases, it does not even insure literacy (Barzum, 1981). Therefore,
the heavy reliance, in the rest of the world, on interviews as a method of
screening has not affected selection as seriously, since most candidates
certified as having the equivalent of a secondary school education could be
assumed already to possess considerable aptitude based on educational
achievement.

Cultural homogeneity in most countries outside the United States has
also contributed to increased training effectiveness, in that failures in
training due to cultural differences between the trainees and those who
develop training curricula are likely to be fewer. In the United States,
egalitarian policies require special consideration of persons of both low
socioeconomic status and ethnic minority status. In addition, cultural and
class differences between candidates and personnel officers {(outside the
United States) have been shown to result in less favorable evaluation of
applicants (McGuigan, 1979). This is believed to have reduced the likeli-
hood of selecting trainees of diverse ethnic backgrounds, thereby reducing
the likelihood of failure due to a confusing curriculum.

Social and economic differences between the United States and many other
countries also affect relative job turncover. In most dountries, only well
educated people have high job mobility. However, for many years, the United
States has offered many more job opportunities than other countrles, and
mobility has been comparatively high at all levels; this has applied to air
traffic control trainees and controllers as well as to other occupations.
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In view of the arguments outlined above, it appears that ATCS recruiting,
selection, and training problems in the United States reflect different under=-
lying factors than those in most other countries. These involve a greater
dependence on testing and screening devices than appears to be necessary in
other countries, and also greater emphasis on retention of personnel, in view
of the mobility of the working population.

One country with a pattern of civil aviation expansion similar to that
in the United States, and with similar cultural diversity, geographic scale,
education system, and economic history, is Canada. Until the late 1960's
Canada's commercial aviation expansion was slower but parallel to that of the
United States (Manchester, 1968). It was slightly slower in development,
possibly as a result of having a smaller postwar population, which was spread
thinly across a large geographic area. However, with a rising birth rate and
an influx of immigrants, the 1960's saw Canada come into its own as an eco~
nomic power in the world. Through its close ties with its southern neighbor,
the United States, expansion of the air traffic system was timely and nearly
"state of the art" by the early 1970's. Air traffic density in Canada was
also beginning to parallel that of the United States, with a large number of
jet aircraft, mixed with private and commercial propeller craft.

About this same time, Canada began to realize trainee attrition as ex-
perienced earlier by the United States. By the late 1970's Canada began to
look at its selection procedures seriously in the hope of meeting its problems
through the utilization of standardized, validated screening instruments
developed and employed by the United States (McGuigan, 1979).

The similarity of experience of the United States and Canada support the
prediction that similar problems may develop in other countries as they con-
tinue to expand their commercial aviation and as population diversity and
related problems become more acute (Harrison, 1975). Recently, the Inter-
national Federation of Air Traffic Controllers Associations (IFATCA) estab-
lished a review of worldwide aptitude testing procedures as the sole agenda
of its Standing Committee on Training (SCT) for 1982 (IFATCA, 1981).

PROGRESS IN WORLDWIDE ATCS SELECTION METHODOLOGY

A major consequence of the factors unique to America has been an ongoing
commitment to research and development in personnel selection of ATCS's for
nearly two decades. This research did not go unnoticed by the air ministries
of other countries, despite their lack of activity in selectlon aptitude testing.

Countries with relatively homogeneous populations and smaller manpower
requirements have apparently not found it necessary to develop sophisticated
selection tests. The impression has been gained that they consider their pro-
cedures to have functioned acceptably. Nevertheless, research in the United
States has had some impact on the screening procedures in a number of countries.

Foremost has been the finding that as controllers advance in age, their
performance becomes less effective (Cobb et al., 1976). As a result of this
finding, and the then held belief that ATCS work is more psychologically and
physiologically stressful than other occupaticns, the Congress of the United
States passed Public Law 92-297 in 1972. This law set the normal retirement
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age for active ATCS control at 55 (and even earlier, with 18 years on the
job). To control aircraft beyond this age required special permission based
on excellent performance, and in no case beyond age 60. Table 1 presents
data on the maximum age of ATCS's for a number of countries for which infor-
mation was available. Fully half of these retire operational controllers
before the widely accepted age of 65.

Within the trainee population, older trainees have been shown to have
higher attrition rates both during and after training (Cobb, Nelson, &
Mathews, 1973) and lower job performance ratings than theilr younger class-
mates (Cobb & Nelson, 1974). Hopkin (1979) has suggested that older control-
lers seem to be less flexible in learning ATCS work and in adapting to new
systems and procedures resulting from technological advances. Therefore, in
light of the shorter career length for active air traffic control mandated
by early retirement, and as a result of the findings cited above, the FAA
established regulations in 1973 limiting the maximum ATCS entry age to
30 years. Subsequently, other countries have begun to limit entry age,
typically ranging between the mid-twenties and mid-thirties,

The role of prior experience and education has also been investigated
in the United States, and with the exception of radar-IFR controller experi-
ence, other experience variables and education have been found to be unreli-
able indicators of ATCS training and job success. The requirement for
experience as aircraft pilot has often been demanded by the pilots being
controlled; this and other aspects of aviation and controller experience
have nevertheless shown little relationship to competence in job performance
(Cobb & Nelson, 1974). 1In addition, education above high school graduation
has proven unrelated (or sometimes negatively related) to trainee performance.
It may be that a college degree may lead some trainees to percelve ATC work
as insufficiently challenging or meaningful (Cobb et al., 1976). College
training also provides such individuals with increased job mobility. Despite
this, because ATC work is continuing to become more technologically sophisti-
cated, some countries are beginning to push for 14 or more years of education
in anticipation of a more rigorous curriculum and the development of yet more
complex automated ATC systems.

CURRENT SELECTION PRACTICES IN OTHER COUNTRIES

Based predominantly on research in the United States and the experience
of the respective governments, the standards for ATCS's are today relatively
consistent for all nations. Table 1, in the preceding section, reflects
this with respect to retirement age.

At present, only the United States employs a comprehensive aptitude
battery validated on large samples in training and on the job, to screen job
applicants. Such information as we have been able to obtain indicates that
the current FAA-OPM selection battery stands alone in having up-to-date pub-
lished validity research to recommend its use. Canada is working toward
development of a selection battery, but at present is using a version of the
United States Multiplex Controller Aptitude -Test (MCAT) and the Occupational
Knowledge Test (OKT), on an experimental basis (Note, 1).
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Table 1.

Age Limits for Active Controllers in Selected

Major World Countries*

Country

Austria
Belgium
Canada

East Africa
Finland
France

West Germany
Greece
Hungary
Ireland
Israel
Norway
Portugal
South Africa
Spain.

Sweden

United Kingdom

United States
Venezuela

Yugoslavia

34.

Maximum Age
65

60
65
55
65
55
53
65
55
65
65
65
70
65
65
63
60
55
60

60

*Based on data published by The International Federation of Air Traffic
- Controllers Assocliations (IFATCA) in the second edition of its Information
Handbook (1979), and by informal surveys conducted by The Institute of
Behavioral Research (IBR) in '1979 and 1982.




Recent information obtained from six major countries indicated that the

pre—employment interview is relied on heavily for personnel screening.
Nevertheless, some testing is being conducted or considered. Table 2 summa-
rizes the results of a limited inquiry. These data reflect that one or more
general aptitude tests are frequently used. In most cases, however, these
are tests of limited wuse and unpublished validity for use in screening con-
trollers. It is questionable that such tests are very useful for discrimi-
nating ATCS candidates, and few countries rely heavily on them. Based on
FAA research, the cognitive capacity to interpret radar scope information
seems to demonstrate the best discriminatory power to date (Dailey & Pickrel,
1977; Boone, 1979a). The MCAT was developed for this purpose, and some form
of ATCS simulation is common during the interview phase of several countries.
The United Kingdom, Canada, and the Netherlands are each currently experi-
menting with MCAT-type test protocols.

Table 2 also suggests that a maximum entry age is used, while prior ex-
perience is receiving limited weight, which is consistent with the American
research reported above.

Finally, the United States has pushed for increased minority represen-
tation in an otherwise racial majority, male-dominated occupation, but with
limited success, especially in the case of racial minorities. However, the
example of the United States seems to be reflected in increased willingness
of most countries today to accept female candidates into the ATCS ranks.

SUMMARY AND CONCLUSIONS

ATCS selection research and development has been slow in developing out-
side the United States, apparently reflecting a number of historical, economic,
social, and geographic factors. Nevertheless, the continued expansion of
ATC systems and increased job complexity throughout the world are beginning
to have impact as the need to consider the use of standardized selection pro-
cedures and criteria is becoming recognized. Social pressures from controller
organizations are also building pressures for installation of personnel
screening procedures of demonstrated validity and fairness to applicants.

This will probably have favorable influence in view of the high content and
criterion-related validity of recently developed tests, such as the Multiplex
Controller Aptitude Test and the Occupational Knowledge Test.

An informal survey of major European and Eastern countries conducted by
IBR in 1979 reflected widespread interest in undertaking selection research.
A study conducted by IFATCA in 1979 reported that most countries use some
form of general intelligence or aptitude testing, although the majority rely
heavily on nonspecified interview criteria. An inquiry similar to that of
IBR by Canada's Air Transport Ministry (McGuigan, 1979) supported the IBR
and IFATCA conclusions. 1In each survey, validation studies of aptitude in-
struments seem to be almost nonexistent.

The International Civil Aviation Organization (ICAO) is a likely organi-
zation to coordinate standardized applicant screening, since it already
standardizes ATCS qualification and licensing internatiocnally. In the long
run, this may be a prudent step. It could also enable centralized ATCS

training. This could make licensing practices more valid and effective, as
well as economical.
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tion-related work

Finally, the most likely reason for standardized selection research
and development will originate from political forces arguing for the increased
appearance of fairness and objectivity in screening of ATCS applicants. Most
ICAO member countries also have affiliate organizations in IFATCA, which have
become increasingly vocal and are not without influence in many of these
countries. Personnel selection methods may well become a more sensitive
issue in coming years; and this is an area where most countries are vulnerable
to the criticism of benign neglect. The United States has laid the groundwork

for such research and it seems that the world community could readily exploit
this opportunity.

REFERENCE NOTE

1. Derivéd from phone conversation between Evan Pickrel and Dennis Kirby,
Canada Air Ministry, December 1981.
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Chapter 3
EARLY RESEARCH ON CONTROLLER SELECTION
1941 - 1963

LELAND D. BROKAW

The selection of air traffic control personnel has been a matter of con-
tinuing study since 1941. Constantly increasing air traffic, technological
change, and an imposed legal requirement for demonstrable job relevance have
contributed impetus to the research. Mahlon V. Taylor (1952), in a report of
research by the American Institute for Research (AIR), cited an unpublished
study by Dewey Anderson in 1941 in which 28 tests, including 17 Thurstone
Primary Mental Ability measures, were given to most controllers in the mili-
tary service. With job performance ratings as criteria, the four highest
validities were attained by a measure of perceptual speed and accuracy en-—
titled "Three Higher," a space relations test called "Flags," and tests of
reasoning and integration entitled "Letter Series,” and 'Pedigrees." These
factor areas were included in a test battery assembled by AIR in 1951 in the
accomplishment of a contract for the Civil Aeronautics Administration (CAA),

to develop and validate tests to screen applicants for jobs in air traffic
control (Note 1).

The AIR Contract Study

In addition to the measures designed to probe the factorial areas found
valid in the earlier work, predictor tests were prepared to address specific
content areas identified in a job analysis, and others were designed to serve
as job samples. AIR personnel solicited critical incidents from supervisors
in both air route control centers and control towers. The critical activities
and accompanying aptitude components identified by AIR appear in Table 1.
Because of a Civil Service Commission policy that restricted selection tests
to paper-and-pencil measures, measures of auditory perception, writing rapidly
and legibly, copying behind, speaking intelligibly at optimal speed, verbal
fluency, and the long term aspects of memory could not be included.

In all, 18 tests were included, that measured the aptitude components
as they might occur in real job situations. After preliminary tryout and
refinement, the test battery was administered to 211 persons, 90 from Air
Traffic Control Centers, 75 from Terminal control towers, and 46 from communi-
cations stations. Applied research in operational environments often encounters
difficulty in obtaining samples of subjects for study and this work was no
exception. The 90 persons from centers were tested in five locations; the 75
from towers, in 12 locations; and the 46 from communications stations, in
seven places. These small samples made assembly of comparable criterion data
difficult; indeed, the accompanying loss of cases made it impossible to vali-
date within the communications samples. Nevertheless, a process of validating
within each subsample and deriving average validity correlations through
Fisher's z~-transformation provided analytic samples of useful size.
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Table 1

Critical Activities and Incidents and Aptitude Components for Alr Route
Traffic Control (R), Alrport Traffic Control (P), and Alrcraft

Communicator (Air-Ground) (C)P
Percent of
Critical IncidentsP
Critical Activity and Aptitude Components R P C
1. Recelving uditory Perception 8 13 2

| , Verbal Comprehension

| 2. Recording Oral Messages; Writing Rapidly and 9 9 23
Legibly, Copying Behind, Encoding, Memory

for Interrupted Tasks

3. Recording Self-Originated Data; Visual 9 8 9
Perception, Carefulness

4. Displaying Flight Data; Memory for Interrupted 1 8 1
Tasks, Visual Perception, Carefulness '

5. Requeasting Information: 8 N 12

6. Coordinating {Clearances, etc.;: Memory for 21 1 3

Interrupted Tasks, Carefulness, Integration,
Assimilating Symbolized Data, Comprehending
Unseen Movements
7. Devising Clearances: Carefulness, Integration, 1" 8 0
Short Term Memory, Judgment, Visual Perception
of Time-Distance Relationships, Assimilating
Symbolized Data, Comprehending Unseen Movement
8. Devising Taxling, Takeoff, and Landing Instruc- 2 13 0
tions: Carefulness, Integration, Short Term
Memory, Judgment, Visual Perception of Time-
Distance Relationships, Assimilating Symbolized
Data, Comprehending Unseen Movement

9. Issuing Oral Communications: Carefulness, Verbal 10 10 13
Fluency, Speaking Intelligibly at Optimal Speed

10. Evaluating Priority of Communications: Judgment, 7 M 17
Intagratlons, Short Term Memory :
3. Taken from Taylor 1962 )
b. These are percents of all critical incidents reportod for a given job
during the test validation (799 for Air Route Traffic Control, 1193
for Airport Traffic Control, 160 for Communications)
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Several kinds of data were collected in conjunction with development of
the criterion measures. Biographical data and existing official evaluations
were obtaimed for personnel of the facilities at which tests were given. In
addition, supervisors were requested to record incidents of critical perform-
ance on the Airways Operations Performance Records, which has been developed
for the job analysis, and to provide overall performance records of personnel
who were tested.

Quoting from Taylor (1952, pp. 11-13) "In general all the measures were
useful as criteria, although there was considerable variability among facili-
ties in this respect, and it was felt advisable to select and ccombine, for
each of the seven facilities, the measures (aside from supervisors' ratings)
proving most satisfactory for the given facility. The correlations between
supervisors' ratings and these composite measures averages .81, indicating
that both....were measuring the same thing."

As indicated above, when the tests were administered in the field, prac-
tical 'difficulties made themselves felt. Both personnel to be tested and
testing time were in short supply; as a result, the sample sizes were adequate
for determination of validities for only fourteen of the tests. Table 2
presents the validities obtained for sixteen qf the tests, but tests numbered
12 and 13, because of very small sample sizes, were not considered when the
recommended battery of nine tests was selected.

In summarizing the results of the study, Taylor (1952) indicated that
although the battery was sfiitable for use with candidates who had prior ex-
perience in flying, or in some controller function, he felt that use of the
tests with naive candidates would require extensive revision of the directions

by experienced test development personnel, and that additional experimental
testing would be required.

Although the AIR delivered a recommended battery of tests for the selec-
tion of air traffic controller trainees, it was not implemented.

The next study resulted from a visit by CAA representatives to the
Personnel Laboratory, Air Force Persomnnel and Training Research Center, at
Lackland Air Force Base, Texas, in February 1956. Thelr visit was prompted
by a desire to revise selection procedures for trainees in the CAA Alr Traffic
. Control School. Up to the time of their wvisit, air traffic controller selec-
tion was based upon previous on-the-job experience and a physical examination.
A foreseen need to increase the numbers of trainees imposed the requirement
for a method of selection from a naive population.

Joint Air Force/Civil Aeronautics Administration Study

The visit of the CAA representatives to the AF Personnel Laboratory re-
sulted in a joint Air Force/Civil Aeronautics Administration study. A battery
of 37 tests, yielding 90 scores, was administered to entering trainees in the
ATC school (Brokaw, 1957). The battery was heterogeneous, selected to cover
most of the variance believed relevant to success in training. Commercial
tests, Alr Force tests, and the more effective tests devised by the AIR were
included. Initial validation was accomplished against available training
criteris, including an average lecture grade, individual instructor ratings
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Alr Route Traffic Control and Akrport Traffic Control Average
Test Validitles with Composite Criteria and with

Table 2

Supervisors’ Ratings
Composite  Supervisors’
Test Criteria Ratings :

L N r N

1. Locating Data | .06 A .09 83
2. Locating Data Il .06 n .08 ra
3. Alr Traffic Math | .08 ral .08 83
4, Air Traffic Math Il .04 654 A9 54
*5. Memory Flight Information 20 53 .24 63
*8. Air Traffic Problems | A9 52 51 64
*7. Air Traffic Problems Il .53 52 43 64
*8. Flight Location .18 62 32 74
*10. Coding Flight Data | .29 68 29 80
12. Taxiing Aircraft 21 19 .28 19
13. Control Judgment 39 37 .36 37
*14. Memory for Aircraft Poslition 33 76 22 88
15. Three Dimensional Visualization .22 27 .08 41
*18. Circling Alircraft .38 44 .28 56
*17. Aircraft Position - 28 44 .36 56
*18. Flight Paths A7 44 37 56

a. Date extracted from Taylor 1962
b. The rs are as reliable as Iif computed from a single sample with the given N.

* Teoats included in the recommendasd battery.
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of student performance, and a composite instructor rating based upon dis-
cussions among the three or four instructors who had dealt with each class.
There were about 20 students 1n each class; of 197 students who completed
the experimental battery, training criterla were accumulated for 130.

"In addition to tests covering aptitude factors believed relevant, and
some job-sample tests, there were measures of temperamental factors seem-
ingly relevant to the ATC task. Temperament tests included were the Cali-
fornia Test Bureau (CTB) Occupational Interest Inventory, CIB Mental Health
Analysis, CIB Test of Mental Maturity, and the CIB California Test of Per-
sonality. Aptitude tests included were the CTB Survey of Space Relations
Ability, CTB Survey of Working Speed and Accuracy, CTB California Capacity
Questionnaire, CTB Personnel Selection and Classification Tests, the Differ-
ential Aptitude Tests published by the Psychological Corporation, and United
States Air Force tests of numerical, verbal, reasoning, mechanical, and
spatial factors. Job sample tests were the AIR Air Traffic Problems and
Locating Data.

This study was intended to provide a test battery to replace a previous
system involving experience variables. In that context the contribution of
experience to school success was also sought. Background and experience
variables included in the study were age, educational level, marital status,
and previous air traffic experience. Experience was studied in the following
five categories:

i . Any air traffic control experience versus no such experience.

. Experience in air traffic control versus no such experience.

. Experience in ground control approach versus no such experience.
. Senior CAA ratings wversus no such ratings.

. CAA certification versus no such certification.

mHooE >

Validation correlations were computed against the three training cri-

teria (1. Average lecture grade, 2. Average instructor rating, 3. Composite
instructor rating). All of the variables included in the validation study

are presented in Appendix A. None of the temperament measures showed useful
levels of prediction and these results have been omitted from the tables.

The validities for the aptitude and job sample measures are reported in Table 3.
Although the measures were not uniformly significant in prediction of the

three criteria, all measures showed useful levels of validity for at least

one of the criteria, and most measures were valid at a significant level for

all of the criteria.

The background and experience variables were moderately related to the
three criteria, although it was found that educational level and previocus
flying experience were not predictive. Age was negatively related at a sig-
nificant level, while ATC experilence variables were generally relevant.

The validities of the background and experience variables are presented in
Table 4.

Multiple correlations were computed to evaluate the contribution of the
various measures to the prediction of school success. Two criteria were

chosen for this purpose: the average lecture grade, and the composite instruc-
tor rating. These data appear in Table 5. It should be noted that only the

43.



Table 3

Valldities of Experimental Tests for Three

Alr Traffic School Criteria®

N=130

Content Area  Test

Computational and Arithmetic Reasoning
Dial and Table Reading {Air Force)
California Capacity Questionnaire {6}
Number Series (Mental Maturity)
Numerical Quantity (Mental Maturity)

Arithmetic, Personnel Selection & Classif.

Numerical Ability, DAT
Air Traffic Problems |, AIR
Arithmetic Reasoning {Air Force)

Perceptual and Abstract Reasoning
Calif. Capacity Questionnaire (5)
Abstract Reasoning, DAY
Space Relations, DAT
Aerlal Landmarks, Air Force
Spatial Orientation, Air Force
Instrument Comprehension, Air Force

Verbal Tests
Calif. Capacity Questionnaire {7)

Reading, Personnel Selection & Classif.

Language Usage, Sentences, DAT
Verbal Test, Air Force

Perceptual Speed and Accuracy
Code Translation, Calif Test Bureau
Counting, Callf Test Bureau

Temperament Tests
Family Relations, CTB, Cal. Test of
Personality
Nervous Manifestations, CTB, Cal Test
of Personality

Validity?

T 2z 3
A7 .22 24
21 .18 .23
28 21 .24
32 .28 31
30 A 37
38 27 .26
33 .29 .28
a8 15 20
21 .15 .20
A6 27 27
A3 2 18
26 23 .23
18 .18 .18
28 .16 .16
22 18 .15
21 18 13
27 24 .27
29 24 19
09 19 15
08 .07

‘a. Taken irom Brokaw 1967

b. Correlations of .17 are signlficant at the 5% level: .23 at

the 1% level.

¢. Criterion 1 is average lectura grade, 2 is independent instructor
reting of overall performance, 3 is an instructor composite rating
based upon the joint judgment of three or four instructors

teaching each class.
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Table 4

Validities of Selected Background and Experience Factors
for Three Air Traffic Control School Criteria®

N=130
Validity?

Variable Mean _SD 1= 2 3
Age 2621 420 -4 -24 -4
Education 1259 122 16 -n -.07
Martial Statusd 68 4B 16 .05 .08
Previous Flying Experience A7 37 09 -10 -1
Airport Traffic Control .65 48 22 24 24
Ground Control Approach 41 .49 - .06 .16 A4
Any Air Traffic Experience .78 4 04 23 .24
Senior CAA Rating N 40 .26 .26 .24
CAA Caertification in Any Status 41 49 28 39 38

a. Taken from Brokaw 1967

b. .17 significant at the 5% level, .23 significant at the 1% level.

c. Criterion 1 is average lecture grade, 2 is independent instructors’
rating, 3 is a composite rating based upon the joint agreement of
thras or four instructors teaching each class.

d. Marital Status and subsequent entries are dichotomized and
computed as point-biserial correlations.
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Table 5

Most Efficient Combinations of 2-5 Varlables for Prediction of Two Criteria®

Variable

Avera e Lecture Grade
Arithmetic Reasoning
CAA Certification Status
Air Traffic Problem |
Symbol Reasoning
Locating Data AIR
Code Translation

Muitiple Correlation¢

Composite Instructor Rating
“Air Traffic Problems T

CAA Cortification Status
Arithmetic Reasoning
Symbolic Reasoning
Code Translation
Family Relations

Multiple Correlation

36
37
32

28

27

26

N=130
2-Var
38 .38
23

21
49 48
33 .3
33

28
4 45

Beta Weightsb
3Var 4-Var
33 .30 .36
22 .26
20 22 27
2
-2 -
.52 .51 R
29 0 oA 24
30 32
.24 22 .20
20
A7
54 49 .56

51

b-Var
28 .30
23
29 .26
22 26
-25 -24
.16
) b7
24 26
29
A7 21
A | a9
18 A2
14
.58 53

a. Taikan tram Broxaw 1967

b. In each pair of columns the first selaction Is from all variables, the second Is from test variables only. o

c. All significant at the 1% level.
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21
19

12

14

general variable of CAA certification status was sufficiently unique to appear
in the multiple correlations. Its zero-order validity was of the same magni-
tude as ‘those for the test variables, and its contribution was gignificant.

In May 1957, the trainees who had received the experimental battery were
followed onto the job, and various criteria of thelr work performance were
collected (Brokaw, 1959). The ratings collected from the supervisors were
parallel to those collected from the instructors during the training phases
of the study. The CAA also collected data on the time spent on the job by
each controller before he was recommended for promotion from the trainee level
to the helper level. The correlation between the instructor rating (during
training) and the supervisor rating (on the job) was .59; that between the
average training school academic grade and the supervisor rating was .33.

In the sample of 133 controllers these values were both significant at the
one-percent level. The time elapsed before recommendation for promotion
peaked around the third and fourth month on the job. There was very little
variance on this measure and the associated correlation was .18 with the
supervisor rating, indicating that it was of little use for this study.

The higher validities among the experimental tests were found for the
arithmetic reasoning, computational, and numerical speed tests. The AIR Ailr
Traffic Problems test showed acceptable validity for both academic criteria
and supervisor ratings. The majority of tests in this group were predictive
of the supervisor ratings.

The abstract reasoning and perceptual tests showed useful levels of
predictive efficiency for the supervisor ratings, but the verbal and clerical
speed and accuracy measures were not significantly related to this job per-
formance criterion. The background and experience variables tended to be
only marginally predictive of job performance.

A comparison of the multiple validities of four tests in relation to
instructor ratings and supervisor ratings appears in Table 6. Although the
validities are not spectacular, they are significant and indicate that the
proposed battery would have had potential for prediction of performance on
the job.

Federal Aviation Administration Follow-up of AF/CAA Study

The data base developed by Brokaw in the 1956-57 period provided predic-
tor variables for a follow-up study by Trites, in 1961. The Trites study
addressed the extent to which the data would be predictive of job performance,
retention in air traffic control work, and medical history over a five-year

period.

As reported by Trites (1961), "Regional offices of the Federal Aviation
Agency were able to supply current FAA facility addresses, or other infor-
mation on all but 10 of the original 197 subjects.....Of the remaining 187
subjects, 16 had failed the training course and left the FAA early in 1957,
15 had passed the training course and had left the FAA, two were deceased,
replies were not received for two, and three were with the FAA but no other
information was avallable. This left 149 subjects (including four training
course failures still with the FAA) for whom relatively compliete eriterion

data were obtained."”
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Table 6

Multiple Validity of Selected Tests for
Training and On-the-Job Criteria®

Instructor Ratings
{N=130 Students)

Supervisor Ratings
{N=133 Controllers)

Test Beta Wt Validity Beta Wt  Validity
Air Traffic Problems 27 .36 20 25
Arithmetic Reasoning 20 32 .1 23
Symbolic Reasoning and

Perceptual Speed .20 28 16 22
Code Translation A3 27 .08 14
Multiple Correlations 51b T .34b

a. From Brokaw 1959
b. Significant at the 1% leve!
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The performance criterion measures collected included (1) average super-
visory rating, (2) active vs inactive controller, (3) with the FAA vs not
with the FAA, (4) mean hours of sick leave, (5) no symptoms vs symptoms, and
(6) no disciplinary action vs disciplinary action. Definitions of these
measures, extracted from Trites (1961), appear in Table 7.

Using individual predictor data provided by Brokaw from his 1957 and
1959 studies, Trites ran multiple regressions of psychological test and bio-
graphical variables against the academic and supervisory criteria defined and
applied by Brokaw. Two equations were derived for each criterion, the first
based upon the psychological test variables defined in Table 3, and the second
involving these psychological variables and the biographical measures of age,
education, and marital status. '

Two of the equations involving all the variables were found to be iden-
tical, so a sixth equation was derived involving the psychological tests,
the three biographical variables, the 1956-1957 average lecture grade, and
the composite instructor rating, as predictors of the 1957 average supervisor
rating (Trites, 1961).

Finally, a seventh equation was derived by approximating raw score regres-
sion weights for the predictor set recommended by Brokaw (1959). The results
of the first six equations are presented in Table 8. The regression coeffi-
cients appear in Table 9.

The significant correlations between the derived composite scores and
the criterion measures described in Table 7 appear in Table 10. Partial cor-
relations were computed to eliminate the effects of age. Regression equation 2,
alone, was significantly related to the disciplinary criterion, and that was
at a relatively low level. Regression equations 5, 6, and 7 were significantly
related to the 1961 average supervisor rating.

According to Trites (1961), "If we note the correlations between the
1956-1957 criterion measures and the 1961 criteria....(see Table 11)....1it is
not surprising that Regression No. 6, which included the Composite Instructor
Rating as a predictor variable had the highest correlation with the 1961
Average Supervisor Rating. What was surprising was the remarkably high cor-
relation between the Composite Instructor Rating and the 1961 Average Super-
visor Rating. Obviously, the instructors in 1956 were making exceptionally
valid judgments concerning a trainee's potential for air traffic control work."

It was also noted that the composite recommended by Brokaw in 1959 re-
mained significant, leaving no doubt that a valuable contribution can be made
to the selection of air traffic controllers by the use of psychological tests.

Two blographical variables, Previous Flying Experience, and Any Air
Traffic Experience were significantly related to the 1961 Average Supervisor
Rating, but when the effect of age was removed, these relationships became
nonsignificant. Thus, none of the biographical variables representing previ-
ous experience was related to subsequent job performance. It appears that
the experience variables may make a valuable contribution to selection for
training, but have little impact upon performance after completion of the
school and some years of experience.
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Table 7

Description of the 1957 and 1961 Criterion Measures

Criterion Variable N

Std. Dev.

1967 —

1967 —

1957 —

1961 —

1981 —-

1961 —

1961 —

1961 —

1961 —

Taken from Trites, 1961

Average Lecture Grade: 196

The Lecture Grade Attained by Each Student in the
Tralning Course.

Composite Instructor Rating: 188

A Numerical Transformation of the Conssnsus of ATC
Instructors Relative to the Student's Standing in Nine
Toplcal Areas Relating to Work Habits. Ability, Emotionat
Stability, and the Exercise of Judgment and Reasoning.
Ratings Were Obtained After Briefing Instructors on
Rating Theory, Halo Effect, and Objectivity.

Average Supervisor Rating: 170
A Numerical Transformation of the Consensus of Super-

visors Relative to the Individual’s Standing on Eleven

Areas Relating to Work Habits, Ability, and the Exercise

of Judgment and Reasoning. Form Was Almost tdentical

to One Used by Instructors Except for Two Additional

Items Concerned with Demonstrated Aptitude for ATC

Work and Potentlal Ability. Forms and Rating Instruc-

tions Were Supplied by Mall

Average Supervisor Rating: 149
A Numevical Transformation of Ratings Collected from

1 to 4 Supervisors of Each Individual on a Forms Con-

taining the Same ltems Usad for the 1957 Average

Supervisor Rating, Three New Items Related to the

Individual’s Emotional Stability and Relationships to

Others Were Added. Forms and Rating Instructions

Were Supplied by Mail. {Using individuals with 2 or

More Forms, & Corrected split-Half Reliability of .76 Was

Obtained for the Derived Scores.)

Active vs. Inactive Controller: 169

Individuals Were Dichotomized as Being Efther Still
Actlve in Controller Work or Not Active.

With the FAA vs. Not with the FAA: 169

Individuals Were Dichotomized as Being Either with
the Federal Aviation Agency or Not with the FAA.

Mean Hours of Sick Leave: 142

The Mean Number of Hours of Sick Leave Taken In the
Years 1957 Through 1960 Was Computed for Each
Individual.

No Symptoms vs. Symptoms: 146

A Dichotomy Representing Medical Complaints of Indl-
viduals as Known to and Reported hy their Facllity
Chiefs.

No Disciplinary Action vs.
Disciplinary Action: 148

A Dichotorny Representing the Presence of or Absence
of Discipiinary Actlons Taken as a Result of Control
Errars. Reported by Facility Chiefs of Individuals.
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9.93

27.1

33.9

41.1

420

5.42

8.37
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Table 8

(Equations 3 & 6)

Most Efficient Combinations of Psychological Tests, Blographical Variables, and the 1967
School Criterion Measures for Prediction of Average Lecture Grade (Equations 1 & 4),

Composite Instructor Rating (Equations 2 & 5, and the 1967 Average Supervisor Rating

Regression Equations!

Psych. Tests & Biog.

Variable 1 2

No. Description Bt ¥ B r

Psych. Tests Only

Psych. Tests,
Biog. & 1967
School
_Criterla

4

B r

B r B r

Test Varlables

1 Dial & Table Reading (AF)

2 Verbal Knowledge & Reasoning
{Test 6, Cal. Capacity Quest.}

7 Air Traffic Problems | 17
8 Arithmetic Reasoning, AC 2A 24
9 Symbolic Reasoning & Perceptual 21
Speed (Test 5, Cal. Capacity '
Quest.)

10 Abstract Reasoning, DAT

12 Aerial Landmarks, AFOQT

16 Reading, Pers. Select. & Class.

Test

21 Family Relations, CTB, Cal. Test

of Pers.

22 Nervous Manifestations, CTB, 21
Mental Health Analysis
Blographical Variables

¥ Marital Status

1967 Criterion Variables
Composite Instructor Rating

20 40** 27 37**

26+
3g+*
35+

]

32"

27%+

22*"

16 09* 16 09*

88 [«

-18

19

33.*
30*'

27+
07

22**

14 40**

16 26%*
21  39**
19 3p**

16 28%*

22'*

25 37
28

30..
24 32**
19 27

23
-17

27+
07

22‘ *

80 56%

Multdple Correlations _5g* 50"

48**

59**

47II 65* *

been omitted from table entries.

tRegression Coefficients (Betas) for standardized scores.
$Vplidity Coefficlents.

- *Significant at less than the .06 level.

- #gignificant at less than the .01 level.

*Point biserial correlation

51.
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Table 9

Regression Coefficients for Standardized Scores (Betas) Reported by
Brokaw and Used to Derlve Equation Number 7*

~ Varlable o
No. Description Regression Coefficientst
7 Air Traffic Problems | 2
8 Arithmetic Reasoning, AC 2A 1"
9 Symbolic Reasoning and Perceptual Speed
{Test 5, Cal. Capacity Quest) 16
19 Code Translation, Survey of Working Speed
. and Accuracy g

*Table entrles were taken from: Brokaw, L.D. School and job validation of Mon
measurss for alr traffic control training. WADC-TN-39, Pers. Lab.. WADD, USAF,

Lackland AFB, Toxas, 1969
tDecimal points omitted.
Taken from Trites, 1961
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Table 10

First Order and Partial Correlations Between the 1961 Criterion Measures, the 1957 Criterion

mmmmmnmmmmmmmm
mmrmmmw

Criterion r
Criterion Age with Age
Criterion " Variable r N r N Partialed Out

Age -23** 149
Average Lecture Grade 24** 148 -0b6 136 23**

g_ P Composite Instructor Rating 45** 149 -18% 136 43**

Z E 1967 Average Supervisor Rating 33** 143 -07 136 32
Regression Equation 6 17* 143 -14 133 14

g Regression Equation 6 44+ 127 -0 133 43
Regression Equation 7 23** 143 -1 133 21+

g 3 Age -16** 169

. Average Lecture Grade 26" 168 -14 195  24%*

: E E Composite Instructor Rating 24*** 169 -24 188  21++

E = 1967 Avearage Supervisor Rating 24+ 182 -1 170 23+

E 8 E Age -03* 169

gz Composite Instructor Rating 16" 169 -24 188 16"

§ g g 1957 Average Supervisor Rating 20+ 162 -1M 170 20%

g L 3 g Age -02° 133

a E '-g’q 1967 Average Supervisor Rating 28**" 142 -07 135 28%+

2 i§ a g Regression Equation 2 17** 138 -06 133 17

1 Decimal points have been omitted.
* Significant at less than the .06 level,
**Significant at less than the .01 levet.
* Point-biserial correlstions.

Taken from Trites, 1981
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First Order and Partial Correlations Between the 1961 Criterion Measures and Psychological
rmmwmmmmmmmm1m Criteria Are

Table 11

Statistically Significant
Criterion r
Variable Criterion Age with Age
Criterion No. Description r N r N Partialed Out
§ 23 Age -23* 149
. 8 Symbolic Reasoning &
E Perceptual Speed (Test
3 o 5, Cal. Capacity Quest) 21** 149 -17* 135 18*
o 5 10 Abstract Reasoning, DAT 18** 149 -26"" 136 13
8 1 Space Relations, DAT 18 148 -06 13 17
o 13 Spatial Orientation,
L AFOQT 23%+ 143 -10 136 21*
§ 26 Previous Flying Exper. -19** 139 67%** 135 -05
- 29 Any Air Traffic Exper. 18** 139 -67** 135 06
do8 23 Age -15** 169
® g ‘E 21 Family Relations, CTB
$ Cal. Test of Personality 21%% 150 -03 176 21°*
.24=8
3 g é 23 Age -03* 169
£ o 24 Education -16** 168 44** 196 -—-16*
SE2 28 Age —18* 142
S5 8

1Decimal points have besn omitted.
*Significant at less than the .06 level.
**Significant at less than the .01 level.

aPoint-biserial correlations.

Taken from Trites, 1961
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Expansion of the ATC Research Battery by Cobb

During the period that Trites was collecting the criterion data for
the five-year follow-up of the sample tested by Brokaw,Cobb began collecting
data on a test battery composed of measures that would be available to the
Federal Aviation Agency for operational use (Cobb, 1962).

Brokaw (1957, 1959) had found that certain tests administered in 1956
were predictive of both school and on-the-job criteria; Trites (1961) demon-
gtrated the enduring validity of those measures for significant periods of
performance on the job. The need for the research initiated in 1960 becomes
apparent when the following issues, cited by Cobb (1962) are considered:

"(1) Differences in method and content between the 1956 and the 1960-
61 training course.

"(2) The possibility of differences between aptitude levels for the
1956 and the 1960-61 training groups.

"(3) The nonavailability of United States Air Force aptitude tests for
extended use with a civilian population,

"(4) The inclusion of psychological tests measuring factor areas not
previously covered by the 1956 experimental battery.

"(5) The desirability of additional evidence to substantiate the
general findings reported by Brokaw and Trites."

Cobb's project was begun in August 1960, with the administration of an
extensive battery of tests to incoming ATC students. After initial testing
the battery was revised in September 1960, and this stabilized battery was
administered to all entering students through April 21, 1961 (Cobb, 1962).

A complete listing of variables included in Cobb's analysis appears in Table
12, . '

Cobb used four criterion measures in his 1962 analyses: (1) The
Combined Academic-Laboratory Grade Average. This was the mean of two
composite means: (a) the arithmetic mean of all examination grades
achieved by the student at various training levels for seven academic
subjects, and (b) pass vs fail, based upon final performance grades for
laboratory-simulated air traffic control work; (2) Pass-Fail in the school.
All students who successfully completed the training course were classified
as "pass"; those who were eliminated for deficiency during training were
classified as "fail." Students who left the course for other reasons were
dropped from the study; (3) The Scaled Objective Personality Rating. Two
psychologists evaluated statements made by instructors in a personality
profile included in every passing student's final evaluation form. The
statements concerned (a) performance under stress, (b) attitudes toward
instruction, (c) ability to work with others, and (d) job interest. The
psychologists rated every statement as positive or negative and the score .
was the algebraic sum of the ratings. The value assigned to each student
wae the mean of the two psychologists' ratings, which were found to corre-
late highly (.92); and (4) The Scaled Subjective Personality Rating. The
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Table 12
Listing of Varlables Included in the Analyses
(Descriptions are provided for only those psychological test variables
which regression analyses indicated as being significant in the predic-

tion of training course criteria.)

Criterion Variables:

A. The Combined Academic-Laboratory Grade Average,
B. The Pass-Fail Criterion. _

C. The Scaled Objective "Personality" Rating.

D. The Scaled Subjective "Personality Rating.

Background Variables:

1. Age When Tested.
2., Sum of Coded Relevant Experience.
3. Coded Educational Background.

Psychological Test Variables:

‘Variables 4-8 represent subtests of the Bennett-Seashore-Wesman

Differential Aptitude Test (DAT) Battery, Form A.

DAT-Space Relations. A 45-item test of ability to visualize objects
and forms in two or three dimensions. The task, for each item, is
to indicate how many of five depicted solid figures can be made from
an unfolded pattern,

DAT-Numerical Ability. A 40-item-test presenting a series of rela-
tively simple numerical problems. Provides a measure of "number™"
ability.

DAT-Abstract Reasoning. A 50-item test wherein the task 1s to indi-
cate, for each item, which of a series of choices (figures) properly
carries out a principle of logical development exhibited by a sequence
of figures. The test provides a nonverbal measure of reasoning.

DAT-Language Usage, Part II,

DAT-MeEhanical Reasoning.

Variables 9 and 10 represent Part I and Part II of the Alr Traffic
Problems Test which was developed under contractural arrangement in
1952 by the American Institute for Research for the Civil Aeronautics
Administration,

Alr Traffic Problems, Part I. A 30-item test presenting highly sim-

plified versions of Air Traffic Control situations. Good performance
is not necessarily dependent on past ATC experience. Flight data
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displays are presented for several inbound aircraft, all flying
the same speed and course, but at different altitudes and with
different ETA's. Given a basic 5-minute time separation rule,

the examinee must decide, for each item, whether or not sufficient
time separation exists between certain aircraft to permit changes
to certain specified altitudes.

10. Air Traffic Problems, Part II.

Variables 11-28 represent 18 scales of the 480-item California
Psychological Inventory (CPI) booklet. The scales provide a com-
prehensive survey of the individual from a social interaction
viewpoint, and are referred to below in terms of the factors
measured.

11. CPI-Ac (Achievement via Conformance).

12, CPI-AL (Achlevement via Independence).

13. CPI-Cm {Communality).

14. CPI-Cs (Capacity for Status). An index of an individual's
capacity for status (not his actual or achieved status). The
scale attempts to measure the personal qualities and attributes
which underlie and lead to status.

15. CPI-Do (Dominance).

16, CPI-Fe (Femininity).

17. CPI-Fx (Flexibility).

18. CPI-Gi {(Good Impression).

19. CPI-Ie (Intellectual Efficiency). The degree of personal and
intellectual efficiency which a person has attained.

20. CPI-Py (Psychological Mindedness). The degree to which the indi-
vidual is interested in, and responsible to, the inner needs,
motives, and experiences of others.

21, CPI-Re (Responsibility).

22, CPI-Sa (Self Acceptance).

23. CPI-Sc (Self Contrel).

24, CPI-So {Socilalization),

25. CPI-SP (Social Presence).

26. CPI-Sy (Sociability). Outgoing, sociable, participative temperament.
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27.

28.

29,
30.
31.
32,
33.
34,

35.

36.

37.
38.
39.

40.

41.

42,

43-

CPI-To (Tolerance).

CPI-Wb (Sense of Well Being). A scale identifying persons who
minimize thelr worries and complaints, and who are relatively
free from self-doubt and disillusionment.

Variables 29-40 pertain to twelve subtests of the California Test
of Mental Maturity (CTMM, Advanced Form A, 1957 edition).

CTMM-Immediate Recall.

CTMM-Delayed Recall.

CTMM-Sensing Right and Left.

CTMM-Manipulation of Areas.

CTMM-Opposites.

CIMM~Similarities.

CTMM-Analogies. A 15-item test, wherein seven drawings of different

objects are presented for each item. The first object has a definite
relationship to the second which the student must recognize in order

to identify, by analogy, the drawing among the last four which 1is
similarly related to the third drawing.

CIMM-Inference. A 15-item test, wherein printed statements for each
item present two premises. The student must select the logical con-
clusion, based on those premises, from the four possible alternatives

offered.

CTMM-Number Series,

CIMM-Numerical Quantity, Coins,

CTMM-Numerical Quantity, Arithmetic.

CTMM-Verbal Concepts.

Variables 41-47 are representative of seven tests of the Moran
Repetitive Measurements (RPM) battery. The battery is composed
of highly-speeded perceptual, coordination, and memory tests. All
RPM scores used in the present study were measures of performance
representing initial administration.

RPM~A, Aiming. This test measures the ability to carry out
quickly and precisely a series of movements requiring eye-hand
coordination. Specifically, the student's task is to place a
stylus point through the center of randomly positioned printed
circles of .08-inch diameter.

RPM-FC, Flexibility of Closure.

RPM~NF, Numerical Facility.
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44, RPM-PS, Perceptual Speed.
45, RPM-SC, Speed of Closure.
46. RPM-V, Visualization.

47. RPM-SM, Social Memory. This test measures the ability of a student
to remember faces or photographs. After studying a group of 16
photographs (faces) for one minute, the student must turn a second
sheet and indicate recognition of the 16 faces from among a group
of 32 pictures. Only 16 of these faces are the same, The three
parts that compose the test are similar but different photographs
are involved in each part. '

Taken from Cobb, 1962
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same statements categorized in the Objective Personality Rating were
evaluated on a normalized nine-point scale. The ratings of the two
psychologists, correlating .90, were averaged to determine the final
value for each student,

Background variabples for the analysis included age, to the nearest
birthday, and a sum of related experience, coded on a nine-point scale
for each of ten types of experience, including three types pertaining
to communications, six to air traffic control, and one to -ground control
intercept. Educational background was coded on a nine-point scale, such
that a high school non-graduate was coded 1, and an individual with six
vears of college was coded 9.

Cobb (1962) described his test battery as heterogeneous, consisting
mainly of commercially developed aptitude, attitude, and perceptual ability
tests. Some were highly speeded and others were power tests. The selec-
tion of tests for this battery was based on a number of considerations.
Some of the tests were those which Brokaw had reported as being highly
predictive of training-course and on-the-job performance; several repre-
sented substitutions for USAF tests; and others were included on the
assumption that they provided more comprehensive and reliable measures
of certain areas or because they provided measures relevant to new or
different areas.

Three samples of subjects were included in Cobb's analysis (1962):-

"Sample 1, or Experimental Sample. One hundred twenty-four cases
(95 pass and 29 fail subjects) from five 1960 EnRoute classes were desig-
nated as an experimental sample and scheduled for analyses aimed at the
development of criterion prediction equations.

"Sample 2, or Validation Sample. A second group, composed of 172
cases (136 pass and 36 fall subjects) fromeight 1961 EnRoute classes,
was established as a validation sample on which to test the prediction
equations derived from the analysis of the experimental sample.

"Sample 3, or Terminal Tryout Sample. One hundred forty-eight cases
(137 pass and 11 fail subjects) representing thirteen 1960-61 Terminal
classes, constituted a sample on which the prediction equations developed
for the EnRoute classes could be tested for appropriateness in forecasting
performance criteria for the Terminal course.”

The intercorrelations of the four criteria in these three analytic
samples are presented in Table 13. It is apparent that the academic-
laboratory criterion was not highly related to the personality criteria,
but that the personality criteria were highly related to each other.

Seven regression analyses were accomplished on data of the experi-
mental sample. The first four were based on data of the combined pass
plus fail cases (N=124) and resulted in the development of two prediction
equations for the academic-laboratory criterion, and two for the prediction
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Table 13

Intercorrelations of Criteria
Acad. Pass- Obj. Subj.
Sample and Varlable Lab. Fall Pers. Pers.
~ Experimental Sample
Pass Plus Fails: Acad-Lab. 1.00 68
""" Passes Only: . Acadlab” " "0 "~ """ T . kI
Obj. Pers. 30 1.00 80
— . Subj. Pers. 28 80 1.00
Validation Sample
___Pass Plus Fails: Acad-Lab. 1.00 M
"“Passes Only:  ~~~ Acad-lab” "~ 106 — " " "~ 3% A
Ob). Pers. .36 1.00 81
. Sub). Pers. A1 81 1.00
Terminal Sample
_ ___Pass Plus Fails: Acad-Lab. 1.00 52
“Passes Only: Acadlab.” "~ T00 "~~~ 33 T®
Obj. Pers. .36 1.00 81
Subj. Pers. A6 81 1.00

Taken from Cobb, 1962
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of the pass-fall criterion. For each criterion, one of the two equations
was based on data for the psychological tests, while the other considered
the tests, as well as age, experience, and education. The other three
analyses were based on the 95 pass cases, and resulted in development

of prediction equations for the two personality ratings and the academic-
laboratory criterion. Additional regressions, designated eight and nine,
consisting of a set of five tests designed to be very similar to the space
relations, abstract reasoning, and air traffic problems found valid by
Brokaw and by Trites, were computed for the experimental sample.

The results of Cobb's analysis of the comparative contributions of
psychological and experience variables are presented in Table 14. It
should be noted that regressions 1 and 3 are based upon the 95 pass cases
of the experimental samples, while regressions 2 and 4 are based upon all
124 cases in the sample. The analytic technique was the iterative method
described by Greenberger and Ward (1956), which sequentially selects that
variable from the available set which makes the largest contribution to
the derived multiple correlation. Under this system only one of the ex-
perience variables was chosen for each criterion, suggesting that available
valid variance in those measures had been captured mainly by the psychological
tests.

In light of the small sample sizes used in the analysis of a large
number of predictor variables the relatively small shrinkage found when
the composites were applied to the validation sample suggested that effi-
cient prediction would be obtained in an unselected sampie.

Comparison of the prediction of the personality ratings with the pre-
diction of the academic-laboratory criterion appears in Table 15. Although
the personality ratings were not as predictable as the performance criterion,
validities at useful levels were found for them, Although substantial
shrinkage occurred in the cross valldation, useful prediction could be
made with the personality ratings.

Of particular interest were the validities replicating the Brokaw and
the Trites studies, appearing in Table 16. The observed values closely
approximated the optimal prediction possible within the test battery, and
cross—validation shrinkage was somewhat less.

Experience as a Predictor of ATC Performance

Following World War II, and in the period following the Korean conflict,
the Federal Aviation Agency based its selection of air traffiec control per-
sonnel primarily upon prior experience——either in the alr traffic control
field, or as a pilot. Significant numbers of persons who had relevant mili-
tary experience were seeking employment. Brokaw (1959), Trites (1961),
Trites and Cobb (1963), and Cobb (1962) had all demonstrated that prior
experience was relevant te performance in training, although Trites (1961)
could find no continuing impact in the prediction of job proficiency. In
1963 Trites and Cobb reported a more comprehensive study of the validity
of experience as a predictor of training and job performance,.

The experience variables evaluated and the aptitude test battery in-
cluded in the study are described in Table 17, extracted from the Trites and
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Table 14

Development and Application of Regression Equations for Prediction of Acaedemic
Laboratory Grade Average and Pass-Fall Status of ATC En Route Students

Multiple Correlations and Beta Weights Derived
Via Regression Analyses of Data for Exp. Sample
When Psych. Tests Are

When Only Psych. Tests Supplemented by Back-
Are Considered Ground Variables
Variables Regr. No. 1 Regr. No. 2 Regr. No. 3 Regr. No. 4
Criterion:
A. Acad.-Lab. Grade Avg. R=.66 R=.69
_B PassfallStetvs R=82_ _ _____ __R=S0_____
Beta Validc Beta Valid- Beta Valid- Beta Valid-
Wt ity* Wt ity* Wt ity* Wt ity*
Tests: '
5. DAT-Numerical Ability A7 M
6. DAT-Abstract Reasoning 33 54 33 40 31 54 32 40
9. Air Traffic, Part | 22 40 .18 40
14. CPI-Cs, Capac. For Status -21 -03
19. CPl-le, Intell. Eff. 25 29 21 29
-28. CPI-Sy, Sociability -24 -.04 -1 -04
28. CPI-Wb, Sense Well Being 19 .20
36. CTMM-Analogies 21 35 21 .35
36. CTMM-Inference 19 42
41. RPM-A, Aiming ' -4 -1 -17 -15 -15 -.10
Background:
1. Age When Tested -.26 -~.38
2. Coded Sum of Experience 21 21
Validation Sample*: Correlation of Predicted
Criterion Values with Actual
Criterion:
A. Acad.-Lab. Grade Avg. 49 .56
B. Pass-Fail Status 35 .38

SEXP, Sample: N=124, 95 pass plus 29 fail subjects of five 1960 En Route Classes.

bVal. Sample: N=172, 138 pass plus 38 fail subjects of elght 1961 En Route Classes.
*Validity coefficients greater than .18 are significant at the .05 level and those greater than .21 are significant at the .01 levei.

Taken from Cobb, 1962
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Table 16

mmwwanmwwmamu
MMM&MM“ATG&MM

Multipie Correlations and Beta Weights Derived
Via Regression Analvsaa of Data for Exp. Sample®
Variables Regr. No. b Regr. No. 6 Regr. No. 7
Criterion:
A. Academic-Laboratory Grade Avg. R=.62
C. Objective Personality Rating R=.47
D. Subjective Personality Rating A=43
Beta Valid- Beta Valid- Beta Valid-
Wt ity* Wt ity* Wt v
Test Variables:
4. DAT-Space Relations .20 42
6. DAT-Abstract Reasoning 16 21
19. CPl-le, Intellectual Eff. 33 39 A7 16
20. CPI-Py, Psych. Mindedness J4 09
35. CTMM-Analogies -.16 -.10
36. CTMM:-Inference 23 33 -.16 -.07
47. RPM-SM, Social Memory 24 A9 29 22
Background Variables:
1. Age When Tested -25 -.35 A6 -.00
3. Educational Background ' -.35 -2 -.35 -.29

— e — . p—— — — . — N f— N f— . S—————

- - valldation Sampleb: Correlation of
Predicted Criterion Values with Actual
Criterion Variables:

A. Academic-Laboratory Grade Avg. 37
B. Objective Personality Rating 28
C. Subjective Personality Rating 20

aExp. Sample: 95 pass students of five 1960 En Route classes.
bVal. Sample: 136 pass students of sight 1961 En Route classes. B
svalidity coefficients exceeding 19 are significant at the .03 level and those exceeding 28 are significant at the .01 level.

Taken from Cobb, 1962
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Table 16

WMWMRMWMMMMM

i

For Only Rive Selected Tests

Muitiple Correlations and Beta Weights Derived
Via Regression Analyses of Data for Exp. Sample®

Variables Regr. No. 8 Regr. No. 9
Criterion:
A. Academic-Laboratory Grade Avg. R=.60
B. Pass-Fall Status R=.47
Beta Vaiid Beta Valid-
Wt ity* wit ity*
Test:
4. DAT-Space Relations .03 .35 -.08 22
6. DAT-Numerical Ability A3 43 A2 32
8. DAT-Abstract Reasoning 34 54 27 40
9. Air Traffic, Part | .19 A0 .05 23
35. CTMM-Analogies 1 .36 22 35

Validation SampleP: Correlation of
Predicted Criterion Values With Actual
Criterion:
A. Academic-Laboratory Grade Avg. 54
B. Pass-Fail Status A0

SExp. Sample: N=124; 95 pass plus 29 fail subjects of five 1960 En Route Classes. .

bVal. Sample: N=172; 138 pass plus 36 fail subjects of sight 1981 En Route Classes.

*Validity coefficients greater than .18 are significant at the .05 level and those greater than .21 are significant
at the .01 ilevel,

Taken from Cobb (1962)
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Table 17

. demwm

Description of Variables

Variable Name &
Abbrsviation*

Description and Goding

Experience Variables

1.
2.

Pilot Experience (Pit}

Radio Operator: Alr to Ground Communications
{Radio: Air/Grnd)

Ground Control intercept (GCI)

. Station (Stat)

5. Ground te Air Communications {Ground/Air}
8. Point to Point Communications {P to P)

7. VFR Tower (VFR Tow)
8. Approach Control: Tower {App Con Tow)

13.
.
15.

. Radar Approach Control: Tower {Rad App Con Tow)
10. ‘
1.
12,

Center {(Cont)
Ground Controlier Approach (GCA}
Radar Approach Control Center (RAPCON)

Sum of Communications Experiance (2 Comm)
Sum of Air Traffic Experience (X AT}
Sum of Relevant Experience (I Rel)

Demographic Variables

18.

17.

Age

Education {Educ)

Coding for Variables 1 & 2
Amount of Experlence Codes

No Experience Reported

Less than 1 Year

12 Months Through 23 Months
2 Years Through 4 Years

6 Years Through & Years

7 Years Through B Years

9 Years Through 10 Years

11 Years Through 16 Years

16 Years or More

Long Range, High Altitude Interception Technique Used by Military
Aircraft Control and Warning Units

A Unit Primarily Engaged in Ground to Air Communictions and Pilot
Briefings

oA WN -

Communications from One Fixed Ground Point to Another Fixed
Ground Point

A Tower Controlling Air Treffic Under Visual Flight Rules {VFR)

A Tower Capable of Controlling Air Traffic Under instrurment Flight
Rules (IFR} but without Access to Radar

A Tower with Access to Radar as an Ald in Controlling Alr Traffic
An Air Route Tratfic Control Center
A Ground Radar System Used to Assist Aircraft During Landing

USAF Radar System Used for Approach Control at Alr Force
Airfislds; Similar System in Use by the Navy Is Called a Radar Air
Traffic Control Center (RATCC)
Cading for Variables 3 Through 12
Amount of Experience
No Experience Reported
Through 3 Months
4 Through 8 Months
7 Months Through 1 Year
13 Months Through 2 Years
26 Months Through 3 Years
37 Months Through 6 Years
6 Years Through 10 Years
11 Years or More

Sum of individual Experience Variables Nos. 4.6, & 6
Sum of Individual Experience Variables Nos. 7 Through 12
Sum of Experience Variables Nos. 3, 13, and 14

i

DR A WN -

Chronological Age to Nearest Birthday on Date of Entry Into ATCS
Training

Coding for Education

Amount of Education

None Reported

Less than High School Graduate
High School Graduate

Lass than 1 Year of College

1 Year of College

2 Years of College

3 Years of College

4 Years of College

5 Years of College

8 or More Years of College

gg
WO~ RN X
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Aptitude Variables

#18. DAT Space Relations (Sp] (Weight = 8)
#13. DAT Numerical Ability (Num) (Weight = 13)

#20. DAT Abstract Reasoning (Abs) (Walght = 14)

#11. CTMM Analogies {Analog) _lWelght = 49)

+422. Alr Traffic Problems {ATP) (Weight = 18)

23. Composite Aptitude Test Score (Comp)

Table 17 Continued

Identify Solld Figures than Can Bs Made from an Unfolded Pattern
(40 Items:; Scored; Rights Minus Wrongs)

Test of Arithmetic or Computational Skill {40 items; Scored; Rights
Minus % Wrongs)

indicate which of a Serles of Choices (Figures) Properly Carries Out
a Principle of Logical Development Exhibited by a Sequence of
Figures (50 Items; Scored; Rights Minus % Wrongs)

Seven Drawings of Different Objects Are Presented for Each ltem.
The First Object Has a Definite Relationship to the Sscond Which
Must be Recognized in Order to Identify, by Analogy. the Drawing
Among the Last Four which s Similarly Related to the Third
Drawing {16 items; Scored: Rights)

Determine Whether Alrcraft May Be Permitted to Change Altitude
without violating a Specified Time-Separation Rule (30 Items; Scored:
Rights Minus Wrongs}

Sum of Aptitude Test Variables Nos. 18 Through 22, Each Welghted
as Indicated.

* Abbreviations are given In parenthesis following the names of the variables.
# Part of the Differential Aptitude Test {DAT) Battery. Form A, 1347, published by the Psychological Corporation, New York, N.Y.
#1 Part of the California Test of Mental Maturity (CTMM]), Advanced, Form A, 19567 published by the California Test Bursau, Los Angeles,

California

** Originally developed by the American Institute for Research, Plittsburg, Pa., under contract with the Civil Aeronautice Administration In
1960. Form used In the present research was an extensive ravision of the original test. Revision prepared by the Sslection Section,
Psychology Branch, Civil Asromadical Ressarch Institute.

Taken from Trites and Cobb, 1963
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Cobb report (1963).
{Acad.), Laboratory Grade Average (Lab.), Combined Academi

The training criteria included Academic Grade Average

¢ plus Laboratory

Grade Average (A+L), and Pass or Fail (P-F) in the training course. The

job performance criterion variable was a supervisor rating collected approxi-
mately ten months after the trainees had graduated from the FAA Academy.

The value used was an average based upon ratings by supervisors on a 13-
item checklist evaluation form. The form contained items relating to work
habits, ability, judgment, reasoning, emotional stability, and relationships
with others. Possible ratings were: Excellent, Very Good, Good, Fair, and
Unsatisfactory. The average rating was computed by assigning weights of 4
through 0 to ratings of Excellent through Unsatisfactory, respectively,
summing all of the items rated by all supervisors, and dividing the sum by
the number of items rated, It was not possible to secure four supervisory
ratings on all subjects; the average number of forms completed was 3.8.

Tn an earlier study, a corrected split-half reliability of .75 was
obtained for Average Supervisor Ratings computed from rating forms con-—
taining 12 of the 15 items used in the present form (Trites & Cobb, 1963).

The analytic sample included 745 trainees, of whom 505 were assigned to
FnRoute control stations and 240 Terminal assignees had participated in an
experimental aptitude testing program. Statistical comparisons of the test
samples with the total samples showed equivalence in age, academic grade,
laboratory grade, and supervisor rating (Trites & Cobb, 1963).

Trites and Cobb concluded that different kinds of pre-employment job-
related experience had differential value for the prediction of training
performance. In general, experience most directly related to air traffic
control work was a positive predictor; experience relating to communications
and piloting was negative. It was also shown that for EnRoute trainees only,
a composite variable representing the sum of tower, GCA, RAPCON/RATCC, and
center experience had a statistically significant, but low relationship with
ratings of job performance. By contrast, aptitude tests were superior to
the experience variables for the prediction of all training course performance
measures of both types of trainees, with the exception of the Laboratory per-
formance of Terminal trainees. For the Terminal trainees, the composite ex—
perience variable was superior to the tests. For job performance, it was
found that only ratings of EnRoute trainees could be predicted by the tests
and that although the tests were superior to experience as predictors, the
relationships were small. As determined in other studies it was again shown
that age at entry into training was negatively related to training and job
performance, and that the negative relationships were greatest with grades
in simulated air traffic control work in the training school laboratories.
The findings of the study led to the recommendation that selection of indi-
viduals for Air Traffic Control Specialist training be based upon an aptitude
test battery and pre-employment, job-related experience in tower, GCA, RAPCON/
RATCC, and center work.

The statistical data upon which these conclusions are based appear in
Appendix B.
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Conclusions

There is a common trend across these studies for measures of spatial
perception, verbal and non-verbal reasoning, and the mental manipulation
of verbal or numeric concepts to be predictive of success in air traffic
control training and in alr traffic contrel assignments. Measures of prior
experience in air-traffic related occupations tend to be predictive of
success in training but to lose their predictive power when related to
later job performance. Measures of personality, or of temperament, have
shown little predictive efficiency for criteria of school or job success.

‘Significant difficulties were encountered in the collection of criterion
data. Early studies were nearly useless because of the small groups of per-
sons with homogeneous experience available for criterion purposes. Although
later studies generated larger criterion samples, it is probable that sub-
sets of subjects within those samples worked in dramatically different
environments. The consistent findings of significant correlation in the
presence of attenuation of common variance from this cause suggests that
the predictor sets were reasonably powerful in their action.

The strong, stable relationship discovered by Trites between super-
visory ratings of job performance and instructor ratings collected five
yvears earlier suggests that the environment in air traffic control training
and work situations is sufficiently structured to permit objective ratings
of pertinent behaviors.

A crucial element in the accomplishment of air traffic control pro-
cedures lies in the efficlency of communication between controllers and
aircrew members. This aspect of the controller function has not been
addressed in the research reported here--restriction of test content to
materials presentable in a paper-and-pencil group-test format effectively
eliminates opportunity to measure the trainee's ability to understand what
he or she may hear or the efficiency with which he or she transmits control
information to the aircraft, Short-term and long-term memory in the context
of the work situation also are effectively barred.

The reported research has shown that air traffic control performance
can be predicted, in part, by aptitude tests in recognized areas. It has
also shown that assesgsment of performance through classic subjective ratings
can be reasonably objective and gstable over time. The absence of attention
to behaviors that seem to be cruclial elements of the controller task indi-
cates significant opportunity for the application of more sophisticated
testing techniques. Advances in computer technology with accompanying re-
ductions in cost will make the testing feasible in situations that simulate
the work enviromment more accurately.

REFERENCE NOTE

1. John C. Flanagan supervised the AIR contract effort, with the advice

of Elmer D. West, and Miss Marion Shaycoft. Paul M. Fitts, Jr., served

as research adviser and rendered useful criticism throughout the project.
L. Dewey Anderson and Bryce Hartman were consultants at early stages of the
project.
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Appendix A
Table A-1

LisdngofExperﬁnan(alTostsamdMadVaMdosof

Air Force/Civil Aeronautics Administration Battery. Sample: 130 CAA

Air Traffic Control Students, Extracted from Brokaw, 1957.

1. Average Lecture Grade
2. Average Instructor Rating {Pooled Independent Ratings)

3. Composite Instructor Rating (Instructors as Group Rate Students)

Test Title Mean
PUBLICATIONS OF THE CALIFORNIA TEST BUREAU
Survey of Space Relations Ability 62.54
Occupational Interests Inventory
Personal-Social 17.62
Natural 20.85
Mechanical 20.98
Business 20.85
The Arts 16.72
The Sciences 22.94
Types of Interest
Verbal : 9.52
Manipulative 10.58
Computational 9.73
Level of Interest ' 73.56
Mental Health Analysis
Liabilities ,
Behavioral Immaturity 14.77
Emotional Instability . 15.58
Feelings of Inadequacy 16.79
Physical Defects 1957
Nervous Manifestations 18.02
Total Liabilities 84.75
Assets
Close Personal Relations 18.32
Interpersonal Skills 17.50
Social Participation 14.47
Satisfying Work & Recreation 15.65
Adequeate Qutiook and Goals 18.58
Total Assets 8452

Sb
16.64

5.27
6.78
5.56
5.85
5.71
483

352
1.69
351
7.03

2.99
3.30
2.33

92
2.00
8.76

2.04
217

3.77.

2.50
1.58
i

Validity*
1 2 3
06 07 .08
~02 -01 01
-.03 0 04
A3 09 07
08 -03 -05
-23 -12 -a2
.08 0 03
-09 -10 -08
-07 -03 -07
06 03 01
-0 -.06 -.02
A3 07 .
07 .05 04
.14 02 -0
A4 .09 .09
25 .08 10
A8 06 04
-14 -08 -.07
-.08 -.08 -.07
-06 -~03 -.05
-.03 .00 00
-05 -.06 -.08
-09 -06 -—-.06

* 17 significant at 5-per-cent level, .23 at 1-per-cent level.

70.




Table A-1 Continuved

Validity*
Test Title Mean SD 1 2 3
Publications of the California Test Bureau (Continued) '
Test of Mental Maturity
Sensing Right and Left 17.72 2.06 09 .06 .08
Manipulation of Areas 890 236 .08 .02 06
Similarities 7.01 2.05 1N .00 .07
Inferences 13.16 1.44 a9 —.n .04
Number Series 752 344 21 18 23
Numerical Quantity 1042 2.04 .28 21 24
Verbal Concepts 3726 564 09 -0 .08
Survey of Working Speed and Accuracy
Number Checking 12062 22.01 09 .16 .16
Code Translation 13090 28.10 .27 .24 27
Finger Dexterity 8298 16.58 0 -03 -.02
Counting 39.65 10.01 29 24 18
California Capacity Questionnaire
Test 1 {Right or Left) 1714 232 07 .00 .03
Test 2 {Vocabulary, Arithmetic _
Reasoning and Syllogisms) 1385 1.1 1N .03 10
Test 3 {Symbolic Reascning,
Perception) 1092 210 24 .02 .04
Test 4 {Vocabulary, Arithmetic..
Reasoning, Syllogisms) 1236 2.02 09 .04 A2
Test 5 (Symbalic Reasoning, Perception) 722 230 33 29 .28
Test 6 (Vocabulary, Arithmetic
Reasoning, Syllogisms) 68 3.18 A7 22 24
Test 7 (Vocabulary) 3.78 356 .18 18 .18
California Test of Parsonality
Personal Adjustment
Self-Reliance 1238 1.94 02 -0 -.07
Sense of Parsonal Worth 1317 1.82 .03 .03 .02
Sense of Personal Freadom 13.61 1.61 08 -—-06 -.06
Feeling of Belonging 13.95 1.7 08 .02 .02
Withdrawing Tendencies 1318 244 04 -0 -.07
Nervous Symptoms 13.58 1.77 08 .07 .06
Social Adjustment
Social Standards 12.62 1.66 01 -03 -.01
Social Skills 1210 2.03 0 -12 -2
Anti-Social Tendencies 1393 1.89 03 -05 -.05
Family Relations 13.92 1.70 .09 19 156

*.17 significant at 5-per-cent level, .23 significant at 1-per-cent level.
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Table A-1 (Continued)

Test Title . Mean
Publications of the California Test Bureau {Continued)
Occupation Relations 13.11
Community Relations 13.19
Personnel Selection and Classification Test
Reading 36.12
Arithmetic 18.49
Vocabulary 37.70
Mechanical Dexterity
Dotting 21.01
Pursuit 23.65
Blocks (Counting) 37.42
Total Mechanical Factors 82.26
Social Adaptability 24.46
Dependability 24.87
Oral Directions 21.99

DIFFERENTIAL APTITUDE TEST BATTERY PUBLISHED BY THE PSYCHOLOGICAL CORP.

Verbal Reasoning 33.85
Numerical Ability 26.66
Abstract Reasoning 36.74
Space Relations 67.65
Mechanical Reasoning 51.55
Clerical Speed and Accuracy 63.78
Language Usage

Spelling 67.03

Sentences 41.82

AIRWAYS OPERATIONS APTITUDE TEST BATTERY-AMERICAN INSTITUTE FOR RESEARCH

Air Traffic Problems | 18.88
Air Traffic Problems Il 156.33
Locating Data 31.87

SD

1.78
2.20

3.47
429
6.30

417
5.93
13.80
18.21
3.30
292
235

7.96
6.79
6.61
15.24
744
15.12

20.93
13.19

6.23
3.96
8.67

16

A3
0
A2
A2
-.02
08
.06

21
32
A8
21
10
.00

A7
22

30
26

-.02

00

31
15
25

UNITED STATES AIR FORCE TESTS ADMINISTERED EXPERIMENTALLY

Airman Classification Battery AC-2A Booklet 2
Arithmetic Reasoning 7.45
Verbal Test 7.38

* 17 significant at 5-per-cent level, .23 significant at 1-per-cent lavel.
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1.54

38
21

A7
3
20
20
01
01

10
15

37
18
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Table A-1 (Continued)

Valid
Test Title . Mean . 2 1 !h 3

United States Air Force Tests Administered Experimentally (Continued)

Mechanical Test 876 176 24 .00 01

Tool Functions 608 192 25 -0 0

Figure Recognition 6168 198 19 .07 07
Airman Classification Battery AC-2A Booklet

Technical Information 738 134 30 -01 .03

Patterns 597 182 .20 14 A7
Dial ar 4 Table Reading BP822-621A 749 129 43 .38
Alr Force Officer Qualifying Test Booklet 2

Aerjal Landmarks 2584 764 .18 27 27

Spatial Orientation 416 223 A3 22 .18
Air Force Officer Qualifying Test Booklet 3

Instrument Comprehension 1776 b5.65 .26 23 .23

Aerial Orientation 1215 b5.68 16 .08 A2

Visualization of Maneuvers 1067 524 11 14 A4
Criterion 1, Average Lecture Grade 9356 263 50 .51
Criterion 2, Average Instructor Bating 865 4.62 93
Criterion 3, Composite Instructor Rating 892 511

*.17 significant at the B-parcent level, 23 significant at the 1-per-cent level,
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Table A-2
MﬂonofSwguﬁdAermﬁkConﬂolSdnﬂnn Test

General

The Test Should Be Composed of Materials Appropriate for Use with Juniors and Seniors in High School. Test
Directions and Explanatory Material Should Be Suitable for Use in Junior High School Because There Is Evidence
that Verbal Skill, as Such, ls Not Particularly Valid as a Selection Device for this School. The Content of the
Technical Portions of the Test, However, Should Be at the Senior Level in High School.

Test Qutline
. No. of Items Time Limit

Arithmetic Reasoning 30 25 Minutes
Figure Analogles 30 15 Minutes
or
Symbolic Reasoning of the 30 7 Minutes

type of Test 5, California

Capacity Questionaire .
Air Traffic Problems 30 6 Minutes
Code Translation 70 Word Passage 5 Minutes

Passing of Materials and Administrative Directions Will Require an Additional Ten to Fifteen Minutes, Making
the Total Test Time Somewhera Between an Hour and an Hour and Ten Minutes.

Scores Derived from the Four ltem Types Employed Should Be Equated by Conversion to Normalized Standard
Scores and Combined with the Following Suggested Weights:

Arithmetic Reasoning 3
Symbolic Reasoning 2
Air Traffic Problems 3
Code Substitution 1
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Appendix B
WTMMMHMD.K,MMMMbMM
mmwammmmm
rmnmwmmumwummm

Oldahomea Chty, MAMRMMAWMMW
Aviation Agency. (CARI 63-31, 1963)

Table B-1

Comparison of Certaln Characteristics of the Total and the
mrmmammmrmm

Enroute _ Terminal .
_ Tested _ Total Tested Total
Variables X S8.D. N. X 8.D. N. X S.D. N. X S$.D. N,
Age 285 6.3 470 285 64 501 278 59 212 279 B9 241
Academic Gd. 836 74 470 836 7.3 502 870 5.3 211 87.1 6.3 291
Lab Gd. 781 130 467 780 130 499 833 5.2 207 833 54 237
A + L Gd. 80.8 93 468 80.8 9.2 499 850 &6 21 850 5.6 241
Supervis. Rating - 2.48 54 30 2.45 .53 318 242 67 180 243 66 204
Table B-2

MumandStandnrdDovhﬁomoﬂheEmum Variables, Test Variables, and Education
BmdmﬁoMmmMNmrbwomehmhﬂnEmmandTamhd

Samples Separately
Mean Std. Dev. N

Variables E T E T E T
1. Pilot 2.38 1.92 2.64 2.16 603 242
2. Radlo: Air/Grnd 1.38 1.28 1.23 1.13 603 242
3. GCI 1.39 1.23 1.42 1.07 503 242
4. Station 1.39 1.10 138 .68 503 242
5. Grnd/Air 212 1.72 22 188 503 242
6. PtoP 1.39 1.23 1.34 1.08 503 242
7. VFR Tower 2.68 419 2.30 251 603 242
8. App Con Tow 1.80 2,53 1.68 2.16 503 242
9. Rad App Con Tow 1.14 1.14 77 72 503 242
10. Center 1.44 1.20 128 .78 503 242
11. GCA 2.21 228 214 2.25 603 242
12. RAPCON 1.76 1.4 1.68 1.36 503 242
13. Z Comm 4.89 4.07 3.51 257 503 242
14, Z AT 11.01 1281 4.83 4.21 503 242
16. Z Rel 17.28 18.10 5.08 4.46 501 242
17. Educ 2.9 279 1.69 1.49 489 M
18. Space 60.79 58.98 18.93 19.62 472 212
19. Numerical 2217 21.68 813 7.52 474 212
20. Abstract 33.92 34.48 7.14 7.16 474 212
21. Analogies 6.80 8.71 1.99 2.03 476 212
22. ATP 13.46 13.34 5.84 6.06 475 212
23. Composite 1703. 1688. 363. 376. 47 212
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A+L P-PF Acad Lab Super Age
Variables r Partiair _r Partalr 'r Partialr r Partialir 1 Partialr r
1. Pilot —q2%e Q7 7% 02 01 14 _18** 02 -—-17** -07 64"
2. Radio: Air/Grnd —27%e _1Q%* _qG*¢ _11** _20%* --18** -20** -16** 03 07 18+
3. GCI —14%% —13%% 2% —11** —16** —-16%* 10 -09* -0 00 04
4. Station —11* —11* —-11* 11 -17%* -17** -06 -06 -02 -0 02
5. Gend/Air _q5** _15** —q3%* — 3%+ -23%% _22%+ (9" -—09* -05 -05 03
6. PtoP —q2%% _12%% _q5** —15%* _21** _21** 05 04 —15%* —15** 03
7. VFR Tower 14%+  (09* 16 1* 21%*  18** (09* 03 11+ 08 -21**
8. App Con Tow 17**  16**  16** 14"+ 19** 18** 13 11* 03 01 -09
9. Rad App Con Tow 06 - 06 06 07 08 08 04 04 02 02 01
10. Center 14** 13* 08 07 08 07 15*  14** 09 08 -05
11. GCA 13**  10* 18%* 16** 14**. 13** 11* 09 09 o8 -10*
12. RAPCON 16%* 12+ 15** 11* 4%  11* 15+  10% 05 02 -1
13. = Comm —18%* —18* —18%% —18* -—29** -29** -10* -10* -10 -09 03
14. T AT 2ges  24%%  30%r  26%*  JIev 29%*  23*% 18 16%* 12%* —24**
15. Z Rel T 1" 06 13+ 08 05 02 12+ 07 09 06 19+
16. Age t —27%* ~28** —15** —30** —18**
Total N 499 495 502 499 8- 501

1Point-biserial correlations; all other correlatio
* Significant at less than the .06 level.
**Significant at less than the .01 level.

{For T Rel and Age the Ns used in the correlations with Acad an

columns, tha Ns wers as indicated in the Total N row.

ns are product-moment. Decimal points omitted from all correlations.

d Lab were 500 and 498, respectively. For the other correlations In these

Table B4
Terminal Sample: First-Order Correlations and Partial Correlations (Age Held Constant
Statistically) Between Experience Variables and Criterion Measures
A+L P-F Acad Lab Super Age
Variables ¢ Partialr r Partialr r Partialr r Partialr r Partialr T
"1. Pilot -12 -02 -13* -0 04 10 —32%* —1B** —17** —14* B1**
2. Radio: AiriGrnd -07 -04 03 07 -07 -06 -0%9 -06 -—-17* -—16* 15*
3. GCI -06 -01 -04 01 -03 -01 -1 -04 01 03 21%+
4, Station -10 -10 02 03 -16* ~-15* -07 07 0 02 03
5. Grnd/Air -07 08 03 02 -13* -14* -06 -08 -01 -02 -04
6. PtoP -08 -1 -02 -04 -09 -10 -10 -12 06 05 -04
7. VFR Tower 08 03 13* 09 -01 -03 26* 21 02 00 -20**
8. App Con Tow 20**  20** 06 07 10 10 . 25** 27** 02 02 00
9. Rad App Con Tow 06 09 06 09 04 05 06 1 03 04 12
10. Center 05 04 08 05 07 06 01 -02 01 00 -09
11. GCA 04 06 01 03 01 02 03 o6 -01 -01 09
12. RAPCON 1 1" 03 03 09 08 1" 1 08 05 -03
13. = Comm -11 -12 ' 02 01 —-17** —17**-10 -1 02 02 -03
14. = AT 22#%  22%* 15 14* 10 10 35+ 35** 05 04 -07
15. X Rel 13* 13+ 14* 14* -01 -0 26+ 26** 06 06 -03
16. Age t —21** — 250 -09 —34s -09
Total N 241 240 21 237 204 241

Point-biserial correlations; sll other cotrelations are product-moment. Decim

* Significant at less than the .06 level.
**gjgnificant at less than the .01 level.

tCorrelations between Age and the first
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Table B-&

Frequencies of Trainees Reporting eryposofflpwmmdem Tests
dmwmmmyuwmmmm
MMMAMM»MGMAW

Enroute Enroute: A + L Grade Terminal A + L Grade
Variables Fall Pass Total X2 <83 p84 Total X{ <85 >86 Total
1. Pilot 45 (921256 867* B0 45 (58 125 7.11 26 21 {25) 46 NsS*
2. Radio: AiriGrnd 23 27 (37) 50 1147 40 11 (28 51 13.97 13 4 (9 17 700
3. GCI M 22 {27) 38 NS 27 1 (180 38 498 9 347N 12 439
4. Station 17 23 (30) 40 610 256 15 (19 40 NS 5 1 {3 6 NS
6. Grnd/Alr 33 71 (81} 110 647 M1 39 (51} 110 667 22 11 118 33 6.8
6 PtoP - 21 22 (32 43 1267 34 10 {200 44 1078 9 3 (7 12 439
7. VFR Tower 33 166 (1472) 199 1651 88 111 92) 199 1198 71 92 (g9} 163 NS
8. App Con Tower 1M 95 {78 106 1721 41 63 (50) 107 1297 30 61 49) 91 947
9. Rad App Con Tow 2 16 {13 18 NS 9 9 (8 18 NS 4 ?7 (8 1 NS
10. Center 9 S50 (44) 59 408 20 39 (27} 59 1056 8 9 (9 17 Ns
11. GCA 17 130 (109} 147 2279 61 87 (69) 148 1320 33 39 (39) 72 N
12. RAPCON 10 8 (71) 96 1512 29 68 (45 97 2746 10 21 (1M 31 NS
** Total N 129 366 495 288 23 499 10 11 24
# Numbers in parent} are axp d values for Pass or Above Madian trainees computed from a 2 x 2 contingency table. If the expectad

value is iass than the obsarved value, the sign of the relationship Is positive; If greater, negative.

* With 1 degrea of freedom a X2 value of 3.84 Is significant at the .06 level, 6.64 at the .01 leval, and 10.83 at the .001 level. NS replaces X2
values nat hing the .06 signifl level. Yates carrectlon was not applied.

**Total N is the maximum possible frequency which could occur as an entry in each column. From the Total N and the table entries, the
2 x 2 contingency tables can be raconstructed.

Table 88

mmmmgmwmmmm
Statistically) of Test Variables and Education with the Criterion Measures

A+ L P - F1 Acad Lab Super Age
Variables r _Partislr r Partialr r Partialr r Partialr ¢ Partialr r
17. Educ -03 05 -08 00 03 07 -06 03 -08 -01 28+
18. Space 2 Ml § i J0** 26+ Fyww Jpee 28%* 244+ 04 00 — 18"
19. Numerical 36+ 39+ 26%* 30%*  43%x gp*e 27%% 30+ 0g 1 08
20. Abstract AGH+ 430e 36%* 33%*  gaer g3es 3Jg*+ 3G« 12* 09 — 17+
21. Analogies 28%% 25%* 18%* 15%%  30** Jgee 234+ 20+ 13* "* —14%*
22. ATP J7*+ 34%e 28** 26%*  gows Jgex 354" Ju+ 15+ 12+ —~174»
23. Composite 2%+ 4gee 39%% 37%*  B3*e Roes 44%r g1+ 17%% 14+ = 17**
Max. 487 483 488 486 310 489
Range of N
Min. 468 464 470 467 301 470
Point-biserial correlations; all other correlations are product: t. Decimal points omitted from all cotrelations.

* Significant at less than the .06 leve.
**Significant at leas than ths .01 level.

Table B-7

TMWWWWWWMMMW
Statistically) of Tost vmwsmmmmcmnmm

A+ L P—- F Acad Lab Super Age
Variables t _Partialr v Partisir v Partialr r_Partialr _r Partislr r
17. Educ 00 04 -03 01 05 06 -08 -03 01 00 16*
18. Space 14* 12 20%* 17+ 26*% 25%= 06 02 01 -;m -1
19. Numerical 33*% 34*» 19%*% 20%*  45%+ 45+ 14* 15* 10 10 1]
20. Abstract 40** s 38%* 3E%* 4544 gqes 30%*  24** 03 (g - 25+
21. Analogies 12 10 03 o8 22%% 2%+ 02 01 01 00 -08
2. ATP 37#% 34ew 33** 29%%  3ges 37er  gpee  oper gy 05 . —22nn
3. Composite 38*+ 35 33** 30%*  49%* ggne  g3ee  qgee 05 03 - 184+
Max. 240 239 240 238 203 240
Range of N
Min. 21 210 21 207 180 212

Point-biserial corralations: all other comrelations are product-moment. Dacimal points omitted from all correlations.
® Significant at fess than the .05 lavel.
**SignHicant at less than the .01 level. 77



Chapter 4

THE SELECTION OF AIR TRAFFIC CONTROL SPECIALISTS:
CONTRIBUTIONS BY THE GIVIL AEROMEDICAL INSTITUTE

William E. Collins, James 0. Boone, and Allan D. VanDeventer

HISTORICAL REVIEW

Eligibility for Air Traffic Control Specialist (ATCS) training with
the Federal Aviation Administration (FAA) has traditionally included con-
sideration of an applicant's preemployment experience, educational back-
ground, the outcome of an interview with management officials, and the
results of a medical examination. Previous relevant experience, parti-
cularly in military air traffic control, has always been heavily weighted
in the selection process. Experience as a pilot and various type of pre-
vious work in communications and alr surveillance have also been consis-
tently viewed as important assets. In general, however, ATCS selection
programs prior to 1962 involved no formal assessment of mental abilities
or aptitudes (Cobb, 1971).

ATCS Selection Research

Historically, research on ATCS selection is rooted in a 1950 contract
by the Civil Aeronautics Administration (CAA--predecessor to the FAAY for
the development of aptitude tests that could be used to select ATCS tralnees.
The results of that contracted study: (1) indicated that aptitude tests
potentially could make an effective contribution in the selection process,
and (2) provided the format for an Air Traffic Problems (ATP) test (Trites
and Cobb, 1964a).

In 1956, Brokaw of the United States Air Force's Personnel Laboratory,
in a joint effort with the CAA, administered a large number of aptitude
tests to 197 ATCS trainees. His findings (Brokaw, 1959) indicated that a
composite aptitude test score formed by adding together scores on tests of
arithmetic reasoning, symbolic reasoning, code translation, and the ATP
test could effectively predict instructors' ratings of training performance
and supervisors' ratings of job performance approximately a year after
training.

Then in 1959, a number of ATCS trainees were recruited on an experi-
mental basis using the Federal Service Entrance Examination. For a
variety of reasons, the results of that experiment were considered in-
conclusive (Trites and Cobb, 1964a).

A continuing research program on ATCS selection began in 1960 with the
egtablishment of the FAA Civil Aeromedical Research Institute (now the Civil
Aeromedical Institute——CAMI)} in Oklahoma City, Oklahoma. The first study
(Trites, 1961) was a followup of the 197 trainees tested by Brokaw in 1956.

.Job performance ratings were obtained by Trites from supervisors of 143 of
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the former trainees; the vast majority of the latter were fully qualified
ATCSs. To evaluate the effectiveness of the aptitude tests recommended

by Brokaw, the 143 men were classified as either satisfactory or marginal

in their job performance as determined from the ratings and comments of
their supervisors. The distribution of the composite scores based on the
four aptitude testas given each trainee in 1956 was divided into fourths

and the percentages of satisfactory and marginal individuals in each fourth
were computed (see Figure 1), Scores achieved on the aptitude tests given
at the beginning of training were clearly related to job performance evalua-
tions obtained 4 to 5 years after training.

Concurrently with the collection of the facility performance data on
the trailnees tested in 1956, extensive experimental psychological testing
of all EnRoute and Terminal trainees who entered the FAA Academy in Oklahoma
City for basic ATCS training was begun in August 1960 (Trites and Cobb,
1964a). All of these trainees had been selected by medical and experience
requirements and none by aptitude tests. The group of commercially available
tests with which experimentation was started required 8 hours for administra-
tion. It included tests previously found most useful for prediction of ATCS
training and job performance plus tests of a number of aptitude areas not
previously examined and yielded 44 different scores. These tests were either
commercially published instruments or aptitude assessment devices developed
under contractual arrangement for the FAA; no Civil Service Commission (CSC-—-
now known as the Office of Personnel Management, OMP) tests were included in
the research prior to July 1961 (Cobb, 1971). By that time a serles of
multiple-regression analyses, accomplished by Cobb and Trites in connection
with followup studies of several hundred men, had identified a total of 8
tests (from a group of 27) from which a variety of summary measures having
validity for prediction of ATCS trainee performance might be derived. Seven
of the eight tests were commercially published instruments; the remaining
one was the contractually developed ATP test.

While the gseven published instruments of that experimental battery are
referred to as "tests,'" they were actually parts, taken from rather lengthy
and comprehensive aptitude-measuring devices. Three of the seven were sub-
tests of the Psychological Corporation's Differential Aptitude Test (DAT),
namely, DAT Space Relations, DAT. Numerical Ability, and DAT Abstract
Reasoning. The first test measures the ability of an examinee to visualize
objects and forms in two or three dimensions, the second is a test of arith-
metical or computational skill, while the third provides a measure of non-
verbal reasoning (specifically, determining, for each item, which of a
series of choices-figures properly carries out a principle of logical
development exhibited by a sequence of figures). The remaining four
were subtests of the California Test Bureau's Test of Mental Maturity
(CTMM, Advanced Form A Edition; Sullivan, Clark, and Tiegs, 1957). 1In
each item of CTMM Analogies, the examinee must recognize the relationship
between a pair of drawings (cbjects) in order to identify, by analogy,
one of four choices as being similarly related to a third. CTMM Inference
involves the comprehension of statements that present premises underlying
the derivation of logical conclusions. The subtest designated as CTMM
Numerical Quantity-Arithmetic measures the ability to solve word-presented
arithmetic problems, while CTMM Numerical Quantity-Coins involves the mental
manipulation of interrelated amounts of money and numbers of coins.
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Satisfactory Marginal

97-106 63%

84-96 58%

Figure 1. Percentages of Marginal and Satisfactory ATCSs in Approximate Fourths of
Composite Aptitude Test Scores Predicted from an Early Regression Equation (from Trites and
Cobb, 1964).
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Under the time conditions available, no single group of trainees was
ever administered all eight tests (the seven commercial tests plus Air
Traffic Problems); one class was examined with seven, and several successive
classes were administered either six or five of the eight instruments. When
an average of the academic and laboratory grades was computed for each Aca-
demy trainee and employed as the criterion, the validities of the composite
measures, derived from the performance scores on five, six, or seven tests,
were found to range from .35 to .54 (Pearson product-moment coefficients).
More importantly, an analysis revealed that about 70% to 80% of the cases
classified as training-course failures were, in most instances, represented
in the lower half of the distribution of scores derived with each respective
group of tests. Moreover, the Academy attrition rates were averaging over
30% despite the fact that most trainees were former military controllers,.

Composition of a test battery for the CSC. The potential value of the
tests for screening purposes was thus recognized, and, when similar results
were obtained with additional samples, the FAA and the CSC agreed that apti-
tude-test measures should be employed on a tentative basis in the selection
of some of the nonexperienced applicants (Cobb, 1971). However, commercially
published tests could not be used because such instruments were deemed more
susceptible to compromise than those subjected to rigid CSC control proce-
dures. Commission officials therefore examined their extensive file of
CSC tests and selected several instruments that, in terms of factor content,
appeared to approximate a number of the validated commercial tests. Since
the ATP test had been developed specifically for the FAA and was still com-
pletely controlled, it was adopted officially as a CSC test. In additiom,
CAMI researchers were provided a number of other CSC tests to administer
and evaluate,

Commencing in August 1961, all incoming classes of Academy ATCS
trainees were assessed experimentally with the entire group of tests ex-
tracted from the CSC files and with the ATP test. The restricted time
available for each testing session precluded examination of each class
with the complete and previously validated battery of commercial tests,
Nevertheless, time beyond that required for the CSC tests was available
to permit administration of a portion of the commercial battery. Follow-
up studies of Academy trainees examined with the revised battery during
the next 10 months revealed that composite scores based on five of the
CSC tests and the ATP test could be used effectively to predict training
outcomes (Cobb, 1971). Composite scores of 190 and higher were attained
by approximately 55% of all the examinees. Of these, about 70% success-
fully completed their training course and were certificated as ATCSs. 1In
contrast, almost 75% of those with scores of 189 and lower failed to graduate
and were eliminated from further FAA training. These results approximated
those obtained in earlier analyses (with other groups) for the "commercial
seven-test composite." Three of the tests involved in the six-test CSC
composite were those that had been selected as "counterparts” of three
commercial tests; they measured numerical, spatial, and nonverbal abstract-
reasoning abilities. The new composite also included the ATP test (an
extensive revision of the original test), an instrument known as Letter
Sequence (a new test, not identified in the original research, which
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measured reasoning ability), and a test of following oral directions. The
CSC battery was commonly referred to as "The CSC ATC Aptitude Screening
Test" and its six elements as "subtests."

CAMI was requested to continue its experimental testing program and
obtain additional validation data including, now, Flight Service Station
(FSS) ATCS trainees for whom no previous experimental data were avallable.
However, an early analysis, in which the aptitude test scores of the first
302 examinees were validated against the Academy training criteria, yielded
findings that were highly similar to those later obtained for the complete
sample and that prompted CSC and FAA officials to authorize use of the
battery, beginning in July 1962, for the screening of applicants who were
unable to establish training eligibility in terms of the normally pre-
scribed qualification standards (i.e., qualifications with respect to
aviation-related experience and/or education). Several thousand such,
applicants were operationally examined with the battery during the follow-
ing 18 months, and although about half of them established training eli-
gibility by achieving raw composite scores of 190 or higher (i.e., per-
centile scores of 70 or better), very few were selected (Cobb, Young,

and Rizzuti, 1976). Candidates who qualified on the basis of previous

ATC work and other aviation experience generally attained higher overall
C8C eligibility ratings than those screened with the battery. Moreover,
training quotas continued to decline and were usually met by the selection
of candidates with CSC percentile ratings of 90 or higher. 1In order to
attaln a percentile rating of 90, an applicant with insufficient ATC-
related experience to qualify for any credit points was required to
achieve an exceptionally high aptitude test score of 257, Aptitude-
screened applicants were, therefore, seldom able to compete effectively
for the available training positions. In fact, most of the relatively

few aptitude-screened candidates selected for training prior to January
1964 possessed at least some ATC~-related experience that, although in-
sufficient for exemption from the test screening requirement, warranted
credit points to supplement ratings reflecting excellent levels of per-
formance on the test battery.

Academy training performance records for the last of the 893 candi-
dates examined with the CSC test battery for research purposes only were
not available until October 1963. By that time, Cobb and Trites had
completed several sets of analyses of Academy performance (see Figure 2)
and had collected post—Academy.information on training progress, experi-
mental ratings of job performance, and other data for several hundred

of the examinees who had successfully completed their basic training
course some 12 to 18 months earlier.

A series of validation analyses completed shortly thereafter yielded
findings of timely interest to officials seeking to improve ATCS selection
(Cobb, Young, and Rizzuti, 1976). Perhaps the most important of the
analyses was one which, in support of the ‘preliminary findings obtained
in the August 1961 to May 1962 analyses, revealed that about two-thirds
of the 271 Academy attritions among the 893 experimentally examined
trainees scored no higher than 189 on the CSC battery, whereas two-thirds
of the 622 graduates scored 190 or higher. In another analysis based on
the entire sample, statistically significant correlations were obtained
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Score Range

Raw csC

22240 280.0

190.0-2239 70.0-79.9

<189.9 <700

Figure 2. Percentages by Three Composite Score Ranges of Passing. Marginal, and Falling
Trainess Who Took the CSC ATC Aptitude Screening Test Experimentally During 1960-63:
N=781 EnRoute, Terrninal, and FSS Trainees Combined ({from Trites and Cobb, 1964).
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between the aptitude test variable and most of the Academy training-per-

- formance measures (i.e., grades). However, for Academy graduates only,

the aptitude-test scores (particularly those above 210) failed to predict
either Academy training performance or promotions, ratings of job performance,
or attrition-retention status during the first 12 to 18 months of facility
training, These latter findings were not surprising in view of the restrie-
tion of range caused by the absence in this sample of data for Academy
attritions, the majority of whom were low-aptitude trainees.

Adoption of the CSC Battery. These results prompted a revision in
gselection standards. Beginning in January 1964, the CSC battery was in-
corporated in the screening of all applicants regardless of pre-FAA ex-
perience. Aside from other factors, eligibility required a composite CSC
score of at least 210. Retention of a screening score of 190 was con-
sidered, but 210 was eventually adopted because it was contemplated by
FAA officials that a further reduction in the number of ATCS trainee posi-
tions would be necessary pending an increase 1in congressional appropriations.

Revigsed aptitude-~screening procedures. The screening program insti-
tuted in January 1964 required that all applicants for ATCS training be
examlned with the CSC battery. However, they were screened on the basis
of three different aptitude-test—performance qualification standards. In
accordance with procedures prescribed for each specific training option
and for the entry pay grade specified by the applicant, an individual's
preemployment experience and/or level of education determined which of
three tables was to be used in converting the applicant's composite raw
score on the test battery to a percentile score. A percentile score of
70, was established as a mandatory eligibility requirement, but this
corresponded to a raw score of 210 on one conversion table, 225 on another,
and 240 on the third. For example, for candidates for Tower or Center
training at the GS-6 (General Schedule pay grade) entry level, it was
required that ATC-rated applicants (usually former military controllers)
score at least 210 on the battery; 225 was considered minimally qualifying
for instrument-rated, aircraft-pilot persomnel or applicants having navi-
gator or air-dispatcher certificates, and 240 served as the screening
standard for those having low—to-moderate amounts of aviation-related
experience, a 4-year college degree, or certain diverse experiential and
educational backgrounds. Moreover, the preocedures stipulated that each
applicant's percentile score, if 70 or higher, be supplemented with credit
points awarded for those types of experience that had warranted use of
either of the two lower test-score screening standards, in order to derive
the individual's overall eligibility rating (Cobb, Young, and Ruzzuti,
1976). 1Inasmuch as the majority of the applicants possessed aviation
experience of some sort, the dual consideration of that experience in
the qualification process enabled them to establish training candidacy
in far greater numbers, and generally with higher eligibility ratings,
than those with nonaviation backgrounds.

These relatively high screening standards, of 210, 225, and 240 for
the respective training options remained in effect from January 1964 until
August 1968, and resulted in the screenout of more than half of the appli-
cants. However, no shortage of qualified candidates developed. Continulng
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budgetary limitations kept training quotas unusually low throughout the
entire 56-month period and consequently nearly all ATCS trainees were
selected from among candidates with very high eligibility ratings--
reflecting exceptional qualifications with respect to aptitudes,
experience, and education.

Medical examination. Eligibility for ATCS training within the FAA
has required applicants, after having met other qualifications, to pass

~a rigid medical examination. The procedures relating to medical certi-

fication of ATCS personnel were amended in 1966 to include considera-

tion of personality attributes as well (Cobb and Nelson, 1974). Since
that time, Cattell's Sixteen Personality Factor (16 PF) Questionnaire
(Cattell and Eber, 1962) has been used in the screening of all applicants.
Medically qualified individuals for whom the 16 PF Questionnaire results
indicate no significant emotional or mental problems have been granted
medical certification. Others, usually a small minority of the applicants,
were referred for a psychiatric examination, the results of which could
constitute grounds for ineligibility.

New screening standards. In August of 1968, a program for rapid
expansion of the National Airspace System was initiated and a revised
set of trainee-selection standards was adopted. The new selection
program was highly similar to that of the preceding 56 months, but two
new screening standards were implemented as a means of insuring an ade-
quate supply of candidates (Cobb, Young, and Rizzuti, 1976). One of the
new standards allowed applicants with highly specialized ATC experience
(particularly in radar control) to be granted waivers of the aptitude-
screening requirement and also to be appointed to training at pay grade
GS-9 or higher rather than the normally prescribed entry grade of GS-7
or lower. It was reasoned that such personnel would be able to complete
developmental training more rapidly than others and would more quickly
alleviate the shortage of full-performance-level controllers. The second
standard established a score of 210 on the CSC test battery as a common
screening standard for most other applicants. The screening standard of
210 applied to: (1) former military controllers unable to qualify under
the "specialized experience' standard, (2) pilots, navigators, alr dis-
patchers, and others who would have confronted a test-score screening
hurdle of 225 if they had applied in earlier years, (3) 4-year college
graduates with records of superior academic achievement, and (4) appli-
cants having master's degrees. A test score of 240 was prescribed for
screening of applicants with no aviation-related experience, most of whom
were college graduates of less than superior academic achievement (Cobb,
Young, and Rizzuti, 1976). The "specialized experience" standard remained
in effect until April 1972, Throughout that time, however, less than one—
fourth of the ATCS selectees entered as GS-9's or higher with waivers of
the aptitude-screening requirement (Cobb and Nelson, 1974).

Post-Academy Attrition

Only 710 (18.9%) of 3,751 trainees who arrived at the FAA Academy
during November 1968 and the ensuing 17 months for basic ATCS training
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entered the FAA as GS-9's or higher on the basis of highly specialized

ATC experience (Cobb, Lay, and Bourdet, 1971); 446 of these enrolled in
the Academy's basiec En Route course, and 264 entered the Terminal course.
A study revealed that 16% of the 446 En Route trainees of GS-9 level and
higher failed the En Route course, compared to 18.2% for the 2,526 who
enrolled in the same training course as GS-7's or lower. Only 147 of

the 264 Terminal trainees recruited with waiver of aptitude-screening
failed the Terminal course, compared to a significantly higher elimina-
tion rate of 21.9% for the remaining 515 Terminal students (Cobb and
Nelson, 1974). However, a later CAMI study by Cobb, Mathews, and Nelson
(1972) in which December 1, 1971, served as a common date for determina-
tion of the attrition-retention status of every student who successfully
completed either EnRoute or Terminal basic training at the Academy during
1969, indicated that the trainees selected under the "specialized ex-
perience" standard had slightly higher post—~Academy attrition rates than
those who were appointed to training at pay grades of GS-7 and lower,

The difference between the post-Academy (i.e., facility-training) elimina-
tion rates of the two differently selected Terminal subgroups was somewhat
greater than that obtained between the EnRoute subsamples, but neither
difference was statistically significant, Had the results not been con-
founded by aging effects, Cobb and his associates would have concluded
that specialized ATC experience was of little or no value to most trainees
after Academy graduation. However, almost 23% of the higher graded trainees
of the combined EnRoute and Terminal options were 35 years of age or older,
whereas slightly less than 14% of those appointed as GS-7's or lower were
older than 34 (Cobb and Nelson, 1974).

Unpublished research by Cobb, cited by Cobb and Nelson (1974), in-
volving several hundred ATCSs who had successfully completed either En-
Route or Terminal basic training at the Academy in 1969, revealed highly
significant differences between the post-Academy attrition rates (by
December 1, 1971) for trainees aged "35 and older" ws. those "34 and
younger." For Academy graduates at GS-9 level and higher, the facility-
training attrition rates were 427 and 17.5% for the older and younger
subgroups, respectively. About 25Z of the ATCSs at GS-7 level and lower,
who were over 35 years old, attrited after returning to their home faci-
lities, whereas the post-—Academy elimination rate of the younger ATCSs
having similar pay grades was only 18%. Moreover, several earlier studies
(Cobb 1968a; Cobb, Mathews, and Lay, 1972; Trites, 1964; Trites and Cobb
1964a) had consistently shown chronological age to be inversely related
(at highly significant levels) to scores on numerous aptitude tests,
various indices of Academy training progress, and ratings of journeyman-
level job performance. '

As early as 1965, it was the view of some FAA officials that a special
early retirement program was needed for controllers and that the recruit-
ment of ATCS trainees should be restricted to qualified applicants who
were relatively young. . However, such proposed policies ran counter to
the CSC regulations pertaining to all Federal service employees except
those specifically exempted by congressional legislation. Research con-
cerning age-related effects upon ATCS performance was intensified and,
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in 1972, the cumulative body of findings prompted congressional legis-
lation authorizing the FAA and CSC to establish a screening standard
with respect to age (age 30) for all ATCS applicants and to develop and
implement a proposed ATCS "Second-Career Program." The congressional
bill, Public Law 92-297, became operational on August 14, 1972, Since
that time, ATCSs receive credit for 1.4 years of Federal service for
each year of active control work; the normally prescribed minimum-age
requirement of 55 does not apply to control personnel; early retirement
is not mandatory but retention as an ATCS requires maintenance of job
proficiency, and, for a time, ATCSs were also offered training for othe
jobs (i.e., "Second -Career Training", this section of the legistlation
has not been funded by Congress since 1979).

Selection and Training Programs to Aid Minorities and Women

During the 1960's, Govermment-wide awareness of the social need to
provide opportunities for certain economically and culturally disad-
vantaged groups prompted the FAA to implement a new source of recruiting
for the ATCS occupation. The new project was originally proposed in an
FAA Organizational Bias Seminar, and was committed by the Administrator
to the Secretary of Transportation in 1968. It was termed the "150
Program." The purpose was to provide a predevelopmental program, with
entry into the ATCS occupation at the GS-4 level rather than the previous
GS-5 minimum accession level. The Predevelopmental program was designed
to provide training primarily for persons of underprivileged backgrounds,
as a means of hiring increased numbers of minorities in ATCS positions.
which constitute about half of all FAA positions,

The program involved a training agreement with the CSC, in which
positions were allotted on a 6-month recycling basis. Special 6-month
qualification training was given at the FAA Academy upon the trainee's
entrance on duty. The courses were designed to provide the GS-4 ATCS
with a general background of aviation knowledge prior to entering the
Academy. On October 1, 1969, the CSC approved training agreements
covering ATCSs for a 2-year duration. This allowed for accelerated
promotion from the GS-4 entrance level to GS-5, after completion of 6
months of Academy training (FAA Office of Personnel, Note 2).

Since inception of the "150 Program," evaluation has taken place
in several ways. For the first 21 ATCS trainees who entered the Academy
on February 9, 1970, biographical backgrounds were compared with proposed
course content, and course refinements were introduced. Those classes
were graduated in July 1970, End-of-course critiques completed by trainees
and instructors were evaluated, and further critiques were mailed and com-
pleted at field installations where graduates were subsequently assigned
in February 1971. Several refinements in the program were made as a
result of the initial evaluation process (FAA Office of Personnel, Note.l).

In early 1971 the FAA Office of Personnel conducted an informal evalua-
tion based primarily on discussions with students, faculty members, and
regional personnel staff. Refinements were made in recruiting efforts as
a result of this study. A more formal evaluation of the "150 Program" was
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performed by the Office of Personnel in September, 1971. The general
conclusion of the study was that the program "provided an additional

rung in the ladder" for a high percentage of minorities who otherwise
would not have become agency employees. A later study by the same office
verified this general conclusion (FAA Office of Personnel, Note 2).

Boone (1978) performed a path analytic study of the "150 Program"
to determine whether the program had a direect impact on the trainee's
ability to achieve success in Academy training. The two previous in-
formal studies had shown that the "150 Program' resulted in a higher
percentage of women and minorities in ATC work; however, no explicit
evaluation had been performed to demonstrate that the increase in the
number of women and minorities resulted from the instruction received in
the pregram rather than from a mere increase in the number of women and
minorities recruited and hired through the "150 Program." The parti-
cipants in the study consisted of all persons who came through the Pre-
developmental program during calendar years 1974 through 1976, The
effect of the program on Academy success was reviewed for nonminority
men and women and for minority men (there were too few minority women
to form a basis for analysis)., The general conclusion of the study
was that, overall, the Predevelopmental program aided the disadvantaged
to achieve success in the FAA Academy. This general effect, however,
was not true for the subgroups. The path models indicated that non-
minority men and women (especially women) were aided by the programs.
However, minority amen (predominantly Blacks) were not; rather, the re-
crultment and selection testing procedures could have produced this
differential effect,

Research Related to the Uniform Guidelines on Employee Selection

The recent development of a set of uniform guidelines on employee
gselection procedures, rooted in the 1964 Civil Rights Act Title VII, as
amended by Congress in 1972, prompted an additiomal research focus at
CAMI beginning in 1976. This coincided with the start of a new pass/fail
ATCS training program at the Academy and an accelerated pace of FAA-CSC
activity to develop a new ATCS selection battery.

By 1976 two separate setg of guidelines were In existence. One set
was developed by The Equal Employment Opportunity Commission (EEOC) and
the other by the Department of Justice and the CSC, In 1977, the Carter
administration authorized an effort to unify the two guidelines and in
1978, the EEOC, CSC, Department of Labor, and Department of Justice adopted
the Uniform Guidelines on Employee Selection Procedures (1978).

The Uniform Guidelines require that "employer policies or practices
which have an adverse impact on employee opportunities of any race, sex,
or ethnic group are illegal... wunless justified by business necessity."
The guidelines go further in defining adverse impact as a selection policy
that results in a selection proportion for any race, sex, or ethnic group
that is less than 80% of any other race, sex, or ethnic group. Business
necessity is defined as a properly performed validation study. The validation
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procedures must involve a statistical study; expert or professional
opinion is not acceptable in lieu of a proper statistical study.

The 1978 guidelines answered sevaral important questions about dis-
criminatory selection practices. However, they railsed other questions
specifically related to ATCS selection procedures that would have to be
taken into account in efforts to devise a revised battery of ATC aptitude
tests. A pertinent feature of these efforts was the fact that data on
new tests were based for the most part om ATCS trainees, a population
that had already passed screening hurdles, thus restricting the range of
scores in test samples. Boone and Lewis (1978) developed a new procedure
to make maximum use of available information in the adjustment of validity
coefflicients for restriction of range due to selection. This new proce-
dure provided a more accurate method to correct spuriously low correla-
tions between selection and measures of ATCS job performance for samples
of persons already selected for ATCS training. The procedure was com-
pared to the well-known procedures developed by Gulliksen and Thorndike
and gave more accurate corrections, especially in cases in which restrie-
tion was extreme.

To assess the impact of the requirement of the Uniform Guidelines,
of test fairness to raclal, ethnic, and sex groups, Lewis {1979) used
Monte Carle data with characteristics similar to those of current ATCS
gselection samples to compare three well-known models of fairmess; (1)
Thorndike's Constant Ratio Model, (2) Darlington's Conditional Proba-
bility Model, and (3) Einhorn and Bass' Equal Probability Model. The
models were compared for robustness in relation to sample size differences,
different predictor and criterion correlations, and different selection
and success ratios. Essentially, the study demonstrated that the models
were equally fair under certain specified conditions and the application
of the models depended on the goals and aims of the agency involved,
Lewis emphasized the modification of minority recruitment practices as
an effective means of complying with the Uniform Guidelines without
necessitating the development of new selection devices.

In another study, the effect of recruitment procedures on correction of
validity coefficients for restriction of range was examined by Boone and
Lewis (1980). This study demonstrated that different recruitment proce-
dures can result in widely varying (unrestricted) variances in applicant
groups. Highly specific restriction results in greater homogeniety in
applicant groups, which reduces variances on selection tests and thus
reduces the magnitude of validity coefficients. Récommendations were
offered in the study to help minimize this problem. Boone (1979b), in
response to an expressed need from the FAA Office of Aviation Medicine,
delineated a mathematical procedure for eliminating outlier data in dis-
tributions of experimental aptitude test scores which have a small proba-
bility of belonging to the remaining group of data under study. Basically,
the process assumes a multivariate normal distribution and uses the
Maholanobis D distance function to determine the probabllity that a
particular data vector belongs to the remaining group of data. Examples
applying the procedure to experimental test batteries for ATCS selection
were given, The products of these efforts are currently being used in
continuing validation research at CAMI.
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DEVELCPMENT OF NEW SELECTION TESTS:
CONTRIBUTIONS TO THE 1981 OPM SELECTION BATTERY

Research Toward a New Selection Battery

| Recent efforts to update and improve ATCS selection procedures were

rooted in part in recommendations by a task force commissioned by the FAA

in December 1974 to review the agency's selection policies. These were
recommendations to concentrate further research and development in the
following areas: (1) the testing and screening of applicants for ATC
work, (2) the CSC rating guide used to grant additional points for certain
types of related prior experience, and (3) the evaluation of further re-
cruitment and testing practices for cultural bias against women and racial
minorities, As a result of that review, major studies were begun almost
immediately and extensive new research and development activities were
undertaken at CAMI and in the FAA Office of Aviation Medicine, (described
in Part IV Chapters 15 through 23), These efforts contributed to the new
test battery adopted in the Fall of 1981.

The EPA studies. The first of the new studies was carried out under
FAA contract by Colmen and his associates at Education and Public Affairs
(EPA), a private company, to determine the potential of an experimental
test battery to predict ATCS success, defined by a composite of super-
visory assessment and career progression measures: This study is summarized
in Chapter 18, Part II, and was an extension and expansion of an earlier
EPA contract study in 1972 (see Chapter 18, Part I).

The EPA work provided data-based predictions based on samples of
currently employed ATCS's. A later study by Boome (1979, see Chapter
18, Part III) investigated the prediction of Academy laboratory grades
on a sample of applicants, using most of the same tests,

The Boone study. Boone's study undertook further evaluation of the
relative value of the tests that had demonstrated potential in the EPA
studies. It was enabled by the Civil Service Commission, which in 1977
administered two of the experimental instruments, the Multiplex Controller
Aptitude Test (MCAT, see Chapter 15) and the Directional Headings Test
(DHT), to approximately 7,000 ATCS applicants in conjunction with the
regular CSC ATC test battery. These data were used by Boone (1980) along
with data collected by CAMI on new recruits to correct for restriction in
range in predictor data (Boone 1980). The corrections were made using a
previously developed new procedure (Boone and Lewis, 1978; 1980). The
data were based on trainees selected for ATCS work beginning May 1976
through April 1978. During their first day at the Academy, new trainees
were tested by Boone and Lewis with experimental test batteries which
included a Biographical Questionnalre, a Dial Reading Test (DRT), the
MCAT, and the DHT. Only ATCSs who had a complete data set were included
in the final sample of 1,828 trainees.

The DRT used in the Boone study was Part I from the U.S. Alr Force's
Dial and Table Reading Test (Guilfprd and Lacey, 1947); The examinee is
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presented with seven dials for each set of six questions and is required
to read the correct value on the appropriate dial in order to select

the fright answer from among five given alternatives. The MCAT (Dailey
and Pickrel, 1977, see Chapter 15) presents pictures of simulated air
traffic cr- % T ooTay o oand a table of altitudes, speeds,
routes, and ldentiiflers, 1he test is speeded and reflects changes in
aircraft position in successive items. A primary task is to predict
viclations of aircraft standards while other questions measure aptitudes
such as table reading, spatial visualization, and arithmetic reasoning.
The DHT {Cobb and Mathews, 1973) is a highly speeded test of perceptual-
discrimination and coding skills developed at CAMI. Items on the DHT
present one to three pieces of information reflecting the cardinal points
on a compass. The examinee must very quickly determine the compass direc-
tion (or its exact opposite) represented by the pieces of information and
determine if the bits of information agree or are in conflict. Promising
results obtalned by Cobb with this test, had been confirmed by Milne and
Colman (1972) in a study of journeymen controllers.

Scores on the DRT, MCAT, and DHT and on the tests comprising the
1974 CSC battery were correlated by Boone (1980 see also Chapter 21)
with averaged laboratory scores from Academy training. The tests that
made a significant contribution in predicting Academy scores were then
used to form composite scores, and six regression models were explored,
representing combinations of the CSC tests and the new (experimental)
tests. Two of the cgmbinations demonstrated a statistically significant
increase in the multiple correlation over the old test battery. Of the
two models, one involved use of the MCAT with two current CSC tests
(CsC 24, Computations; CSC 157, Abstract Reasoning), the other involved
no current CSC tests but included the MCAT, DHT, -and DRT.

a8 Based on the analyses by Boone at CAMI, by EPA, and on later studies
4 (in 1981) by CAMI and OPM regarding fairness of the tests (see Chapter 22),
| a new selection battery was formed consisting of two versions of the MCAT
and one version of the Abstract Reasoning Test from the earlier battery.

: The new test battery was officially adopted for use in October 1981. By
},L coincidence, this occurred just in time to meet the demand for thousands
a8 of new ATCSs following the ATCs strike and the subsequent firing of

b approximately 12,000 controllers {(see Chapter.5). Data from the new

a1 selection tests are being maintained and monitored as a part of the CAMI
£ data base,

Current Status of Selection Standards

The ATCS selection procedures remained essentially unchanged from
August 1968 until April 1973. At that time, two important procedural
changes in the selection process were made: (1) selection at the GS-9
level on the basis of "speclalized experience' ceased (April 2, 1973)
and mandatory aptitude-screening was reinstated for all applicants, and
'(2) the selection procedure was modified to limit eligibility of applicants
to those 30 years of age or younger. With the exception of these two
aspects, the 1973 selection program was highly similar to that of 1968.
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From 1973 until October 1981, the selection process remained essen-
tially unchanged. However, the period from 1973 until August 1981 (when
the ATCS strike occurred) saw a drastic decline in recruiting demand. 1In
fact any candidate during this era had little chance for an appointment
unless his or hér overall eligibility rating far exceeded that which would
have warranted selection during the 1968-73 period. In addition, the
Academy training program was modified in 1976 to include new pass/fail
eriteria based on a curriculum that assumed zero ATC knowledge on the
part of trainees. CAMI was assigned the task of maintaining the longi-
tudinal data base for all trainees beginning with the revised Academy
program. That computerized base includes CSC (now OPM) selection test
scores, blographical information, all Academy training scores, and sub-
sequent field performance data on Academy graduates.

In the final quarter of 1981, subsequent to the ATCS strike and the
firing of striking controllers, the new selection battery was made opera-
tional. Simultaneously, use of the Occupational Knowledge Test (OKT, see
Chapter 16) was initiated. OKT scores are now used to add 0, 3, 5, 10, or
15 points to the aptitude test composite, after the applicant establishes
eligibility by scoring 70 or better on the new battery and by meeting the
experience and/or education requirements, OKT points replace the prior
method of granting extra points on the basis of related experience. Rank-
ing on the register is achieved on the basis of this total score, plus
any applicable veterans preference points. A sharply increased recruiting
schedule was implemented in October 1981 as part of the "Air Traffic Re-
covery Program." This schedule resulted in the selection of over 500
former military ATCSs at the GS-9 level (based on similar criteria used
to select GS-9s during the 1968-73 period) and drew 125,000 applications
for ATCS positions. By January 1982, approximately 26,000 applicants were
certified as eligible on the ATCS OPM registers. An estimated 8,000 new
air traffic controllers were planned to be added to the workforce by the
end of 1983.

SIGNIFICANT AREAS INVESTIGATED AT CAMI
Attrition During and Subsequent to Training

It had been ascertailned in CAMI's primary validation study with the
893 pre-1964 ATCS trainees that Academy-basic-training attrition rates
were: (1) 30.3% for the total group, (2) only 16.4% for the 317 who
attained composite raw scores of 210 and higher on the CSC test battery,
and (3) 38% for the group of 576 with scores of 209 and lower (see Figure
3). Adoption of the CSC battery for operational screening purposes re-
sulted in a reduction of the attrition rate at the Academy from approxi-
mately 30% to about 22% for the 2,822 men who met the aptitude screening
requirement and who entered the Academy during November 1968 through March
1970 (Cobb and Mathews, 1973).

Cobb, Mathews, and Nelson (1972) took a detailed look at the varlations
in characteristics of the ATCS trainees and thelr attrition rates for the
periods 1960-63 and 1968-70. This study involved comparisons of Academy
basic training elimination rates and post—Academy attrition and retention
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rates of personnel who were recruited during these widely separated time
periods for each of three different types of ATCS training. Data were
obtained for a total of 6,367 former trainees. Exactly 2,000 of these
trainees had entered the Academy during September 1960 through August

1963, before the CSC battery became operational in the screening of most
applicants. The 2,000 included 733 Terminal trainees, 1,008 EnRoute
trainees, and 259 FSS personnel. The remaining 4,367 trainees, the vast
majority of whom were required to qualify on the CSC test, had entered

the Academy during October 1968 through March 1970; of the 4,367, 935 were
Terminal trainees, 3,159 were EnRoute personnel, and 273 were FSS personnel.

Percentages reflecting the Academy elimination rates for the earlier
versus the later time periods, respectively, were: 20.9% and 19.3% for
the Terminal personnel, 32.0% and 17.9% for the EnRoute trainees (this
difference was statistically significant), and 18.5% and 12.8% for the
F8S personnel. The mean Academy elimination rate of 26.2% for the 2,000
pre-1964 trainees was significantly higher than the 17.0% rate obtained
for the 4,367 more recent recruits (Cobb, Mathews, and Nelson, 1972),.
Moreover, the 17.9% rate was only slightly higher than a rate of 16.4%
that Cobb had projected on the basis of results obtained in an earlier
study of the 893 pre-1964 trainees examined experimentally with the CSC
battery before it was adopted for operational use,

Followup procedures were employed in which Academy graduates who were
still in ATC work on December 1, 1971 were designated as "retentions,"
while those eliminated after completion of Academy training were designated
as "post-Academy attritions." The post-Academy attrition rates for the
Terminal, EnRoute and FSS entrants of 1960-63 were 16.0%, 22.8%, and 18.1%
respectively, whereas the corresponding rates for the recruits of 1968-70
were 10.1%, 20.3%, and 5.9%. The EnRoute option was the only one for which
the difference between the rates was not statistically significant.

Analyses pertaining to subgroups, each comprising one to four former
incoming classes of the Academy's Terminal, EnRoute or FSS training courses,
ylelded significant inverse relationships between the Academy elimination
rates and post-Academy attrition rates (see Figure 4). Such findings were
remarkably consistent for personnel who entered each type of training
during either of the two time periods. These findings also suggested
the possibility that the basic training courses could have been utilized
more effectively to prevent the advancement of some borderline and un-
qualified recruits to facility training from which they were eventually
eliminated.

An analysis for 645 Academy Terminal graduates and 2,162 EnRoute
graduates between January 1969 through March 1970 revealed a post-Academy
retention rate for Terminal trainees of 87.8%7 and for EnRoute a signifi-
cantly lower rate of 75.7%Z. A serles of analyses in which no distinction
was made with respect to trainees’ pay grades or qualifications at entry
into training indicated that the retention rates varied appreciably from
facility to facility. However, the retention rates did not appear to
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be related, positively or negatively, to the traffic-density levels of the
facilities. For example, the mean retention rate of assignees to the 12
Level-IV (or top-ranked) Terminal facilities was 89.2%, whereas the re-
tention rates of trainees averaged 87.9% at all Level~I and Level-IT
facilities and 87.0%Z at the Level-III installatioms. Although signifi-
cantly lower than those obtained fpr Terminal personnel, the mean re-
tention rates of EnRoute personnel at the.l3 Level-II Centers (75.4%)

l and 14 lower ranked Centers (75.8%) were highly comparable.

Cobb, Mathews, and Nelson (1972) also found that personnel who
qualified for entry into training at the GS-9 level and higher on the
basis of pre-FAA specialized experience had significantly higher
Academy graduation rates than the conventionally recruited trainees.
However, at the Level-IV and Level-III Terminal facilities, post-
Academy attrition rates of the higher rated trainees averaged about
twice that of the less experienced trainees, also, their mean attri-
tion rate at the 13 top-ranked Centers was higher, though not signifi-
cantly so, than that of other trainees. It was only at the Level-I
EnRoute Centers and Terminal facilities of the two lowest levels that
the mean attrition rates reflected favorably on these more experienced
traineegs--and then only by one percentage point.

Although other types of occupations that make use of initial screen-
ing tests and formal cemtralized training are not directly comparable
to air traffic control work (nor to each other), their attrition rates
were examined to provide at least some perspective from which ATC Aca-
demy attritions of 1968-70 might be viewed. For example, published
reports available at that time (circa 1970) about several occupational
groups that were carefully prescreened prior to entry-into-tyaining re-
vealed training-attrition rates ranging from 22% to 43%. Among these
were attrition rates for Peace Corps volunteers (Gordon, 1967); nursing
students in their first year of training (Katzell, 1968); nursing turn-
over in a teaching hospital (Saleh, Lee, and Brien, 1963); Army officer
candidates during 23 weeks of training (Peterson and Lippitt, 1968); and
naval‘aviation students (Bale and Ambler, 1971).

Since ATCSs make up about half -of the FAA work force, some compari-
sons of their annual attrition rates with rates nf non-ATCS neysonnel
provided another occupational perspective, Tne @awe oave.. coved above
with regard to comparison of different types of occupations (as well as
different GS-grade levels and other characteristics), applies to these
comparisons. Cobb, Mathews, and Nelson (1972) calculated the average
attrition rate for all FAA employees not in the air traffic control occu-
pational specialty and it was approximately 13.5%, 9.3%, and 9.1% for
calendar years 1969, 1970, and 1971, respectively (averaging 10.6%).

The rates during the same time periods for all ATCSs were 5.7%, 7.8%,

and 5.0% (averaging 6.3%). If the assumption were made that those who
attrited from the FAA Academy would have been later ATCS attritions anyway,
then, following selection and Academy screening, the attrition rates of
ATCSs would have dropped to approximately 3.3%, 5.6%, and 4.9%, respec-
tively, for 1969, 1970, and 1971 (a 3-year attrition rate averaging 4.6%).
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Thege 3-year attrition rates were also examined by means of longi-

tudinal comparisons between ATCSs and noncontroller FAA personmnel hired
. from October 1968 through March 1969. During that period, 949 ATCSs
(including many who entered the Academy during April or later) were
hired at the GS5-5 through GS-9 levels; a total of 217 non-ATC employees
were also hired at those same levels. The overall attrition rate (as
of December 1971) for the 217 noncontrollers was 32.7%; for the 949
ATCSs, the rate was 24.6% (including Academy failures).

Age Limit for Applicants

Perhaps the most important of all the CAMI studies on ATCS selection
were those demonstrating the effects of age on training and job perfor-
mance. Training records for groups of ATCS personnel recruited since
1960 and a number of unpublished earlier CAMI studies consistently re-
vealed a definite relationship between chronological age and probability
of attrition,

To enter ATCS training at the time CAMI began 1ts research program,
an individual had to be at least 21 years old, but there was no upper age
limit. It had long been felt by traininhg and supervisory personnel ;
even in 1960 that a marked negative relationship existed between age at ‘
entry into training and subsequent performance.

In CAMI's first assessment of this relationship, the data In Figure 5
were compiled by Trites and Cobb (1964a) from several different samples of
ATCS trainees. In the figure, "Fails'" were those who did not complete
training, "Separated" were individuals who completed training but were no
longer employed by the FAA, '"Marginals' were individuals who were still
with the FAA but about whom a job supervisor had some reservations con-
cerning adequacy of job performance or potential; and "Satisfactory"
individuals were those who were working satisfactorily in their ATCS
specialties. The negative relationship between age at entry into training
and job performance is obvious. The older the trainee, the legss likely
he or she was to complete training or to remain with the FAA. In an un-
published 6-year followup study on 688 trainees (who comprised the successive
classes of the Academy's basic training courses during August 1961 through
March 1963), Cobb found that (1) 72% of 118 men age 36 and over failed their
initial training course whereas only 337 of 570 younger students failled,
and (2) older trainees who did pass the Academy also tended to experience
greater difficulty than their younger colleagues in subsequent phases of
on-the-job training. In a later published study that included these ATCSs
and later trainees, entry age proved to be inversely related ta both the
aptitude test scores and criterion measures (Cobb, 1968a). The consensus
that older controllers generally performed their duties less effectively
than younger ATCSs was supported by several studies (Cobb, 1968a; Trites
and Cobb, 1964a, b), all eof which indicated that performance, as evaluated
by supervisors or peers, was apt to decline after age 40 without regard
to tenure or experience in ATC work (Cobb, Lay, and Bourdet, 1971).

These and other CAMI investigations, dating back to 1961, also indi-
cated that the training attrition rates of groups of trainees over age 30
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Figure 5. Percentages of ATCSs by Age Groups in Four Training and Job Performance
Categories: Satisfactory, Marginal, Separated, and Falled (from Trires and Cobb, 1964).



were generally two to three times higher than those of the younger
trainees (see Table 1). In studies by Cobb, Nelson, and Mathews (1974)
in which experimental ratings of job performance were collected on
journeyman-level ATCSs from both their supervisors and their peers,

the mean performance ratings of controllers within every age category
beyond 40 were significantly lower than those of the younger subgroups
(see Figure 6). Such findings and other unpublished analyses that

Cobb provided at the request of the FAA and the CSC played a decisive
role in enabling the FAA to obtain Congressional enactment of legisla-
tion in 1972 permitting the establishment of an optional early retire-
ment program for controllers and also the imposition of an upper age
limit of 30 in the recruitment of controller trainees. (Note: Neither
the maximum age limit of 30 nor the early retirement program applies to
FSS personnel.)

Aviation-Related Experience as a Selection Factor

Throughout the history of the FAA and CAA, ATCS selection programs
have included standards predicated on the philosophy that almost any
type of aviation-related experience should be of value for prediction
of success in ATCS training and work. Inasmuch as previous experience
in air traffic control (usually acquired in military service) has always
been considered of paramount importance, standards have invariable pre-
scribed that it be heavily weighted, directly or indirectly, as a selec-
tion factor. Other types of aviation experience traditionally regarded
as important, but generally weighted more moderately tham prior ATC work,
included experience (military or civilian) as airecraft pilot, navigator,
communications expert, radar surveillance speclalist, and flight dis-

patcher. Prior to implementation of mandatory aptitude-test screening
procedures in 1964 (and exclusive of brief trial periods for procedures

that resulted in selection of relatively few trainees), the eligibility

ratings of medically qualified ATCS applicants were determined primarily
on the basis of assessment of aviation-related experience and education.

Briefly stated, selection programs have always been formulated to
maximize the recruitment of controller trainees who, in addition to other
qualifications, possessed previous ATC experience. The appropriateness
of this policy had been confirmed repeatedly by CAMI followup studies
of personnel who entered ATCS training during the decade ending in 1970
(Cobb, Young, and Rizzuti, 1976). Unfortunately, however, the pool of
former military controllers has diminished over the years, and the FAA
has necessarily recruited increasingly greater proportions of ATCS trainees
with other aviation backgrounds and also from those having no aviation
experlence of any type--but who qualified on the basis of aptitude-test
measures and of education,

Cobb and Nelson (1974) reviewed several unpublished studies in which
biographical data were collected and analyzed for large samples of ATCSs
recruited from the 1960's through the early 1970's, and concluded that in
general, 40% or more were former military controllers and that 40% to 45%
of the remaining selectees held aircraft-pillot ratings. The results of
several early CAMI studies cited above suggested that various types of

100,



099 6'8L L'9L ¥89L LTL 2ZTOZ oL #LOL §9L LZL €S  ZOL 129 69L OLE 898 1e0)
€89 88l 67Z €95 669 £0Z 66 S6E 000L 00 00 € L6Z 8BSl 96 SOL o0 JeBunoy
6Z. 08L L6 SLL VL ¥6L L'E O0SE L2 GS0Z 89 88 L9 98I ELL LZ DLV IOiduON 8
VEL £0Z €9 ¥9 80L Z6Z 00 ¥ 000L 00 00 LI S99 L0Z OElL 62 104d 8 OLV 08
679 80Z ¥9L TVE 90L ¥OZ 06 SHWZ 00 00 00 O EE LIZ ILSE L6  I0Nd DLYV-UON
86E L¥Z 99 999 GL¥ ¥BZ LVC O 8Oy GO LZ€ 6V VIE E0C €80 962 [0}
V8E LOZ 60y LEZ OOV ¥9Z OLZ 8YL 00Z 002 009 S OSZ LOL E£v9 8 oo 9pIO
08y @SZ THZ €1Z 9¥9 0SZ YOL 8 SLb O0GC 92 Oy ¥8E ¥9Z ZSE L DLV I0Nd-uoN B ‘
L'{S 0SC 6LL 82 8L TW 00 6 00 (99 €66 € E£95 88l 06S 9l 0Hid 8 0LV 18
L'ZE €8 96 [BL L6E O€EC 8L SLL 00 00 O000L L VIZ LIZ LS L.  30id DLY-UON R
. o

% % % WL % % % 0L % % % 3L % % % 101 AoBeed eby -
€L6L @Y @By N €61 O3y 6BH N E£L6L WY @Y N E£/6L 98y ey N sousuedxqy

uer my my uer My My ver my my vvdi-eid

By vd Ppeoy Y Vvd POy Y vd peoy

ubH g oLz om0 B 60Z umouun
91005 380 ) epmindy 31V 2SO

(FLEL UoSIeN & GGOY WOy UORLY ALpeoY-3sOd O} 1040y YW-d
6961 Bupmq (peoY) Auepeoy e pesesuT oY SSILY [SURILS] pus 8N0Y UJ
69€C 204 Buydnasp) eBy PexRUCIOYING PuUm ‘SoUSiINdX WY/ 4-84d PEIRY Jo 0dA 81008
390, Bupueesos epmpdy 21 y-2SD Aq seswy (0] UORUISY PUR (13Y) UORLDIY JO UOSLETLIOD

i =y




@ L Age 40 and
g P QO Younger
a — ”~
C O
@ _ 7 =0 -
- O d X
g s0f- --...__O/
5 L
b
(11
" -
e X
. -
Age 41 and
45 — Older
| | 1 | 1 ]
68 < 7 8 ~ 910 1M1&a> Total

Years of Experience

Figure 6. Means of Ratings Combined from Supervisors and Peers for “Ofder” vs. “Younger”

Radar ATCSs of Different Experience Groups (Adapted from Cobb, 1967).

102,




pre-FAA ATC experience were beneficial to the ATCSs primarily during
the basic training phase only, whereas all other experience, including
aircraft-pilot experience, appeared to be of questionable value at any
stage of the training. Yet, little or no information had been gleaned
through the 1960's to indicate whether the pilot-experience standards
should be abolished, drastically revised, or modified only slightly.

Under the standards, a total of five points was (until the adoption
of the new battery in 1981) credited toward the overall eligibility rating
of each pilot-rated applicant having 350 or more hours of logged flight
time, A cursory review of biographical-questionnaire_response data for
several hundred pilot-rated ATCS trainees recruited during 1969 revealed
that about half of them possessed no more than a private pilot license
and 350 to 500 hours of logged flying time, and less than 307 had 1,000
hours or more (Cobb and Nelson, 1974).

Increased skepticism regarding the validity of pilot experience for
ATCS selection followed publication of the Corson Report (1970) of the
Alr Traffic Controller Career Committee in January 1970. This report
stated that no evidence could be found indicating any type of pre-FAA
experience other than ATC work to be useful for prediction of FAA ATCS
training progress or subsequent job performance. The committee recom-
mended "elimination of credit for pilot experience" in the selection
process. The same recommendation was made in a contract study report
to the FAA by Colmen (1970). However, neither of thesge reports cited
any studies other than those by CAMI, as a basis for their conclusions
and recommendations concerning pilot experience, and the studies cited
did not necessarily imply that all such experience should be completely
disregarded. None of the studies had focused directly on the issue of
pilot experience; none included determination of the attrition-rate
probabilities for ATCSs relative to flying time or types of ratings held
(e.g., private license, commercial license, instrument rating, air trans-
port rating, ete.); and the iInteraction effects of age, aptitude, and
education on the validities of pilot experience and other types of ex-
perience had never been assessed and compared. In order to address the

issue a comprehensiye longitudinal study was undertaken by Cobb and
Nelson (1974).

That study was based on data for 4,092 ATCS trainees and examined the
validities of various types of aviation-related experience, separately and
in combination, for prediction of success in FAA ATC work. Success was de-
fined as retention status within the ATC system several years after entry
into training. Of the 4,092 ATCSs, 1,740 entered Academy basic training
during September 1960 through August 1963, before the CSC ATC battery be-
came operational in the screening of most applicants. The remaining 2,352
ATCSs, the majority of whom were selected from among aptitude-screened
applicants, entered Academy training during 1969. Both groups entered
prior to establishment of the current age eligibility standard of age 30,
The results clearly demonstrated that sueccess in FAA ATC work was far more
contingent on entry age than on type of aviation-related experience, level
of aptitude, or level of education. The findings led Cobb and Nelson to
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suggest that ATCS spplicants who meet the existing age and aptitude
screening standards should not be awarded credit points toward their
eligibility ratings for any type of experience other than ATC work

(see Figure 7), and that even the latter should be assessed and

welghted conservatively in the selection process, particularly with
respect to military contrcl experience that involved no instrument
flight rule (IFR) operations. Cobb and Nelson noted parenthetically
that if such a procedural change were followed, an indirect result would
likely be a relative improvement in the competitive ranking of women

and minority candidates who, for various sociocultural reasons, probably
do not obtain the types of pre~FAA experience for which credit is given
in selecting ATCS candidates.

Candidates with only pilot experience when they entered ATCS train-
ing during either of the two widely separated time periods had unusually
low retention rates, even lower than those of groups with no aviation-
related experience of any type. Speculation that many of the pillot-rated
ATCSs might have attrited voluntarily in order to take jobs more compatible
‘with their flying interests or at higher pay, prompted a search of the
standard personnel records of all FAA employees; only 14 of the 254
attrited pilot-rated ATCSs of 1969 were sti1ll in the FAA (in non-ATC
jobs) at the beginning of 1973. Of the 14, six were aviation safety
officers (five of them were GS-12's); one was a GS-12 in an educational
training program, and the other seven were in various jobs (e.g., elec-
tronics technicians, flight data gids, wage board employees, clerks,
etc.,) at lower pay grades. Unfortunately, data were not available for
a similar followup study of the remaining 240 attrited pilots who had
left the FAA.

ATC experience that involved only visual flight rule (VFR) operations
proved tco be considerably less wvalid than ATC-IFR experience for predic-
tion of success in either the EnRoute or Terminal option. Cobb and Nelson
therefore concluded that, when possible, all EnRoute and Terminal trainees
should be selected from among the best qualified of the aptitude-screened
candidates younger than 31 who possessed pre-FAA IFR control experience.
However, this recommendation was counter to the CSC's traditional policy
of evaluating virtually all types of preemployment experience in the
selection of personnel for almost any occupational specialty within the
Federal service. Copbb, Young, and Rizzuti (1976) expressed the view that
the FAA should press vigorously for changes such that aviation experience
other than ATC would be evaluated very conservatively in the selection
process.

In a later study, Lewis (1978a), investigated the feasibility of
using scores on the OKT, a test of general ATC information, to determine
the quality of an applicant's ATC knowledge as an alternative to the giving
of extra points for experience. The OKT had been developed from older test
items provided by the FAA Academy with the intent of being "job-knowledge
specific" (Mies, Colmen, & Domenech, 1977). It was developed to provide an
instrument for screening of applicants with previous ATC experience who would
enter at higher grade levels (see Chapter 14). The Lewis study revealed that
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Flgure 7. Attrition and Retention Rates by Pre-FAA Experience Categories for 2352 Entrants
into the Academy’s EnRoute and Terminal Basic Training Courses During 1969 (Adapted from
Cobb and Nelson, 1974).
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the assigmment of extra credit subjectively on the basis of verified
experience (which was usually difficult to define) resulted in a sig-
nificantly higher failure rate than by use of the OKT. Consequently,
Lewis concluded that use of the OKT to assign extra credit for specialized
experience was more falr than use of '"verified" experience.

Under the October 1981 selection standards, any ATC experience or
any FAA or military rating (i.e., control tower operator, center or
FSS ATCS navigator, navigator bombardier, IFR pilot, VFR pilot with
350 hours or more as copilot or higher, or Air Carrier Dispatcher Cer-
tificate) may be used in lieu of education reuirements to establish eli-
gibility for ATCS applicants who score 70 or better on the new aptitude
battery. After eligibility is established, experience bonus points are
added only on the basis of the applicant's score on the OKT.

Education as a Selection Factor

The ATCS selection programs have always included a mandatory minimum
educational requirement of a high school diploma or evidence, such as a
General Education Development (GED) certificate, of an equivalent educa-
tional background. Education beyond the high school level, although not
mandatory, has traditionally receilved significant weight, directly or
indirectly, in the overall eligibility rating. Selection programs have
invariably included provisions whereby applicants without background in
aviation, could substitute college-level education for such experience.
Regardless of experience, however, applicants with 4-year college degrees
usually had no difficulty in establishing training candidacy. As men-
tioned earlier, in one period, college graduates with records of superior
academic achievement were allowed an aptitude test score standard con-
siderably below that designated for screening of comparably experienced
and otherwise equally qualified applicants. A similar policy at one time
applied to all college graduates, irrespective of academic records. How-
ever, the greatest emphasis on education as a gselection factor was during
1971 and 1972 when applicants with 4-year college degrees, at least 1 year
of graduate work, and 12 months of specialized ATC experience could be
granted waivers of .the aptitude-test-screening and be appointed to training
at grade GS-9 rather than GS-7 (Cobb, Young, and Rizzuti, 1976).

However, with regard to this policy, numerous early CAMI studies
(based on trainees who entered ATCS training in the decade of the 1960's)
in which education was a variable along with age, preemployment experience,
and aptitude test performance, indicated that the training attrition rates
of ATCS personnel tended to increase (rather than decrease) in accordance
with the preentry levels of education (Cobb, 1964; Cobb, Mathews, and Lay,
1972; Cobb and Nelson, 1974; Trites and Cobb, 1964a; Trites, Miller, and
Cobb, 1965). Several unpublished CAMI studies mentioned by Cobb, Young,
and Rizzuti (1976), based on trainees recruited during various time periods,
had shown that college graduates generally had significantly higher attri-
tion rates than selectees with either high school diplomas only or 1 year
or less of college.
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With this background, Cobb, Young, and Rizzuti (1976) undertook a
definicive study, focused specifically on education. This was based on
data for 2,352 ATCS recruits who entered the Academy basic training
phase in 1969 (1,858 EnRoute and 494 Terminal trainees). They found
that all educational variables, both before and after adjustment for
age and other selection factors, were negligibly and inversely related
to success in ATCS training as defined by Academy graduation status and

retention in the ATC system 3 to 4 years following recruitment (see
Figure 8).

Major courses of study listed by some 925 of 1,265 ATCS trainees
who attended college were found to have little potential for prediction
of training outcomes. The overall retention rate as of January 1, 1973
for 1,265 former college students in the sample was 56.7%. When cate-
gorized on the basis of college majors, only those (N=141) who majored
in social sciences had a retention rate (41.8%) that differed signifi-
cantly from that of the combined categories. Moreover, 53 recruits for
whom major college courses were judged to be more directly related to
aviation than all others combined, had a retention rate (56.6%) almost
1dentical to that of the entire group.,

Sex as a Factor in Performance and Attrition

Based on the FAA's interest and participation in programs to eliminate
sex as a discriminating factor in the selection of new Federal employees,
Cobb, Mathews, and Lay (1972) carried out a comparative study of female
and male ATCS trainees. The study was also prompted by the fact that
women had never represented more than a very small proportion of all
personnel directly involved in air traffic management. Since experience
is heavily weighted in calculations of eligibility ratings, the "best
qualified"” by normal standards are usually male veterans with experience
in military ATC work or as pilots (Cobb, 1962, 1964; Trites, 1961; Trites
and Cobb, 1964a, 1964c). :

The study compared age, education, pre-FAA experience, aptitudes,
training-course performance measures, and post-Academy attrition rates
of the 83 women who entered basic ATC training at the FAA Academy during
the 17-month period between November 20, 1968 through March 27, 1970 with
those of various samples of the 3,760 males who entered training during
the same period. There were no significant differences between the means
of the female and male tralnees with respect to age and educational level,
On performance on 36 different aptitude tests, only four mean differences,
all of which favored the women, proved statistically significant. Only
45.8% of the 83 women had pre-FAA ATC-related experience, compared to
63,9%2 for a sample of 798 men; the difference was statistically signi-
ficant. The means of training course grade averages for the two groups
differed by only three-tenths of one point, and there was no significant
difference between the Academy attrition rate of 20,5% for the women and
23.2% for the 798 men. However, the groups differed markedly with respect
to post-Academy attrition rates; as of December 1971, 48.5% of the 66
women who completed Academy basic training but only 22.5% of the 613 men

(within the sample of 798) who graduated from the Academy attrited sub-
sequently,
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These attrition rates, which showed (1) no sex differences in the
proportion of trainees who completed FAA Academy training, but (2) a
percentage of women who subsequently left ATC work that was over twice
that of male graduates, led to several studies of sex differences in
job attitudes and attrition (Mathews, Cobb, and Collins 1975; Mathews,
Collins, and Cobb, 1974a, 1974b). The category that accounted for most
of the difference in post academy attrition rates between the sexes was
family-related (marriage, children) attrition cited by about one-third
of the women, a finding that agrees with results of other studies of
different occupational groups (Mathews, Collins, and Cobb, 1974a).

Research on Military ATCS Trainees

CAMI has had a long-standing interest in the selection and training
of military ATCSs reflecting the fact that former military controllers
have always represented a prime source for the recruitment and selection
of FAA ATCS trainees., As a result, the FAA has malntained awareness of
the effectiveness of the controller selection and training programs in
the U.5. Air Force, Army, Navy, and Marine Corps.

In 1965, representatives of the Glyno Naval Air Station, Georgia,
visited CAMI for indoctrination regarding the sereening and selection
of applicants for FAA ATCS training. Naval ofiicials subsequently
discussed the possibility of using the operational battery of CSC tests
for experimental administration and validation at Glynco. Since a number
of policy reasons precluded this approach, Cobb suggested an alternate
plan, subsequently accepted, invelving the seven commercially published
tests that had been validated in previous research with FAA trainees
(Cobb, 1971). After completion of the Glynco study (Cobb, 1968b),
officlals of Keesler Air Force Base, Mississippi, asked that a parallel
study be conducted on samples of Air Force and Army ATC trainees.

Although two of the seven commercially published tests which were
administered experimentally to the military ATCS training schools failed
consistently to correlate significantly with the training-performance
measures of every group (CTMM Analogies and CTMM Coins), composite scores
based on the entire seven~test battery correlated with the academic plus
laboratory grades of every group at somewhat higher levels than measures
based on any other combinations of the test scores. At the same time,
in every instance, the validity of the "commercial seven-test composite"
score was closely approximated by that of a composite measure reflecting
performance on DAT Space Relations, DAT Numerical Ability, DAT Abstract
Reasoning, and CTMM Inference (Cobb, 1971).

Both composite scores correlated significantly better with the
training-course performance measures than did the Air Force's General
Aptitude Index (GI) and the Marine Corps' Military Screening and Classi-
fication (MSC)} test score, and at about the same level as the aptitude
screening measures used by the Army and Navy.

On the basis of these results, Cobb concluded that the military ser-
vices had the capability, if desired or required, of upgrading their
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screening of ATCS personnel without new or additional tests, by establish-
ing higher minimum MSC requirements. Any changes in the military require-~
ments would be of direct interest to the FAA since the agency has and will
probably continue to select significant proportions of its ATCS trainees
from among those applicants who have pre-FAA ATC experience and who also
are able to qualify on the CSC ATC Aptitude Screening Test battery. As a
byproduct of this research, Cobb was able to outline the relationship
between military selection/training procedures and the screening and ..atry
of ex-military personnel into the FAA ATCS program.

The Multiple Task Performance Battery

While paper and pencil tests have done an efficient job in the iden-
tification of individuals who possess the "elemental skills and knowledge
necessary to become satisfactory controllers, they do not measure one kind
of ability that is believed to be relevant for a good controller--the
ability to perform several different tasks simultaneously {(Chiles, Jennings,
and West, 1972). A technique that could provide an objective, reliable
index of the ability to time-share multiple tasks relevant to the ATCS
job, was considered of value as an adjunct to existing selection devices
and hence the CAMI Multiple Task Performance Battery (MIPB) was developed.

The MIPB was originally designed for the Air Force as a device for use
in research on complex performance of the sort demanded of aircrew personnel
(Chiles, Alluisi, and Adams, 1968). The elements of the MIPB were selected
to provide objective measures of ‘'psychological or behavioral functions"
of relevance to Air Force operations. The functions measured include moni-
toring, information processing, mental arithmetic, visual discrimination,
and interindividual interaction 1n the execution of procedures. These
functions appeared to be relevant, not only teo aircrew activities, but to
complex jobs in general and to the job of the ATCS in particular. Moreover,
the tasks, as used routinely over a number of years, have been structured
to impose varying levels of demand on the subject with respect to the re-
quirements for time~sharing. Good performers on the MIPB not only possess
ability on the individual tasks but also are readily able to shift their
focus of attention from one kind of activity to another without disruption
of the ongoing process, '

During the period from May 1970 to Januwary 1971, exploration studies
were carried out by Chiles, Jennings, and West (1972) to examine the
potential usefulness of a performance measurement device as a predictor
of the future performance of ATCSs. Five groups totaling 229 ATCS trainees
were tested on the MIPB, and the predictor scores that were derived were
correlated with ratings provided by FAA Academy instructors. Chiles and
West (1974) checked the official FAA personnel roster as of January 1,

1973 to determine whether each trainee who participated in the earlier
study was still actively employed with an ATCS job code. Although further
validation is required to assess the potential of the complex performance
battery approach to ATCS selection, direct support for the predictive power
of the MIPB was obtained in the trair. study. Indirect support was also
provided in that (1) the instructor ratings were predictive of the retention
criterion and (2) the MIPB was a good predictor of the instructor ratings,
(Chiles, Jennings, and West, 1972).
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SUMMARY

For over two decades the FAA Civil Aeromedical Institute (CAMI)} has
engaged in active research programs exploring most aspects of the selec-
tion of air traffic control specialists (ATCSs). The results of those
efforts contributed directly to the establishment of ATCS selection
standards employed by the Civil Service Commission (CSC). Early studies
on the validity of aptitude tests for prediction of successful comple-
tion of Academy training led to a decision to use such tests for part of
the CSC screening standard. Later studies led to the establishment of a
maximum age standard of 30 yeaxrs for entry into ATCS training. Most recent
studies contributed to the validation of the current aptitude selection
battery (made operational in 1981). CAMI researchers have evaluated the
validity of existing standards, have examined numerous variables and
alternative aptitude measures, and have provided a number of data-based
recommendations that resulted in upgrading of the effectiveness of ATCS
selection., This chapter has emphasized research on aptitude screening
measures, attritiom, age, prior experience, education, sex, minority
status, military ATCS training, and the Uniform Guidelines on Employee
Selection.

REFERENCE NOTES

1. Federal Aviation Administration, Office of Personnel, ATCS intake
- study, 1971,

2, TFederal Aviation Administration, Office Personnel, Evaluation of the
150" program, 1973.
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Chapter 5

RESEARCH CONTRIBUTIONS AT THE
OFFICE OF AVIATION MEDICINE (0AM)

Evan W. Pickrel

The Office of Aviation Medicine (0AM)} is the principal Federal
Aviation Administration (FAA) staff element responsible for tlomedical
and behavioral, and generally human oriented research, including research
on selection, training, measurement of proficiency on the job, and
performance assurance, Its mission is to apply knowledge gained from
its own research program and from the work of others to the promotion
of safety in civil aviation and to the health and safety of agency
employees. In order to accomplish its mission, OAM conducts research
on various aspects of the human element in aviation. Offices and ser-
vices of the FAA, such as Air Traffic, Personnel and Training, Flight
Operations, and the Technical Center (hardware research) identify their
human-oriented problems for resolution through OAM research. As the
research is accomplished, its products are provided to the requestors
and assistance is given in the translation of these products inte opera-
tional applications. Most of the research efforts are conducted at the
Civil Aeromedical Institute (CAMI) located at the FAA Aeronautical Center,
Oklahoma City, Oklshoma. They are supplemented by research contracts

granted to other government agencies or to private institutions by CAMI
or by the 0AM.

The OAM has a small but uniquely qualified research cadre, with
extensive experience in government and industry. This office annually
sends out a formal request to the other offices and services to make
known thelr aeromedical research requirements, and annually transmits
these to CAMI in the form of a research program guidance and current
policy statement. Aperiocdic requirements also are received and resolved
in accordance with the operational need and the research resources available,
Members of OAM accomplish some of this research; unique examples include
the highly publicized hijacker profiles for passenger boarding gate
screening in defense against hijackers, and flight personnel tactical
programs for inflight defense against those who manage to get on board
(Dailey & Pickrel, 1975a,b). Many research requirements, including these
unique examples, originate within the OAM itself.

Psychiatric screening. The Office of Aviation Medicine has an opera-
tional need to evaluate the health status of FAA personnel, and to deter-
mine the job relatedness of their medical needs and fitness for duty. To
do this, it is necessary first, to determine the medical and psychological-
psychiatric status of those personnel before they become employees, so that
responsibility is not assumed for conditions that existed prior to job
entry. Past behavioral histories are an excellent basis for predicting
psychological-psychiatric fitness of Air Traffic Controller Speclalist
(ATCS) applicants, and the Office of Personnel Management (OFM) provides
historical information, gathered by government agencies, including the
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Federal Bureau of Investigation, State Department, and Immigration and
Naturalization Services, for use when screening for this sensitive posi~
tion (ATCSs control military aircraft if the nation 1s under attack).
Military records also are obtained for this use when available. Samuel
Karson (1969), a member of the Washington staff, did extensive research
on personality tests, toward developing quantitative measures for use in
such screening, but under existing OPM and Equal Employment Opportunity
guidelines, government agencles are precluded from using personality
tests for selection purposes. However, the FAA has used the Cattell 16
Personality Factor Questionnaire (16PF) for a number of years as a diag-
nostic aid, as a case identifier for ATCS physiological-psychiatric
screening. When questionable cases are identified, these persons are
referred for extemnsive psychological and psychiatric examination, and
the results are used in a medical determination to reject or not reject
the applicant. It was estimated that profile analysis of the 16PF iden-
tified between one and two percent of all applicants who warranted closer
medical examination, and that half of these were found medically dis-
qualified for service (Colmen, 1977). Use of the profile analysis of
this measure has since been replaced by a customized key developed by
John T. Dailley for this (ATCS case identifier) application (See Chapter
17), but the statistics on number of cases identified and rate of medical
disqualification remain very similar to those experienced with the more
elaborate, detailed profile scoring procedures,

Development of new screening tests. Among the recommendations of a
1970 FAA management Air Traffic Controller Career Committee (Corson, 1970),
was one dealing with improvement of the selection process as a means of re-
ducing an unacceptably high attrition rate both in formal training and
during on-the-job developmental training. An extensive research program,
both within the OAM and by contract was initiated in response to that
need. Colmen (Milne and Colmen, 1972) identified available tests to in-—
crease the predictive validity of the existing battery, and suggested
areas for construction of new tests. One of these involved filmed simu-
lation of air traffic moving across a radar scope, in response to which
the observer was required to predict any potential conflicts that appeared,
as soon as they were observed. This instrument, named the Contrcller De-
cision Evaluation technique (CODE), by Buckley and Beebe (1972), added
significantly to a composite for predicting on-the-job success, but the
equipment and space required for its administration generally were not
available in Civil Service Commission decentralized testing situations.
Therefore, test development procedures were initiated by OAM personnel
to derive measures of the same skills in a format that would meet Civil
Service needs. This eventually resulted in the development of a completely
new test, the Multiplex Controller Aptitude Test (See Chapter 15).

Prior experience in air traffic control work has been considered to
be a favorable factor in the selection of ATCS applicants, and those with
previous military controller experience have been a prime source for candi-
dates. Many other types of experience, such as private and commercial pilot,
work in communications, and even general work experience and academic train-
ing, have also been regarded as favorable factora. The Civil Service
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Commission used a Rating Guide to evaluate applicant claims of past experience,
and the varilety among applicant claims made them difficult to evaluate. Thus
an operational need was recognized for the development of a quantitative
measure to evaluate the uUsefulness of various types of experience claimed

by applicants. The Offices of Aviation Medicine, Personnel and Training,

and Alr Traffic, organized a two-week workshop, held in Washington in June
1970, which was attended by 18 journeymen from all 3 ATC options, to address
this problem. John T. Dailey and others instructed these subject matter
experts on the purpose and specifications for an occupational knowledge

test, and instructed them in the initial item writing. At that time over

300 items were prepared, and these were reviewed and edited by members of

the Examination and Certification Section at the FAA Academy. OAM test
construction experts used these items during development of initial and
subsequent forms of the Occupational Knowledge Test (See Chapter 16).

Early identification of potential failures; reduction of post—Academy
attrition., Between 1970 and 1976, ATC Academy pass—fall training was sus-
pended while a new training program was being developed and evaluated.
During this period, trainees who ultimately "washed out" of the program
served between 18 and 24 months, on the average, before separation occurred.
The rate of hiring of new applicants was between 1700 and 2000 persons
annually, and attrition rates in the two to five year training program

3 required to reach full performance (or journeyman) level ranged from 25%

b to 40%. Such high attrition rates were not only costly to the FAA, both

in time and dollars, but also unfair to those who were failing. A major
part of this attrition was attributed to lack of proficiency, the students'
inability to demonstrate the skills and knowledge needed to progress satis-
factorily and to succeed in training. An operational need was identified
for early identification of potential failures, and it was expected that
-this could be done during selected phases of initfial training, using appro-
priate methods to evaluate interest as well as potential. Thus it was
decided to validate and re-introduce a pass~fail training program at the
FAA Academy.

Personmel from the Office of Aviation Medicine, Personnel and Training,
and Air Traffic reviewed the measures available for use in pass—-fail evalua-
tion and recommended modifications as necessary. The achievement tests
that measured possession of academic information taught in the classroom
were judged to be adequate, but a new test, the Controller Skills Test,

. was created by the OAM staff and Air Traffic subject matter experts to
measure application of knowledge and skills during the first months of
ATCS training (See Chapter 11). The major purpose of this test was to
augment over-the-shoulder ratings of performance on laboratory criterion
problems and instructor ratings of each student's potential for successful
future performance as a controller. OAM persconnel accomplished fieid
validation of this new Controller Skills Test and other tests to be used
for pass-fail purposes and also accomplished the criterion reliability
and validity analyses necegsary prior to introduction of the new pass-fail
training program (Dailey and Moore, 1979).

The success of this new program is discussed by Boone in Chapter 9.
Attrition rates for the two to five year training program from entrance to
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the attainment of journeyman status have remained at approximately 25%

to 407%; however, with selected phases of pass-fail training centralized

at the FAA Academy, the average length of service before separation, for
those who "wash out,” has been reduced to five months. This up-to-one-and-
one half year earlier identification of potential failures has provided an
estimated cost avoidance of ten to twelve million dollars a year when hiring
rates were 1700-2000 persons annually.

Development of a new ATC Selection Test Battery. Cost avoldance
through early identification of potential failure was highly desirable;
nevertheless, overall attrition rates of 25% to 40% have remained a
serious concern., When the hiring rate was 1800 new employees {(trainees)
annually, a 24% attrition rate before reaching Journeyman status equated
to an investment loss of about $43 million each year. More detalled
training and attrition costs have been presented by Rock, Dailey, Ozur,
Boone, and Pickrel (See Chapter 21). Salary and training costs for the
initial FAA Academy qualification training program have approximated $10
thousand for each student who entered, and with an annual enrollment of
2000 students, an average 307 attrition rate could be translated into a
$6 million a year expense. The Clvil Service Commission (CSC) test battery
used for iInitial screening of ATCS applicants had remained unchanged since
1964. That test battery was composed of generalized, factor-pure measures;
it was believed that tests customized to ATCS activities would provide a
more precise basis for prediction of the criterion.

Applicant statements describing prior aviation-related experience
were another element in the selection process, and there were weaknesses
in the evaluation and weighting of experience as presented in the applica-
tion forms., Improvements in those selection procedures seemed a feasible
way to reduce FAA Academy attrition rates. Work cited above, initiated
early in the 1970's, had resulted in development of the MCAT and OKT to
aid in meeting these operational needs. As described in Part IV, these
tests had been administered to all entering students at the FAA Academy
{who had also taken the CSC tests) since January 1976, for test development
and validation. The results of a series of prediction studies, which in~
cluded these measures along with others, led to the development of a new
selection battery that was adopted in August 1981,

Research results reported in these prediction studies (summarized in
Chapter 18) supported the conclusion that a new test battery comprised of
the MCAT plus two measures from the old battery, Abstract Reasoning
(C5C-157) and Arithmetic Reasoning (CSC-24) provided consistently high
correlation with the criterion measures. It was also shown that the OKT
provided a better measure of aviation-related knowledge than the OPM Rating
Guide then used to evaluate experience, and that it demonstrated a signi-
ficant relation te success in the ATC occupation that added to the validity

-obtained from the test battery.

The final step was a study to validate a proposed new test battery
composed of two parallel forms of MCAT plus CSC-157, CSC-24, and OKT.
The sample used included 953 trainees attending the FAA Academy during
the period of June 1978 through December 1978 (See Chapter 21). The MCAT
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was the major component in the validities obtained with the new battery,
and CSC-157 also contributed to the multiple correlation for predicting
ATC performance criteria, but CSC-24 did not. ' Weighting the tests con-
tributed to the validity of the battery. When annual training invest-
ment losses through application of the old operational battery were
compared to those expected with application of this new test battery

for selecting 1800 applicants, the potential cost avoidance was estimated
to be in the order of $3 million a year. However, many thousands of
applicants had already been screened with the old battery and were await-
ing an opportunity to enter training. There would have been no early
need for more applicants unless there had been an unusual event, such

as a PATCO strike and dismissal of those who refused to return to work.
This created an immediate need to open the register and screem more can-—
didates and as a result the new battery was pressed into service shortly
after the strike occurred, as discussed in Chapter 6.
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Chapter 6

ADJUSTMENTS IN THE AIR TRAFFIC SERVICE
FOLLOWING THE PATCO STRIKE

E. W. Pickrel

On August 3, 1981, the Professional Air Traffic. Controllers Organi-
zation (PATCO) declared a strike against the Federal Aviation Administra-
tion (FAA), and there was a walkout of about 13,000 of the 17,275 con-
trollers actively engaged in control of air traffic. Some of the strikers
returned, but about 11,400 did not and were subsequently dismissed. This
left the air traffic control system with a significantly reduced capaclity,
and there was a very immediate, real operational need to maintain the
system and rebuild the workforce. Past research, including ATCS selection
research, made a considerable contribution toward meeting that need. Some
of the activities that took place are described below.

IMMEDIATE WORK FORCE

The Alr Traffic Service management and staff was composed of ex-Full
Performance Level (FPL) controllers who had elected to progress upward
within the management structure. Long before contract negotiation time,
they had been alerted to the PATCO intent to strike and the detailed pre-
parations that were being made. Management had prepared a hierarchy of
system contingency plans, with variations dependent upon the number of
persons expected to be avallable to operate the system. All management
personnel completed refresher training as necessary to renew their FPL
proficiency, so that they could be available to control air traffic.

With advent of the strike, these management people returned to the con-
trolling of aircraft, and six-day weeks became the rule. Vacations were
postponed. Sixty low-level activity terminals were closed and the non-
striking controllers of these terminals were transferred to busier facili-
ties., Approximately 800 controllers were borrowed from the Department of
Defense, to assist until the rebuilding of the workforce was accomplished.

POSITION RESTRUCTURING

One of the earliest adjustments was a restructuring of positions at
the larger facilities. This involved identification of three basic job
categories of work performed: flight data specialist, non-radar controller,
and radar controller. These newly structured positions are progressive on
the pay ladder. The flight data specialist position is important, but
does not involve traffi¢ control directly and is not included in the
GS-2152 (Air Traffic Control Specialist) series. Employees who are hired
for this position, but fail to complete the necessary training are ter-
minated. Initially, unemployed pilots were hired to fill GS-7 and GS-9
levels, and borrowed military controllers also worked these jobs until
they were checked out in EnRoute sector or Terminal tower cab positions.
Approximately 1300-1400 of these have been established as permanent posi-
tions that formerly had been filled by developmental controllers. These
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specialists issue clearances to pilots, but do not formulate them; they
also handle flight strips and make sure that they are posted, They have

the opportunity to apply for FAA Academy training by taking the same examina-
tion that others take,

The maximum grade level for the nonradar controller ranges up to GS-12,
depending on the facility. Progression from nonradar to radar controller
is competitive, with initial promotion based upon satisfactory completion
of training prerequisites, as well as available positions and time-in-
grade requirements., Chances for advancement depend on the number of
vacancies available, job performance and qualifications compared to
other competitors, and in some cases willingness to transfer to other
locations. All three categories of work are staffed in Air Route Traffic
Control Centers and in those Terminal facilities that are equipped with
cab/radar. Other Terminal facilities require the use of only one or two
of the categories, because of facility size or specialized operational
function. This restructuring of jobs enabled the employment of persons
of lesser aptitude in positions below that of full performance level con-
troller. At the same time, it was efficient in that 1t freed FPLs from

lesser, non—control duties, and reduced the number of FPLs needed in the
system.

A system study of the National Airspace System (NAS) was initiated to
identify potential modifications to increase the efficlency of the total
system. An airways realignment and air route traffic control resectoring
was initiated to make departure-destination routes more direct, reduce the
distance and time that aircraft are on the network, and optimize sector
workloads. The pre-strike national NAS structure of 790 sectors was re-
duced to 655 sectors, with an expected further reduction to 550 sectors.
Some Terminal resectoring also is possible, and as each sector requires
staffing of radar scope and other positions, this has resulted in a con-
siderable reduction in manpower requirements.

FLOW CONTROL

Prior to the PATCO strike, all aircraft had unconstrained access to
the National Airspace System (NAS). As a result there were extremely
high controller workloads at dawn and dusk as aircraft were departing or
arriving at destinations; workloads during the remainder of most days were
low. Nevertheless, manpower levels were programned to meet peak traffic
demands. If aircraft departures and arrivals could have been distributed
more evenly throughout each day, and departing aircraft held on the ground
to be released as space became available in the NAS, there is no doubt that

they could have been controlled all along by a considerably smaller work
force.

- Computer programs and a central flow control facility were available
to assist in meeting this need. These had been created approximately five
years earlier, at the time of the OPEC fuel crisis, to help afirlines avoid
costly fuel delays in holding patterns during flight. 1In the present crisis,
it was realized that control over all aircraft using the NAS would impose a
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dramatic increase in the demands placed on this facility, and it was moved
from Jacksonville, Florida to FAA Headquarters in Washington, where greater
manpower and communication capabilities were avallable. Its introduction
resulted in a more even distribution of workload, with daily optimizing

of traffic load in accord with available controller capability. Some air
traffic had to be curtailed at the busiest facilities but, with deferred
takeoffs to achieve a better distribution of the day's traffic, 83% of the
pre-strike traffic could be accommodated by a workforce only 42% the

size of the pre-strike force. Under the new system, the rate of operating
errors was also 36% lower than that of the pre-strike workforce for a similar
workload. This was a far more efficient system and it reflected the efforts
of a highly motivated work force.

EXPANDED TRAINING

Only eight days after the strike was called, the first group of 144
students entered the FAA Academy. These represented appointments from the
register of 9000 persons tested with the old Civil Service Commission (CSC)
ATCS battery that had been used without revision since 1964, Plans were
implemented for a new group of 500 students each month, a total of 6000
.a year in training, until the end of 1983, when it was expected that the
work force would again be up to full strength. The procedure followed was
for FAA Regional Office personnel to select the names of applicants, in
sequence off the top of the register, to fill vacancies in their facilities,
Each selected applicant received notification of the available position with
a description of the work and, if interested, was asked to proceed to the
nearest facility of that type for interview and a medical examination.
Following completion of these and a security check, the applicant was
notified when an entry into training would be available at the Academy.

To meet this new training requirement, the schedule of the FAA Academy
: was expanded to two shifts a day, and a contract with the University of
i Oklahoma was utilized as a source for hiring additional instructors.
Most of those hired were retired FAA contreollers and instructors who
volunteered to help in the crisis,

A student's first few days (Phase 1) at the Academy are spent in per-
sonnel processing, The Phase II activity, common to all options, is class-
room training in fundamentals of air traffic contrel, such as weather,
federal aviation regulations, and air traffic control communications.

This 1s followed by non-radar training that is speclalized for each optionm,
and includes extensive laboratory training to prepare the student for imme-
diate performance of duties at the facility. Under the new procedures,
initial Academy training is completed at the conclusion of the non-radar
phase. Radar training was removed from the Academy entrance training
syllabus and the graduates go directly to facility non-radar control tasks.

After successful completion of this training, and a period of success-
ful non-radar performance, these developmental controllers become eligible
for radar training. They receive initial radar training on simulators at
their home facility and are given a test to qualify for radar training at
the Academy. If succesful, they return to Oklahoma City for the six week
Radar Training Facility (RTF) course. If unsuccessful, they may remain in
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the non-radar controller status. Theoretically, these persons would
have been washed out in the old program. Now non-radar positions are
considered career positions for those who do not progress further. Since
many Academy graduates do not go to facilities that have radar, radar
training would be a waste of time for them and for the FAA, and this
restriction of RTF training for only those who .move on to radar positions
‘has effected considerable savings of both time and dollars. Facility
training is customized to the location and position where each person
will be working, while Academy RTF training is generalized.

NEW ATCS SELECTION BATTERY

Although the number of applicants identified through the old selection
procedures and still on the old register was considerable, their availability
had been greatly reduced with the passage of time. There was a need for new
recruiting, and the Office of Personnel Management (OPM) began to plan for
autumn testing and screening of an unexpectedly large number of ATCS appli-
cants. This provided a timely opportunity to introduce a new selection
battery that had been under development since around 1970 (See Part iv).

OPM persounel were familiar with the new ATCS selection battery, inas-
much as some of them had participated in work on its validation. 1In order
to facilitate congsideration, the FAA provided OPM with a detailed report
documenting the developmental research (Rock, Dailey, Ozur, Boone, and
Pfckrel, 1982) and recommended the use of the new battery in fall testing
for the new register. In a review of the FAA report, the responsible OPM

- personnel noted that "The report shows extensive criterion-related vali-
dity evidence for the battery. It also shows that the test battery did
have adverse impact for minorities and women in the research sample; how-
ever, analysis of fairness showed that the tests were not unfair to either
subgroup. In addition, the report describes an effective upward mobility
program which minimizes the effect of the adverse impact on selection
(Note 1), They recommended that the new battery be implemented as a
business necessity, and the Director, Office of Personnel Research &
Development, approved its use. '

On August 17, 1981, a team of test development specialists in OPM's
Examination Services Division was assigned to prepare the new battery for
operational use. Test items from the final validated test forms were re-
viewed for technical adequacy, clarity, and statistical parameters. They
were then assembled into three parallel series or test batteries, based
on statistical and content parameters. This redundancy was necessary to
meet such requirements as retest of persons who request it, variation of
test content for control over compromise, and substitution of a different
battery should compromise occur. After the parallel forms were reviewed
and approved by an FAA representative, camera-ready copies were prepared
and 100 thousand copies of each series of the new tests were printed.
These were shipped directly to OPM examination points nationwide. Career
field brochures with test descriptions and sample items were prepared,
printed, and distributed to all applicants. Scoring procedures and key
clearances were prepared. '
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Following an announcement of the coming examination, 125,508 appli-
cations were received. During the first scheduled test period, October
15 to November 30, 1981, 47,345 individuals were tested. Scoring was
carried out by the Staffing Services Center in Macon, Georgia, with key
clearance on a sample of the first 500 answer sheets scored for each
series administered. This procedure included preparation and review

of item analysis data to identify questionable items, and review of
each questioned item by subject matter experts, for errors in printing
or content. Item and key approval or changes were made as appropriate
to complete the key clearance. Scoring began approximately November 2
and was completed by the end of December.

The final rating for each applicant is based on.the scores on the
battery, consisting of two forms of the Multiplex Controllet Aptitude
Test (MCAT). (each form weighted 2) and the OPM Abstract Reasoning Test
(weighted 1). 1In addition, up to 15 collateral points are given for
performagnce on the Occupational Knowledge Test (OKT) and 5 or 10 addi-
tional points are awarded by law for veterans preference. The rating
may not exceed 100 before the addition of veterans preference points.
A newly created Special Examining Unit Staff (SEUS) at Oklahoma City
was assigned the responsibility to -add veterans preference points, to
establish the ratings for the register, and to maintain and distribute
registers for FAA personnel to use for the selection of new students in
the GS-2152 occupational series. The old register was closed and the
new register distributed on approximately the first of December 1981,

Comparative Performance, New versus 0ld Reglster Students

The first classes of students that entered the FAA Academy in 1982
included persons selected from the old register and the new register.
Summary statistics for comparison of their pass-fail performance are
presented in Table 1. The pass rate for 479 old register students was
43%, while the pass rate, for 965 new register students was 71%., This
improved pass rate, which was expected based on the research reported in
Part IV of this book, was very welcome, since 6000 students were scheduled
to move through this training in the next two years. To illustrate using
these figures, with a 43% pass rate, it would be necessary for 13,953
students to proceed through Academy Training before 6000 graduates were
obtained. At a 71% pass rate, only 8,451 students would be required.

The projected savings in time necessary to rebuild the workforce would

be the primary return. The cost avoidance in Academy training, estimated
at $10 thousand per student, would also be great. The comparatively small
cost of creating these new tests, customized to better simulate gituations
calling for the skills needed by successful controllers, seems well re-
warded by their successful performance.

NEW RESEARCH REQUIREMENTS

At the beginning of 1982, a workforce only 42% of the size of the pre-

.strike force was handling 837% of the pre-strike traffic, and there was

considerable pressure to increase the traffic load even further. This
smaller workforce was working long hours, six hours per day in active
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Table 1.

FAA Academy Pass-Fall Perforrnances, 1982
Terminal Groups 1-3, En Route Groups, 14
Comparison Between Oid & New Register Results
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Total Males Females Minorities Non-Minorities
Terminal umber Pass % | Number Pass % Number Pass % | Number Pass % | Number Pass %
New Register] 250 81 233 80 17 88 4 75 246 81
Oid Register 99 68 78 56 21 57 7 57 92 68
En Route
New Register] 715 67 643 67 72 69 27 56 630 67
Oid Register | 380 37 30 38 79 30 14 50 134 42
Totals
New Register] 965 n 876 70 89 73 A 68 876 Fa
Oid Register | 479 43 379 45 100 36 21 62 226 53




control of traffic (perlodic breaks are needed when staring at spots of
light moving across a cathode ray tube), and 60-hour weeks were common
immediately following the strike. Much concern was expressed concerning
the stress and fatigue experienced by this work force and the pessible
consequent effects on-air safety., Management responded by cutting back
the work week so that it average 44 hours and cut back time on the boards
to an average of five hours per day. Independent studies by the Flight
Safety Foundation (1982) and National Transportation Safety Board (1981)
declared that the system was safe, but also indicated the desirability

of establishing a system to monitor worker stress and fatigue.

The Air Traffic Service had earlier requested the 0ffice of Aviation
Medicine to develop a proficliency testing and quality assurance program
for Full Performance Level controllers, and the FAA Office of Personnel &
Training had requested a similar program for those in developmental train-
ing at the facilities. Joseph A, Tucker of the FAA Office of Aviation
Medicine developed models of such a system in concept papers, (Tucker,
Note 2). This included a tracking system and a data bank to describe
each individual's past and current capabilities, the use of a simulator
for periodic verification of job proficiency levels or need for remediation
by refresher training or medical assistance, and on-the-job monitoring to
assure quality peformance of the man-machine system and man in that system.
This latter quality assurance monitoring activity is designed to glve each
controller more frequent, immediate feedback about his activities during
control of air traffic, to help him or her achieve, and tc maintain gquality
performance during his or her career. This is particularly important at
every point, as new controllers enter facilities and proceed through de-
velopmental training to certification at the Full Performance Level, The
expressed operational need for a system to monitor stress and fatigue is
met as these elements are identified with the total gystem effectiveness/
efficiency monitoring system. *

SUCCESS OF THE ADJUSTMENTS

At the end of the first vear following the PATCO job action, air
traffic seemed to be moving smoothly. The strike hurt the airlines, but
not as much as a recession that was already biting deep into air travel.
The alrways were judged to be safer than before the strike, as traffic
wag lighter and planes were spaced farther apart in the air. Concern was

"expressed in Congress and by the aviation industry about continued restric-
tion on traffic, but the alr traffic in the western third of the nation
again had been given unconstrained access to the NAS. The effect of the
PATCO strike was the accumulation of proof that facilities had been greatly
overstaffed, and plans were made to replace only about 7800 of the 11,400
people that were dismissed, As of August, 1982, 2300 new controllers had
completed their initial training at the FAA Academy and returned to their
facilities for on-the-job training. The Secretary of Transportation was
quoted to the effect that as more graduate, the last strike-related restric-
tions will be lifted by the end of 1983 (Washington Post, 1982).

A new NAS system plan was introduced in 1982, and an engineering de-
velopment program was initiated that will greatly increase the use of
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computers in alr traffic control and eventually reduce the system's dependence
upon man as an operator or active controller. Around the year 2000, computerized
control, with backup computerized control in event of failure, is expected to
be able to handle aircraft from their flight plan programmed point of de-
parture to destination, The role of the man-in-the-loop (the controller)

may only be to handle deviations from the flight plan, and to input changes

to the computer in order to coordinate such changes, when requested by pilots.
It has been projected that this new system will permit a work force half the
size of that found at today's EnRoute facilities, to handle twice as much air
traffic. The implications of such changes for research on testing and pro-
ficlency measurement are presented in Part V.
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PART II

JOB ANALYSIS AND CHARACTERISTICS
OF AIR TRAFFIC CONTROLLERS

This entire book is about air traffic controllers, but Part II

presents information focused specifically on who they are, what they
do, and about their careers. ’

John T. Dailey addresses the first two questions in Chapter 7,
Characteristics of Air Traffic Controllers. This chapter discusses
the job analysis of the various controller positions and then presents
a fascinating profile of the men and women in the occupation. It also
speculates about the probable impact of the projected automation of
the air traffic system. In Chapter 8, Joseph A Tucker, Jr. addresses
three important issues concerning the career performance of the con-
troller. These are: aging, stress, and job performance assessment.

The treatment of each issue complements the descriptive information
presented by Dailey.

Chapters 19 and 20, in Part IV, also present normative data on
the C5C and experimental tests, prior aviation-related experience, and
eligibility for veterans preference credit for men and women and race-
ethnic groups (the latter in Chapter 20).

S. B, Sells
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Chapter 7

CHARACTERISTICS OF THE AIR TRAFFIC CONTROLLER

John T. Dailey

Much confusion regarding the Air Traffic Controllers and their
problems has been caused by the fact that, technically speaking, there _
is no such thing as "The Air Traffic Controller." The air traffic control
gsyatem is manned by a great variety of individuals, all of whom are coded
by the manpower system as Personnel Code 2152, Air Traffic Contrel Specialists.
These specialists are sub-coded according to their current skills and assign-
ments and will have a succession of such designations during their careers
in the Air Traffic Control System. Initially the ATC Specialist is desig-
nated as a Trainee, and may progress to the status of Journeyman or Full
Performance Level. During a normal career a large proportion of the Code
2152 group become management or technical specialists assigned to ATIC in-
stallations. It is misleading, in thinking of Air Traffic Control per-
sonnel, to consider only the individual at the console as a controller,
and every one else in the system as 'Management." Virtually without excep-
tion, the Air Traffic Control system, from top to bottom is run by personnel
who have been trained and have proven themselves as full-performance-level

controllers before going on to more responsible administrative and technical
assignments in the system.

The Alr Traffic Control Specialist may be assigned to a variety of
installations, differing widely in size and function. The Specialist
could be assigned to a Flight Service Station, a non-radar terminal, a
radar terminal, a flight control center, or to a number of managerial,
training, or liaison positions. The personnel in the system may move.
several times ‘during their careers. A fairly typical progression might
be from a small non-radar terminal to a small radar terminal and then on
te a large radar terminal, Further progression might then be to a super-
visory position, often involving a move to another installation, for
further career advancement. The ATC center personnel are less mobile
but they also often go on to fill supervisory and technical positions
in the center or in supporting organizations.

The dynamics of mobllity and career progression greatly complicate
the study of "the Air Traffic Controller" over periods of time. The popu-
lation of full-performance-level (or journeyman) controllers with different.
amounts of experience includes significantly different groups as more and
more of the journeymen rise to more responsible or more technical assign-
ments. Since it is quite possible that promotion tends, to some extent,
to go to the more competent journeymen, any adverse job effects would be
mixed up with the factor of progressive selection out of the status of
full performance level. The problem is further complicated when the
journeymen at a specific installation are studied, since they frequently
transfer to higher graded journeyman positions at larger installations.

The situation is, in many ways, similar to the careers of men in the
field of education. There the career flow is from rural schools to urban
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schools, small schools to larger schools, and from the lower grades to
junior and senior high school. After a few years, a teacher may work
up to a classroom teacher in a well-paying large school. Further career .
progression is then into administration, specilalties such as counseling
and the like, or into college teaching. Only a small minority of men
starting out as public school classroom teachers make it to retirement
age as classroom teachers still in public schools, and those who do are
atypical. Consider how complicated it would be to study the effects of
twenty or thirty years of elementary school teaching on men. teachers,
The complexitlies involved in studying the long-term effects of working
as a full-performance-level controller are even more formidable,

The situation at the ATC Terminal at O'Hare Airport at Chicago is
an example of some of these complexities and the serious misunderstandings
that can be caused by them. Several years ago many of the controllers at
O'Hare believe that a few years service controlling traffic at O'Hare
would "ruin'" a controller and cause serious medical consequences. At
the time, there were almost no journeymen controllers with more than a
few years experience at O'Hare. However, when groups of journeymen from
0'Hare were studied in"a cohort design, it was found that they had a very
high promotion rate to administrative positions at O'Hare as well as
other installations. It is likely that a record of controlling traffic
at O'Hare (because of its reputation as being number one in size) was a
strong competitive factor when bidding on a desirable promotion. It was
found also that the medical disqualification rate there was about average
for large terminals. Most of the "alumni" of O'Hare are "alive and well"
and filling key administrative positions and technical positions all over
the ATC system.

Currently many controllers are concerned that relatively few con-

. trollers make it to retirement. However, in actual faet, very few who
were journeymen controllers twenty to thirty vears ago did not advance

to administrative or technical positions by the time they retired., In
the future, however, a much higher proportion may serve an entire career
as a journeyman. Fortunately the ATC system provides progress to the top
pay grades for journeymen with no administrative or technical duties.

Studying the tasks of the air rraffic controller is complicated by
the fact that the controller performs a very large number of apparently
critical tasks and it has been found to be extremely difficult to reduce
this number to a manageably small number of prime tasks. Various approaches
have been made to achieve a wvalid simulation of the tasks of the controller
and to quantify performance on the tasks. These have produced from zpproxi-
mately forty to eighty separate performance measures that show no strong
clustering that would enable reduction to a few prime measures. These
task analyses have been helpful in the establishment of training programs
for the controller, but have been of minimum value to the problem of detex-
mining how to select controller trainees.

JOB ANALYSIS

Through the years a number of studies have been made of the tasks and
gkills of the air traffic controller. Among the first of these was a pair
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of studies in 1960 by Davis, Kerle, Silvestro, and Wallace. Their studies
were oriented toward the training aspects of the job, The first study was
based on Interviews with training supervisors at twenty-four towers and
' twelve centérs. From them were obtained detailed accounts of the current
training programs, theilr problems, and ways in which the program could be
improved. The second study was based on data collected through the use of
highly structured interviews with over 350 controllers at more than 40
facilities. Empirical job descriptions were obtained of all the opera- -
ting positions in the towers and centers. The study also resulted in
curriculum suggestions regarding:

A. Standardization of training.

B. Areas of non-standard training,

C. Bequences of upgrade training and career progression.
D. Tramsferability of personnel.

One early comprehensive study of human factors aspects of alr traffic
contreol was made by Older and. Cameron, in 1972. They presented an over-
-vlew of human factors problems assoclated with the operation of the then
current system and of future projected air traffic control systems,
Descriptions were included of those activities and tasks performed by
alr traffic controllers at each occupational position within the current
gystem. Judgmental data obtained from controllers concerning psychological
dimensions related to these tasks and activities were also presented. The
analysis included considerations of psychophysiological dimensions of human
performance. This study described the role of the human controller in the
then current air traffic control system, particularly as that role was ex-
pected to change as a.result of the gystem’s evolution toward a more auto-
mated configuration. Special attention was directed toward problems of
staffing, training, and system cperation. A series of specific research
and development projects was recommended.

The report included a basic list of the skills of the air traffic con-
troller, which were divided into three major categories:

I. Input skills, including visual display'monitoring,visual
monitoring (non-display), auditory monitoring, and reading.

IT. Processing skills, Including information organization,
selecting among alternatives, and information storage.

IITI. Output skills, including recording, reporting, and control
operations.

A massive series of studies of the tasks and skills of the air traffic
controller was carried out by the System Development Corporation (SDC)
between 1972 and 1975. There were eleven reports in this series. The
first of these, in 1972, covered Phase II - Local controller, ground con-
troller, and radar controller. An earlier, Phase I, study had demonstrated
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that it was feasible to develop objective performance standards and measures
for air traffic controllers.

Task data, performance standards, performance measures, and rating
scales were developed systematically and analyzed for the EnRoute Radar
= controller position. * After a series of field evaluations, the final recom-
= mended scales, measures, and standards and the procedures for use of the
‘ © system by first-line supervisors were presented for use in the air traffic
control system. Detailed work on the Phase II controller flow diagrams was
also reported.

9 Performance rating instruction booklets were developed for the Cab

' (Tower) controller and the Center controller. A package of procedures

and materials was presented for "over-the-shoulder" ratings and performance
standards. This package was based on performance standards for work ele-
ments, and included 53 standards for the local controller, 36 for the
ground controller, and 38 for the center controller.

In 1974, a report was completed of the FAA Tower (Cab), presenting
- descriptions and flow diagrams of control functions. This provided detailed
A descriptions of the functions associated with four ailr traffic control peosi-
' tions in termiral towers (Local control, Ground control, Flight data, and
Clearance delivery). Detailed flow diagrams were presented to give a clear
presentation of the duties performed in each positior on a day-to-day basis.
The flow diagrams were based on information obtained through direct obser-
| i - vation of controllers performing their duties, from existing manuals, and
R £ through interviews with off-duty controllers. The flow diagrams were re-
] & viewed at selected facilities throughout the country in order to assure
] that they would be nationally representative. In 1974 a similar report was
'COmpleted for the Air Route Control Center, including a report on the

controller over-the-shoulder training review instruction manual.

Another 1974 report included an Air Route Traffic Control Center con-
- troller extended performance rating instruction manual. This described 45
functions of the radar controller and 46 for the manual controller. Rating
on a work sheet was on a seven point descriptive rating scale.

The series of SDC studies was completed in 1975, with four reports
on the terminal option; Terminal Option Controller Performance Evaluation
¢ Report, Terminal Area (Tracon/Cab) Air Traffic Control Facility controller
- - performance rating instruction manual, Terminal Area (Tracon/Cab) air
traffic control facility controller training review instruction manual,
+ and Terminal Radar Approach Control Facility (Tracon) descriptions and
+: flow diagrams of control functions.

= The series of studies by SCD was a truly massive analysis of the many
. skills involved in ait traffic control and provided much valuable assis-
. tance in the training of air traffic controllers and in their utilization.

However, it was of limited value in supporting work on the basic task of
L~ selection of controllers, because of the great number and complexity of
the controller skills and functions reported.
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One of the best comprehensive analyses of the skills of the air
traffic controller was that by Whitfield and Stammers, in 1978. They
attempted to describe the major features of the controller's job and
of the underlying skills, with particular emphasis on the processing
of cognitive skills. Consideration was given to the influence of equip-
ment development on the human skills required in relation to new develop-
ments in computer application. More sharing of tasks between men and
computers was anticipated. These involved human factors problems in
design of the controller-computer interface, particularly determination
of the balance of responsibility between man and machine, or between
controller and computer programmer. Optimal forms of computer assis-
tance were considered, but it was stated that there was little real
evidence for the optimum assignment of these decision-making functions.
Consideration was given to the effects of automation on the attitudes
and job-satisfaction of the controllers involved.

In 1978, Stammers briefly considered several aspects of human factors
in air traffic control. The area of airfield alr traffic control was in-
troduced and potential increases in demands were outlined. The tasks in-
volved were described as an initial approach to the problem of developing
improved systems. The various methods of information collection and or-
ganization for such tasks were discussed. Possible future developments
in systems were mentioned, together with their asgoclated ergonomics aspects.

Hopkin, in 1979 briefly considered the problem of mental workload in
air traffic control. After considering a number of approaches to workload
measurement he concluded that none of them had proved to be helpful; all
of the approaches tended to yleld a large number. of relatively independent
variables, with little tendency toward meaningful clustering.

In 1974, Karson and 0'Dell studied personality differences between
air traffic controllers and the general population and also differences
between male and female controllers. They found controllers to be some-
what superior to the general population on several scales of the Cattell
Sixteen Personality Factor Questionnaire, but found few differences be~
tween male and female controllers. (Karson & 0'Dell, 1974a,b,c)

Smith and Hutto, in 1975, studied the vocational interests of air
traffic control personnel on the Strong Vocational Interest Blank. An
Interest scale for alr traffic controllers was developed, which differen-
tiated between controllers and men in general, as well as men in other
occupations. There were no substantial differences between the interest
patterns for the three different ATC options. However, it was found that
dissatisfied controllers scored lower on the overall air traffic comtroller
scale than did satisfied controllers. In another similar study in 1979,
Smith compared the job attitudes and interest patterns of alr traffic
and airway facility personmnel, who are responsible for' the installation
and maintenance of the various electronic, electro-mechanical, computer,
and engineering systems that provide communicationm, radar, and navigation
services to the aviation community. Both groups completed the Strong
Vocational Interest Blank and questionnaires concerning job satisfaction.

There was general agreement about areas of job satisfaction and dissatis—
faction. However, ATCS's reported more satisfaction than AFT's from
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varlous aspects of the work itself and from salary, while AFT's were more
gsatisfied with responsibility, working conditions, and Civil Service re-
tirement. The AFT's were also more favorable to management than were

the ATCS's.

From the selection point of view, the most important task simulation
has been that developed by Buckley and Beebe (1972) at the FAA National
Aviation Facilities Experimental Center. They produced a series of
motion pictures, consisting of photographs of radar scopes with realistic,
computer-generated air traffic. These were presented along with informa-
tion such as course, altitude and speed of the aircraft in the form of
a test, the Controller Decision Evaluation test (CODE). The purpose of
the films was to evaluate comparatively various display configurations
in terms of air traffic control decision making. It was noticed that the
task (CODE) also produced a distribution of individual differences in
socres among controllers which tended to correlate with their scores
on other criteria. The attempt in the CODE simulation was not te repro-
duce or simulate actual air traffic control, but rather to abstract the
essential decision-making processes involved, in a greatly simplified
environment. The controller here does not control the traffic—-rather
a traffic situation is observed as it unfolds in a film as if the subject
were watching "over the shoulder” of another controller. The task is to
predict whether there will be violations of the separation standard and
to write on the answer sheet the identities of the aircraft believed to be
involved in conflictions. The test score is derived by comparing the pre-
dictions made with the conflictions known to occur in the film. Both the
conflictions correctly detected and the "false positives" (l.e., pairs
of aircraft predicted to conflict, which do not actually do so) are
counted in the scoring.

A coded clock is shown continuously on the screen during the CODE test
in order that the subject may record on the answer sheet the exact instant
when the decision was made. Accordingly, 1t is possible to obtain a score
on earliness of declsion as well as accuracy of decision. An unlimited
number of scores can be derived from- the CODE test, but they are mostly
variations or combinations of the following three basic scoreable factors:

1. Earliness of prediction of a confliction.
2. Number of conflictions detected.
3. Number of non-conflictions predicted as cenflictions,.

The first two types of scores differentiated strongly between experienced
full-performance-level controllers and newly hired econtrollers with no

prior ATC experience. However, the third type of score did not discriminate,
The experienced controllers were able to detect a higher proportion of the
conflictions and to detect them a longer period before they occurred. But
the older controllers made more, rather than fewer, errors in predicting
conflictions that did not really occur. This suggests that this sort of
score did not really reflect a true core skill in gir traffic control.
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Apparently, the trained, expereinced controller tended to call the "near
confliction” cases as conflictions when he was making the decision well
ahead of time. This seems to make sense under the conditions of the air
traffic control system.

The central skill of the controller seems to be the ability to respond
to a variety of quantitative inputs about several aircraft simul taneously
and to form a continuously changing mental picture to be used as the basis
for planning and controlling the courses of the aircraft. In the CODE film
simulation of the air traffic control task, this was approximated by an
integration of measures of the percentage of conflictions detected and the
earliness with which they were detected. In this scoring each item (pair
of targets) was converted to a nine-point stanine scale. Stanine values
2-9 were assigned on the basis of the earliness of correct prediction of
the confliction. A stanine value of 1 was assigned if the confliction
was not detected, was predicted after the 12-mile point, or was predicted
but later crossed out., The stanine scale is a nine-point standard score
with a mean of five and a standard deviation of two. Each step is equal
to one-half of the standard deviation of the normative group. The norma-
tive group used was the total sample of journeymen plus new hires for
towers, centers and Flight Service Stations.

The measures of speed of decision and accuracy of decision need to be
integrated. One good way of doing this is to prepare a normative bivariate
distribution where each point represents a combination of speed of decision
and accuracy of decision. This distribution can then be sliced nine ways
on the diagonal to produce a bi-variate stanine. This can be done for any
pair of scores and is often a very useful way of combining two variables.
This score was found to discriminate strongly between new controllers and
experienced ones. The differences in means between the two categories was
more than one standard deviation for a sample of 52 controllers.

In preparation for thegse decision-making functions, the air traffic
controller must master a vast library of manuals, maps, .regpulationg, letters
of agreement, and similar publications that guide the planning and decision
making. These cover such areas as weather, communications, navigationm,
geography, flight service, aeronautics, and flight regulations. All of
these are constantly changing and the controller must keep up to date on
them continuously. The controller must also be adept at reading maps, charts,
and tables and performing mental arithmetic on the data read. The combination
of these mental demands requires that the controller be a "perceptual-
discrimination” athlete. This means that the job of the air traffic con-
troller is beyond the capability of the average person and therefore a
high degree of selection is required for the occupation.

CHARACTERISTICS OF AIR TRAFFIC CONTROLLERS

In order to obtain a comprehensive profile of the basic skills and
aptitudes of two representative groups of air traffic control specialist
trainees, a group of 52 entering trainees at the Air Traffic Control
Academy was tested on November 19, 1968 with the various Dailey Vocational
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Tests, and another group of 291 journeymen air traffic controllers was

‘tested in 1970, These tests were designed to measure the potential of

young people for a wide range of occupations. They measure a number

of the most important skills found to be associated with preference for
training, occupational choice, and performance. The sub-tests measure
knowledge of electricity, electronics, mechanics, physical sciences,
arithmetic reasoning, elementary algebra, vocabulary and spatial
visualization. An electrical composite score was derived, based on
gscores from the electricity, electronics, mechanics, and physical
sciences tests. A mechanical composite score was bas