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36 Avsect N Thie report COVETs personnel research afforts during the past nine Years
1di.rected toward impreving the selection of applicants to work. in the Air Traffic Con-
jtrol ocecupation. The tepor. summarizes the various research efforts and makes
lspecific recommendat ions for changes in present OPM tests through which applicants

’(;ua'lify for employment consideration in the ATC occupation, and the rating and r;m'r:in.i’

procedures used to establish a register of eligible applicants for appcintment to the |

occupation.

Few tests developed for jnclusion in a revised ATC test battery include the Multiplex
Controller Aptitude Test {MCAT) and an Occupational Knowledge Test (OKTY}. Both tests
are paper-pencil, machine scorable, multiple choice type tests. The MCAT presents
simulations of air traffic flow in each item. The applicant must solve air traffic
iproblems or a related cognitive skill problem in completing each iter. The OKT
measures important aspecis of knowledge associated with prior experience that are
felated to successful performance as an air traffic control specialist.

The revised test battery recommended to OPM includes the Multiplex Contreller Aptitudd
Test and the present OPM test, Abstract Reasoning and Letter Seguence. The Occupa-
. tional Knowledge Test is used for granting adaitional earned credit in place of the
E present OPM Rating Cuide. This new test battery meets all professional requirements
' for an effective test including fairness.é—*
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SELECTION OF APPLICANTS FOR THE AIR TRAFFIC CONTROL OCCUPATION.

- INTRODUCT ION

vhis report has been ptepared to consolidate various personnel research

efforts‘during the past 9 years directed toward irproving the selection of

applicants to work in tre air traffic control (ATC} occupation. The position

_elassification standards for the air Traffic Control Specialist {ATCS) Series
{G5-2152) ectabliched by the Qffice of perconnel Management (orM) define three
raior options within the occupation.

. Flight Service Stations (FSS} which provide preflight briefing and
assistance and_advisory services to pilots guring flight;

. Terwrinals which provide control and separation of air traffic at
airports. and, ’ .

. Centers'wbich provide control and separation of enroute air t:affic.

‘'The Federal Aviation Adminigtration (FAA) is the major employing agency for
ATCSs with a workforce of about 26,000 enployees-in'the 68-2152 series. They
represent almost 50 percent of the total FAA full-time staffing. Selection
and hiring of.applicanbs.fo: the occupation by FAMA pver the past 5 Yyears has
ranged between 1,700 and 2,000 new erployees annually and can be expected to
continue- at about the same levels. The Department of  Defense (DOD) employs a
total of about 300 civilian air traffic personnel. pOD may select applicants
€rom the same OPM register used by the FAhk, although their use of the register
is minimal. _Positions as ATCSs are essentially nonexistent in the private
sectof. :

‘This report surmarizes the various res?arch efforts and, based on the results,
rakes specific reconmendations for_changes in: )

. Present OPM tests through which applicants qualify for enployment con—
sideration in the NTC occupations. and,

. The rating and ranking procedures used to establish a register of
- eligible applicants for appointment to the occupation.

The research documénts and studies referenced in the text of this report are
jdentified in the bibliography.
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HISTORICAL DEVELOPMENT OF PR?SENT.SELECTION PROCEDURES

‘Selection of ATC personnel has been an area of cuncern for a number of
'agencies over a considarable time period. Continuing research since the early
1950's has been directed toward improving the processes by which applicants or
candidates for civil and military ATCSs are evaluated, tested, and selected.
Reference (1) provides a survey of selected research studies on ATC selection
during the perigd 1952-1972.

"In August 1960, the FAR Civil MAeromedical Institute (CAMI) began administering
a heterogeneous battery of commercially available tests on an experimental
basis to newly selected ATCSs at the FAA Academy in Oklahoma City. After the
9 week Acadeny ATC training course, the student's average academic test scores
and average laboratory soores were surmed to form a composite which was corre-~
lated {(Péarson product - moment formla} with the composite of the experimen-—
‘tal aptitude test scores. The coefficients ranged from .35 to .54, Based on
these findings, it was concluded that aptitude tests could improve selection
of ATC applicants who would be successful in the occupation.

The conmercial test:s used experimentally were considered to be more suscep-
tible to compromise than those controlled by the Civil Service Commissicn
(CSC). Consequently, those commercial tests that showed the must pronise were
. used to identify CSC tests which were similar in factor content. Table I
identifies the five tests and the zero-order correlations derived from these
studies (2}. These CSC tests and an additicnal Air Traffic Problers Test
developed for FA"™ were then erployed, beginning in 1961, in another series of
testing sessic . at the FAR Acadeny. Subsequent regression analysis. resulted
in identifying five best predictors of training success using coursge gqrade and
pass or fail status of ATC students.

TABLE 1 CSC TEST VALIDITIES

Testing Dateé:-. ' : (N = 143 ~ pass)

Septenber 1960-June 1962 (8 = 183} (N= 40 - fail)
QSC_Testsl Course Grade Pass/Fail

CSC 51 Spatial Patterrs LATER ) 2T
CSC 24 Computations L28%% -16%

. CSC 157 Abstract Reasoning ] LA .18%
C8C 157 Leétter Seduence S5%% ' A5k
CSC 135 Oral Directions i JABRE

_C8C 540 Adr Traffic Problems . e4lnt ) : «29%*

*p £ .05; **p L .01

l7est nurber ascigned by CSC



Beginning in 1962, the test battery identified in Table I served as a major
deterrminant. in the selectionof one-third of the applicants with little or no
prior ATC related experience. Applicants with experience continued to be
selected without a requirement for formal testing. CAMI continued to. collect
and analyze data on the test battery after its adopticn by the C3C. In
January 1964, the CSC battery was introduced as 2 means to qualify all appli-
cants regardless of their previcus experience, although air traffic related
experience continued to be used as a ranking factor for placing applicants on
the CSC register for selection.

In October 1968, further modifications were made to the ATC selection system
aimed at relieving a shortage of ATC personnel in a rapidly expanding ATC
system. A major change provided for hiring applicants with specialized ATC

" experience (particularly in military radar control} at a higher grade. (GS-9/

.GS-11) without requiring that they take the CSC test battery.

These ATCS sélection provedures resained essentially unchanged from 1968 until
1973 whep a rmaximum entry age (31 years) for the Cepter and Terrinal options

- was established by Public Law 92-297. At this time, CSC and FAA re-estab-
liched the requirement that all ATC applicants take the CSC test battery and
achieve # score of 210 or higher for enploynent eligibility. From 1973 to the
present, the ATC seYection procedures have rerained essentially the same.

The methods and standards for establishing ATC enmployment eligibility have
varied fror time-to-time since 1962. However, the total selection process has
typically involved twp elements: the use of the CSC_test hattery to datexrine
éTigibility for employment; and the weighting and use of prior aviation-
felated experience either directly or indirectly in selecting from among those
applicants eligible for employment. Refererces (2), (). {4), and (5) provide
sources for more detailed informetion on the developrent -of ATC selection pfo—
cedures and (Chapter I of reference 6) presents a nore extensive discussien of
current selection processes.
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PROBLEM AND RESEARCH OBJECTIVES

Attrition of ATCSs during the devL‘opnental training perzod has been an area
of continuing concern for the FAA. Anslysis of trainipng losses over the past
% years highlights the fact that attrition ranged between 25 and 40 percent
dur:ng “the 2 to 5 vear traxh1ng per:od requ1red to reach the full perforrance
 1eve1 (FPL). The.major part of. thlﬁ‘attrlt;on”;gﬁg;ted irom the inability of
trainees to acquire and demonstrate the skills and knowledge o progress
satisfactorily through the -training prograr. This has been the case indepen~
dent of whether or not the training has been conducted on a completely decen-
.. tralized basis or when selected phases of training have been cenducted at the
... FAA Academy on a centralized basis.

= Mttrition rates of this aagnitude involved invgﬂjﬁgnth195565 of millions of .
dTlars annually ta tha FAA In salaries, training, and travel costs. Of equal

-“—luportance to mainteining an adequate staff of full performance coutrellerc is
" the irretrievable loss of “time,"” since a new applicant hired as a replacerent
rust start at the beginning of the training cycle. ' -

This significant investrent loss to the FAA has two major components. First,
the screening and zelection criteria used to determine which applicants to
‘hire for the occupation; second, the length of time taken to identify traindes
who do not déemonstrate the ability to progress to the full performance level
tequired by the occupation.

* %o establish nmore conmprehensive and uniform training, and to provide earler

" identification of trainees who do not demonstrate -the necessary skills and-
abilities, the FAA re-established a centralized ATC Initial Qualification
Training Progranm at the FAA Academy for the terminal and center options and
regtructured the follow-on training conducted at the ATC facilities in January
1976. -Selected phases of training leading to FPL are conducted on a pass/fail
bagig using defined job-related training cutcomes and standards. KA comparable
pass/fail training program was established for the FSS option in Septenber
1978.

" Terminal, center, and FSS initial cualification training at the FAA Acaderny
consists of approximately 15 weeks of instruction in both acaderic and labora~
tory environments where students must demonstrate. the ability to learn and
apply the knowledge and skills taught at the Academy. Failure to pass the
training is the bagis for removal from the ATC occupation or the FAA. While
the attrition rate fluctaates from class to class, the average loss rate
during the initial gqualification training over the past 3 vears inp terminal
and center training has been 24 percent. Four percent of the students volun-~
tarily withdrew from training and 20 percent failed the course. This rate
vaties for each year. For 1977, the failure rate was 21 percent and with-

.~ drawal 5 percent; for 1978, failure 30 percent and withdrawsl B percent; and
~ in 1978, failures were 28 percent and withdrawals 7 percent.

.‘4“;”‘@
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;£7_The FAA Acadermy training hes been effective in providino early identification

 of those trainees who do not demonstrate the necessary abilities te progress
“to the jerneyman ATCS level. Between 1970 and 1976, when all ATC training was
. conducted on a decentralized basis at the individual ATC facilities, the

" average length of service for ATC trainees who separated from the occupation

" was between 18 and 24 nonths. Witk initiel gualification training conducted

“":at the FAA Acaceny, most attrition which can be expected to aecur due to per-

'jfo:nanCe takes place during the first 5 rnonths of enploynent. By itself, this
change in FAA AIC training provides a cost avoidance on the crder of $10.0 to
$12.0 nillion a vear.

There =till remains, however, the concern with the overall attrition rate of
ATC trainees. For exansple, salary and training costs for the initial ATC
,_Qualification training program represent about £10,000 for each employee
"hired._ With a hiring rate of 1,800 new enployees annually, a 24 percent -

attrition rate eguates to an jinvestment loss of about $43 mwillion each year.

Consequently, the pxiiﬁry purposé of this personnel research is to develop
improved selection procedures in order to hire those applicants who clearly

. despnstrate aptitute for ATC and whose potential for success is greatest.

References (8}, (%), and (103 providé sources for more detailed information on
_ATC trdininee attrition, cogts, and training progranms.

T
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ATC JOB ANALYSIS

'K!he Dictidnary of Ocgupational Titles provxdes a general description of the
functions and activities of ATCEs in each of ‘the options. - In addition, more
_ detailed job/task Lnalyses have been corpleted for a variety of purposes.

. Position Classification. In 1978, the CSC corpleted a reviged

- Classification Standard for the GS-2152 ATC -occupation which identifies
' gpowledge, skills, and aptitudes reguired in the FSS, terrinal and
center optionsg.

. Perforrance Evaluation. Between 1971 and 1975, the Syster Development
Corporation under contract with the FAA completed a detailed job/task
analysis of the terminal and center options, to identify-the basic

© ' gkills needed for successful perforrence of each task required of a
'.contzoller. as a -basis for developing objective performarnce gtandards
and measures. The results are currently used by the FAA in conducting
"over the shoulder™ evaluations and extended training reviews for ATCSs
under the ATC Technical Appraisal Program {(TAP}.

© U« ATC Work . Attributes. As part of a broader research study on AIC selec-

- tiomn, Education and Public Affairs (EPA), Inc., undet coritract with the
FRA, completed an analysis of the work attributes associated with the
ATC occupation and proposed nethods for their measurement. Their
report (7} identifies nine major demands ol ATC work {e.g., cognitive
requirenents) ; over 30 attributes {(e.g., judgment and reasoning
ability) associated with job demands; and, describes one or rore ATC
tasks related to these attributes.

In addition to these more recent ATC job analyses, others éoing back to the
-1950°s have been conducted (1}.



OVERVIEW, OF RESEARCH STUBIES

',bersonnel'research related to different facets of the ATC occupation has been
s continuing FAA prograk since the early 1960%s. This report, however, will
focus on the results of studies directed to initial selection of applicants,
particulariy the developnent of screeniny tests and the use of prior aviation
;experience in the selection and placement process. Over the past 9 years,

?{studies have encorpassed sarples of four major popqlation gQroups.

*

FPL ATCSs;

Develbpnental ATCSs with several years of AIC training who have not
reached FPL status;j

.New. ATC appointees who were just-entering the occupation; and,

hpplicants for ATC work.

wWhile a number of interrelated stud{eé have been completed, perhaps the best
wvay to provide an overview is to briefly identify them in a chronological
- sequence althopgh they were obtain conducted as parallel efforts.

1972 - FAA ATCSs. A major study (12) of some 14 experimental te2sts as
candidates for inproving-selection—of ATCS applicants was conpleted by

 gph. The study was based on coricurrent analysis of about 800 ATCSs

covering all three options and included both journeyran and new
appointees in the ATC occupation.

1877 ~ FhA ATCS., Based in part 4n longitudinal analyeis of the infor-
wation ohtained in the 1972 study., EPA conpletéd a conprehensive
analysis of 11 experimental predictors involving over 3,000 employed
and separated ATCSs. This study (13) also enconpassed all three ATC
options. . : )

1976-1977 ~ Appligsants for ATC Work. Since no information was avail-
able on the characteristics of the population which applies for ATC
work, CSC, at FAA's request, adwinistered three of the experimental
tests or predictor forms along with the present CSC test battery to
about 7,500 applicants for ATC work when the exXam was opencd in the FAA
Eastern 'and Southern Regions. The informtion obtained provided a
variety of necessary data op the characteristics of individuals who
express an interest in the ATC occupation by taking the qualifying CSC
test. It also provided a basis for corr.::-ing for restriction in range
in the statistical analysis of CSC tests and experimental p:edictors
adminictered to those individuals hired for ATC work.

1976-1978 - New Appointees to the ATC Occupation. With the establish~
ment of the ATC initial gualification training at the FAA Acadeny in
1976, the Office of Aviation Medicine and CAMI initiated a continuing
progranr of expérimental test development, administration, and analyses
of data on new hires in the center and. terminal options. Experimental
tests, including those used in the 1977 study by EPA and administered




©to the applicant population by C3C, were given to new ATC hires at o
the FAA Academy prior to the beginning of training. In addition, the

CSC test battery scores were obtained for each individual whenever
possible. About 3,000 new ATC hires were ineluded im this study with
complete data on all variables for over 1,800 appointees.

Analysis of the data fer this sanple together with the informa-
tion obtained on the 7,000 applicants by CSC in 1976-77 provided the
basis for identifying those existing CS5C or experimental tests which,
in combination, resulted in the best prediction of success in ATC
training. 1t should aly~ be pointed out that this sample group (and
sBubsequent ATC training classes) provide the basis for longitudinal
analysis of tests and training scores with on~the-job training and:
succ.S§ as employees progress toward FPL status.

1978-1979 - New Appointees to the ATC Occupation. Based on analyses
completed through 1977, the FAA Office of Aviation Medicine developed
parallel forws for those éxperimental Lests which provided the best
predictive capability. Beginning in June 1978, two paralle. versions
of the tests were administered to each employee entering ATC training
between June 1978 and January 1979. About 1,100 rrainees comprise
. the sample for this study. The data provided the basis for item
analysis of the parallel test forhs and together with other variables,
their correlation with training success or failure.

1978 - Applicanrs for ATC work. During September - October 1978, the :
CS5C reopened the ATC examination for applicants. At FAA's request,

CS€ administered the parallel forms of the experimental tests used at
the FAA Academy along with the standard CSC ATC test battery. CSC

also obtained information on sex and ethnic groups, for these
-applicants, which previously had been uncbtainable., This applicant
population was comprised of about 7,000, including about 1,000 who

took the examination on a "walk-in" basis as part of the affirmative
action recruitment program. This information provided a basis not

only for item analysis of parallel test forms relative t. the applicant
. population, but an opportunity to evaluate the effect of changes

in the qualifying test battery on selection alternatives and triteria.

.
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The general relafionship between these studies is showm in Figure 1
They are summarized in the following sections with respect £o:

. Objectives
. Sample Descriptiors
. Predictors |
. Criteficn"ngasures
..g . Anaiyticai Mefhpdqlogy

. Results




FIGURE 1.  SEKERAL RELATIOMSHIPS BETWEEN AT SELECTION RESEARCH STUDIES

iz
AYC Ralection
Stwly

187
Cwmtral ATC
tial Quadifi=
Ciaba Traisisy
Eatakl tahed

Meaniwtratisn st
Lapw 1 isnntal
Teats to e ATC

Rires
1974 « 1918

imante

Teat Valialty
Por:

. B¥legeion

+ Flacumant

. Teirnesy

1PM/1Y??
FAL/CEC Study of
ATC Applicant

Topelation

Test ard

Dascriptive
tatistice on
ATC Applicant

Tert and

/ Deseriptive

Statistice oA
Vv AT

Selection 3t
most Pryedictive’
AYC Twst eatary

" mdmislweration

L

10




. 1972 STUDY ~ SELECTION OF AIR TRAFFIC CONTROL SPECIALISTS "

Ff'Objectives. The focus of this research was on selection as related te job
-2 performance. It was nased on concurrent validity analysis. The primary
+ questions addressed were:

performance of a. journeyman ATCS from a battery of tests adminis-
tered at the time of" job application? ‘

. To what extent is it possible to predict the quality of job .a/"”'

. To what extent can improvement be achieved by assigning applicants
consistently to one of four selected ATC options (FSS; Center, IFR
or VFR terainals) and within these, into high or low density {activity)
facilities? -

. To what extent do the measures selected- to accomplish the above
objectives affect black and white applicants with an equal degree
of fairness? )

Sample Description. The total sample was comprised of approximately 800
employees who were either journeymerr ATC specialists {FPL) or new ATC
appointees including an oversanmple of black ATC specialists. Sample’
selection provided for distribution between four types of ATC facilities
{Centers, IFR and VFR Terminals, and Flight Service Stations). Sarples’
for Centers and IFR terminals were further stratified between high and
low activity facilities. Racial distribution, including the oversample,
was 93 percent white and 7 percent black.

Using 15 major cities in the U, S., the sample was randomly selected
(except for the oversample) from ATC facilitles within a 100-mile radius
of the 15 hub cities. Sampling was controlled to exclude ATC specialists
over 36 years of age and to- insure that FPL Specialists had no less than
'3 years nor more than 10 years of ATC experierice with FAA. Because of the
small number of women in the ATC ‘workforce, it was.not possible to atratify
the sample selection based on sex. Participation on the part of ATC
specialists was voluntary. A1l subjects were administered a battery of

paper-pencil tests or forms including the present CSC test batte

In addition, a subsample of about 260 ATC Specialists who took the
paper-pencil battery were administered a series of "psychamotor” tests in
a separate testing session at FAA facilities at Oklahoma City. Of the
journeymen, 34 percent took the psychomotor tests together with 32 percent
of the new appointees, Selection of this subsample was controlled for region,
type of ATC facilities and variance on the confidential supervisory per-
formance evaluation which was used as the criterion measure. Racial
distribution of the "psychomotor™ subsample was 83 percent white and 17
percent black. ' :

‘1




Predictors. In selecting predictors for this study, four objectives were
-, gonsidered: ' ‘ ' ' -

. . They should cover as broadly as possible, the range of job
and worker attributes identified with the ATC occupation.

. Experiméntal tests should not substantially overlap areas already
covered by the existing CSC test battery which was to be adminis-
tgred to the ATC Specialists. : .

. Experimentéi teste should be selected which, based on prior
j_research. appeared to have potential validity for ATC selections.

. The two selected test batteries (paper-pencil and psychamotor)
should not require more. than 8 hours each to administer.

Within these objectives, the following were-selected:
////} Paper-Pencil Battery

: - Aptitudg,Tests
Current CSC test battery (5 parts)

N Minimum Coins test ‘
" Dial and Table Reading Test

5 - . Xnowledpe and Interest tests

// ' bailey Technical and Scholastic Test
3 ATC General Information Test

i - T"Personality” Tests

7 Coricept~Ad jective Test
/ Closure Speed Test

- Background Information

- Biographical Inventory

.  Psychomotor Battery

Directional Headings Test

Hidden Patterns Test

Press Test

_Controller Decisions Evaluation {CODE) Test.
Mmultiple Task Performance Test
CompresqedQSpeeeh Test

12




< The Paper-Pencil Battery was administered to the total sample group.
ast administrators were FAA empioyees, trained by Cducation and Publie
Mfairs. The Psychoumctor Battery was given to the sybsample at FAA
facilities in Oklahoma City where. equipment required ror administration was
available. Detailed discussion on the source, nature of the test, method
of scoring, reliability and validity for the selected tests 1s provided
elsewhere +!.). The centractor obtained and kept all test results

and information on individual ATC Specialists on a oconfidential basis.

No individual data were provided to FAA. ‘ : '

Criterion Measure. After examining a. number of alternatives. a Confidential

“ Bipervisory bvaluatlon form was used as the criterion against which experi-

- ental tests were validated.  These evaluatiors were obtaiped by the con-

ractor directly from the ATC Specialists' supervisor. They were not reviewed by
FAA nor were copies provided to the agency. The ccntractor retalned all
individual evaluation data on a confidential basis. The evaluation covered

the broad areas of performance within a number of task behaviors for each

area.

Performance Area . o Task 1tums

Knowledge

Perception

Cozprehension

Memory

Communication

Judgement

Traffic Management Technigues
Performance Work Stress
© Interpersonnel Skills

Other personnel skills

In addition an "Overall Performance™ category consisting of four task
iteps and a summary evaluation were obtained. The Summary evaluation
was a seven-point rating scale with 17 being the highest performance and

" the lowest.

pescriptive Information. Based on biographic responses from 30% FPL ATC
Jpecialists, the following background and educational information was

obtained:

98% were men; 2% women
g6% had prior military service ' o :
72% claimed prior (military)} experience as a controllee
2% claimed experience as 2 pilot :
48% took the CSC test battery for appointment; 10% more than
once,before passing
g?i completed high school

- » - L] -

51 attended college; less tHan 1% completed college




Analyti cal Hethodology. Data-coliected were subjected to a vafiety-ef

- statistical treatments. Among the principal methods were:

Miltiple regression analysis in which test measures were
correlated with performance evaluation measures to determine

. how well they predicted job performance.

Analysis of variance for testing differences between groups; '
minority and non-miniority; journeymen and new appointees;
and, those hired with previous aviation-related experience

compared to those hired without such experience.

Hlltﬁple discrimgnan function analysis, in which tests were
evaluated in terms of their ability to maximize placement

~within option and activity levels.

_Raﬁults.. In summary, this Study concluded that:

Capacity of the tests to predict job performance of journeymen .
ATC specialists produced mixed results. The CSC test battery was
marginal in predicting job performance, as measured by
supervisory evaluations. This result, however, waes due pri-
marily to the restriction in range of the CSC test predictors.
This restriction resulted not only from the selection processes
but also from the screening which took place during the develop-
mental training period as the controllers included in the sample
progressed to the journeyman (FPL) level. This study did not
attempt to correct for the range restriction and consequently
the predictor relationship of the CSC Tests to the job per-
formance criteria was not determined. The psychomotor tests
developed consistently significant correlations with supervisory
Job performance evaluations.

By combining<papéﬁfpencil and psychomotor tests, the anaiysis

indicated that It was possible to improve assignments to the
different ATC options based on tests results and, with additional.
tests, to high or low density center or IFR terminals.

If relevance to the job is the primary factor in determining

test acceptabllity, the tests proposed from the research met

.that criterion. They also predicted job performance equally

well for each racial group (black and white). However, blacks

‘as a group consistently scored lower on the tests than did whites.

14



This study provided FAA with valuable information and insights on the
problems associated with selection and placement of applicants for AIC
work. However, action on the rescarch results and recommendations was
deferred due to a number of considerations including the complexity of
‘the specialized equipment required for the psychomotor tests, logistical
difficulties in test administration ard complexity in test scoring and
ranking of applicants.

s




1977 STUDY - SELECTION OF AIR TRAFFIC CONTHOL SPECIALISTS

Continuing concern with the rate of ATC tralnee atirition -and considera-
tion of reestablishing centralized ATC training at the FAR Acadeny
resulted in a review of FAA selection and screening policies in

December 1974 (%) and completion of a cost analysis stuly of alterna-
tives ) in March 1975. - Among the actions resulting from this review,
FAA contracted with Education and Pubiic Affairs, Inc., (EPA) for a
follow-on analysis of ATC selecticn tests in Jw.> 1975. A summary of
“the final EPA report is provided slsewhere (1%, :

Objectives.  The objectives of this research were directed to esseritially
the same concerns as the previous (1972) study completed by EPA: selzction,
placement, and fairness. However, the study design significantly expanded
the sample size, structure, and representation; encompassed more criterion
measures of ATC job success; and incorporated an evaluation of prior
aviation-related experience and educational level as predictors of ATC

“job success. . : . .

" Longitudinal Analvsis of 1972 Experimental Tests. The first effort In

‘this study was to analyze on a longitudinal basis the relationship

‘hetween the experimental test results obtained during 1971 and critericn :

peasures related to the ATC specialists who participated as of 1975.

‘Yalidity coefficients of each test score with each criterion medsure were

calculated. A factor analysis of the tesis was also undertaken to deter-

mine overlapping af underlying variables. The tests selacted from these

“analyses weré then subjected tg rultiple regression analysis to deterning

" the minimum number of tests or test scores which would predict the

- gaximum proportion of variance In each of the criterion measures.

- Table 2 identifies those 1971 experimental tests and predictors (X)

“which, based on their simple correlation with the various criterion measures
established for the analysis, warranted further study by means of [ield

fdation. . ' i
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Table 2 Predictor and Criterion Measures of ATC "Success
(1975) for Controllers Participating in 19:1 ALC
Research

Sepa- Progression+ Present 197) Supv.  Sup/Staff

ration = Actritiom tion  Assess. " Position
eV DRV ITL DE - TP

- CUDE X X. X X X X -
 Pial Reading X X e = - -
Dir. Heading X - - - X -
Ax Traffic Prob,* - - - X X - X -
Arith. Reasoning** = - - - - X X -
- ATC General Info. X - - R -
Concept Adjective = X X - X - X -
X X - X X X X

. Biog:aphical Info.

Scholastic Test (TST)

*kkSypervisory assessment crltermn data available for 1971 FPL
' ATCS only. No new 1971 appointees progressed to ATC super-
visory or staff posit:.ons by 1975.

With some modifications these exper-_mental tests used in 1971 became the
- Moore" test battery for the 1977 research. A more detalled discussion
of the methodology and results of this longitudinal study 13 provided

- olaewhere (14),

le Description - 1977 Study. A comprehensive sample des.gn was
: eonstructed Eg del'ine the AIC population to ensure a representative
. sample for three specific "year of hire" groups. These groups repre-
| sented three ATC career "stages": (1) New Hires (1976); (2) Develop-
. mental ATC Specialists with 2 to 3 years ATC experience with FAA (1973
. and 1974); and, (3) ATC Specialists with 2 to 6 years experienoe at the
’ Jwrneymn (FPL) level (1969 and 1970).

* In agdition to these primary ATCS samples, three additional ATCs
sarples were inecluded:

+ An oversample of currently emp) oyed women and mmority
ATCS's in the same. tliree “year‘ of‘ h:.re“ groups.

]_J’



'« ATC Specialists who participated in the 1972 research.

.+ A sample of ATC SpEc;alists who were hired during the three
. time periods sampled, bui who had separated from ATC work
before reaching FPL status. - :

Sample selection was constrained to exclude employees who were in ATC
staff or supervisory positions or ovér age 31 at the time they were
hired except in the FSS option.

- Sample selection for the three primary groups was based on stratified
.random sampling methods to provide a proportionally representative group ‘
of the total constrained ATC universe for each of the four ATC "options" .
.(FSS, VFR, IFR, and ARTCC) with respect to both the initial and current
option of assignment. T T .

able 3 identifies the variocus ATC specialists samples by year group, the
tal number desired and the samples actually obtained. Since participation was
luntary, the number invited was expanded where possible to provide for '
declination and nofresponses, o e T ‘

TABLE 3. ATC SP‘ECI&LIST BY YEAR HIRED,
" SAMPLE GROUPS AND ATC CAREER STATUS

ATC sample . ATC . - Percent of
Year ‘ Caresr Number Desired Obtained Desired
ired ' Groups _ Status Invited Sample gample Sample
1969-70 ~ (1) Bmployed ATCS FrL 1344 800 754 (94v)
- (2) ATCS Oversample  FPL 151 200 31 { 68)
(3} Separated ATCS DEV - -— 362 -
1973-74 (1) Employed ATCS pEV 1127 ‘800 - 740 {93%)
‘ {2} ATCS Oversample DEV 258 200 72 {3607)
{3) Separated ATCS DEV —— - . 166 it
% 7 {1} Employed ATCS New Hires .
S . (DEV) 610 610 550 (97%)
(1) Bmployed AYTCS FPL. 480 480 270 (564).

_ {2) Separated ATCS FPL/DEV —— - 74 ——
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fhe number of women and minorities who. volunteered was not adequate for
snalysis by year group or ATC option. Consequently, the analysis on test
fairness combined year and option groups to provide 235 women and 321
alnorities. The oversample for women arnd minorities was used only for
snalysis of the falrness of the ATC "success" predictors. The final

EPA report (Clupte? Vil ol relerenee B prov ides o cosplete discuzsion en

e sampling methedobopy.,

predictors. Two of the tests used in the 1972: study were modified for
use In the 1977 research.. : ,

" CODE (Controller Decision Evaluation). This test consisted of
"three [:lm versions of a computer s:mulation of moving air
“tyraffic patterns appearing on a radar scope. Initially these -~
were converted to slide projector presentation to eliminate the
-~ need for movie projector equipment and to simplify both the
~pesponse recording and scoring. Group administration of the
various adaptions of CODE during this test development phase
. - elearly pointed dp the practical problems of using film or slide
projection equipment in test administration. Consequently, a
paper-pencil version was developed which incorporated measures
of abilities to identify potential conflicts of aircraft as well
as the traditional kinds of aptitudes within an a‘r traffic control
context. The resulting test, the Multiplex Controller Aptitude n
Test {MCAT) was made available to EPA as-a substitute for the '

CQDE tests.

. Arithmetic Reasoning, In the pripr research. the arithmetic reasoning
test was one part of the Dailey Technical and Seholastic Test (TST).

ince this part could not be given as an isoldted test, an Arithmetie
Reasoning test developed by.the Army Air Force, which was similar,

was used in the 1977 research.

 1In addition to the predictors. derived from the longitudinal analysis of
- the experimental tests administered in 1971, three other predictors were

. used.

Pre-employment Experience Questionnaire (PEQ)

To obtain specific data from participating ATC specialists on
various kinds of pre-FAA experience and education, a questionndire
was developed from the CSC Rating Guide elements used as a basis
for granting additional credit in the ATC employment selection

. processs
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‘.. ATC Occupational Knowledge Test (OKT)

This test was developed to be "job-khowledge specific.™ Conse-

' quently, it was not included in the 1977 research. for the purpose
of evaluating its use in screening ATC job applicants for employ-
ment eligibility. It was ysed to measure the "quallty” of prior

" experience as a potentially improved basis for granting additional
© eredit for experience in the selection process in place of the
existing CSC Rating Guide. ’

Sixteen Personality Factor' Questionnaire (16 PF)

The- 16 PF Questionnaire is administered as part of the medical
qualification process to all entering ATC Specialists, It is de-
-signed to measure important personality characteristics not other-
“wise measured and the 1977 research offered the opportunity to assess
-its utility for possible selection or placement purposes.

The experimernital test battery used in the 1977 research my be divided
“roughly into two groups of instruments; (1) Cognitive Predictors, tests,
‘which have predetermined right or wrong answers; and (2) Other Pred’ctors
where applicant responses ordinarily have no inherent value of "pight" or
Merong® except as measurable against criteria or values external te the
"test.” The following identifies the predictors used within these two groups.

. Cognitive Predictors

Multiplex Controller Aptitude Test (MCAT)
' Directional Headings Test o
" Pial Reading Test '
- Arithmetic Reasoning Test
ATC General Information Test
. Present CSC Test Battery (5 parts)
ATC Occupational Knowledge Test o

- Other .Pr'edictors

" Pre-Employment. Experience Questionnaire
“. Concept Adjective o

Biographical Inventory Lo e
"' Sixteen Personality Factor Questionnaire (16 FF)
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. ATC Specialists who participated in the 1972 research.

. A sample of ATC specialists who were hired during the three
time periods sampled, bu. who had separated from ATC work
before reaching FPL status.

Sample selection was constrained to exclude employees who were in ATC
staff or supervisory positions or over age 31 at the time they were
hired except in the F3S option.

Sample selection for the three primary groups was based on stratified
random sampling methods to provide a propertionally representative group
of the total constrained ATC universe for each of the four ATC "options*
FSS, VFR, IFR, and ARTCC) with respect to both the initial and current
{iOption‘of assignment. .
.J‘t i

Table 3 identifies the various ATC specialists samples by year group, the

‘total number desired and the samples actually obtained. Since participation was
luntary, the number invited was expanded where possible to provide for

declination and nonresponses. : :

TABLE 3. ATC SPECIALIST BY YEAR HIRED,
SAMPLE GROUPS AND ATC CAREER STATUS

ATC Sample ATC : Percent of

Year Year Career Number Desired Obtained Desired
Hired Groups - Status Invited Sample gample Sample
$69-70 (1) Employed ATCS - FPL 1344 8aD 754 (84%)
(2} ATCS Oversample FPL ~151 200 31 { 6%}

(3) Separated ATCS DEV —— -—— 362 -
1973-74 (1) Employed ATCS DEV 1127 800 740 (93¢)
. {(2) ATCS Qversample DEV 258 200 72 (isn)
(3} Separated ATCS DEV —— L — 166 ——-

¥16 (1) Employed ATCS New Hires

‘ (DEV) 610 610 580 H{91%)
1971 (1) BEnployed ATCS FPL 480 480 - 270 {568)

(2} Separated ATCS FPL/DEV Cm— —— 74 -——
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aralysis of the falrness of the ATC "success"
EPﬁ r'epor't. Wt e VL o Pelereihiy 15 o

e .'\'Jl‘."'.."l in: !':rlh_«u!nl,u;:\'.

1977 research.

CODE (Controller Decision Evaluation}.

.

need for movie projector equipment and
response recording and scoring. Group
various adaptions of CODE during this t

Test (MCAT) was made available to EPA
CODE tests.

was used in the 1977 research.

 the experimental tests administered in 1971,
- used. ' -

e nunber of womeh and minorities who volunteered was not adequate for
lysis by year group or ATC opticn. Consequently, the analysis on test
fairness combined year and option groups to provide 235 woxzen and 123
winorities. The oversazple for women and minorities was used only for

predictors. Th final

fdes o cenplete disoassion on

‘Predictors. Tao of the tests used in the 1972 study were modified for
use in tne ' o

This test consisted of

" Three f-lm versions of a computer simulation of moving air
traffic patterns appearing on a radar scope. Initially these
were converted to slide projector presentation to eliminate the

to simplify both the
administration of the
est development phase

olearly pointed up the practical problems of using film or slide
projection equipment in test administration. Consequently. a.

paper-pencil version was developed which ‘ncorporated measures

of abilities to identify potential conflicts of aircraft as well

as the traditional kinds of aptitudes within an air traffic control

context. - The resulting test, the Maltiplex Controller Aptitude :

as a substitute for the

. Arithmetic Reasoning. In the prior research, the arithmetic reasoning
Tect was one part of the bailey Technical and Scholastic Test (TST).
Since this part could not be given as an igplated test, an ArithmebLic
Reasoning test developed by the Army Air Force, which was similar,

In addition to the predictobs_derived from the 1ongitudinai.analysis of

three other predictors were -

. Pre-employment Exverience Questionnaire (PEQ)

for granting additional eredit in the
Processs
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. ATC Occupational Knowledge Test (OKT)

This test was developed to be "job-knowledge specific.” Conse-
. quently, it was not included in the 1977 research for the purpose
of evaluzting its use in screening ATC job applicants for employ-
ment eligibility. It was used to measure the "quality” of prior
experience as a potentially improved basis for granting additiIonal
credit for experience in the selection process in place of the
-existing CSC Rating Guide. B .

Sixteen Personality Factor Quést;onnaire {16 PF)

The 16 PF Questionnaire is administered as part of the medical

" qualification process to all entering ATC Speclalists. It is de-
signed to measure important personality characteristics not other-

- wise measured arid the 1977 research offered the opportunity to assess
. its utility for possible selection or placement purposes.

The experimental test battery used in the 1977 research may be divided
oughly into two groups of instruments; (1) Cognitive Predictors, tests,
hich have predetermined right or wrong answers; and (2) Other Predictors
ere applicant responses ordinarily have no Inherent value of "riIght" or
ang" except as measurable against criteria or values external tc the :
test.” The following identifies the predictors used within these two groups.

+ Cognitive Predictors

Maltiplex Controller Aptitude Test (MCAT)
Pirectional Headings Test '
Dia} Reading Test '
- Arithmetic Reasoning Test
.- ATC General Information Test
~ Present CSC Test Battery (5 parts)
ATC Occupational Knowledge Test

Other Predictors

Pre-frployment Experience Questionhaire
. Concept Adjective
Biographical Inventory

Sixteen Personality Factor Questionnaire (16 PF)
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er than re-administer ‘the present CSC test pattery, the intent was to
in the CSC test scores for participating ATC specialists freom existing
rds. However, this did not prove to be feasible for a large number of
employees in the sample. (wosequently, analysis of the experimental

3 in relation to the existing (3T test battery as predictors of ATC
sitcess was not possible in this study. ' :
itive predictors” and nother predictors” were each analyzed
arately againsi the >riterion measures usec to define "success” in the
' occupation. They were also analyzed together in a suppiemental repcrt
§5) to determine the extent ta which "other predictors" aaded to the '
j1idity of the teognitive predictors.” .

*fiscussion and description of each of the predictors used in the study
peluding ‘relevant prior pesearch, reliability and validity is provided
#lsewhere (Chapter Vi of reference l4). : ‘ _

r analytic purposes, the objective was to obtain pre-employment and
cation information on all ATC specialists in the sample groups. The
werimental tast battery was administered to approximately 50 percent

of the 1969-1970 and 1973<1974 sample and all new hires in the 1976 group.
elect lon of efployees to take the experimental test battery was controlled
1o provide proportional distribution by ATC option within each year group.
fhe experimental tests were also administered tc all employees included in

the ATCS oversample groups.

Predictor data were obtained in several ways. The Prior Experience Questicn-
paire (PEQ) was completed by the ATC specialists at the time tney agreed Lo
'partieipate. The experimental tests were administered to the new hires
at the FAA Academy on their first day of attendance by the EPA staff -
assisted by FAA personnel. For those ATC specialists assigned Lo facilities,
the tests were given DY FAA test administrators who were trained by EPA. .
full discuyssion of the data collection methodology is provided in the FAA
report (Chapter Vi1l of reference. 14). . . ]

Criteria and Measures of ATC Success. To determine how valid experimental
Yests, prior experience and education are as predictors of ATC success,
operational definitions (eriteria) of success and ways to quantitatively
‘measure them had to be established. The following four criterion measures
were used in the study and were then combined into a single nagpregate”

“measure of ATC success.
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Training Performance. This was measured by scores received on

the ATC Laboratary Problems and the Controller Skills Test during - '
initial ATC training at the FAA Academy. These scores were selected
since they require studénts to demonstrate operational application

- of academ’ic knowledge.

On~the-job Performance. This was measured by confidential job/task
assessments prepared by the employee's supervisor. It included

54 questions on ATC job tasks and four general questions on quality
of job performance. Responses to a seven-point "overall” rating
scale were selected as the measure for osn-the-job performance.

. Progression. This was measured by the ATC "option" to which the

S Was initially assigned when hired, compared to the "option"
- the ATCS was assigned to on Jaruary 1, 1976.

" Four Yoptions" were defined to represent general complexity levels
of ATCS work (FSS, VFR, IFR, ARTCC) with ARTCC defined as the
*highest" complexity level. Within this hierarchy, progression

" values were established as follows:

. "High"--assigned when an ATCS was in an option of a com-
plex:ty level the same'as or higher than the initial option
to which assigned (i.e., VFR initia] assigrment; IFR curreat
assignment on Janvary 1, 1976). '

« "ow'--asigned when an ATCS was in an option of a lower
complexity level than the opticn to which initially
assigned (i.e., ARTCC initial assignment; FSS current
assigrment on January 1, 1976).

Attrition. This was measured by whether or not ATC Specialists hired
during the year groups sampled for this study were still smploved in
ATC work. Those still employed as ATC Specialists were assigned a
*high" score; those separated were assigned a "low" score. '
Aggregate Criterion of ATC Success. This was constructed from the
four individual criterion (training, on-the-job performance progres-
. sion and attrition) and their measures and provides a five-point

scale value for ATC "success,"

The predictors of ATC "success” used in this study -- experimental
~teats, prior experience, and education -— were analyzed for validity
againat each of the four criterion measures of ATC"success" -- training
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scores, supervisory assessu\nts. progression, and attrition. Finpal
conclusions and recommendations are based on the validity of the
predictors with the aggregate cPitericn of ATC success. A fuil
discussion of the development of each of the criterion measures is
provided in the EPA Report (Chapter V of rotervice b,

Descr,pt ve Infcrmat:on. Data on the education and experience background
of AIC specialists who participated in the 1977 Study are orovided in tre
EPA Report {Chapter VII of reference 14).  ihe wost mareed changes between
.- the three "year-of-hire” proups {(and the 1972 sample} were in educatjonal

level, wilirdry service and pilot experience. Table 4 compares the various
.. sample areups on selected variables,

TABLE 4. EDUCATION AND EXPERIELCE LEVELE

Year Hired as ATCS

1969-70
Prior to 1969 1973 1973-74
1971 1970 1974 Oversarple 1976
(N=305} {N=658) (N=661) (N=1C3) {N=592}
‘#igh Schocl 72v 344 248 25% 1€
“Some College 25% 53% £ 59y : 564
.College Degree(s) 1 13% 23% lev 2B%
Military Service 968 75% T4n _ 56% EPAY
ATC Experierce 720 — - - S
i, IFR - s k3-1 W 276 Iz
CVFR - - 119 384 264 7%

Plot ! 2% k1ol 34y 1is kLY

_ The sample of 304 ATCS hired prior to 19?1 was derived from the 1972 study (11).
. ATC Specialists -could have been hired between 1960 and 1970.

Analjt cal Methodology. Before undertaking the vali d‘.ty analysis, a 6umber
of pr‘el“.minary anaiyses were made to:

. Substantiate that che sample of ATC specialists who did volunteer
was not, except for the proportion of minorities, essentially |
different from those who did not velunteer.

. Calculate the means, standard deviations, reliability, and interw
correlations of experimental predictors and ATC sucgess criterion
measures. ' '
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. Determine that the order of MIAT test:administration did net affect
- test results.

Analyze training scores and convert them to standariized(Z) scores. -

- finalyze pre-employment experience and establiish empirical scale
~ values for validation

Analyzé predictors for inclusion in the validation study.

‘A full discussion of these preliminary analyses is provided in the EPA

sreport: (Chapter X of reference 14). The statistical results on distribution,

2 eans, standard deviations, and intercorrvelacions are provided in Tables IX.2
Pthrough IN.21 of that report (14).  Hesults of prelisinary statistical analyvses
dor the non-connitive predictors appear elsewvhere (13). : )

ks a result of these preliminary analyses, two of the cognitive tests
‘were excluded from the validaticn analysis. : :

. Civil Service Tests. The Lnab'l'tv to obtain the scores on the

CSC test battery tor a significant number of ATC specialists in

the sample and the effect of restriction in range on those scores whlch
were available, seriously interfered with proceeding with the

valldity analysis of the C3C tests in the EPA study.

ATC General Information Tests. This test was excluded from validity
analysis since it was only administered to the new hires attending
the FAA Academy training; it was not given to the 1973-74 or 1969-T0
ATC samples because of time'constraints ori field testing.

equently, the following predictors were _ncluded in the primary vali-
t*cn analysis:

!hltiplex Controller_&ptitude Test {MCAT)
Directional Heading Test

‘Dial Reading Test

Arithmetic Reasoning Test

ATC Occupational Knowledge Test (OKT)
'Pre~employment Experience  (PEQ)

fbllow‘ng non—ccgn_t_ve pred‘ctors were included in the supplemental
dation analys'
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Concept Adjective
" Biographical Inventory

Sixteen Personality Factor Questionnairé'(1éFF)

. In summary, the validaticn nethodology for the cognitive predictcrs'[and
prior experience) consisted of the following steps:

1. Statistical analyses of each of the smallest homogeneous samples
{i.e. each ATC option and all ATC optlons combined within each
year group against each of the four individual ATC success
oriterion separately). This resulted In 118 separate analyses.

. '2. Predictors selected from Step 1 (based on validity coefficients
. and significant levels) for each ATC option and all ATC options
cumbined across all year groups were then analyzed Lo tdentify
" the best overall set of predictors for each of the four indivicual
" eriterion measures. This resulted in 17 separaie analyses.

3. Results of each of the four individual critericn measures were
' then examined for each ATC option and all optlons combined to
determine the best set of predictors acress criterion measures.
This resulted in 17 separate analyses.

4. The Final set of predictors from Step 3 were then validated against
the aggregate ATC success criterion leading to derivation of
weignted test and experience scores, This involved five separate
analyses. .

5. The weighted test batteby and experience scores were then validated
against the four single eriterion measures. This involved four
. separate analyses. _ :

The specific analytical techniques appiied and the raticnale for each of
Cthe stops in the methodelopy used are tully digeussed in Chapter X of
“peference 14, The results of the amalvses and the vatidities obtained are
provided in Chapters XI, XIT, NITT, XIV and XV, of reterence 14, the
Appendices Bo the Tinal £PA report (16). '

The methodology previously discussed was modified for analyses of the
non-cognitive predictors. to compensate for the differences imposed by the
- use of "personality" as opposed to aptitude or knowledge tests.

*The most significant change In methodology resulted from the need to

- empirically establish the appropriate directionality of the various non-
cognitive predictor scales before undertaking validity analysis. The

specific analytical techniques applied in evaluating the non-cognitive

predictors are identifled in reference I5.



- The methodology to evaluate the fairness of the experimental test hattery,

prior experience and the Jccinational Knowledge Test wms directed to - _

o determining differential validiiy in accordance with the Udiform Guidelines
" on Employee Selection Procedures (17 which state:

"When members of one racial, ethnic or sex group characteristically
obtain lower scores on a selectlon procedure than members of
ancther group, and the differences are not reflected in differences
in measures of job performance, use of the selection procedurs
may unfairly deny opportunities t> members of the group that
obtains the lower scores."

“The methodology for evaluating falrness aspects of the predictors used
in this research is discussed in Chapter Xvi of reference l4.

Results. The following briefly sumﬁarizes the results of this résearch
atudy. More detailed discussion is provided in references 3. 14, avd
15. : : S :

Selectiqn

« Two of the experimental tests--Multiplex Controller Aptitude (MCAT)
and Directional Headings--predicted the ATC success criteria
established for the study at statistically significant leveis of
confidence for all ATC options combined and for the three pripary
year groups sampled (1969-70; 1973-74; and 1976). Two other ex-
perimental tests--Arithmetic Reasoning and Dial Reading--either d:d
not predict the ATC success criteria or did not add appreciably to
the prediction values obtained from MCAT and Directional Headings.

+ Preemployment aviation~-related experience and the ATC Qceupational
Knowledge Test, while not intended for use in determining initial
‘appointment eligibility, predicted ATC success at statistically
significant levels of confidence and increased. the validity co-
efficients obtained with the experimental tests. '

. Education beyond high school level prior to FAA employment did nct
predict ATC success in either a positive or negative directicn.
Essentially all of the controllers in the samples included in this
study had at least a high school ‘education.

- Other experimental instruments--16 Perscnality Factor Questionnaire,
Concept Adjective and Biographical Information Questionnaire«-did not
add appreclably to the predictive capability of the experimental
test battery, preemployment experience and the ATC Occupational
Knowledge Test.
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4dities derived from the anmalysis of combined predictors against
Aggregate ATC Success Criterion by ATC option for all year groups
ned are provided in Table 5. Welghts for the experimental tests
derived from the muiltiple regression analysis. Separate weignts
gevelaped for each test for each ATC option and for all ATC options
ved. The derived weights for. all ATC opticns combined were MCAT
‘ct.--37, MCAT Apt‘tude--ar Directional Headings-~15; and, Dial

 TABLE 5. VALIDITIES OF COMBINED PREDICTORS
 AGAINST THE AGGREGATE ATC "SUCCESS" CRITERION
(BY ATC OPTION -- ALL YEARS COMBINED}

Weighted Test Weighted Test Battery
Weighted Test Battery Plus and PEQ Plus
Battery Scores PEQ - OKT
N = _r o df R _df R
. 196 e 23%% 193 L 2hEx 192 . 2h%%
479 o 26%% 474 . d4xn 423 «35%%
499 J26% T 494 . 39%= 443 LA3e% :
_ 445 . 30%% 425 W 32FF 3B8 Y EL
All Options 1309 . 26%® 1287 L32=% 1205 . 3quw

e P.‘.."OI

‘- Aoademy trainees (1976) in the Terminal option were not identified by IFR
- or VR options. Consequently, they were included in both the IFR and

= VFR option Ns, but only counted once in the total N's for all ATC

: mtms

. Reference (13) Appendix A shows the validity coefficients derived for

_ the experimental test battery (unweighted), prior experience, ATC

- Oceupational Knowledge Test (OKT) and education level for each of the

. four ATC success criteria (excluding the aggregate criterion) by ATC option.
- Appendix B (13) shows the validity of seledted experimental tests with the
aggregate ATC success criterion.
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. ATC

. FSS
“VFR
IFR

Sex
Mern
_Um_tn_

Ogtion.

ARTCC

© {tm3. 1410, 01)

Placement

The weighted experimental test battery did differentiate between

the FSS, Terminal (IFR, VFR) and ARTCC options. Average scores for
ATC specialists in FSS terminals and ARTCCs were different at statis--
tically significant levels of confidence. The average F3S score

was lowest and ARTCC highest. Table 6 provides the ccoparative

mean sScores for the various ATC options and year groups.

TABLE 6. MEAN WEIGHTED TEST BATTERY SCORES
BY ATC OPTION

1969-70 & 1973-74 | 1976 NEW ATC HIRES

ATC HIRES (ACADEMY TRAINEES)
N Mean  SD N Mean sh
196 227.4  40.2 oo e —.—- .-
170 244-6 a5, - - - 310 242.0 "35.0
189 250.0 37.3 -
182 264.2  36.6 263 247.9 38.4

_ means of scores differ significantly
at the 1 percent level of confidence between FSS, Terminal (VFR and IFR) -
and ARTCC for the 1969-70 and 197374 groups. The 1976 ATC group

difference between terminal and ARTCC is significant at the 5 percent leve

Analysis of varianze shows that the

Test Falrmess

Women as a ‘group scored lower on each of the predictors and on the
aggregate criterion of ATC success. In each case, these differences
were significant at the 1 percent level of confidence (Table 7).

TABLE 7 - MEAXS, STANOARD DEVIATIONS AND t-TEST

RESULTS FOR PREDICTURS AND THE AGGREGATE
ATC "SUCCESS” CRITLRION FOR MEN AND WOMEN

. ~Criterion~ = =

----.------Predictor's-.--'--—----_
: Aggregate ATC

teighted
Test Battery PEQ OXT ‘ "Success”
N~ Mean _SD N Mean _SD- N Mean  SD N Mean SD
1397 264.5 380 2736 3.7 2.9 1318 76.6 12.3 11254 3.1 1.4
171 234.5 48O 235 .8 1.6 158 64.6 16.3 ] 158 2.6 1.4

{t=4.56; p<.01)

(t=15.02;p<.01)  (t=11.21:p<.01)
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Validities of the predi-tors against the aggregate ATC success
eriterion are provided in Tz2ble 8. Except for prior experience,
" these validities are significaut at the 1 percent or 5 percent levels.

TABLE .8 =.VALIDITIES OF THE WEIGHTED TEST
BATTERY,, PEQ AND OKT AGRINST THE
 AGGREGATE ATC "SUCCESS" CRITERION BY SEX

(*=p{.05; *"=p{.01) S

Weighted: - Prior txpefi— ' ATC Occupational

Test Battery ence (PED) Knowledge (OXT)
Eex N T N r N T r
Man l3igé 234w 2721 At i 1308 b
Wwomen 165  .19%* 229 -.04 154 Llae

It should be noted that few of the 229 women in the prior ekperienee
sample had aviation-related experiencé. Consequently, the validity
results. are due to lack of variance.

. Comparable statistical analyses were made between minority and non-
minority groups and between non-minority and blacks as defined by
OMB Circular A-46, The results with respect to the test battery,
prior experience and the ATC Occupational Knowledge Test are
provided in Tables 9, 10 and 11 respectively.
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Non-Minorities
All Minorities

Non-Minorities
Blacks

'Non—Minoritius
All Minorities

Non=Minorities
Blacks

Non-Minorities
All Minorities

Non~-Minorities
Bla;ks

TABLE 9 =~ TEST SAWLE

PREDICTOR -
Weiphted Test
oo Battery
B Mean  SD
1323 247.7 371
245 220.4 479

(t=10,30:p .01)

1323 267.7 371
145 207.4 407

CRITFRION
Agpregate ATC
_ U Success”

N Meaw T SD
1308 3.2 1.4
2 A L

o AE5.09:p L01)
1308 3.2 1.4
144 2.4 1.3

(t=12.30:p_.01)

“(e=6.31:p . 01)

TABLE 10 - PRIOR EXPERILNCE SAMPLE

PREDICTOR
Prior Aviation
Experience (PEQ)

CRITERTON

Aguregate ATC
LSuccess”

N Mean SD K Mean _SD
Z115 3.9 2.9 2097 3.2 1.4
321 2.4 3.0 318 2.6 1.4
(t=8.48:p .01) (£=7.15:p .01)
2115 3.9 2. 2097 3.2 A
1% 1.7 2.8 193 2.4 1.3
(¢=10.27:p .01) y

(£=8.39:p .01)

TABLE 11 — ATC OCCUPATIONAL KNONLEDGE SAMPLE

PREDICTOR

. CRITERION
ATC Occupational Apgregate ATC
Inowleduge Test _"Success”
N Mean sh N Mean 5D
1247  76.5 12.8 12,5 3.2 1.4
229 69.1 14.7 227 2.7 1.4
(t=7.85:p~ .01} {t=4.36:p .01)
1247 76.5 12.8 1235 3.2 1.4
134 66.9 15.2 135 2.5 1.3
- (t=8.12:p_.01) (t=8.12:p .01)
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' Minorities  as a group, and blacks as an element of the minority
group, scored lower on each of the predictors and on the aggre-
gate ATC success criterion. In each case, these differences were

significant at the 1 percent level of confidence.

© U Validity of each of the predictors with the aggregate success
eriterion for minorities and non-minorities are provided in

Table "12.

Table 12 Correlations for the weighted teet battervy PEQ
. - scale and ORI against the aggrepate criterion
by minorictv/nen-cinority stacus

Weighted

Test Battery PEQ_ KT

“Neoeminority - 1308 L 203 - 2097 Jagwk 1235 203tk
Minoricy 243 219 8 24Tk 227 2720

Wnen blacks were anmalyzed separately from all other minorities,

the validity of prior experience and the Occupational Knowledge

Test were sustained (r = .259 and .256, both at the 1 percent

level of confidence}. Validity of the weighted test battery was
.120 whicn did not reach the 5 percent level of confidence

(p = .075). However, the difference in the validity for non-minori-
ties and blacks was not statistically significant.

Conclusions

The results of this study supported the conclusion that several of the -
experimental predictors were sufficiently valid and fair in predicting
ATC success that they should be further developed for operational use
in the selection of applicants for the air traffic control occupations.

However, the lack of sufficient CSC test scores for the sample popu-
lation and the restriction in range on those scores which were availa-
ble made it impractical to compare the validity of the current CSC test
‘battery with the validity of the experimental tests. In order to address
" these questions, the Civil Service Commission, now the Office of
Personnel Management (OPM), and FAA jointly directed efforts to obtai

the necessary informatfion from a group of about 11,500 applicants for
ATC work during the Fall of 1976 and Spring of 1977,
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STUDY OF ATC"JOB_APPLICANTS 1976-1977

Objectives. Historically, there n2s ‘been, little or no information availa-
ble on the characteristios of individuals who apply for positions in the
Air Traffie Control occupation. Consequently, this study was developed

to collect and analyze data on ATC applicants Wwith respect to sex, edu-
cation, prior aviation-related experience and the relationship between
‘these variables and scores on the CSC test battery and experimental tests.
One dirett use of this information was to establish a basis for comparing
the validities of the CSC test and the experimental tests by correcting.
for the restriction in range on CSC test scores for approximately 2,000
newly hired ATC trainees who attended the FAA Academy during 1976-1977 and
~for whom CSC test scores were available.

Sample Description. During the period November 1976 through Jamary 1977,

the- Civz] Service Commission opened the competitive ATC examination

in the FAA Eastern and Southern regions. These included the areas ep~
~compassed by Regions II, III and IV of the Standard Federal Regions.
Approximately 11,500 applicants took the ATC Civil Service test during
this period. Of this group, about 7,500 also cozpleted the experimental
tests and the Prior Experience Questionnaire, While the sample from the
"~ 11,500 population could not be controlled, differences between the means,
standard deviations and other Statistics .on the CSC tests for the 4,000
who did not complete the experimental tests or provide prior experience
information were not statistically significant from these who did.

Predictors. In addition to the five-part CSC test battery, two experi- -
mental tests, MCAT 7064 and the Birectional Headings Test, were administered
to the applicant group. These test forms were the same versicns as used
in the 1977 study conducted by Education and Public Affairs {(Chapter [ or
reference 14).  The same Prior Experience Questiomnaire (15) was also given.

All tests were administered by CSC examiners as part of the normal com-
petitive testing procedures. Applicants were informed that the experi-
mental tests would have no bearing on their eligibility status and the
experimental predictors were administered after completion of the competi-
tive CSC test. The Directional Headings Test and the Prior Experience
Questionnaire had to be manually scored and converted to ADP records.
This was done by FAA under contract. Determinations on whether appli-
cants were men or women were coded on the Prior Experience Questionnaire
based cn the applicants name. At this point, Federal regulations pro-
hibited ohbtaining any ethnic or minority group information from the
applicarts, :
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to establish operational criterion measures of validity. However, a
variety of statistical analyses were made based on men and women appli--
cants and those who passed the CSC test in contrast to those who
failed,

Analytical Methodology. The data obtained on this ATC applicant group
were analyzed with respect to frequency distributions, means, standard
deviations, ana.lysis_of‘ variance and intercorrelation of prediciors.

Results. Table 13 shows the medans and standard deviations for the total

applicant group, the pass group (those who scored above 209 on the CSC

test), and the fail group by men and women applicants..
' ' [ABLE 13

SELECTION TEST PERFORMANCES, APFLICANT GROUPS

CS¢ TESTS
TEST TOTAL GROWP PASS GROUP FAIL CROUP
SEX, M TTEENT sp 0 EN . Sb M @R
€5C-24
Total (7412)  39.66 9.6 (3%60)  44.80 6.8 (3722) - 34.61 9.3
Men (5720)  39.63 9.5 {2980) 44 51%% 6.9 (2740)  34.32%%. 9.2
Women (1607}  39.83 9.7 (663)  45.91 6.6 (944) 35,56 9.3
£sg-51 .
Total (7412)  26.65 6.9 (3960)  30.74 3.8 (37122)  22.60 6.4
Hen (5720 27.40 6.4 (2580)  31.0% 3.6 (2740  23.43 6.4
Women (1607)  23.9B%+ 7.0 (661}  20.37%% 4 4 (944)  20.20%% 6.0
€SC-135+
Total (74612} 21.49 8.6 (2960) 27.00 5.1 {3722) 16.03 7.8
Men (5720)  21.88 8.4 (2980) 26,97 5.1 (2740)  16.35 7.8
" Women {1607y  20.13%x 9.0 (663) 27.11 5.0 (944)  15.23%« 7.9
CSC-157w
Torsl (7412 29.29 10.3 (396D)  36.65 6.0 (3722)  21.99 8.3
Hen (5720)  29.47 10.2 (2980)  36.40% 6.0 " (2740) 21.93 8.2
Women (1607) 28, 62%% 10.% {663) 37.15 5.8 (944) 2.1 8.0
C5C-540 o
Total (7412) 28.98 13.1 (3960) 37.70 10.1 {3722} 20. 34 9.6
Men (5720 29.78 12.8 (2980}  37.84 9.9 (27240} 21,03 9.5
Women (1607)  26.12%+ 13,7 (663) 37.00 10.8 (944}  1B.46%*% 9.8
€5C TOTAL -
Total {7412y 202.03 52.3 (3960} 244.26 23.2 (3722) 168.16 37.3
Hen (5720)  205.04 50.9 (2980) 244.23 22,0 (2740) 162.42 36.8
Wouen {1607) 191.20%+ 55,2 (663) 244.26 24.0 (944) 154.08%% 37,8
EXPERIMENTAL TESTS-
HCAT (CSC-510) :
Total {6822) 25.76 9.1 (3340) 31.65 7.2 (3481) 20.12 6.9
Hen (5241) 26.57 9.0 (2688) 32,14 7.0 (2552}  20.72 7.8
Women 1498) 22.95% @87 {6072) 29,53 7.2%% (891} 1B.46%% 6.5
DIR HEADING : -
Total (1073) 46.99 22.6 (3583) 59,93 17.3 (348%)  13.68°  19.4
Hen {5.62) 48, 87 21.9 (2894} 60.63 16.6 {2562) 35.56 19.5
Women (1526) “0.17er 23,3 TKB37). 56.58  19.4%%  (B89)  2B.41%% 18.2

*C5€ 135 (following oral directions) and €SC 157 (Abstract Reasoting) tests are doubled

welighted in computinp the CSC test rtotal score
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mefl on most of the CSC tests and cn the two experimental tests. These
differences, while statistically significant, are not statistically
important due to the large sample size. For example, turther analysis
shows that sex accounts for only 1 percent of the variance in the CSC
total test score; 3 percent in the MCAT; and 2 percent in the Directional
Headings tctal test scores. In other ‘'words, most of the variance in these
three predictors Is due to factors other than sex.

From Table 13 it is evident that in total, women score somewhat below

In terms of the "pass" group, the mean CSC test score for men and women

is essentially the same. Consequently, discounting veterans preference

and additional credit allowed for aviation-related experience, women who
pass the CSC test should have about the same- opportunity to be selected

for the ATC. occupation as men. :

" Frequency disﬁributioﬁ for each of the five CSC tests and the two experi-

rRroueNcY

mental tests were also examined. Two of the CSC tests, CSC 135 and CSC 51,

- show a rmrked negative skew (-1.30 and ~1.80) respectively) and conse-

quently, provide little differentiation between the applicants.

VFIGURE 2
CSC. - FOLLOWING ORAL DIRECTIONS csd - SPATIAL RELATIONS
135 (DOUBLE WEIGHTED) _ 51
$00 $00
300 4 . . 200 = .
1 MEAN = 21.5 . { MEAN= 26.7
on S.n = 8.5 , 400 S.p: 6.7
g s
¥ 3004
o
g -
200
O
1 ] ] -] 0 -] 30 33

SCORES scones
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Frequency distribution graphs of all of the CSC and ;
-requency £ b experimental test
provided in reference JU. . pers P oTests are

Table 14 provides descriptive information on education and experience leve:
for men and women in the applicant group. Aviation-related )emxperiencé ?1;?;3
was obtalned from the Prioc Experience Questionnaire (PEQ). This identified
_the specific work or skill elewcnts which, based on the present CSC Kating
allows granting extra credit points to those applicants who pass the CSC te'as'f:.

TABLE 14

.Descriptive Statistice-Applicant Greup

EDUCATION LEVEL TOTAL APPLIC.AST_S
Men vith .

. Bigh achool or less ‘ 1225 (211)
Less than } yesrs college 2352 {412y
3 or more years zollege - 2126 (370

Totsl 5703 (1001)

Women with:

High school ecrless A55 (27%)
Less than 3 years college 618 {392)
3 or wore years college 630 (3%2)

Total 1603 (100%)

EXFFRIENCE LEVEL

Men with

¥o aviation-related expeﬂence- 4393 (77%)

Aviation-related experience 1327 {237)
Totel 5720 (100X}

Women with:

No savistion-related experfence 1483 {922)
Avistion-telated experience 124 ( B1)
Total 1807  (100%)

EDUCATION AND EXFER1ENCE

With svistion-related experience MEK NOMEN
High-school or less 11 231
Less than 3 years college . 442 B -} 4
3 or wmore years college 352 38X

%o avistion-related experience

High school or less 22 22X
Less than ) years college 402 39z
3 or more years tollege k1.4 k1) 4

About 22 percent of the total applicants were women. However, as Table 14
shows, the distribution of education level for meh and women is approximately
the same. It dlso shows that approximately 78 pércent of both the men and
women have some education beyond high school. '

35



With respeet to aviatlon-related experience, 23 percent of the men as com-
pared to only 8 percent of the women, identified experience which could
result in granting extra credit points for selection eligibility. When
education and experience are canbined, the distribution of education

level remiins relatively consistent for both men and women and for those
with or without aviation-related sxperience.

From this information it is evident thu: the level of education for men
and women is essentially the sare and does not serve to differentiate

between the applicants based on their sex. The distribution of aviation-

related exparience between men and women does differentiate between th
applicants with 23 percent of the men potentially being eligible for
extra cred’t in contrast to only 8 percent of the women.

Rext, the ATC applicant sample was analyzed in terms of passing or failing
the CSC test in relation to sex, education and experience, Table 15
summarized the results of this analysis,

TABLE 15

ATC licant S le

TOTAL CSC TEST STATUS
AFPPLICANTS PASS FAIL
Ken 5720 (78%) 522 . :
Wonen 1607 (221) 412 59% [
Total 7327 (1o0%) (50%)» (50%)% :
EDUCATION LEVEL
High School or leas 1581 (227) 32z . [3:% 4
Less than 3 years college 2973 (40% 49% 512
3 or more years college 2757  (38%y - Bi% 397
Total . 7311 (1001} {502)» (502
EXPERIENCE LEVEL '
No avistion-rtelated experience 5876 (B0Y) 452 55%
Avistion-related experience 1451 (20%) 687 32z
Total 7327 (100%) (£l 1 {30%)=
EDUCATION & PXPERIENCE
Avhtion-rclct.cd experience
High school or less 308" (217) 527 [1.+4
Less than 3 years college 632 (447} 67: 33:
3 ot sore yesrs college 308 (35%) 79 1
Total 1448 (100%) (68X)%  (32%)+
Mo hvistion experience with:
High &chool 67 leas 12713 (22%) 7% 731
Less than 3 years college 2341 (403) 66;_ 22;
3 or.more years colisge 22%2 £38%) 57
Total 5838 (1001%) %51y (55w

*Pass/Fail rates for tha Total Group




In total, ahout 50 percent of *he applicants passed the CSC test. Howevér,
proportionally mare men (52 percen*) passed than wemen (41 percent).

When specific education levels are exarnined, it is evident that

those applicants with the most education have a significantly betler

chance of passing the test. Applicants with 3 or more years of college

passed at about twice the rate of those who did not go beyond high school.

The same relationship holds also for experience. Applicants with aviation-

- related exper*ence also pass the CSC test at about twice the rate of those
withcut ‘experience.

When pass or fall rates are examined with education and experience combined,
. it is evident that: (1) level of education is essentially proportiocnally

" distributed between the experienced and non-experienced groups (Table 14);
and (2) experience increased the pass rate in each of the education groups.
Applicants with no college or experience pass at a 27 percent rate. Those
with®3 or more years of college and aviation-related experience pass at a
79 percent rate.

TABLE 16_

EXPERIENCE AND LEVEL OF EDUCATION,

CSC TEST PASS RATE

NO WITH
EDUCATION LEVEL EXPERTENCE EXPERIENCE, % INCREASE
High School or less 27w : 524 +25%
Less than 3 years college - 440 678 T +23%
3 or more years college 57% 9 +22%

Two-way analyses of variance were carried out for each C5C and experimental
test. For this purpose the "experience group'was further classified into -
subgroups since the CSC Rating Guide provides different levels of extra

- eredit based on specific types of experience. The "key" to the experience
and education subgroups are as follows:

Aviation-Related Experience

0-1 No aviation-related experience

2-2 Comunication experience only

3-3 Non pilot with IFR or Air Defense Command (ADC) experience.
4.4t Ncn pilot with VFR ATC experience

5-5 Pilot with IFR or ADC experience

6-6 Pilot experience only

T7=T Pilot with VFR ATC experience
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Education

0-1 High achool or lesz
2-2 Less than 3 years of college
3-3 3 or more years of college

Table 37 provides the results of the analysis wariance for the CSC total
test score, The lowest mean score (173.10) is for the "No Fxperience and
Ro College " Group; the highest mein score (241.00) is for the "Pilot with
VFR Experience and 3 or more years of College™ Group. The analygis qf _
variance shows that experience (row) and education (column)each is statis-
tically significant (p<£.01) though there is no interaction between experi~
ence and education. .

Further analysis, hbuever, shows they are not statistically important for
the total group since only ! percent of the variance in CSC total score was
accounted for by either variable. : :

TABLE 17
ATC TESTS VS. EDUCATION AND EXPERIENCE GROUPS
TOTAL €SC TEST SCORE (CS5 TOTAL WI.)

N MATRIX CF CASES WITH BON-MISSION DATA ON ALL 3 VARIABLES

ED_GROLT ‘GOES DOWN EXT. CROUP GUES ACROSS
N g N 1
_ TOTAL i
2122 3 S S NS
01 - 123 3¢ 14b 2 . 19 &7 54 1581
2-2 - 2266 - 75 216 47 $6 180 133 2973
3-3-2179 70 62 25 31 130 160 2757
St 5684 179 - 418 100 106 477 347 7311
$EANS OF VARIABLH  €SC TOTAL WT
' ED GROUP_GOES DOWN EXP, GROUP GOZS ACROSS
o1 22 R = S o

01 - 173.1¢  179.53 210.89  201.96 198.68 191.07 211.%¢ 179.48
2-2 = 197.40 204.79 218.55  23).2) 220.61  221.52 225.19  202.83
33~ 2091 221.59% 226,98 222,72 246.10  236.17 241.00 214.43

HEAN 196.59 206.56 216.94  221.85 226,13  224.31  230.36 202.16

BUOTARY OF ANALTSI5 OF VARIANCE )

Source ]
Row . 248889.27 2 124484.63  51.25  0.000
cal - 152242.89 ) 25373.82  10.45  0.000
R.BY.C 4432017 12 3693.35  1.52  0.109

VITHIX CZLL 177019¢6.50 7290 2428.2

However, when the CSC total score was categorized by "pass™ or "fail"
groups, education and experience together accounted for nearly 10 percent
of the variance in pass/fail status; so taken together, the effects of
education and experience are important., This same -relationship applies
to the two experimental tests as well. . .
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mese data show: (1) that applicants with aviation-related éxpericenoe have a hicher
prabability of passine the CSC test (68 percent as carpared to 4% percent for these
without exjerience}; and, (2) that fow woren have aviation~related exgeriente.  These

two findings taken tocether, however, are not sufficient to explain the l:x:r pass

rate for women (41 percent) as conprared to ren (52 vercent) . Apelying b ese rrobabilities
to the experience and mo experience croups, it would be expected that 77 worcn would
have passed; only #63 did pass. For men, 2,879 ren would be expected to pass: 2,980
actually did pass. Oonsecuently, sirply controlline for the fact *}iit men haw rnre
aviatior-related experience does not cxplain why woren score lower oo rost of the

tests.

" Intercorrelation of each of the tests, education and exerience are provided in Takle 16.

7 _ IABLE 18 - - -
‘ATC TEST CORRELATIONS == TOTAL SAMPLE .
POSITION LABEL 1 2 3 4 s ¢ 7 a s 10 12 13 1% 13 e 17 18
: T T O 1on ¢ ¢sc 75
24.8 51.§ 40.5 57.5 35.5 SC.T TOTA 18 15 10.T PH.T ED.L PEQ ED.G XP.C Li)
. _ CORE COME CORE OPRE CORE OTAL L.&T  10.¢ 10.A ©OTAL DH.A DH.B GTAL EVEL AGG ROUP ROUP CPX
I: :ggg 33 5 80 5t 7% 69 L 52 33 46 &7 48 27 6 26 10 1t
15 $OORE ') $ 59 L &9 7% 42 80 ST s % %7 11 18 12 1 g4
T340 SCORE. 56 . 99 58 8BS BO 6 61 & 85 56 89 1s 13 e 34 g
ms7 s 50 59 59 81 83 3 . 4% 6y 62 53 % st 22 v oz Yoq
- csc51 ;:_i $1 S 58 &) 79 52 &6 BS 56 S8 56 20 15 11 16 g
o ] ¢ T!LJT " 15 68 85 8) ~ 62 - 31 37 66 68 M 24 16 25 1% g
; s AW, 69 75 B0 B9 79 8% 6l T 36 66 6B Ty 2% i e 0 qs
;;:gi G 42 5% 4% 52 62 R t A S A TR * A L
A 52 80 &3 63 66 1 77 L 84 BS 67 69 18 22 8 Y yy
: T310 TOTsL 53 ST &% 62 b6 - 1 T 89 w2 55 87 70 1B 22 1B 50
_ Di.A 46 56 8% Bl 54 66 66 5L 88 s 0 26 20 33 2
. bH.B 47 %% S 56 56 65 68 LSS 'S 5 20 2 0 U A
DHTOTAL, 49 57 s sT % o1 T 57 69 70 9 21 26 21 3 a2
ED. LEVEL 2701 W 2 20 4 2 14 18 16 20 20 6« 95 3 2
ED. LEVEL 6 18 13 13 15 1§ 17 1T 2 26 22 2 L6 &3
PEQ ACE 26 12 14 2 -1 15 2% 14 % 16 20 20 21 L,
:nn.’cmc);;w :o 23 W 17 16 19 20 18 02 2 3027 A s 87
“ EXP. CRO T 29 LA P VAT s 12 10 96 21 15 25 37
.-
KEYS:

{4) CSC Toral 43 the correlacion of the unweiphted CSC test wcores
(7} C5C Torsl WT ia the correlarion of the welghred CSC test weoves
(B} T310 C in the correlavion of MCAT “aircratt conflict” seores
N (%) T510 A 1e the correlation of MCAT "sptitude” scores
‘- {14) Ed Level te the correlation of individual levels of education {01-13) See vef (14) c-l
¥ (15) PEQ. ACC is the correlaticn of svietfon-related expertence scales derived empirically. See ref .
: . (12) Chapter 4 for the nethodology for developing the ecales
(16} Ed Group 1s the correlstion of rhe three education groups; (1) high schoel or less] (2} leasn
than 3 years of college; (3) 3 or more years of college.
(17} Exp Group is the correlation of the seven aviation-related experience groups
(18) Exp GP. K 1s the correlation of the group with aviation-relsted expertence {excludingthe no
superiznce applicents)

These correlation values were used to correct for restrictions in rance on test

scores of individuals hired as ATC trainees who attended the FAA Academy during 1976,
1977 and 1978. _ o
Several rultiple regression analyses were carried out using CSC test "pass” o T rail”
as a criterion for the applicant group. Table 19 shows the results for the present (SC

test battery, the order in which the individual tests entered the analysis and their
contribution to the R2 which measures. the amount of variance accounted for by each test.
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Table 20 provides the results of the two experimental te5t§ in predicting

the CSC pass or fail status.

The difference between the R

for these tests

(45 percent) compared to the CSC tests {65 percent) indicate. that they

differ in some degree from the CSC tests in what they measure

In the case of the experimental tests, test 510 A (MCAT Aptitude) which
measures aptitude? similar to the present CSC test entered the regressicn

first and accounts for 40 percent of the t
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STUDY OF NEW APPOINTEES TO THE ATC QCCUPATICN, 1976-1978

Objective. This study was initiated by the FAA Civil Aeromedical Institute
(CAMIT In July 1976 to evaluate the present CSC Test Battery and =
experimental predictors in relation to the success of newly hired &TC
trainees in passing Initial Qualification training fer the En Route

and Terminal ATC options at the FAA Academy. Upon entry on duty, new ATC
trainees are given a 2-week general orientation at their ATC facility {or
regional headquarters). They then enter Initial Qualification training at
the FAA Academy in Oklahoma City for the ATC option to wnich assigned. On
their first day at the Academy, they are given a series of experimental tests
and questionnaires. Their participation In the test program is voluntary.
The experience has been that most all of the students volunteered.

Extensive efforts were made to also obtain the individuals' test

acores on the five-part CSC battery and their total earned ratings which
inelude additional credit for veterans preference and aviatlon-related
experience as provided by the CSC Rating Guide:. This information was

then correlated with their subsequent training status to evaluate the

CSC and experimental tests which were most predictive of training

Success. :

Sampie Description. During the petiod July 1976-through April 1978, -
3,008 students entered Terminal and En route ATC training at the FAA '
Academy. Selected characteristics of this total group are provided in

3 Table 21.

= TABLE 21 -

5 SELECT10N CHARACTERISTICS-TOTAL CROUP

g PASS FATL WITHDRAW
g TOTALN K ™) el (v} N W
Men 72580 2034 (79\) 436 (17%) 110 (av)
: Women 428 272 (€48} 128 (30%) 28 (6%)
Total © 3p08 3506 37\ 564 (19w) 138 (4%)
f ¥o Exp. 834 s79  (69%) 206  (248) 58 (7%
- avistion-Related Exp. 1936 1579  (B2s) 296  (15%) 61 (3%
L Unknown ) 229 148 . {65%) 62 {27%) 19 (8%)
= Total 3008 2306 564 ‘ 138




In order to evaluate the CSC and experimental predictors, it was necessary
to have complete information on the students. The 138 students who with-
drew did mot have laboratory critericn scores and were eliminated {rom the
sample. Similarly, the students for whom prior experience information

was missing were also cxcluded. An additional 824 students were excluded
because they did not have one or more test scores, either from the CSC
test battery taken prior to their employment with FAA or were students who
did not volunteer to take the exper*mental tests. -

The final sample used for the analysis after these exclusions consisted of
1,827 students distributed as shown in Table 22,

© TABLE 22

SELECTION CH.»";RACTER ISTICS-ANALYTIECAL SAMPLE

. & OF

PASS FAIL ORIGINAL

TOTAL N N M~ N [0} POPULATION
Men 1567 1314 (@3©) 273 (17T 61.5%
Women 240 162 (68v) 78 (32v) 56.1%
Total 1827 1476  (Bls) 351  (19W) €0.7%
“Ho Exp. 558 409 (73w} 149 (27w) 66.2%
Aviation-Related Exp. 1269 1067  (84%) 202 (16%) 66.5%

1827 1476 sl

The failure rate for this sample (19.2 percent) was essentially the same
as for the total population (19,7 percent) after withdrawals were excluded.

Predictors. The tests used in this study were:

- Civil Service Test Battery
(CSC 24; CSC 51; CSC 135; CSC 157; and, CSC 540)

-~ Directional Headings Test (DHT) Total Score

DHT Part A
DHT Part B

- Miltiplex Controller Aptitude Test (MCAT) Total Score

MCAT Aptitude (&)
MCAT Cconflicts(C)

-~ Dial Reading (DL RD)
~. ATC Occupatlonal Knowledge Test (OKT)
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The Directional Headihg Test was the same'version used in the 1977 study
conducted by EPA and wnich was administered to the 7,500 ATC appli-
cants in 1976-197T. ‘

The MCAT consisted of several different versions (606 A; 606 B TO6 A;
706 B; 607; 707) which varied in the number and mix of questions
(aptitude/conflict) and in the length of time allowed for the test.

The OKT was form i01B which was essentlally the sane form utilized by EPA
in their 1977 study. The Dial Reading Test was also the same test used by
EPA. '

Table 23 provides the means and standard deviations for the sample of

1,827 ATC trainees at the FAA Academy on the various predictors and compares

them to results obtained for the 1976.1977 ATC appllcants group as well as

‘with the ATC sample group included in the 1977 ATC Selection Study conducted
by EPA where comparable statistics were obtained.

TABLE 23
COMPARATIVE DESCRIPTIVE STATISTICS

1975-77 ATC APPLICANTS 1977 : 1976~78 ATC
€SC TOTAL CSC PASS FPA STUDY - THAINEES
(N=7412-6821) {N=3600~3340) {(N=1323-1229) (-1827)
TEST MEAN S MEAN  SD MEAN SD MERN  SD
ese-24 39.66 9.6 44.8B0 6.8 KA 47.07. 6.7
26.65 6.7 30.74 3.8 NA 31.90 3.3
Csc-540 28.98 13.1 37.70 0.1 MA 42.88 9.7
CsC=-157 29,79 10.3 36.65 6.0 HA 38.17 6.4
£sc-135 - 21.50 8.6 27.00 5.1 ®A 29,31 4.2
MCAT (A) 16.59 5.7 .20.27 4.1 NC 23,14 4.5
MCAT (C) 9.17 4.2 011,38 3.9 NC 15.74 4.1
MCAT 70T 22.76 9.1 31.65 7.2 NC 38,87 7.6
24.20  12.0 30.69 9.8 NA 32.68 9.0
22.80 - 11.7 29.25 B.9 31.9 6.9 31.63 9.0
DHT TOT 47.00 22.6 59,93 17.3 RA 64.34 17.0
" HA WA 39.7 8.4 40.97 9.2 1
NA RA 74.9 13.6 66.96 16.3
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- (Table 23 Continued)

NA - Statistics not available since the tests were either not
administered ro these groups or could not be obtained from
available records. In the case of DHT, for the 1977 ppa
Study only Par: B was scored and used in the analvsis,

. NC - Statistics not comparable. Ip the 1977 Epa Study, two forms
of MCAT were administered to the test sample (706 A, 608 A),
in the analysis all “aptjtyude™ questions from both formg were
combined for g total aptitude score (mean = 42.8; SD-6.2) as
were all "conflice” Questions {mean = 29.4; SD-5.6).

Criterion Measure. in this analysis, the ATC laboratcry average score yas
used as the critérion measure of ATC training success., Selection of this

‘eriterion was based on several considerations. First, prior studies
demonstrated that these scores were the most reliable predictors of subge-
quent success as an Air Traffic Contruller. Second, the laboratory training
phase consists of a series of operational air traffic control problems in
which studentg must demonstrate their abiliey to apply the aciademic knpow-

- ledge and skills acquired in trdining. 'Finally, this phase jy vonducted on
a pass/fail basis. The laboratory Score constitutes 65 percent of the :
students tocal score in the Iaboratory phase of training.  Almost all of .
of the students who fail Initia:l Qualificarions training do so in the
laberatory training phase. ¢ should ‘be pointed out that during the period
from July 1974 through April 1978 several changes were made in the Tabnrntory
training phase which affected the ‘pass/fail ratio of studenrs, ~In July 1976
‘the weight given to the laboratcry average was Incveased from 15 percent to 65
Percent. 1In September 1876 the number of graded lab problems wis increased
from four to 8ix; and in May 1977 "procedural errors" were fncorporated in
the grading for failure to handle aircrafe in a timely manner during the
problem exercise. In order to accomodate these changes and the differences

- between the Enroute and Terminal laboratory procedures, the laboratory
éverages were converted to standard scores and data from the twe ATC options
combined. The standardized laboratory average criterion is labeled "ZLAB. "

Thg.reliability of the laboratbry average for Enroute training iy .80
(2,223 students) and for the Terminal option ,81 (],982‘§tudgnfs).

A detailed discussion of the ATC Initigl Qualifications training propram

.- and follow-gn training at the ATC facility level for the Terminal and
: Enroute options are provided in references 23, 24, ang 75,
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Analytical Methodology. The first step in the analysis was the caleulation
of descriptive statistics. The remaining analyses presented several unique
problems. :

Several different experimental forms of the MCAT were employed in the
testing at the FAA Academy and the order of administration varied for

each form. Consequently, it was necessary to standardize the scores for
‘these tests. Since MCAT 706 A was also administered to 6,821 ATC appli-
cants by OPM in 1976-1977, the scores on the various forms of MCAT

used by CAMI were standardized by linear conversions using the same metric
.as MCAT 706 A. The order effect was handled by using the scores from MCAT
706 A given first. References 19 and 20 provide a more detailed dis-
-cuss*on on the methodology used for these conversions.

The second problem involved in evaluating the CSC and experimental tests
was the restriction in range éffect (21} since eriterion (ZLAB) information
. was avallable only on these individuals who were hired. This results in a
spurious low correlation of CSC test scores with the criterion. In order
to adjust the restricted correlations so they would reflect the relat: onship
. between the tests and the criterion for the applicant group, the correla-
tions were corrected for their restriction in range. Usual methods for
this cofrection in the three variables case assume that unrestricted infor-
" mation is available only on the variable used for selection or the third
incidental variable but not both. With the information derived from the
1976-1977 ATC applicant popilation, unrestricted data were available on
both variables. A modified procedure was developed to make use of all of
the ava‘lable information in correcting for range restriction. A full
"discussion of the procedure and the derivation of equations is provided in
reference 22.

The unrestricted correlation mtrix from the total 1976-1977 ATC .applicant
group used for correcting for rangé restriction is provided in Table 24.
The means, standard deviations and sample sizes (N's) were provided in
Table 23 except for the Earned Rating. }

Tableds. Unrestricted Correlation Matrix Fros the CSC

.1 2 3 [ b g 10 11 12 13 14 19
 { T T ¥ 1 T T 1 ' EAR
VARIABLE 2&. 51. $60. 157, 135. 510 %10 S10. . DH. NED,

SCORE SCORE SCORE SCORE SCORE  .A  .C TOTAL DHM.A DH.B TOTAL RATE

1 T2e.Score 50 51 52 Mk 33 46 4T W49 g6
Z - I51.5c0re S 60 42 5T 54 S 57 75
3 T540.Score 56 - 56 63 3% 65 55 5 5% 718
& T157.Score 50 59 63 9 6 53 S 57 8%
5 T1)5.Score SL 54 88 527 E5 5 8 s3 77
’ ¥510.A 52 60 63 &) € 9% 6 & & 17
10 TS10.C Mk &2 % w9 8y S

11 ¥510.7OTAL 53 52 65 62 65 %

12 DH. A 4 54 $5  $3. S4 &5

1y oH.B 47 Sk 56 %6 58 67

B DM, TOTAL 4 57 Sy ST 39 49

13 EARNED RATE 6 . W 8 N N
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The Earned Rating.for the applicant group was derived by taking the raw
weighted CSC total score, transmuting it to a metric scale of O-100 and,
where appropriate, adding veterans preference (5 points) and additional
credit for experience (0, 5, 10, or 15 points based on the CSC Rating
Guide criteria) to the scuras of applicants who passed the CSC Test
Battery. This Earned Rating 1: the basis on which OPM ranks and
places eligible candidates on a register from which selections are
made 1ln accordanhce with OPM. regulations.

Table 25 provides the restricted correlation matrix for the 1,827 ATC
trainees at the ATC Academy. The means and standard deviations for this .
'sample were previously provided in Table 23. It should be note that the stand-
ardized (Z) scores were used for the MCAT tests in deriving the intercor-
relation (mean = 0; SD = + 1). -

- TABLE 25 -
RESTRICTED CORRELATION MATRIX USED IN REGRESSION ANALYSES

' = = = 2 SCORES = ~ - :
CSC 24 CSC 540 CSC 157 OHTA DHT B DHT TOT MCAT A MCAT € MCAT TOT| ZLAB | DL-RD

CSC 24 1.000  0.333 0.150 0.265 0.255 0.27 0.214  0.14¢ 0.204 10.097 | 0.343
CSC 540 0.333 1.000 0145 0.199 Q.222 0,227 0.206  0.1%0 0.221 |0.0%6 | 0,289
CSC 157 0.140 0,145 1,000 0.0% 0.140 0.126 C.241 0.164 0.229 |0.C71 | 0.281
DET A 0.265 0.199 0.09% 1.000 0.803 0.950° 0.258 0.248 0.296 10,207 | 0.338
DHT B 0.25% 0.222 0.1%0 0,803 1.006 0,%49 0.254  0.248 0,308 10.223 | 0,341)
DHT TOT 0.271  0.227 0.126 0.950 0.94% 1.000 0.282 (¢.282 0.316 {0,227 ] 0,358

MCAT A 0.214 0.204 0.281 0.258 0.2% 0.282 1.000 0.5% 0.903 | 0.266 | 0.481
MCAT B 0.1%6 0,190 0.164 0.266 0,268 0.282 0.5%6 1.000 0.682 10.250 [ 0,405 -
. MCAT TOT 0.204 0.221 0.22% 0.295 0.308 0.3)8 0.%9) 0,882 1.000 10,277 | 0.518
- LAB 0:097  0.096 0.071  0.207 0,223 0.227 C.24¢ 0.2% 0,277 (1.000 | 0.272

DL-RD 0.33 0.209 0.281' 0.338 0,341 0.356  0.48] O.445 0.518 |0.272 1.000

The correlations of particular interest are those between the tests and the
"ZLAB"™ criterion. These are zero order validity coefficients. The effects
of restriction are immediately apparent in the low correlations between the
CSC tests used in the actual selection and the ZLAB eriteric . The two
highést zsro order coefficients are MCAT TOTAL {.277) and DL-RD ,272,
neither of which was restricted directly by selection of the trainzes.

Two CSC tests, 51--Spatial Patterns and 135—Following Oral Directions
- were omitted from the matrix, They were eliminated based on the negative
skew previously discussed. Extreme selection, such as in the case of ATC
trainees, results in a sharp reduction in the variance in the selected
groups 2s. ~as shown in Tables 13 and 23 which compares the means and
standard deviations for the total ATC applicant group and the ATC appli~
cant Pass Group, and the ATC trainee groups.
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group variance and the selected

Tegression analysis,

mltiple regression ahalyses.

S oese 24

. +500 MO &0
CsC 54n . : 350 .56&0
csc 157 + 500 330 560
DHT 60 .5%0 530 . .B20
pHt 2 470 560 . 560 820 T
.. DMT TOT 490 . 990 570 950,950
MEAT A .520 630 63 650 670
MCAT C 40 560 490 580 550
MCAT TOT 530 630 +620 H£50 (670
ZLAB <342 . . 398 432 Mg
DLRP .515 »501 .502 A8 510

;’hsults. The next step in the anal

baodel excluded total soores

R = 0,.5689

Table 27
INITIAL REGCRESSION MODEL

amount: of curtailment that ocours due to selection.

ew resulted in a violation of the linearity assumtion; however, the extrem
disparity between the two variances for CSC Sl and CSC 135 resulted in a corrected
wrrelation that was much higher than the other corrected correlations.
analysis, if the correlations for CSC 51 and CSC 135 were us

CSC 24 €5C 50;0 €5C 157 DHY 1 DT 2 DHY TOT HCAT A MCAT © MCAT TOT

IAB criterion,

TLAE:
490 520 L4ab 530 | .32
590 .630 - .560 650 | .38
.57 630 490 €20 | L339
.950 650 540 660 | 8
.950 670 .530 €70 e g
060 .E90 570,700 | A7
690 T .£90 960 | 50¢
.570. 650 T -850 W87y
. 700 .90 LB90 : .531
REL 503 L47% .531 1100
522 611 L5SE .635 | .uéé

When eorrecting for restrictien in rance, the dif'f‘emnoe between the 'apf:licant
group variance is emplayed as a measure of the
It was not determined if the

In this
ed in the multiple

none of the other tests either independently or in combination
#dded anything significant to thenultiple R bevond CSC 51 and CSC 135.
were considered spurious and CSC 51 and

Table 26 Unreatricted and Corrected Correlations Used in Regression Analyses

[Vl

515
.501
502
I8
-3
.522
611
. 951
635
LhEE

T-00d.

BSQ = 0.3236
v = o7 »

csc 2% " .00 0.0011
CSC $40 ~0,0066 -0.0007
€sc 157 0.0555 ©.0043
DET A 0.0513 020057
DET B 0.0912 0.0101
MCAT A 0.1452 0.0322
mat ¢ 0.1668 0.0487
L ‘m. 0.1855 0.0201
REC, COMST, - ~3,0582

F-TEST : TOTAL MODEL VITR PART SCOES

BYFLL = 0,323 Hodel 1

aEUcED 0.0060 Model 0
DIFTERENCE 0.3236 ‘ -
M., DID « 1800, P-RATIO = 121,020 < 0.0001
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These results
CSC 135 were excluded fram the following

Table 26 provides the estimated unrestricted correlations {as well as the actual
wnrestricted correlation from the CSC sample).
are the correlations of the tests with the 2
range restriction, the MCAT at .531, Dial Reading at .466
t .461 have the highest zero orger validity coefficients.

- The correlations of primary interest
After correcting for
» and Directional Heading

yses was to employ the wnrestricted and ocorrected
g ourrelations in a series of step-wise multiple vegression procedures. Fach model
fwWis a refinement. of the previous model, with test scores regressed on ZLAB, The first
for DHT and MCAT, since these are the sum of their
scores that were included. Results are presented in Table 27.



In sugceeding models, Csc 340 was eliminated becausge of its lack of
contribution, and total scores were used for DHT and MCAT instead of part
scores. The resulting multiple "R* wasg -5672. Then Dial Reading was .
eliminated because of its'marginql value in the 1972 and 1977 FAR ATC

. Specialist studies, and DHT was eliminated because, in its curren* format
{very brief and highly speeded) it is not suitable for operational use.
Results are presented in Table 28. The initial mode) vielded a multiple
"R" of .5689, the final.model yielded a multiple “R™ of 5407,

Table 28

FINKL RECRESSION MODEL

R ~0.5407 . RSQ = 0,292%
v BETA . _ |
esc 24 .- 0.0608 o 0.9090
cSC 157 0.0964 0.0074
MEAT T _ 0.4391 0.0370
REG. CONST, ' - ' 03.2045
P-TEST - 24, 157, MCAT TOTAL
RSQ AL = 0.2924% Hodel 5
RSQ REDUCED = .0.0000 Model 0
DIFFERENCE =  §,2924 :
DFN = 2, bFD - 1200, F-RATIO = 371,890 P« 0,0001

Table 29 Factor Analysis on Test Scores (Principal Axig Analysis - Varimax Rotarion)

Variabies Factor 1 Factor 2 Facter 3 Factor 4 Factor 5 Factor &
M- ) 0.9111 ~0.055%0 =0.0261 -0.0:.81 0.2583 ~0.0211
CsC 340 0.4395 0. 13568 =-0.1129 =-0,5921 0.5849 ~0.0564
csc 157 0.3578 0.0785 -0.7302 0.007% G.5883 =0.03%0
MY T 0.2638 =0, 1068 0.0238 =0.0347 0.7255% 0.05%4)
NCAT T 0.2115 ~0.1042 ~0,0066 =0.0305% 0.7357 0.0522
LA : 0.283% ~0.103 0.0143 ~&,0415 0.7666 0.0563
bL-BD 0.3137 -3.0885 -0.0788 -0.0704 01745 0.0315
¥ vaviance accounted for 22,7188 2.5333 T.9083 . 5.1392 . 43, 5871 0.2097

Two rather clear structures underlying the data with the orthogonat
otation appear. Factor 1 apd Factor 5 account for 22.72 and 42.99 percent
£ the vatiance'respectively, Factor 5 contains the largest lcading for
81l tests and 2128 with the exception of C5C 24. It is also notable that
‘the division seems to occur on both factors between. the C5C tests (24,540,
§7) and the experimental tests (MCAT, DHET, DR°'RBY and ZLAB.
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_ The beta weights derived from the Final Regression Model (Table 28)
were converted to raw score weights and then assigned unit weights. The
following equation constitutes the composite score: ‘ ’

Y

e = LIC»T 24} + 2(CSC 157) + 4(MCAT)

where Y, = the composite test score for the battery. Using the unit weights,
the multiple R derived was .53%54 compared to .5407 with beta weights., The
82 value derived was .2867 with unit weights compared to .2924 using betd
weights.

_ A cross-validation stydy was performed to investigate the stability of

- the results. The sample was randomly separated into two groups, and the
- weights derived from the first sample were applied to the second sample to
" @gbserve shrinkage in the multiple R. Distribution statistics and intercor-
relations for the two groups are presented in Table 10.

TABLE 30 DISTRIBUTION BY RACE AND SEX AND
DESCRIPTIVE STATISTICS

Men Wowen Tocal . :
] - Men Women Total
BLACK 47 17 6k
BISPANIC 16 3 17 BLACK %5 w6l
A, INDTAN o .1 1 .. mspanic 15 & 19
ORIENTAL 6 1 7 : AM. THDIAN o 0 0
ESKINO 1 0 1 . ORIENTAL 7 1 ]
OTHER 730 9% 824 ESKIMO 1 1 2
_ _ OTHER 723 101 824
AL 798 116 914 : .
ToT. : TOTAL ¥ 914
KEAN 5.0, : ' HEAN 5.2,
FA¥1 ) 0.028 1,007 ) LA +0,020  0.990
CBC 24 66.998  6.871 cac 24 47,026  6.85)
CSC 157  38.490  6.538 csc 157 38,252 6.264
MCAT ~35.608 7.451 MCAT - 35,686 -7.307
CORRELATIONS : _ CORRELATIONS
LA 1,000 0.328 0,402 .0.337 ZLAR 1000 0,326  0.396  0.527
cst 2% 1.000  0.500  0.330 ¢sC 24 1.000 0.5%0 0.530
€5C 137 1.000 0.620 €sC 157 . 1.000 0.620

m;AT . ) ) 1.000 MCAT 7 1.000
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The regression equation for the first sample ig ;Sresentec in Table 31.

1

Table 31

CROSSVAL IDATION CSC _sr..':'.a:':mr: STUDLY

1:'- 0.5450 RSQ = 0.2970

VARLABLE BETA ' B
CsC 24 0.0354 _ £.0052
3¢ 157 ) €.1023 0,0158
HCAT 0.454E G.0615
REG. CONST. - 3.0113

P~TEST CROSSVALIDATION

RSQ FULL - 0.2879 Model 1

RSQ REDUCED = 0.0000 Hodel 0

DIFFERENCE - 0.2970 . : ]

DN - 2, DFD = 913, F-RATIO - 192,847 . PLO.OL

Unit weights, derived from the beta valuyes
These unit weights (CSC 24 w 1; CsC 157 w» 2;

to compute the multiple Rs and R%¢-4n Sample
following. results:

for sample ) were computed.
and, MCAT = 4) were then used
1 and Sample 2 with the

TABLE 32 CALCULATER MULTIPLE R VALUES

Sample Multiple R 82 ‘
1 .5381 .2895
2 .5292 .2801

. Full discussion of the Aanalysis and results on the CSC and experimental
tests for appointees to the ATC occupation in 1976-1978 ig provide in

- The results from these analyses supported the conclusion
[.othat CSC 24, CSC 157 and MCAT tests be used in combination as a selection

3 dattery for screening applicant air traffic controllers. Some information

In the analyses of tests in relation to ATC trainees hired during

976-1978 discussed thus far, the ATC Occupational Knowiedge Test (OKT} was
xcluded from the various regression analyses. The OKT is a "job-knoviedge
#pecific” test and is not intended for use as a "pass” of "fail® exam in

ity for employment consideration. Rather its

petitive test Battery. Consequently, the ATG Occupaticnal Knowledge
it (OKT) was analyzed as a parallel effort. -

50

A



Objective. The analysis wga'conducted to determine the relationship of OKT to:

- the present method of granting extra credit based solely on
ATC related experience. :

: Pass/fail status during Initial ATC Qualification training. -

« An ATC selection test battery comprised of CSC tests 24, 157
and MCAT and the combined estimated validity of the test battery
and OKT. :

Sampie Description. The sample for the analysis of OKT was the same grour of
1827 ATC trainees (Table 22) that was used for regression analyses of the CSC
- and experimental tests previously discussed.

Predictor. The OKT (form 101B) is a 100-item multiple choice test covering
air traffic control regula.ions, communication, f£light service station work,
navigation aids, weather, and radar. The score is the total number of correct
responses:. The mean and standard deviation for the 1827 ATC trainees was 66.9%6
and 16.3 respectively (Table 23). The Kuder-Richardson - 2C internal consis-
tancy estimate of reliability yielded a reliability cofficient of .95 for a
sample of ATC new hires.

Criterion. The same criterion measure, ATC laboratory average score (ZLABY,
that was used in the multiple regression study was used in analyses of OKT.

Analytical Methodology. ' The 1827 ATC trainees were grouped into wvarious
ATC related experience categories based on their response to a biographical
questionnaire administered on the first day of training. Four types of

" AIC related experience were identified.

1. Cther experience (included air defense command, communications
operator and prior ATC training without ATC operational experience).

2. Pilot experience-

3. VFR or nen—;ndar ATC ekperience

4. IFR or radar control ATC ‘experience

These four types of experience (together with "Moo ATC felated'experience“)

were then used to classify each of the 1827 trainees into 16 experience sub-
groups which provided for combinations of experience as listed beloir.
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Subgrou Type of Experience - N Group . (N)

1 No ATC related experience 558 592
2 Other experience 34
3 Pilot 297 389
4 Pilot + Other 92} ]
5 VFR only 99 I
6 VFR + Other 27 191
7 VFR + Pilot - 28

8 VFR + Pilot + Other 37 _
9 ) IFR only ) 86 -

10 IFR + Other . o298 144

11 IFR + Pilat b1: 3 ' :

12 IFR + Pilot + Other 11

13 IFR + VFR 275

14 ' IFR + VFR + Other 95 511

15 IFR + VFR + Pilot 87

16 _ IFR + VFR + Pilot + Other 84

Total . ) ’ 1827

Because of the small number of trainees in some: of the suboroups, they
were combined into the following five major groups: :
Group 1: No experience + Other experience only (592
Group 2: Pilot or Pilot + Other exrerience (389)
Group 3: VFR + any additional experience except IFR (191}
Group 4: IFR + any additional experience except VFR (144)
Group 5: IFR + VFR + any additional experience {511)

: The test scores for OKT were correlated with experience and later cosrelated
with the ¢riterion ZLAB. Statistical analyses of each of the five experience
‘groups in relation to OKT score ranges and pass/fail status was also conducted.

"Results. The correlation of OKT scores with experience was ,61. OKT correlated
- with the ZLAB criterion at .22 versus .11 for experience credit. This indicates
. that while OKT is closely related to experience, it is more predictive of success

than the present method of giving credit based on experience in accordance with
the OPM Rating Guide . '

The results of the statistical analvsis of eact of the five experience
groups, their OKT scores and aTC training pass/fail status is provided im -
Table 33. '

S
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‘i’a&le 13

Fallure Rates by OV score fanes and URT “cans by Experience Groups

Score ‘l’ma?! ?'Fan .Te't:i I?tr"a_n ‘I'pta.:‘: Faii ,Tcla{r? Fail To:’:? ; %:?1 ] TotI?T;LFaH
0-%% 430 29.3% 87 2u.9% 2 12.0% (RIS B ¥4 23 4358 [ sse 09.73
668 31 2108 ) a7 23w 1w 9 3| 23 82 135 9.1
6%-69 b 25.0% 5% .14 2T 2%.03 132311 46 395 | 179 29.:;,
10-Tk 33 20.6% 11 t3.0: e 19.43 13 e.75 ot 13.k8 [ 226 15 M
15-79 22 2.5 61 to.x; 3t 1351 4 pt.As ] 1 4.5% 7 27T 12.6%
80+ Lo 12.0% 35 WSk 34 13.ot) 89 S.d{ 21 7.ut | usw 0 8.3
" TOTAL 592 28.51 183 15.2% Y 21.5% (LT ] 13.2¢ 11 43 w2t 19.2%
Heans :
okt 51.49 89.94 12.25 76.28 3.0 66.96

atd. dev. 14.8 . 10.9 1.4 . 9.5 9.7 - 1.3

While the mean OKT score for the total 1827 ATC trainees is 66.96
(D= 16.3), examination of Table 33 shows marked differences for the five
experience groups and, within each group by OKT score range as shown Below.

Experience Group N Mean sD Percent of Failure
No + Other Experience 592 51.49 14.8 26.9%
VFR + Any other {except IFR) 19]1 72.25 11.4 21.5%
Pilot + Other Experieénce 389 69.94 l1o.9 T 15.2%
VFR & IFR + Any other - 51} - 78.00 9.7 14.3%
IFR + Any other (except VFR) 44 16.28 9.5 13.2% .

Of the total 1827 ATC trainees, 352 (19.6%) were in ATC related experience
groups which presently earn extra credit under the CSC Rating Guide for this
experience and who scored less than 70 on the OKT. The failure rate for the
359 was 26.2% as compared to 28.2% for the 511 trainees with no (or other)

ATC related experience who also scored less than 70 on OKT.. ’

As can be seen from Table 33, as OXT  score- ranges get higher, the pro- )
portiod of failures generally continues to drop in each of the five experience
groups. Rather than using the present method for granting extra credit. for
experience, the use of OKT scores would be significantly more predictive of
ATC training success.. :

Thus far, OKT data reported has compared the OKT test scores to the present
method of crediting ATC related experience and each of these in terms of their .
prediction of ATC training,pass/fail_status. For OXT to be truely useful, it
must contribute to predicting ATC training success over and above what can. be
Achieved by a new selection test battery., ' '
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As prev1ously shown, a test battery comprised of CSC 24, CSC 157 and
MCAT had a. multiple R ol .54 which accounted for 29% of the varianece on
2LAB. If the correlations ¢ OKT with ZLAB and the other test ba.terv
scores are corrected for restriction in range using Thorndike's formula 7,
then the multiple regression coefficient lncludlng OKT can be estimated.
The new Multiple R, calculated including OKT as well as the three tests
previously included in the battervy would be .60 and 36% of the ZLAB variance
would be accounted for. This increase is significant (F = 204.3 p 4,001},
indicating that the addition of extra points using OKT scores would signi-
ficantly improve prediction and that OKT should be used as a basis for )
determining extra credit. The analysis of OKT summarized here is discussed
~in more depth in reference 27
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DEVELOPMENT. OF THE MULTIPLEX CONTROLLER APTITUDE TEST

EXPERIMENTAL TEST FORMS. Development of the Multiplex Controller Aptitude
Test was based, in part, on previcus research efforts directed to developing
performance indices for air traffic controllers during 1970-197%1 (28). From:
this research, the initial versions of the Controller Decisien Evaluation
(CODE) film tests were developed and used in the 1972 study of Air Traffic
Control Specialists conducted by Education and Publie Affairs (12).

The CODE test used a motion picture film to present simulated air traffic
"in real time as they crtss a controller's display scope, together with a
mileage scale, lines to represent airways and intersections, and a data table
to provide information on each aircraft's identity, route, speed and altitude.
- The test was administered in a free response mode, with the task being to
" predict violations of aircraft separation standards (conflicts) as early and
accurately as possible. :

Experimental administration of three motion picture films were carried cut.
Analysis revealed that most of what was measured . in each 45 minute film could.
be derived from only 7 or 8 of the pairs of conflicting aircraft. In addi-
tion, there was considerahle idle time during testing which offered the oppor-
tunity to measure more than simply conflict performance. Consequantly, test
development procedures were initjated to measure not only this skill but others
as well. ;

An initial modification was to develop a structured test, using a slide pro-
Jector to place conflict-type questions on the screen. However, when items
were assembled into a film/slide version, half of the test time remained idle
and this provided the opportunity for test subjects to chdnge their answers as
the test progressed and the correct answers became chbvious. It was found that
by presenting a .new item every 45 seconds the examinees were kept sufficiently
busy so that this situation could be controlled, '

Ample information is available on the scope and table to ask a variety of
questions. Items were written that utilized the available detailed information.
to measure such aptitudes as direction following, tableé reading, spatial visuale
ization, and arithmetic reasoning regarding separation distances and times.

Some items were very simple. Others were written in a multi-factor format to

~.increase their difficulty. For example, initial instructional questions on how
to read the: table were very easy, but a complex problem such as estimating
travel time in minutes between two aircraft (horizontal separation) required
awarenéss of distances across the scope, reading the table to determine their
speed, and mathematical computation to determine their rate of closure.

Items were administered experimémtally, the relation betweeﬁ'item typeé and

total test homogeniety dg¢términed, and this ratio used to determine the number
o of items per type to include in the test. A result, for example, was. inclusion
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of twice as many time-distance se

© . the test. Conflict item location Y mean journeyman
- Tesponse times when targets were at certain. lecations. Aptitude items were

" Placed in the remaining positions, 45 séconds apart, alternating frem one

- type to anbther and spiraling to increasing: levels of difficulty as testing
Progressed. About 40 percent of the items were conflicts, and the other 60

‘Percent were aptitudes. As films 4, 6 and 7 each provided- L

- of air traffic, three different forms of the test, MCAT 4,
Prepared, i

paration items as compass heading items in
s had been established b

Memphis, and grades of these

training. Analyses included intercorrelations and rotated factor loadings
‘of the various tests with each

other and with such school grades ag laboratory
flight plans, control tower, and radar control problems, as, these grades Pro-

5 1n the film plus slide
how far an aircraft moved from

~During these test administrations,
picture or slide projector equipmen
test administration.

it became evident that the use of motion
t would not be feasible for operational
The effect of equipment’ failure, room size, lighting,
and other factors couid not be controlled at the many
- Office of Personnel Management administers the test to

»_7000 ATC applicants tested by the CSC in tha
&ll of 1976 and spring of 1977. '

ch form was then lengthened to. 55 items and administered to all students
the FAA Academy from 1977 until June 1978; students at various colleges
universities; and, students at the Army Rir Traffic Controller School,

b. Rucker. All three forms were administered to each of the Army students

d differencés'in mean performances among forms were found that could effeet

orm Comparability. alse, student performances improvéd-considerably‘on‘the
ond form they were administered, indicating that learning was sti)} taking
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place, but'there_was very little increase in performance on the third form,
Differences in learning rate among students was noted, and this ability was
recognized to be another potuntially useful measure.

Development of various forius of MCAT has resulted ip reliability correlations
that vary with the restriction in range of the scores for the populations
- tested. Correlations between early forms were .31 to .50 for ATC Academy
students who had greater restrictions in randge of their scores; .60 to .66
for USAF ATC students; and, .87 to .90 for non-controller FAA employees who
more nearly approximate the population for whom the test was designed. Vali-
dity of the MCAT test with the different criteria used for prediction of
*ATC success" have béen identified in the various studies previously discussed.

_ A more detajled description of the development of experimental forms of the
MCAT test is found elsewhere (193},

The test is designed to measure the skills of the air traffic controller appli-
cant within an ATC simulated setting, What is accomplished, in effect, is to .
teach persong a set of simplified ATC rules, and then test how well they can
apply those rules in specific situations. fTest subjects spend eight minutes
studying the directions, and then start to answer the questions. Because the
air traffic contrbller activity is complicated and rather difficult to learn,
the test is designed so that initial items are very easy, and then progress in
an order of increasing difficulty. The time limits are deliberately established
to make the test a speeded test. While usual aptitude battery design practice
is to cluster items into homogenecus subgroups, in this test -thé content of the
items is alternated from one type to another and they spiral to increasing
levels of difficulty. This mode of presentation is found in only a few tests
such as the Stanford-Binet.. A result shewn statistically is that the non- )
corifliction items show unexpectedly high commonality with those items requiring
‘detection of impending conflicts. Apparently the detection cof conflicts
requires the same skills and operations measured by the different kinds of
aptitude items presented.

‘Figure 3 provides the basic format of the MCAT. About 40 percent of the total

55 questions ask for identification of potential conflicts, or violations of
separation standards. The remaining guestions ask for such information as
differences in the routes of pairs of aircraf®t, how far apart two aircraft may

be at a given moment, their compass headings, and if they will come into conflict.

DEVELOPMENT OF PARALLEL MCAT TEST FORMS. For operational purposes, multiple

- forms’ of a test are necessary for retest purposes and control over compromise.

. Based on previous item analysis and experimental test form development, each of

- the three experimental test forms (407A, 607A and 707A) were split into two

. parts by placing the odd items in one part and the even items into a second
part. These individual parts were then placed in various ccmbinations to provide
$ix available forms. Each form was a 55 item test and separated into two parts.
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PIGU?E 3

THEBJULHFlEXCONTROLLERAEWTTUDETEST

Flighe Informition

A typical example of the kind of information
is given above., The drawing shows the particular
follow. Changes in routes can eccur only
Each x depicted on the routes represents g
direction indicated by the trailing dots.

To the side, a table containin
.craft is provided. The number next
of the flipht information to the cor

g critical flight informat

rect aircraft,
n miles per hour, and route tha

.
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_Fach part required a person to learn its unique mix and pattern of traffic and
make -predictions as to traffic behavior and potential conflictions. Part'l
was administered allowing 20 minutes for completion; 15 minutes was allowed
for Part 2, The six forms were then administered to two sample populations;
new ATC hires entering the FAA Academy for training. after June 20, 1978,
and to appfoximately 7800 applicants for ATC work who took the present ATC
test administered by OPM in Octcber-November 1978, Table 34 provides the
descriptive statistics for each group for each form of the MCAT test.

TABLE 34
PERFORMANCES _OX MTERNATE FORMS OF MCAT,

FAA ACADEMY OPM ATC APPLICANTS

FORM NO. 1D . STUDENTS 1978 TESTED 1978

MCAT OPM Mean sD N Mean - sD N
4o6e 120 - 33.8 . 7.45 459 29.3 ' 9.15 1233
4e60 130 7.4 7.35 458 29.3 9.70 2328
6aTe 140, 40.4  7.45 434 33.1 10.40 1222
6e7o 150 - 37.6  6.80 s 31.5 8.20 1086
7o4e 160 33.8  7.65 135 29.6 8.70 1135
Tedo 170 39.8  7.25 356 2.2 10.34. 882

The test is for use with OPM ATCS applicants, and thosé are the data of primary
interest. The FAA Academy students data are included for future test develop-
ment work, to estimate applicant scores on new forms of the test when experimen—
tal data are gathered on FAA Academy students. while all forms are quite <om-
parable for the ATC applicant sample, item revisicns will be made in forms

6o7e and 7edo to increase their comparability.

Many different scoring methods have been explored during development of the test.
The test could be scored for Rights and Wrongs, with separate scores for Conflicts
and each of the Aptitudes, and with differential combining weights for all these
subscores. The test could be scored for the rate of improvement from its early

to later parts. Various multiple regression studies indicate that little is
gained from maintaining separate scores for Conflicts and Aptitudes as was done

in the 1977 study conducted by Education and Public Affairs, Inc. Consequently,
_performance on all items have been combined into & single score in subsequent
analyses. The data also showed that little was gained through use of a ccmblna~
tion of “Righta and Wrongs" instead of “Rights" only.

For a group of 617 ATC students at the FAA Academy tested between Juyne and
December, 1978, a total "Rights" score test-retest correlation of .60
between comparable two part 35 minute forms of MCAT was obtained. A planned
doubling of the test. langth providing a total test time of 90 minutes should
increase the reliability coefficient to .75 for this restricted group and
prov;de an adegquate level of reliability for the ATC applicant population.
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The folloking SUNMArises che development of the MCAT test.

'CODE - film wercions 4, 6 and 7. Scoring: 1971, 40 items:

1974, Stanine: _%:;%. corrected item scores - best items. Un-
structured Iree respolce.

Film Siide MCAT - July 1975. Time éont;olled for answering each
item. MCAT 406 7S < 41 items, %06 FS - 43 ijtems, 706 FS - 53 items.
Structuared mulziple choice.

All slide WTAT - October 1975. Time contrelled for answering each
item. MCAT 406 &S ~ 4l items, 606 AS - 43 items, 706 AS - 53 items.
Structured smltiple choice.

Paper Pencil MCRT -~ January 1976. MCAT 406A - 41 items, 606A -
43 izems (2% misutes test time) 706A - 53 itens (30 minutes test
time). Structured multiple choice. ‘ ’

~ Paper Pencil MCXT - April 1976. Time controlled for answering each

five minute grotp of items. Form 606B - 43 items, 706B ~ 53 items.
Structured mulriple choice.

Paper Pencil MCAT - January 1977. Time controlled for working total
test {15 mznutesy. 407A, €077, 707A each 55 items. Structured
multiple choice.

Paper Penczl MCI3T - June 1978. Parallel test forms. Two part tests
with each part presenting a unique pattern of air traffic. Part 1 -
20 minutes, Pars 2 - 15 minutes. Forms: 4o6e; 4e6o; 6elo; 6oTe;
7edo: Jode: each test 55 items. Structured multiple choice.
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DEVELOPMENT OF THE AIR TRAFFIC CONTROLLER,OCCUPATIONAL KNOWLEDGE TEST '

The ATC Occupational Knowledge Test (OKT) is a subject -element, paper-gencil,
machine scorable, aultiple choice type fest. It Measures important aspects

. of knowledge associated
pexrformance &s an air tr
_areas included are Air T
. Control, Enroute Air Tra
Navigational Aids, Weath

Experimental Test Develg

with prior experience that are related to successful.
affic controller specialist. The subject matter
ratfic Control Regulations, Terminal Air Traffic

ffic Control, Comhunications, Flight Service Stations,

er, and Radar. -

pment

The initial ATC Occupati
acceptahility &f an appl
GS-9 level or above. Th

onal xnowledge Test was designed to measure the
icant's claimed experience for qualifying at the
ere was such a wide variety among applicant's claims

of experience that they were difficult to evaluate, and the OKT would provide

ajores to verify the ace

eptability of cldimed experience. ~The first step in

test development was a two-week workshop in June 1970, in which eighteen

journeyman air traffic ¢
Flight Service Stations
. people the specification
training and supervision

ontrol specialists freom Terminals, Centers and

participated. The workshop was to teach these

s for the test ang help them write items under the
of representatives of Faa Headquarters. This

credit, and determined the specifications for the test to permit its applica-

tion to verify claimed e

xperience. Then over 300 items were written, and

reviewed and edited by the Examinatien and Certification Section of the ATC

Academy, Oklahoma City..
150 of the items, and Fo

These forms were adminis
raported for. training at
Air Traffic Control Spec
Centers, The tests were
Patterns, had acceptable
- Center, Terminal, and Fi
ability to differentiate
job incumbents. The res

Two test booklets were created,. Form 15 contéinihq
tm 16 containing 160 items.

tered to two classes of students on the day they

the ATC Academy, and to samples of GS-7 and G5~9
ialists in Flight Servirce Stations, Teérminals, and
found to correlate highly with past experience
validity coefficients with training success for

ight Service Station training, and demonstrated

Air Traffic Controller fiom Flight Service Station
ults of the experimental-testing were analyzed at the

individual item level, and thege data used for creating multiple forms of

the test.

Since planned initial ap
determining applicants’
above the GS-7 level, a
that had been found lack

pPlication was a test for use as a partial basis for
qualification for Teiminal and Center job entrance -
first step was to elimimate jitems from consideration
ing hy experts in the specialty area. The perfoimance

of virtuoso air traffic controllers was compared to performance of entering

and (2) the item's diffi
items were selected for
most difficult 100 items

an item by item basis. Prime criteria for an

) its ability to differentiate between the two groups
culiy level. The easlest 100 of the most discriwinating
inclusion in Feorm 101 - Experimental and the next

were assembled as Form 201. .
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b‘more detaxled d;scussxﬁn of ﬁhe initial development of the Occupational
KXnowledge Test is found elsewhere. (30). Subsequent to 1970, FAA discon-
tinued hiring ATC applicants at grades above GS-7 and work on developing
“the ATC Occupational Knowledge (OKT) was deferred until 1975 whan further
. ..research was xnxtxated to 1mprove ATC selection.

In August, 1975, a battety of experimental selection tests, including Forms

101 and 201 of the ATC Occupational ¥nowledge Test, were administered to

109 students of the Navy Air Traffic School Memphis. Student scores on

s Form 101 were distributed ‘against the.ur week in training when tested, and

these showed increases in tesk perfonmance levels as the students gained

experience. Grades of thiese studentgkwere obtained as they progressed

;thraugh training. - Analyses lncludedrﬁntercorre1atxons and rotated factopr

loedings of the various tests with emch other and with school grades such

as academic and laboratory grades and course average. Distribution statistics

plus correlations with scnres on gelected variables are ‘presented in Table 5.

.‘Mean scores on Form 201 are ten pclnts lower than on Form 101, and the Form

-f“201 total score correlatxans w1th other measures are similarly depressed.
TABLE 35

PE&FORMANCE RELﬁTIO&S BET&Lh\-Okl AhD SELECTED YARIABLES

‘;fgvy ATC Students

S opm10l KT 2
'+ Bugust 1975 i : Uy KT 101 OKT 201
i . L 'f: Mean sD Mean Sp
© TOTAL GROUP (N-109) . ¥ el 8.9  51.5 6.7
'CORRELAJTON WITH: . - &, x
Reading ' -.01
. ‘Education Level .10
S M_(_:AT . L 22
1 0KT Y01 .16
L OKT 201 —
~School Grades
" Academic Average .25
Block 11 Composite .16
‘Block I1I: Basic Lab. . _.06 .
‘Block III: Advanced m 13
Course Average .25

- Test . (OKT) showed 11tt1e or ne &
couprehend the material and ve
aptitudes. OKP-101 had’ hlgh i
ance factor, the Control Towe
PKT-201 had a similar tactor,s
1“f.m::'cors, yerhaps as a'functxon

inality with their ability to read and
‘1i€tle relation with their mechanical-spatial
-3559“ the Air Traffic Controller Perfor-

ﬂ-zure ‘but with less loading on each of the
3 restrlctlon in variance, sihce it was a




A battery of experlmental tests including ATC Occupatlonal Knowledge Test
101 Experimental was also administered to forty-one students at the Air
Force Air Traffic Controller School, Keesler AFB; during QOctober 1973.
Distribution statistics ‘and correlations with selected school grades

are presented in Table 36. The performance of these students were gquite
similar to those of the Nawy Air Traffic Controller School samgle.

TABLE 36
PERFURMANCE RELATIONS Bf1ﬂ1f§’0h1 AND_ RELLCTLD VARIABLES
USAF ATC STUDENTS : Okl 101 Standard
£E£PE§I_EEE§ . Mean Deviation
Total Group {N=41) 63.66 16.34
School Grades, Final
Schoel Correiations _ 'g,;“ ' r
Block I Bas;c FAA Cer* 1c§t10n .42
Block II Basic Operatiodt “Shecialist .15
Block III  Centrol Tower Operator L322

Block IV Radar Controller (6CA/PAR) .68

Based on the results of administering Form 101 ard 201 of the Occupational
Knowledge Test to these groups, as well as to controllers at selected FAA
terminal and enroute facilities in Deécember 1975, the best 100 items were
gselected to create Form 101B of the OKT. This form was part of the experi-
mental test battery administered to FAA facility personnel and ATC Academy .
students in the 1977 selection study conducted by Education and Public
Affairs, Inc (6). Distribution statistizs and correlations of OKT~101B
with Supervisory Assessments obtained in the 1977 study for field personnel

are given in Table 37. Corrslation with superviscry assessments for field
ATC personnel were among the highest found for variables in the experimental
test battery.

TABLE 37
DISTRIBUTION STATISTICS AND CORRELATIONS
ATC OCCUPATIONAL KNOWLEDCE T_IST - 10JR

(Facility ATC Specilalists - 100 items, 97 keyed).

ATC Option Correlation with

and Year Hired Supervisory Assessment 1 Mean sp
1FR 1969-70 IS ¢ . 97 85.1 5.02 _
197374 .14 85.0 6.45 ;
TOTAL _ A 85.0 5.5 1
VIR 1969-70 ' RY) w89 620  9.m |
197374 © .29 a0 8006 8.39 ' i
TOTAL .21 169 81.2 5.97 _ : i
ARTCC 1969-70 .21 : 88 79.8 6.71 ;
1973-74 14 - 9% 77.0 9.33 :
TOTAL .17 ’ 182 8.4 8.26 3
755 196970 S I % PRESEY T 75.0 9.5 :
" 197374 N TR 97 71.5 13.04 i
TOTAL .19 , 196 733 1155 ;
ALL OPYIONS ‘1969-70 .08 353 80.4 8.78 !
: 197374 .20 283 78.5.  10.78 i
TOTAL : .15 , 736 79.4 9.91 !
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Comparable data for a group of new ATC trainees eéntering the FAA Acadery in
1976 are provided in Table 3H, .

DI:.‘I'PI&’I'[CC- STRFIETICS AND cﬁmm v
NG oodz”w. TOHEL m"}"}m' TEST - 101F :

(Acadery ATC Trainees - 100 iters, 57 keyed)

Acadermy Classes 4-3 " (brrelation with

Z Lab Score N | HERN sn
Jan - June 19"6 . = -
Eroute by SUb:m:nps 803 67.3 16.42
Aviation experience v oL40 : L2172 76.6 10.68
No aviation experience ' .27 52 - 60,2 - 16,23 _
Men .31 700 68.7 ) 16.06
Wormen . .11 ' 103 5.5 15,62
Mirority . | L 67.5 15.51
Nom-Mimority . .25 ’ 710 . 68.7 - 16,06
Terminal o L 372 0.9 - 15.44
Enroute W32 421 - 64.2 - 16.33

As would be expected, mean scores on OKT for this trainece group were lower
and the standard deviations higher than for the more experienced facility
RTC specialists hired in 1969-70 or 1973-74. Correlations with the non-
radar laboratory training scores (2 scores}) for the Academy were highest
for those with prior aviation experience and for minorities. Correlations
for the terpinal and enroute option were also among the highest found for
variables in the exparimental test battery. .
iV
The ATC OKT 101B was also evaluated in relation to present methods for
granting extra credit for aviation related experience. The ATC Occupaticnal
Knowledge Test 101B was administered to 784 ATC trainees who entered the

FAA Academy's l6-seek ATC fraining program between July and December, 1976,
All trainees completed a pre-employment questionnaire. . Based on responses
to the questionnaire, the trainees were assigned to one of three experience
grcups in accordance with evaluations of claimed experience as made by the
Office of Personnel Management rating Procedures. It was found that while
scores on the OKT were highly correlated with claimed experience {.64), OKT
-had a higher correlation with successful completion of the non-radar lab
(.25) than did claimed experience {.12). It was determined that use of an
OKT score of 75 or above to assign extra credit would result in a failure
rate of 3.1 percent for those receiving credit, while use of the present
experience rating would reésult in a failure rate of 7.6 percent for

new hires who now receive extra credit for experience. The results held

up for a cross-validation sample of 432 trainees who entered the Academy
- during 1977 The full results of this analysis of OKT is provided elsewhere

In order to obtain data on the ATC applicant groups within available test-
ing time, a 60 item form of OKT (101-C) was developed from form 101B.

- This was administersd to twe groups of ATC applicants during September-
November 1978, together with parallel forms. of MCAT after they had completed
the existing operaticnal ATC test battery used by OPM, One group consisted
of 5331 scheduled applicants. The second group was 669 "walk in” applicants
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in testing sessions arrange? Lo encourage women and minorities to apply for
ATC work. Mean scores for the scheduled applicants on the 60-iten OKT {101C)
was 24.9 with a standard deviation of-11.80 and for the "walk ia" group, 20.1
and 9.71 respectively. OKT Form 101C was also administered to groups of ATC
trainees at the ATC Academy during 1978. From these ahalvses it was cons
cluded that the ATC occupational Knowledge Test Form 1018 has high reliability
(.91} and that the slight loss of reliability with reduction in test length
would not be of consejuence. '

Developnent of Parallel Test Foims

The purpose of the OKT is to define the domain of ATC Knowledge that is
demcnstrated by applicants for the occupation as a basis for granting extra
credit to those who successfully pass the basic ATC selection tests admini-~
stered by OPM. For operational usage, multiple Jorms are needed to meét
retest requirements and provide some capability for control over compromise.
An essential step in the development of alternate forms was to define the
types of items and number of jitems of each type to include in each succeeding
form, to structure the domain of knowledge to make it consistent with the
knowledge requirements of air traffic control. This wds accomplished pri-
marily by determiriing what types of knowledge were retained after training
and early apprenticéships experience and were known by nearly all full per-
formance level controllers. Table 0 identifies the steps involved in deter-
mining the final domain of ATC occupdticnal knowledge incloded in OKT and
provide a basis for developing future comparable forms.

As the Federal Aviation Regulations state that, to become certified as a
Terminal ATCS, the person must pass a written xnowledge test on {1) Flight
Rules in FAR Part 91 (Air Traffic Control Rules), {(2) Terminal Traffic

Control Procedures, {3) EnRoute Traffic Control Procedures, {4) Communica-
tions Operating Procedures, (5) Flight Assistance Service, (6) Air Navigation
and Aids to Mavigation, and (7) Aviation Weather, the FAA Basic Certification
Pest was designed to test knowledge in each cf those subject matter areas.

The original form of the certification test is listéd first in Table 38, and
the vable shows that an equal percentage of items (14 percent} were allocated .
to each subject matter area, For development of the OXT, radar gquestions were
added to the item pool {line 2), and the best items selected (lines 3-6) to
measure carndiates' possession of the knowledge required. The parcentage
allocation per subject matter area is presented in line 7 for version _

1018 of the OXT. Each of the seven subject matter areas igs further defined
by subject sub-elements which are identified in Table 40, Table 41 shows

the classification of items in Form 101B by element and sub-element. Numbers
in the cells are item number., If the item number is underlined, that item
was found to be lmiown by 20 percent or more of the 1975 sample of 50 full-
performance level Air Traffic Controllers. :
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TABLL 19
ATC OCCUPATIONAL KMOWLEDGE TEST - SUBJECT MATTER ELEMENTS
| MRCENT OF ITEMS - EacH Errmewe

Inflighe Commrun,; - Flighe Air
Airpory Traffic cations Asdistance Mavigation Numper
ATC Teafsic Control Opearations Sarvice & Aids to
Form o OX Tegr Rulen Pr'oetdu;u_ Proceduren Procaduzc_a Procedures Mavigation
1. Original FAR Bagic lén lan 1% : 1én 14n 14n len 187
Corzification Tast .
ALl Items - .
2. Form 16 124 i . 75 124 124 12¢ 2% . 162
ALl Items
1. Fom 101 - Exp. 20 g3 20 R T 2 19 6 99
ALl Trems ' : :
4. Fors 101 - Exp, M ’ 12 12 1.3 n s 53
Items Etiown :
$0+4 of Croup of
Tull Performance
Lavel (=52, 1978 ) .
5. Porw 101 - Eap. 13 9 o 13 1 25 : 53
items khown by 1006 B :
of Greup of Fuil
Pertormance Level
ATC (Rel6, 1970}
6. Yorm 101N n 12 m 12 2 19 6 1o
All Items . -
7. New Operaticnal i} 10 1 13 K n 5 e
Tdrms (Recommended)
$ub-alement: | 1 - 10 -9 - - 5 .
2 . H 3 2 . - 2
3 Y 2 - 1 2 1§ .
& 8 1 15 » . . ]
1] 1 1 | i * ¢ 1]
L * 3 hd 2 H
7 1 1
Y




01,
0.
AEN

05.
Q6.
or.

01,
02,
03,
[tV

03.

06.
07.

01,

>

-

03,
0%.
05.
06

0.
02.
03.
O,
05.
06,

ol.

03.
[
05,

ol.
0.
03,
os.
06.

Tally <0

CATECORTES {FLEMFNTS AND SUR-FLEMENTRY OF
ATU GUCTTATIONAL KROWLE DY

1. ALR TRAFFIC KULES

Pertaining to Alrcraft

FPertuining to Atrway

Pertainine o Asrspace

Pertaining to Fiving Condit!ons {(Ratings, Weather, Speed
Maneuvers, Alt{tude, Flipht Level)

Fertaining to Sperations/Instructions

Fettaining to Adrinistrative Messages (Reports, Phraseclopy)
Pertaining te Ratety/Emergency

2. CATRPURT TRAFFIC PROCEDVRES

Pertaining te Traffic Intormation

Pertaining to Tvaffic Yatterns

Pertaining tc Runway Uprrations
Pertalning to-Flight Movement {Destination Changes, Arrivals,
Departments) :

Pertaining to Adeinistrative Messages {Phraseclogy, Authorizaticn,
Dfficlal Keperts, Documents)

Pertaining to Heterclopical lnformation {Ceiliog, ViiibilitV)
Pertaining e Safery (Mesrages, Larninb Pevices. Collisions)

3. INFLIGNT TRAFFIC CONTRCL PROCEDURES

Pertaining te Separation {(Vertical, Lateral, etc.)

Pertaining to Cleatance {(Routing)

Pertaining tv Approach {Flaght Level, Helding, Alt. Setting)

Pertaiutng to Ridar (Contact, ldent, lnterference, Traf{ic Information)
Pertalning 4o Flight lnfermaticn and Data '

4. COMMUNICATLIONS OPERATING FROCEDURES

Pertaining to Flight Movement and Controel Messages
Pertaining to Administratfve Meseages {Phraseclogy)
Pertaining to Meterclogy Inforzation

Fertaining to Elearance

Pertaining to Safety

Fertalning to Setvice/Maintenance

%. FLIGHT ASS1STANCE SERVICE FROCEDURES

FPertaining to Search and Rescur -

Pertaining to Overdue Alreraft

Pertaining to Emcrgency Communications

Pertafning to Meterolegical Informaticn . -
Pertaining to Facilities

Perctaining to Frocedures

. 6. AIR RAVICATION AND AIDS TO NAVICATION

Perzaining to Frequencies

Pertaining to Instrumentation

Pertaining to Posttion/Distance/Direction
Pertaining to Navigation (Time, etc.)
Pertaining to Navigational Alds

7. AVIATION WEATHER

o

Pertaining to Visibility/Celling

Pertaining to Weather Conditions {(Temperature, Wi C
' ds,
Pertaining to Clouds v nde. Toraads, exc.)

Pertaining to Administrative Messages (?hrlleqlogy)
Pertaining to Forecasts/Reports
Pertaining to Responsibllities/Procedurces
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The subject matter areas or elements and perceptage allocations per area

as determined above were used to describe the types and number of items

per type to be included in new alternate forms of the test. Fourteen hundred
multiple choice items were drafted and reviewed, and items selected from this
pool to create eight 100-itemparallel forms of the test. Twenty items were
common to all forms. These forms were administered experimentally, item
analysis accomplished, and the eighty best items in each form identified for
keying. These eighty item forms are identified as ATC Cccupational Knowledge
Test 102A, 102B, 102C, 102E, 102F, 102G, and 102H. Use of a Rights Only
scoring procedure has been practiced and .is recommended.

The forms have been administered teo incoming students on the first day of
training at the ATC Academy since November 21, 1978. The mix of trainees

" attending the Academy varied during this period with regard to levels and
types of aviation-related experience. In order to control these differences,
each group of students was given two forms of the Occupational Fnowledge
test. Consequently, the comparison of results for alternate forms of OKT
can only be made for those tests taken by the same group o; trainees,

The descriptive statistics obtained for each trainee group which took two
different forms of the test are provided in Table 4I.

. TABLE 42

ALTFRNPTE FORMS OF OKT

(N=97) i
Mean §9 : T

Form A 41,95 14.05

Form C 42.55 11.95
9 o N6T) (N=22)
§é Mean SD : ’ Mean Sb
’ Form A 38.93 14.61 ' 49.59 13.35
% FomB  36.25 12.15 44.73  10.84 -
(N=86) :
- Mean sb
k. FormB 3835 14.80
k. FormD  43.45 12.75
3 (N=384-386) -  (69-70) o e22)
! Mean §g : Mean sD Mean sD
. FomE  46.49 13.80 . 45.51  13.98  48.18  11.66
L FomF  44.34 13.49 : 42.60 13.13 44.50 12.18
o (N=407-408
s Mean- 8§D
k' romic  46.28 13.95
F - FormH  48.38 13.95
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‘The means and standard deviations for the two forms taken by each group can
be compared since the experience mix for that group was common across both

forms taken.

However, the data cannot be compared for the same form taken by

different groups of trainees since the experience mix was not cowmon.

The alternate forms do show some differences which reqﬁire»minor adijustments ]
- by shifting items of a common type but ranging in difficulty level, from one form

to another.

Reliability estimates for the various forms have been derived and are presented

in Table 43.

testing use and administration.

Yesting Date
3-6-79

7-3-79

11-21-79

TABLE 43

Student Gr&uzs

Enroute
N=§6

Enroute, .erminal
FSS5, N=89

Enroute, Terwminasl
N=183

70

RELIABILITY OF ATC OCCUPATIONAL KNOWLEDGE TEST

OKT 102 Takén

First vs. Second

E,F,.G. K E.F.C.H
(80 item) (BO item)

E, F.G,H E,F.C,R
(80 item} (80 item)

A,B,C,D A,B,C,D
(20 core €20 core
items) items)

These reliabilities are considered satisfactory for operational

Correlation

L9904
.863

877




' STUDY OF ATC JOB APPLICANTS -~ 1978

Objectives. - The results of the analysis of the experimental tests for a
group of 1B27 new ATC trainees at the FAA Academy 'during the period
1876-1978 supported the conclusion that a test battery comprised of

the Multiplex Controller Aptitude Test, Abstract Reasoning (CsC-157),
and Arithmetic Reasoning (CSC-24) would provide an operational selection
test battery for the ATC occupation with significantly better predlctlon
of success in ATC training.

This conclusion, together with the development of parallel test forms

of MCAT made it desirable to administer these tests to a new group of
ATC applicants in order to compare the results of the proposed test
battery with the existing CSC tests with respect to the composition of
the two groups who "passed" each test battery and the effect on score
distribution within each group. A change in policy also made it possible
to obtain race, sex and ethric data which had not been possible with
the 1976-1977 applicant group.

Arrangements were made between FAA and the Office of Personnel Ma:agement
‘to administer the parallel forms of the MCAT and a 60-item’ version of

the ATC QOccupational Knowledge Test when Lthe present CSC tests were
administered during September-November 1978 to ATC job applicants.

Sample Description. The present CSC tests, together with MCAT and QKT

were administered to a total of 6,000 ATC job applicants, Some 5,331 applicants
~were scheduled for examination through established OPM procedures. In addicion,
FAA had arranged with OPM for a series of "walk-in" test sessions which did

not require advanced scheduling by applicants with OPM. total of

669 applicants took the test on a "walk-in" basis. These "walk-in"

sessions were established as a means of encouraging more women and

minorities to compete for positions in the ATC occupation. Table 44
provides. the distribution by race, ethnic groups and sex for 5295 of

- the 5331 "scheduled” ATC job applicants. Table 45 presents these data

for 664 of the 669 “"walk-in" applicants.

TABLE 44
Amar.
Indian Asian Black White Hisp. _ Other TOTAL
Men 42 {(I2n) 38 (768} 650 (58%) 2860 (76M). 213 (79w 21 {70W) 324 (72v)
Wamen 16 (28) 12 (24%) 463 {42%) 915 1248) _S56 (2I8) 9 (30N} 1471 (26w}
TOTAL 58 (18} SO (AW} 1113 (218 37TS (TIA) 269 (S8 30 (1w 5295 (100W)
TABLE 45
AmeT
Indian Anian Black lfhite' Hisp. Other TOTAL
Men 2 3 145 (SON) 160 (55%) 44 (65%) . - 154 (530)
Woman 1 4. 146 (508] 132 (45%) 24 (248} 3 310 4™w)
TOTAL 3 7 291 (440 292 (448} 68 (10W) k] 664.0100%)

n
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There are several points of interest regarding the racial and sex
distribution of these twc applicant groups. For the "Scheduled™ applicant
group, (5295) 92 percent were black or white men and women, with 71 percent
of the group represented by white men and women. Generally men represented
between 70-79 percent of each racial group except for blacks; only 58 percent
were men while 42 percent were women; almost twice the ratio of other

groups.

For the "Walk-In" applicants the distribution indicates that the objective
of having more minorities ard women compete for the ATC occupdtion was
fairly successful. Some 47 percent of the total group were women in
contrast. tb 28 percent for the scheduled applicants and 55 percent were
minorities in comparison to 29 percent of the scheduled applicants.

Predictors. Tests used in this study were the existing CSC selection

tést battery and parallel forms of MCAT and OKT:

OPM Test Battery

. £5C-24 Arithmetic Reasoning

. €sc-51 Spatial Relations

. CSC-135 'Following Oral Direction
. ©€sSC-151 Abstract Reasoning

. CSC-540 Air Traffic Problems

MCAT OPM ID QDD/EVEN TEST COMBINATION

. Form 120 ' {d06e)

« Form 130 (4ebo)

. Form 140 (ea7e)

. Form 150 (6e70)

.. Form 160 " {7o4e)

. Form 170 (7edo)
-OKT - 10lec (60-item version)

As in previous experimental testing of applicant groups, the MCAT and

OKT test were administered after completion of the regular CSC test battery.
In addition te the tests, applicants completed forms provided by OPM

on a voluntary basis to obtainracial, sex, and other information for
separate analysis by OPM.

Criterion and Analytical Methods. Since this study encompassed ATC applicants,
it was not feasible to establish operational criterion measures. of validity.
However, a number of statistical analyses were made based on pass/fail
el;q;bllxty comparison, score distributions and mean and standaxd deviations
on the varlons testd.

72

Vs




74 also identified themselves with ancther racial
‘139 were identified as "Hispanic-White”. In this
were included in the racial group. Consequently,
“other” catagory shown in Table 43 were comprised
and 30 of some other racial groups not identified

for the "Walk-In" group, in Table 47

Resylts. Descriptive statistics for the "scheduled" and "walk-in" groups
were developed for each test. It should be pointed out that of the 2€0
“Scheduled” applicants who identified themselves as "Hispanic“, all but

group. For example,
analysis, such cases

104 applicants in the

of 74 Hispanic applicants

+» Descriptive statistics
for the “Scheduled” group of applicants are provided in Table 46 and

(In Table 44, the 24 applicants

in the "other" category consist of 21 "Hispanic" and 3 otherwise not

identified.)
" ' TABLE 46 SCHEDULED ATC APPLICANTS
AMERTCAN
IMDIAN ASIAN BLACE WHITE OTHER ToTAL
(= 65 = 55 = 1146} (W= 3534) (Na"104) (H="5331)
— —_—

MNeun §.0, Mesn §.D. Faan B.D. Haan £.0. kean, §.D. Bsan  $.p.
€3C-24 C40.1 0 91 @9 T 35,4 9.6 4.4 T8 .8 86 407 g9
(enl” . . - = (4 (9.7 (42.2) (1.9 - - - -
(Women} - - - - .1 0l (e - - - -
c3-51 w.e a0 0.3 S8 23.1 | 6.5 13.1 5.2 2.0 &5 27,7 6.
(many - - - - 263 ®.41 120.6) 5.0 - - - -

_ {Woman} - - - - GnLm (6.3} 2.7 (5.6) - - - -
CBC-135 216 9.0 139 8.2 168 8.1 24.7 1.0 0.1 8.5 12,7 a1
rant - - - - (&.n 0.0 (26.0) 6.9y - - - -
tWomen} - - - - 116.% 8.3, {24 (t.4) - - - -
£7€7187 8.0 8.2 .0 10.8 23,1 9.3 30.9 0.9 2.1 %0 68 9.7
{RanF - - - - (2L.%) 9.2 133.5) 18,94 - - - -
imcman) - - - = {27.9) 9.1 2.1} (8.8
€IC-540 9.4  12.7 3.5 1is 22,9 1.9 n.1 1.7 256  12.%  30.6  17.5
then) - - . - 234 (1.9 (3.8 (li.g) - - - -
(Wowan) - - - - {L.e 1.9 oLy aLe - - - -
HCoAT N1 6 N0 8 321 T4 | 3.2 8.1 z6.0 8.4 1.4 [ R
inen) - - - - @2, 1.8y 5.0 .0l - - - -
{Woman) - - - - LY 5.8} . (1.8  19.2y - - - -
%ia 4.3 108 24 11y 1IN0 Y] 1.2 1.7 3.8 13.8 348 1i.8
(e - - - - e .9 (2880 {12.03 - - - -

- . - =~ {15.8) 6.5) 2.0 (e.m - - - -

TABLE 47 WALK-IN ATC APPLICANTS

AERICAR

DO ABIAN Macx T oneEx TOTAL

=3 ein CoNFTl] = 338) o 34 (W= 563)

Moan' 3.D.  Mmean §.0. Mean " £.D.  mean £:0. Mean $.p Mean $.p

-4 0.0 4.2 “.o s NS 9.7 @23 1.8 9.4 %6 0.3 ey
o8] ».0 o0 u.e 4.2 ne sz wE 5.0 .8 4.2 #®.r 6.3
CEC-135 1.0 1.2 4.6 1.3 16.7 7.4 3.7 6.8 1.7 1. 0.4 Ty
o157 0.0 1.8 M. 13.2 25,0 9.4 3.0 2.9 9.7 11.¢ s s
caC-540 LT ) 45.2 111 s 12,7 37.4 128 0.4 3. .1 118
acie i U N IR YIS 22.7. 18 3.6 T e s mo 3.1
onr 1.2 6.8 6.4 5.5 167 4.8 2.7 lo.¥ 19.5 g8 0.1 9.7
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For the “scheduled" applicant group, the mean scores for women were
exanined for both the "Black"” and "White" groups to assess their relation-
ships to the scores of men in the same racial group. Table 43 indicates
that women score somewha: higher on CSC tests 24 and 157 than men in

each racial group, but .somewiat lower on CSC 51, 540, MCAT, and OKE,

with the greatest difference between men and women being on the OKT.’

The most marked difference in test scoreg hetween racial groups is for

the "Black” and "White" groups, with the mean test scores for "Blacks"
generally about one standard deviation below the mean for "Whites". This
holds for both men and women in each of the groups.

Relatively few differences between mean scores of the “Scheduled" and
"Walk-In" groups are evident by racia) groups. Within the "Black" group,
walk-in applicants scored about 2 points higher on CSC 24 and 3 points
higher on CSC-157.  fThe "White" group walk-in applicants scored

almost 2 points lower on MCAT and about 3 points lower on OKI'. These
lower scores may be a result of the higher percentage of women in the
"White" walk-in group (45 percent) compared to the scheduled group

{24 percent).

With the applicant group tested in 1976-1977, two of the CSC Tests (51
Spatial Relations and 135 Following Oral directions) showed marked negative
skew. It was of interest to determine if this characteristic was replicated
for these two tests with the 1978 applicant population. Figure 4 provides

a frequency distribution for test scores for these two CSC tests. It

is evident that again they provide little differentiation between the

applicants.
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Veterans preferenceé for the total group (scheduled and walk-in) was identified
by sex and racial groups. Table 48 provides the distribution by sex
for 5846 of the 6300 applicants. ,

TABLE - 48

SEX DISTRIBUITON=1976-1977 APPLICANT GROUP

VET _
PREF MEN WOMEN. TOTAL

None 2405 (59%) T 1640 (94%). - 4046 (69%)

5 Pt. - 1571 (38%) 91}( P 1668 (29%)

10 + Pt. 123 { 3%) 9 132 ( 2%) )
TOTAL 4100 (100%) 1746 (100%) . 5846 (100%)

Table 49 provides the distribution of Veterans Preference points by racial
and ethnic group.: -

TABLE 49

VETERANS PREFERENCE DISTRIBUTIONS

veT. AMEPTCAN ‘ : o
PRET. INDIAN  ASLAN.  BLACK ©  WHITE HISP. OTMER  TOTAL S
None 42_(T08) 40 (70%)  9L1 (3N} 2724 (68%) 223 (6BA) 27 (84N} 4037 (69W)
sp1s. 17} 17 sy 110y 993 5 1666 (29%)

| . ¥
T ors. 1}(39\1 Tloow 20 @ Mltem Tom Sueny 135S 120

TOTAL 60 57 1340 4917 . 329 32 - 5835 .

Since Veterans Preference points are added to the test battery score for
those who pass the test, it is evident that only 6 percent of the women could
benefit, and thus be ranked higher on the OPM register for appointment eligi-
" bility. This in contrast to 41 percent of the men who could benefit from
military service. .
Eligibility for Veterans Preference points by racial and ethnic groups is about
.evenly distributed (30-32 percentl except for the "Black" group (27 percent),
where the higher ratio of women applicants to men reduces the number who receive
Veterans Preference points.

ot o it %




TABLE 50
ATE APPLICANIS-CIVILIAN LASOR FoRck

Civilian
Labor % ATC
| . Force _ Applicants
American Indian .3 . 1%
Asian ' _ - B2 : 1%
Black 9.7% . 24t
White : 85.0% _ 684

Hispanic. 4.2y N -4

force while whites as a group are'underrepreSented. As a group; women
were also underreprésented; they comprised 28 Percent of the ATC applipant

Analysis of current Ory Test and OKT

Next, the current opm test battery scores were analyzed in Terms of
"pass/fail" score distribution by ethnie¢ or racial group and by men ang
women. Because of the srnall nuber of Asian and American‘Indian applicants,

Table 5l provides the results of those who took the current opm ATC test
with respect to "pass/fail". The minimum Passing score on the test
battery is 70 which eduates to the 4pProximate mean score on the test

. where about half of the total applicants Pass and half fajl."

TABLE 51
PASS/FATL-0PM ATC TEST
AR Pass Fail:

: Total OFM Test 9P Test
Groug Agglicants R L) N %
Men . 4191 2236 (53%) 1955 (47%)
Women - 1785 799 (45%) 986 {55%)
Total 5976 . 3035 {512} . 2941 (49%)
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Compared to the 7500 applicants tested in 1976-1977,
- the same pass rate for men {33 percent compared to 52
what higher pass ratio for women (45 percent compared

Table 52 shows the "pas=/fail"

Group
White
Hispanic
B]ack_

" Total

PASS/FAIL BY KACIAL CROUT

© FABLE 52

this group had abour
percent} and a some-
to 41 percent),

rates by racial group.

Total . Eiiﬁ
Appl.cants N k)
- 4067 ‘2556 {(63%)
339 128 (38%)
T 1407 264 {19%)
5813 2948 [51R)

Fail
B . |
1511 {37%)
211 {62%)
1143 {(81%)
2865

IV

In view of the disproportionate muttber of

the OPM test, an analysis of score distrib
'. group {(Table 53).

minorities whe did not pass
ution was made bv racial

- TABLE 53 :
OFM TEST SCORE DISTRIBUTION BY RACTAL GROUP

r——rrer——— Pai] OM Test > :% Pass OP?‘! Test e
(¥ = 2865} 1 iN-= 2948)
Balow t ) Nocrvre
50 T so-5%. ©0-59 ] T0-79 8083 g . Total
Crovp , . —8 ram
x s LI L
White 185 (a1} 406 (108} 920 (2313 ' 1128 (282) 975 {24n7) 45) (3314 4087
i
Rispanie L) [£1:F3] 56 (1MW) 92 {275 : 70 (2123 41 {I12v 17 5e) 19
Black 4357 {3y WL 2T s 22%) ' 189 {58 2 (wr . 1407

(131 €3

the higher fail rate is comprised of a large number
very poorly on the test battery. The 457 Blacks whe scored below S0 on
the test comprised 40 percent of the total number who failed to pass the
test in contrast to about 30 percent for Hispanic and 12 Percent for Whites,
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Figqure 5 Providaes a4 qkaphjof the OPM ATC test Score distribution for
selected racial groups. '

Table 54 compares the distribution'of ATC applicants, aATC apprlicants who
bassed the OPM test and the Civiljap Labor Force (CLE)

.

TABLE S&

CIVIL LABOR EORcE-,*.'I'c”.fx"ﬁiffc_:lNTs-mss GROLP
ez LAPUR FORCE-ATC |, —— Y ISTPASS GROLP

_ Civ. Labor % of % of Applicants
Faorce ATC Applicants in Pass Group
N i .
American Indian C e3% . i‘ . 1.0%
Asian « 8% S R 1.1%
Black 9.7& : 24% 8.9%
White 85.0% 68% 84.8%
Hispanic . — 6% 4.2%
o588 105304 60 5%
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Asian

American Indian
Black

* less than 1% 79

Adminiserration of tha ATC Cecupational Xnowledge Test (OKT} provided the
first opportunity to evaluate the results For a sizable sample of ATC
applicants. Tno OKT usedwas version 101 C, a 60~jitem test. Censequently,
the results of this test were reviewed for the total group, men, wocen,
racial and ethniz groupa and relationship of the results to thos# applicants
with-veterans preference, :

Tables 23 and 44 provided means and standard deviations on’ the OKT Test
results for the various groups. The *walk in" group of applicants had a
lower mean score than the "scheduled* group; 20.1'in <omparison to 24.9 and
thisz difference was evident fin all racixl STSURS CeXept for blacks where

the mean scores was 17.4 {dcheduled) and 16.2 (walk in). This would indicate
that there was relatively little difference in ATC related knowledge for
blacks of ajither group but that other applicants in the "Walk In* group had
less ATC related knowledge or experience that those in the "Schedyled~

group. In view of the objective. of the "Walk In" recruitment program, these -

differances would be expected.

Table 55 providﬁa the descriptive statistics for men and women on CKI.

TABLE 55
DESCRIPTIVE STATISTICS, SEX ©S. OKT
Schedyled i Walk In
Group (N) Meap sD (N Mean jois]
Men (38125) 26,9 12.2 (356) 22.2 11.2
Women  (1e73) iz.8 8.7 (312} 17.8 6.9

Table ¢ provides the OKT score digtributicr for men anc vomen and for racial
‘groups. In deriving this distributioa, the raw SCOres werl converted to a _
scale of 0-100. In this- analysis, the Hispanic group was Jdiscribuyted wirhin

the racial groups showm.
TABLE S6
Distribution of OKT Scores

Below . : Abon,
N 15 15-24  25-34  35.44 4554 5564 65-74  Tsers get
. (4151 K 7% 1o 93 8% - 34
(1785) sy 20% 43 193 51 1% -3 1% R
(4242) 24 9. an 2% 108 104 9% 7 33
1 { 140) 3% 14% B 18y gy gy ) s% 1%
{1443) B8 3y 35 g3 2 2 2 x »
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Approximately 20 percent of the men scotred above 64 as compared to 4 percent
of the wemen; 19 percent of the whiteugroup; 12 percent of the Asian/
American Indian: and, 4¢ percent of the black group scored above 64 respectively.

Previous studies with ATC trainees at the Academy as well as developmental

and Journeymen ATC specialists provided a significant correlation Between

scores -on the OKT test and success in ATC training and work. These studies

also supported the conclusion that the OKT provided a better basis for

granting extra credit o ATC applicants who passed the OPM ATC Test than _ B
the present rating guide used for this purpose. Consequeritly, for further

analysis, this applicant group's OKT scores were given the following "extra

pointg”; : :

* OKT Scores . Extra Credit ;
65-69 3 points -
70-74 _ % points
"75-79 10 points
B8O+ 15 points

These point values are similar to those presently provided by the OPM rating
guide for specific types of ATC related experience which now provides 5, 10
or 15 points’ depending on the specific experience.,

In most cases, the types of ATC related experience for which an applicant

is presently granted extra credit is -obtained through military sexvice

and training. For example, Air Traffic Control experierce which is granted
“the most points {10~15) is obtained through military experience. This also
tends to be the case, although to a lesser extent, for pilot and other types
of credited experience.

In order to assess the relationship between military experience and OKXT
Scores, an analysis of those applicants with veterans preference, their
OKT scores, and the extent to which they could earn extra credit was
completed. The regults are provided in Table 57 below, ' :

TABLE 5%
Veterans Preference
N les

Scere Credit N L) N % " Total
65-69 3 pts 103 (458) 126 (554} . 229
70-74 5 pts .76 {33%) 153 (67%) 229
75-79 - 10 pts (38 (24%) 190 {76%) 251 .
60+ 15 pts - 26 (10w) 233 (9ov) 259
' } : . 266 (28%) 702 {727} %68
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Prior analysis cf the relationship between OKT scores and. "pass/f3il* of
ATC training for 1827 studenks indicated that the largest drop in total
failure rate was between those trainees who scored between 60-64 (29.¢6
percent failure rate) and 65-69 (20.1 percent failure rate). Consequently,
for this analysis comparisons were based on providing 3 points for those
applicants who scored between 65 and 69. About 16 percent (968) of the
total 600G applicants could have been eligible for additional point credit
based on OKT test scores. A total of 702 (72 Percent) also could receive
points for veterans preference. The increasing number of applicants with
veterans preference who scored "highest” on the OKT indicate that most of
themn would probably have had military air traffic control experience.

In contrast, those applicants who were not veterans constituted 28 percent
of the total group who could receive extra credit based on OKT scores.
While applicants -in this group score “lower" on OKT, use of this test to
grant extra credit would broaden the opportunity for nonweterans who
acquire¢ ATC related knowledge through other experience to also qualify for
extra credit.

Under current OPM rating and ranking procedures, an applicant must make a
passing score of at least 70 on the Presant ATC test battery before
additional credit is given for veterans preference or aviation related
experience. Of the total 968 applicants who could be eligible for extra
credit based on OKT scores, 272 (28 percent) scored below 70 on the present
OPM AIC test battery. Table 58 shows the distribution by “"point groups".

- TABLE 58 -
ELIGIBILITY, VETERANS PREFERENCE, AVIATION \ RELATED EXPERIENCE
: , ' Total
Extra Failed OPM Eligible for
Points Total ATC. Test Extra Credit
15 pts 259 58 (22%) 201 (78W)
10 pts _ 251 74 {29%) 177  (71y)
S pts 229 62 (27%) 167 (73%)
3pts - 229 78 (34%) 151 (66%)
: 968 272 (28%) 696 (721)

The 696 applicants who passed the OPM ATC test and would be eligible for

extra credit based on OKT scores, represented 23 percent of the 3083 appli-
cants who passed the test,

Hext the data were examined in terms of the ATC test score distribution and
the effect of adding additional credit for veterans Preference and aviation
related experience on the score distribution for those who passed. Figure 6
provides the distribution of raw GFM test scores for the total applicant
group. :

TR e T e




ToreL ATC AL irasr— —— ———
Gaus NTBOOG - e

A N
e e L

B T T T

S “© o ™ X & BT m. Sre_
T T G ATE TES Y Scowem —— -

————— e - ———

Fiqure 7 provides the score distribution for all ATC applicants who passed
the OPM test after adding extra credit for veterans preference and OKT test
stores, : :

"FIGURE 7
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It is evident that granting extra credit for veterans preference and oxt . -
siqnificantly_shifts the distribution to higher scores, with a totsl of

899 applicants scoring 90 or above (79 rerxcent of those passing} compared

to 500 {1& perecent of those Passing} before'addinguextra crediy.,
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Figure B shows the distribution of 0PM scores after adding extra credit

for veterans preference and OKT test scores for men and women,

FIGURE 8
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While a significant shxft to higher scores is apparent for men, there is
relatively little change for women. Of the two extra credit factors,
veterans preference accounts for more of the shift than OKT cred;t.

For every womah who receives extra credit for being a veteran, 16 men
also get veteran's preference credit. By comparison, for every woman .

who would get extra credit fotr aviation-related experlence based on OKT
scores, 9 men would also get extra credit. while both factors result in -
moving more men than women to higher total score ranges for appointment
congideration, almost twice as many men are moved up based on. veterans
preference than on OKT scores.

The effect of granting extrx credit on score distribution can also be
examined in terms of the relative representation of men, women and minority
groups in various score ranges with and without the extra credit.

Tapble 56 shows the percentage of men and women in each of four score ranqe
groups based on raw OPM test sgores {before vetergns preference or OKT
extra credit is applied) and compares those to the percentage of mén and
women in each group after applying extra credit. It should be noted that
by adding extra cred:t it would he possxble to have a maxlmum total score
which exceeds 100.
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TABLE 59

OPM TEST SCORE GROUPS

(Pass Sample K= 3035)

70-79 80-89 _ 90-100 90-99 100+
Raw With Raw : With Raw h1th With
Score Credit Scre Credit Score Credit Credit

Group  (N=1440) (N=1076)  (N¢1106) (N=1086) (N=489) (N=644)  (N=229)

Men 743 67% 732 737 7737 797 897
 Women. 26% 33% 277 212 277 213 -y

1007 100z 100% 1002 100% 100% - 100%

' Based on the raw OPM test scores, women comprise 26-27 percent of each of the
score range groups as compared to men. Since women comprised 26 percent of
the total pass group, they are also proportionately represented {(as compared
to men) in each of the score range groups. However, vhen veterans preference
and OKT credit is included, the percentage of women increased to 33 percent

. in the 70-79 score group; remains the same in the 80-89 group; and drops to
21 percent and 11 pércent in the two "highest" scoring groups. Table 59 _
provides a quantative measure of the extent to which veterans preference and B
aviation related experience, as measured by OKT, differentially affect men o
and women for. appointment consideration.

Table 60 compares the same data by minority groups. : S

TABLE_60

OPM TEST SCORE GROUPS
(Pass Sample N=2948

_70-79 o 80-89 90-100 _ 90-99 100+ 4

Augmented Augmented " Augmented  Augmented , E

“Rating Rating " Rating Rating - Rating Rating - Rating Ty

Group {N=1387) . (N=1042) (N=1079) (N=1058) (K=482) {(N=622) (N=226) ;
White 81% 80% - 90% 89% 94% 93% 93% r
Hispanic 52 5% S ax 4% 4z 4% o SRR
_ _ _ L
Black 142 157 6% 7% % Y 3z L
: o . k4

‘ 100% 100% Y00% 100% . 100% 100% 100%Z ¥

ik T

In the case of Black and Hispanic minority groups, It is evident that granting

veterans preference and OKT credit has very little impact on the proportionate

representation within each OPM score group for those applicants who pass the OPM

test. Overall, Table 60 indicates that veterans preference and credit for

aviation experience affects each of the racxal groups essentially the same with
- respect bo their score distribution.

.
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‘Analvsis of Experimental ATC Test and QKT

Based on prior researc. conducted by the Civil Aeromedical Institute on
a8 group of 1827 ATC trainecs at tha FAA Academy, it was shown that an
exXperimental ATC test battery comprised of the Multiplex Controller
Aptitude Test (MCAT), the OPM Test 157 - Ahstract_Reasoning, and the
OPM Test 24 - Arithmetic Reasoning provided a high multiple correlation
{R=.54) with ATC training laboratory scores {19). 1It was also shown
that the use of an ATC Occupational Knowledge test added.significantly
to the statistical correlation (26) (7).

Since parallel forms of MCAT and a 60-~item version of OKT (101 C) were
administered together with the current OPM ATC test, it was possible to
construct an Experiméntal. ATC Test Battery comprised of MCAT, Abstract
Reasoning, Axithmetip Reasoning, and OXT ang compare these results to
the current OPM test battery for the same 6900 applicant group.

Consequently, the analyses previously discussed for the OPM ATC test were
also completed using. this Experimental ATC test battery. Each of the
three tests {excluding OKT) were egually weighted in deriving a composite
score for the experimental ATC test bhattery.

The table numbers used in this section will be the same as those used. in
the OPM test analysis followed by a suffix "E" where the same data is
presented for the Experimental ATC test.

Table 6! provides the results of using the Experimental ATC test with
respect to “pass/fail”. A minimum raw score of 100.47 was used which also

TABLE 61
35?55/liﬁf};;:qf?iﬁﬁli[Eﬂ!i[ﬂ!;ﬁéﬁflﬁiﬁ§ﬁL;
T Pass . 'hll
e wif. owEm gl
#ea ' as’ w2 sy 1879 s
Vomen e 52 g o em
Totat 9% Més (531} Comz wm

With the Experimental ATC test battery (excluding OKT), a somewhat higher
pPercent of the total applicants passed compared to the OPM test (53 percent
compared to 51 percent). : -

With respect to sex groups, both men and women passed .the Experimental ATC

test at a higher rate, (55 percent men compared to 53 percent on the OPN _
test and 48 percent women compared te 45 pereent with the OPM test). However,
the mean raw score on the Experimental ATC test was used as a "pass” score.

On the current OPM ATC test the mean raw score for this applicant group

was 207.1 compared to the established pass. score of 210. Consequently, the
“higher" pass rate is primarily a result of the pass scores utilized.
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Given this general comparison of the two tests, one key point then is
the extent t¢ which the individual applicants who passed the two tests
in fact differ. Table 62 shows the number of applicants who: (1)} passed
both tests; (2) failed hoth tests; (3) passed the OPM test but failed. the

. Experimental ATC test; or {4} failed the OPM test hut passed the Experi-

mental ATC test. . _ :
TABLE 62

TEST RESULT DIFFERFNCES - INDIVIDUAL APPLICANTS
Passed Both Failed OPM/Passed ATC
{1} W j {4)
' o ' ' ' s Pass Exp.
' B . : ' aTCc 3164
2727 o | S 437
(462) - (72)
Passed OPM/Failed ATC ' Failed Both
' {3} ' . . ) ) (2)
o : : " Fail Exp.
308 ' : 2504 ATC 2812
(%) ‘ (42%)
Pass OFM - Fail OPM TOTAL
g 5976
3035 ' S 2941

From Table 62 it is evident that using the two different tests:affecped the
pags/fail status of 745 (12 percent) of the total applicants, In terms of
the Experimental ATC test, 437 different applicants (14 percent of those who

~passed) would be eligible for appointment eonsideration who would not be

eligible based on the current OPM test. While most of the shifts between
pass/fail on the two tests occur around the passing score of 70, some
applicants who scored as low as 45 on the OPM test, passed the ATC Experimental
test. Conversely, some applicants who scored as high as B3 on the OPM test
failed the ATC experimental test. '

' Table 63 shous the'paSSIfail rates on. the Experimental ATC test by racial

groups. :

86




TABLE 63 .

PASS/FALL RATES - EXPERINFNTAL RACIAL CROUPS
' - Pave Teid

_ fotal o ATC Test Exp._ATC Tesc
Scéup. Applicancs K 2 - BT
Vnice 4067 678 ety 10 g
Bispantc e WL Gm 19 (ser)
Mack e a6 ey usL gamy

Total ‘ 5813 015 533 1138 1)

For the Experimental ATC test, the perceﬁtage of the White group who passed
was somewhat higher than on the OPM test (66 percent compared to 64 percent),

Again, because of the dispropor.tionace number of minorities who did not pasé
the Experimental ATC rest, analysis of score distribution ig provided in
Table 64, . '

TABLE 4 L . B R
SCORE, DISTRIBUTI(),\"S*EXPERIMENT:\L ATC TLST E o .
N=2718) (8~3073).
- Fail Exp ATC Test e, Je— i buas Eap. aTe Teat .
low ' '
50 50-59 60-49. i 70-79 80-89 g : '
Croup Fm g ETE v o m Tota)
. - H - - - =
hite ¥ (I 39 (8 em sy bS8 @ozy ey s (o 067
13
tapanic 23 (m %y Bl 0o | sy BDowm 3y 338
¥
lack ns  (m 5 (nn 4L (3z5) E
1

27 ,_(NZ) . (wm t =) 1407

It is evident. from this analysis that, for all racial groups, the number
of applicants who did very peor on the Experimental ATC test (scores below
50) is much smaller than on the OPM test. For example, 32 percent of the
Black applicants scored below 50 on the OPM test compared to 17 percent

on the Experimental test. This also held true for applicants who scored
vexy high on the OPM test where 11 percent of the White group scored above
89 in contrast to only 2 percent on the Experimental ATC test.

Figure 9 provides a graph of the Experimental ATC test score distribution
for selective racial groups. .
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Table 65 shows a comparison of
the Experimental ATC test with t¢

the distribution of applicants who passed

Lose who passed the OPM test, and the
distribution of ATC applicants w

ith the Civilian Labor Force (CLF).
TARLE 65

EXPERINENTAL ATC TEST - OPM YEST RESULYs

LR % of AaTC
Civilian A of ATC OPM Test Exp. Test
Group Labor Force Applicants Pass Group Pass Group
Am. Ina. 3% 1% 1.0 1.2%
Asian -84 1N ' 1 1Y
Black 9.7% 24% B8.9% 7.6%
White 85.0% 68% 84.84 85.5%
Hispanic . 4.2% 6% 4.2% 4.4
100.0% 100,08 100.0% 100.0%
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In analyzing the relationship of the Experimental ATC Tert and the Occu~
pational Knowledge Tast (OKT)}, the dircussion and descriptive statistjcs

for the total applicant group, as provided in Table 55, 56, ard 57 also apply
here. :

However, some applicants who passed the OPM Test failed the Experimental
ATC Test (and wvice versa). cbnsequentlyq the number of applicants (and
individual applicants) who could be eligible for extra credit based on
OKT scores will differ for the two tests. o

Table 66 provides the number and distributian by "point groups" of the

total applicant group, those who failed the Experimental ATC Test, and.
those who would be eligible for extra credit based on their OKT scores.

TABLE 66

TOTAL APPLICANT POINT CROUPS
R . : . Total

Extra . Failed Exp. Eligible for
Points Total - ATC Test - Extra Credit
15 pts.. . 259 80  (23%) 199 (7TTW)
10 pts. 251 70 (28%) 181 {(72%)

5 pts. 229 59  (32%) 170 {78%)

3 pts. 229 85  (37%) . 144 (63%) \

968 . 274 (28%) 694 {72%) d

Of the tcial 968 applicants who could be eligible for extra OKT credit,
a total of 206 failed both the OPM and the Experimental test. A total
of 66 failed the OPM test but passed the Experimental AT¢ test. Con-
versely, 68 passed the OPM test but failed the Experimental ATC test.
Consequently, the two tests affected 340 applicants or 35 percent of the
applicants who scored above 64 on the OKT. '

Figure 10 provides the distribution of raw Experimental test scores for
the total applicant group in comparison to the OPM test score distribution.
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Those applicants who scored belew 45 on the OPM ATC test tend to cluster

in the 50-59 score range on the Experimental ATC test.
providés the comparative distribution statistics for the

for each of the tests,

70+74

R

. OPM Teat 97 - (2m)
Exp. ATC Tast €401}

1253

-'l‘he Experimental ATC test provides a considerably greater differentiation on test

TABLE 67

PASE GROUP TEST SCORE OISTRISUTION

35- 719 BO-84 8589 20-94

2 s B . e % I "

r—

73 (241) &35 (I 471 (1e3) Mo (107)

835 (28%) 606  (19T) M1 8y ()

Table 67 also
"pass group"

95+
L s sora
119 (61) 3035
b (%) 3o

scores between the applicants who pass as compared to the OPM test with a much
higher clustering of applicants in the 70-79 score range {67 percent com-
pared to 48 percent) and a much smaller number of applicants with scores
of 90 and above (2 pexcent compared to 16 percent). '
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The Experimental ATC tsst data were also examined in terms of test score.
distribution and the effect of additional credit for veterans preference
and aviation-related experlence on the score distribution for those who
passed.

Figurz 1 provides the sccve distribution for all ATC applicants who.
Passed the Experimental -ATC tost after adding extra credxn for veteérans
preference and 01?1‘ test scores above 64.

FIGURE 11
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With the Experimental ATC test, a total of 485 applicants scored 90 or
above {15 percent of those passing) with the addition of «xtra credit for
veterans preference and OKT scores compared to 69 (2 percent of those
passing) before adding extra credit. This is iu contrast to the OPM test
where 899 (29 percent of those passing)} scored 90 or above after adding
extra credit. -

Figure 12 shows the distxibuuion of Experimental ATC test scores after
adding veterans preference and OKT test score credit for men and ‘women .
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FIGURE 12

T ME N IR — WOMEN -~

1 LAr=R3A) A= BEA)
R T -
d LisraiBution L5 BISICLEST 10N OF
h \,) " EN PASSNG TEST \‘__ WOAMEA PASS 1 G
s - Y { BAW SCorE) ' TESTL PAW S CORE).
\ ! -
" : L\ ¥ E
v N\ tosmsironos "% \ |DeTRIuTIoN CR
5 MEN wivd 4000 wm B wiTH Aoy
% FEMF o VET. | Ceswr sa0 e,
) ~ear € orr. :
X L e Y oA, . . : P .
o Co
_&_ . R

20 T S
Sk o AR ATE
T LEEEE 2
QQ ) Sy e R,

! Y AR R ST
Ty P H - N Co NS .
U . \- . — - o

LW TF B0 8F 9. I o | 10 T o AT Q. AN, gar .

EXP.ATC TEST |SCORES'

Table 68 also shows the percentage of mea and women in, each é_f four score
fore veteran:
preference or QKT extra credit is applied} and cumpares those to the pe

a credit.

range groups baged on raw Experimental ATC test scores (ba:

centage of men and women in each group after applying extr

- TABLE 68
DIPEATNRITAL RIC TPST SCORE QhAtrg

30-79 . 50-84 T sl 99

Raw Wich [ dith’ P With

#core Credir Score Cradit Scoxe  Credit
Die21sl) _(NelS2%) MEe9s7}  [(N=1136) M=69)  (We374)

Man R T 75 e e

N lu-- . 1Y _3sy - :_s' e Fro 1%
L T Y ) 1908 1008 1006 | 100w

The overall effect of combining the Experimental ATC test score with
veterans Drefererce and OKT scores is to increase the proportion of women
in the lower score group (70-79) and decrease their representation in the
up (904) in comparison to use of the current OPM test.

o higher score gro
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compares :he_saine information by minority groups.
TABLE 69

Exp. ATC Test Score Croups. . . X
{(Pass Sampis Ne3OTS) R ‘

i: ) . . 10-% . . BO-89% 20100 $0-99 100+

= i Haw With g PIvE Raw- With With
H score Crudit Scorm Credit Score Credat Credit
B (N=2090)  {(N=1475} ENe3LB)  (N=1i27)  (N=67}  (K=lba} (§e108)

White [ T4 Bl 932 " 943 .9‘-!... 8

Wi spanic [T [ o 41 sz on : 52

pack W T . A3 3

1008 108 1006 1008 1008 1008 1004

Again, the addition of credit for veterans preference and OKT scores has a

relatively small impact by racial group except in the 70-79 score'q:-oup

P where the effect is to decrease the percentage of the white group by 3 percent
{84 to 81 percent) and increase the precentage of the black group by 2 percent

(1} to 13 percent), :

he analyses of the Experimental ATC test battery previously discussed were
i based on equal weighting of each of the three tests {C5C-24, C5C-157, and
¥CAT) included in the experimental test battery.

Multiple regression analysis using the ATC labhoratory problem scores as the
criterien for a sample of 1827 ATC trainees at the FAA Academy resulted in
a correlation (R) value of .5407. Converting the beta weights to unit

» weights of:

1 x CSC 24 Arithmetic ) '
2 x CSC 157 Abstract Reasoning
4 x Multiple Controller Aptitude

-resulted in a correlation value (R) of .5354. In order to assess the effect
¢ using the waighted test scores, the 1978 ATC applicant group tést results
verc further analyzed.

> Table 70 provides the pass/fail results using the Weighted Experimental _

" ATC test (excluding OKT) for men and women. With the test weiglited the percentage

- of men who passed increased from 53 percent (unweighted) to 56 percent. Women
decreased from 48 percent (unweighted) to 43 percent,

TABLE 70
PASS/¥AIL, WEIGHIED EXPERIMENTAL ATC TEST, BY SEX
Pass Veighted Fall Weighted .
Srosp . t:::inu !? . Alc-éil_t !!R. AIC ;_tlt . ) '
Nan 19 2348 (361) 184 (44X) E
Vomen s 268 (a3ty 1 garm
Total » M (310 : 2840 - tﬂ:-)
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fable 71 provides the pass/fail rates for selective racial groups with
“the Weighted Experimental ATC test (also excluding OKT). Again, the mean
. Score on the composite weighted test was used as the "cut” score for the

i applicant group.

624

TABLE 71 -
PASS/FAIL, WEIGKTED EXPEKISENIAL ATC TEST BY RAGE

. Total Pase Weighted - Fall Veiphted
Lrowp Applicants Erp. ATC Test . Exp. ATD Tes:
Ld £ LI t)

Vhite . ' 2698 (683) 1369 {343y
Nispaaic ¥ 136 (411) ' 203 {397)
Black 1407 19 () 1205 (eery
Total B 5813 L0 P 1§ 41 7781 (48%)

_Thé .pa-ss' rate for the White group remained the same (66 percent) as compared
. to'the Unweighted test. . The Hispanic group dropped from 42 percent to 41
o and, the Black group dropped from 18 percent to 14 percent.

: Table 72 provides the weighted test score distribution by racial groups,

) TABLE 72 ‘
NEIGHTED TEST SCORE BY_RACIAL GROUP
Nw2781) [ . (Ne3032)

Faill Veighted Eap. ATC Test ————p ! - Paan Valghred Exp. ATC Test

r L. Below Above

3 it 30 30-29 E0-£9 0-19 80-89 89

; : oo LR} M oo g 8 e

3 20 {*) m (M 1076  (212) 1643 (402) 987 (241) %6 (m 067

' 2 (my & (i) 100 (mg 100 (303) ¥ () & (i 339
’ ’ 187 51 508 (361} 167 (121%) IO g 4 e (op) 1407
> - . .
} 1 . “Loas than 1 parcest

} By veighting the test, more of the White applicants shift to the 60-69 and B0-§¢
[ score ranges and more of the Black applicants shift to the 50-69 score range.

- As a total group, fewer applicants score below 50 with the welghted test as com-
pared to the Unweighted test (20 percent versus 25 pPercent).
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Figure 13 shows the score distributien for selected racial gfoups'based on
the Weighted_Expe:imental Test. i

FIGURE 13
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- Comparing the Weighted Experimental ATC test battery to the present 0P} test
{in terms of pass/fail scatus of the applicants shows that: (1) 2606 passed
both tests; (2) 2431 failed both tests; (3} 510 passed the Weighted ATC test
but falled the OPM test; and, (4) 429 passed the OPM test but failed the ATC
Weighted Test battery. Use of these two different test affect the pass/fail

 gtatus of 939 (16 percent) of the applicants. With the Weighted Experimental

. ATC test, 510 different applicants (16 percent of those who passed) would be

g eligible for appointment consideration that would not be eligible based on

the current OPM test.

Rogk =0

In comparing pass/fail results of the Unweighted and Weighted Experimental

ATC Tests, 8 percent of the total applicants were affected; 219 failed the

Unwelghted Test but passed the Weighted Test and 267 passed the .Unweighted

but failed the Weighted Test.
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Table 73 ‘compares the distributios of r.he'.A‘l‘C applicants and those who
Pdssed the OPM, Unweighted and Weighted ATC test with the Civilian Labor
Force (CLF). - ) : :

'i".«\'_BVL}-I _7_3 ] .
COMPARALIVE DESTRIBUTIONS T
1 of T of 1 of Wetghted
Civilian I of ATC UPH Exp. ATC Teax Exp. ATC Tasc
th Labor Fyrce Applicants Fasy Croup Fass Croup - 7?;;. Group
Amarican Indian 4 1z L0 1.2 1.12
Aslan : .82 13 1.1z 1.3 .oz
) Black . 3.7 243 8.92 7.8% 6.4%
Wnice 23.0% 683 4. 8L I.'n._st 87.12
Hispanic e .t 4:2% 443 4,43
100.03 1001 IOO._DZ | 100,03 100.02
i Flgure 14 Provides the distribution of weighted test scores for the total

applicant group in comparison to the OPM test score distribution.
cases, the test scores exclude extrz credit

In both
for veterans preference or OKT.

_  FIGLRE 14
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Table 74 shows the percentage of men and women in each of four score
range groups based on Weighted ATC test scores before applying veterans
preference or OKI credit and compares these to the percentage after

applying extra credit. Table /7%

orovides the same information by
racial group. :

TABLE 75

N EXPERIMENTAL WEICHTED ATC TEST. SCORE .CIL\’}L"PS‘

70.—7'1 8089 R S-L00 90-39 . 100+
faw With Naw With Kaw Wtih Mith
Score Cradit Score Credit Scure Credie Credic
g!-lsesg {Neliale) ’.H-lﬂ'sz 8= 162) = T.‘! SN-QOE) M=t 26)
_ Man ) LS [} ) 7 bl 4 _ B T 921 k3
- Women " - -t an Com 2z Y | 8 _8t
1003 1002 | root 1002 100z e 1001
TABLE 75
EXPERIMENTAL WEICHTED AIC TEST SCORE CROLPS
. . E— 8Os %0100 9099 100+
Rav’ wWith Raw With Raw wWich: : MWith
Score Credtt Score Credic Score Credic Credtt
(N=1913)  {Nei3A1) (N=1050)  (N=113b) (N=70)  (N=33D) (=123}
Yhite 22 852 L 104 93t (23 932 94%
Rispanic 52 .74 ax n 1) 4 [ X
Mack 5 ] -z 42 o2 o n: a2
500z, 100% 1001 1002 1002 e 1007

Table 76 provides a comparison of the total secore distributidn with extra credit
and the pass rates for the present OPM ATC test battery and the Experimental
AIC test battery, both uweighted (W) and weighted (W). These distributions
reflect the composition of the OPM competitive tegister from which selection of
applicants would be made based on the "Earned Rating" for each of the test '

batteries with extra credit given for veterans preference and OKT scores.
h .(See Tables 59, 74, and 56.) : -

Tent
Baztery

Barned Rating
O Tast
Kxp. ATC Tast (W)
Exp. ATC Taer (W)

TABLE 76
EXTRA CREDIT EFFECT ON PASS RATES

) Total
70-79 80-84 90-99 100+ Yans
LI 3 Q) LI Y L) X ]
176 (15t) 1086 (36T B (AT} 129 (%) 3035 (31%)
152, G48D) 1156 (36T} . Mé Q1) LIE (W) Jigs [
126 (46T - 1162 (ATD) Wi  a; 126 (4% s ()
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70.07

*Transmuted scores were derived as f[ollows:

Rs~RsX )
Tg = 10.56(.RSSD } + 70 where:

weightedﬂﬁxperimental AT test battery

Rs-RsX

) 4+ 70 where:

Rsx = 222,27
RsSD = 56.22-

98

Unweipghted Experimental ATC test battery

Rs = Raw score on unweighted ATC test
RsT = Mean of unweighted ATC test (i00.47)
‘RsSD = Standard deviation of unwaighted test battery (22.67)

groups.
TABLL 77
PESCRIPTIVE STATISTICS-COMPOSTIE TEST BATTERIES
orM Unweighted
Test Exp. ATC Test
Group Mean 5D Mean SD
- Men {N=4191) 210.0 46.0 101.9 22.6
Women {(N=1785) 199.8 49.3 98.3 22.7
White (N=4067) 220.1 39.8 107.5 19.0
Hispanic (N=339) 191.7 49.7 83.9 23.4
© Black (N=1407) ~. 165.0 45.8 ©79.6 21.0
Asian (N=37) 210,7  48.3 103.8°° 21.7
Amer. Indian (N=61) 294.5 41.6 99,2 20.5
Total Group.  207.1 47.2 100.5  22.7
*Pass Score” 210.0 =~ - 100-&1 -
Transmuted Score 70.0

wWeighted
Exp- ATC Test
Mean §E_
227.3 55.5
210.7 56.1
241.5 46.7
206.5 56¢.1
170.5 47.2
235.8 50.8
222.9 49:6
222.3 56.2
22212?* -

?0.0

Table 77 provides the descriptivé statistics for the spplicant group on
each of the three composite test batteries by men and women and racial

———y =
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" Table 78 provides the intercorrelations for the chree test batterles.

TTABLE 78 ' !
INTERCORRELATIONS~COMPOS [TE FEST Ii;’\f{_ltli{_lj:‘i
Present Fxp. Exp.
OPM ATC Test ATC Test
Te;t Unweighted WELthed‘
oPM 1.00 - .92 - .88
ATC (Unwexghted) ; 1.00 .97
ATC (Weighted) 1.00

. Conglusions. Given the high attrition rate of ATC trainees and the objective

of developing improved methods of selecting applicants for the ATC occupation,

" attention is focused on the selection tests used in the hiring process. The
. . results of using the Experimental ATC test hattery which was derived from the

resgarch studies previously discussed are not unexpected,

The number of applicants who score high .n the Experimental ATC test (85

.and above). is much smaller than on the current OPM test. Based on the

validity studies which have been conducted, those applicants who score high
on the Experimental ATC test can be expected to have the highest probab111ty i
of success in the developmental training for the ATC occupatzon. :

Granting extra credit for military service is required by law. This does

impact on the competitive appointment consideration for women but does not
appear to differentially affect individual minority groups. Aviation-related
experience and knowledge which is measured by the Occupational Knowledge test
has heen shown to be a positive predictor of success in ATC training in the
research studies previously discussed. Granting extra credit for the demon-
stration of this knowledge improves the competitive position of selected appli-
cants but this is consistent with the objective of developing. meroved selection
procedures in order to hire those applicants who demonstrate aptitude for air
traffic control work and whose potential for success is greatest,
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STUPY OF NEW APPOINTEES TO THE ATC OCCLUPATION - 1978

2 _ Objective. Research stvdies discussed up to this point were directed to:

1) Identifying an improved ATC test battery;

2) Development of parallel test forms for those tests which
consistently produced significant correlations with. the
various criterion measures of ATC success; and

3) Ewvaluation of experimental and OPM tests in relation to
: applicants for AIC work.

Results of these studies suppor:ed the conclusion that a new test battery
comprised of the Mulriplex Controller Aptitude Test (MCAT), Abstract
Reasoning (CSC-157), and Arithmetic Reasoning (CSC-24) provided. consistently
‘high correlation with criterion measures. It was also shown that the ATC -

" Occupational Knowledge Test provided a better measure of aviation-related

" knowledge than the present Rating Guide used to evaluace experience. The

“  Oceupational Knowledge Test (OKT) also provides significant correlations

with success in the ATC occupation which added to thé validiry obtained from
:he test battery alone.

With the development of parallel forms of MCAT and OKT, the next step was to ’
validate the proposed test battery with a new group of ATC trainees attending
the FAA Initial Qualification ATC Terminal and En route training program. Since

this study has not been published elswehere, this section will discuss the com-
plece methodology and findings.

Sample Description. The sample of trainees used for this validation aealysis
consisted of 953 uew trainees attending the FAA Academy during the period

June 1978 through Detember 1978. As in previous studies, tests were admin-
istered on a voluntary basils on the first day of attendance at the Academy.

The cbmposition of the sample with respect to sex and racial groups is provided

in Table 79.
TABLE 79
SEX AND RACE - 1978 SAMPLE

Hen BOO (85.0%) Uriental 10 (I. IZ) ).1
Women 141 (15.0%) - Hispanic 23 (2.47) *
Unidentified _12 -~ Black 81 (8.5%)

o . Other 839 (88.07)

Total " 953 Total 953
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“Asian
[, Hispanic
£ Black

White

score

clusion of cr
experience.

Table 80 compares the composition of
cant group who passed the OPM test a
total scores (earned ratings) above B9.

The representatioa of mi
greater than would be expected if all trainee
competitive appointment processes from the
large number of applicants in relation to
vacancies, competitive se
ranges above 90.
for the 1978 ATC applicants,
all apylicants who scored 90 and
edit for Veterans Preference and aviation-
However, in this group of over 900 ATC trainees, the White
group is 88 percent of the total. ‘

lections of ATC t

pass the same ATC test battery with a sc¢
cants appointed from the OPM
" they can be hired at the GS5-
recruitment program is ident

register.
5 level non~competitively.
ified as the ATC Predevelopmental Program.

10l

OPﬂ repister.
the relative small number of
rainees are normally made in
As shown in the analysis of the OPM rest scores
he White group comprised about 91 percent of
above on. the OPM test battery after in-
related knowledge/

Because of the difficulties in hiring women and min
petitive appoi
alternate recruitment program in 196
appointment, of individuals who are a
in the career Civil Service system.

ntment processes from OFM registers,

_ TABLE 80
1978 SAMPLF VFRSUS 19:C ATC APPLICANTS
1978 ATC Passed Passed OPM
Applicants OPM Test Test 90+ Score
4191 ( 70%) 2236 ( 74%) 722 (82.6%)
1785 ( 30%) 799 ( 26%) 151 (7.20)
5976  (100%) 5035 (100%) 873  {100%)
61 (1.00) 3 14w 6 (.m
57  (1.0%) 35 (1.2%) 15 Q.72
339 (5.7% 128 (4.22) (3,60
1607 (23.7%) 264 (8.8%) 26 (3.0%)
4067 (68.6% 2556 (84.8%) 791 (9L.0%)
5931 (100.0%) 3014 (100.0%) 869 (100.0%)

this sample with the 1978 ATC appli‘
nd those who passed the OPM test with

1976 ATC
Trainee Sample
800  ( 853%)
Bal L 15%)
g41 (100%)
- (==
10 (1.12)
23 {2.4%)
B8l - {B.3%;
839 (B88.0%)
53 {160.0%)

horities in the ATC trainee sample is Ssomewhat
s had been selected through
Because of the

orities through com-
FAA established an

8 which provides for non-competitive
lready federal employees with status

These ipdividuals'are required to

ore of 70 or more as the appli-
However, having passed the test,
This alternative -

N
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' Approximately 200 ATC trainees are hired each year through this alternate

recruitment prosram. This represents abput 10 percent of annual new AIC
hires. These employees receive a year of predevelopmental training in
air traffic control related subjects including 17 weeks of formal class-
room instryction at the Predevelopmental Traioing Center at the University
of Oklahoma folleowed by training assigmments at FAA terminal, eu route
centers, and flight service station fi{eld facilities. Upon completion of
predevelopmental training, these enployees are promcted te G5-7 (the
normal entry grade for ATC trainees) and assigned to the FAA Acadeny for
Initial AIC Qualification Training.

[

In ordef to further detetmine the compositibn of the 1978 AIC trainee.group,
Table 8] identifies the number of predevelopmental emplcyees included in
the sample by sex and racial growp.

 PREDEVELOPMENTAL EMPLOYEES BY SEX AND RACE

Non~-Predevelopmental . Predévelopmental

{Competitive Appr.} . {Non-Competitive Appt.) Total
i'of $ of ' t of % 6f
N Total Croup XN Total Croup N b4
739 (92.42) ( 88.9%) 61 ( 7.6%) ( 55.5%) 800  (100%)
92 (65.22) ( 11.1%) 49 (34.8%)  ( 44.5%) 141 (100%).
31 (88.3%7) (100.0%) 110~ (11.7%4) (100.0%) 941  (100%)
% (90.0%) { 1,12) 1 {10.0%) ( 1.02) 10 (100%)
11 47.87)  ( 1.3%) 12 (52.22)  ( 10.9%) 23 (100%)
26 {32.1%7) ( 3.1%) 55  (67.92) { 50.0%) 81 {100%)
797 (95.0%) ( 94.52) 42 ( 5.0%) (-38.1%) 833 (100%)
843 (B8.5%1) (100.0%) 110 (11.5%) {100.0%) ‘953  (100%)

It ig evident that the Predevelopmental recruitment program provides a
major avenue for entry of women and minorities into the G5-7 Initial '
QuaLificacion ATC training program. About 12 percent of this 1978 ATIC
trainee sample entered the ATC occupation through the Predevelopmental
Prograxz. Approximately 35 percent of the women, 52 percent of the
Hispanics, and 6B percent of the Blacks in this group of over 300 ATC

zzgin:es .ame into the occupation through Predevelopmental recruitment
orts. ' '
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'Table = comparcs the composition of tﬁis group of AIC trainees with
the Civilian Labor Force (CLF) in relation to both the AIC rraipnees
hired  through comperitive and non-competitive OPM procedures. '

TABLE K2
CIVILTAY LAROR FORCE VS, Ale HIREES BY CLASS
. _ o Competitive 1978 Total (Comp. & Non-Comp.)
Group CLF ATC Trainees 1978 AIC Tra;nees
" Men .62 892 - B5%
Women sz 11% 152
‘ Amer. Indian ¥4 - -
Asian 8% C1.1% 1UYZ
Bispanic L. 2% 1.32 2.4%
" Black R 3 3.1% B.5%
- Other 85.0% - 94,5% 88.0%
- 100.0% 100.0% - Y00.0%

.- Predjctors. The p:edictors used in this analysis were:

- @ Multiplex Controller Aptitude Test {4obe, 4ebo, Eelo,

6o7e, 7340, and 7obe)
‘@ CSC Test 24 - Arithmetic Reasoning
e CSC Test 157 - Abstract Reasoﬁing
e ATC Occupérional Knowledge Test

OKT 1018, 100 items; OKT -101C, 60 items, OKI 1
(Forms A, B, C, p, E, F, G, H), B0 items keyed

02

" In this study, two of the paralilel formé of MCAT were administered to each
student., MCAT } was the first form administeved; MCAT 2 was. the second.

Table 83 provides the intercorrelation of raw s-ores for each half br'part

test on each of two parallel forms of MCAT adm.nistered to 617 ATC students

at the FAA Academy. :
TABLE 83

INTERCORRELATIONS-MCAT PARALLEL FORMS

. 1 2 3. &
First MCAT Administered (MCAT 1)

1. First Half, Rights . = . .58 .8% .48
2. Second Half, Rights B9 .48
3, Total Rights ' .89
Second MCAT Administered (MCAT 2)
4. First Half, Rights
5. Second Half, Rights
6. Total Rights
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.52

51
.56
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A test-retest -orrelation of .60 bcrween comparable two-part 35 minute

fors of MCAT was obtained. Test reliability was .75 for this res-ricted
group. Administering two forms of MCAT would provide an estimated reli-
ability of atout .88 with an unrestricted population. Some 265 trainees

4n the tatal sample (953) took forms 101B or 101C of the OKI. For pur-

poses of this analysis, these téest scores were converted to a-scale common
to forms 10Z of the OKI. :

The descriptive statistics on test scores for this sample of ATC trainees
is provided in Table #3. : :

TABLE 84
DESCRIPTIVE STALLS1ICS-MCAY 1978 SAMPLE

About 12 percent of the 953 ATC trainees entered the occupatfon through the

Predevelopmental Program. It was of interest to establish the extent to
which mean scores and standard deviations on each of the tests differed
berween the Predevelopmental (non-competitive appointments) and non-prede-
velopmental (ccmpetitive appointments) groups. Table 85 provides the
descriptive staristics for each of tuese groups by ses. It is fmportant
to recognize that the scores for the Predevelopmental trainees onm MCAT
and OKT were cbtained after they had compléted a year of training. Scores

on the CSC-24 and C5C-157 tests were obtained for both groups based ou thi

current ATC test battery administered prior to employment in the AIC
occupation.

‘TABLE 85 _
DESCRIPTIVE STATISTICS BY SEX ~ 1978 SAMPLE
In-hdmmd hdmlq-nnl
ATC Trsinses ) ATC Tratosss
ey ‘ Vomen - : Nen VYcman
A TYTR (1)) . Mean (5D ® Mean (5D} ¥ Faap (D)
: . 1y .4 {68 92) 5.2 (1.8 [ ST + 5 T 4 5.1) W s 09
mmx ; gl’} 4.3 (5.4) (s 4.3 (6.2) W { 8.1 48y 9.5 (6.8}
€314 (495) &6.7 { $.%9) (48) 8.1 {1.1) (20) -&A3 { €.68) (19 45.0 [{7%) ]
csCc-137 (ses) w9y (6D («8) 0.8 (5.7) (200 5.6 (5.7} [31 ) I L RS C‘-?
o (139) .8 as.mn 2y 5.0 (15.&} [C Y 2] {10.8) “9) .1 (9.4)
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On all tests except OKI, ths mean score of the Predevelopmental group is

lower than the non-predevelopmental group. On OKT it is evident that the

yeaxr of predevelopwental training for employees who are hired non-competitively
1s quite successful in providing knowledge on air traffic rules, regulations,
and procedures which the OKT was designed to measure. Both men and women

© Predevelopmentals score significantly higher than their non-predevelopmental

counterparts as reflected by the mean scores on OKT for the two groups. In
addition, the. standard deviations on OKT for the Predevelopmgntal group was
consideradly lower, indicating a much more restricted range O test scores.

On the two present C5C tests {157 and 24), women in both groups score somewhat
higher than men. This is consistent with the pattern derived from the 1976~
1977 AYC applicant group who passed the OPM ATC test and the 1978 ATC appii-

- cant group.

On the MCAT, men and womed in both groups increased their mean test scores

_¢n the second administration of this test. However, the difference in mean

scores between the predevelopmental and the non~predevelopamental groups re-
mained fairly constant for each of the tests:. Men in the predevelopmental

"program scored between 4 and 5 points lower and predevelopuental women betwesn

2 and 3 noints lower on each of the tests as coupared to non-predevelopmental
trainees. : :

Table 56 provides the dascriptive statistics for the predevelopmental and
non-predevelopmental groups by race.

TABLE 86

liw[ndm-lgauznl AIC Tratoeew

o
[
Ll
i
r

e
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-

L

Oriental Hespanie ’ Total
1% THaan (30} M) “Hean (SD} M) Hasn  (3D) () Kean (5D) % THean (ST
WOAT 1 (B M4 (5.3 (1) 4.7 (&N (24) 0.8 ( &.4) (1) 3. (6.7 (821) 31.5 (&)
WAT 'l (B A4 (A7) {1 4.2 (3.9 (24} M3 (5.6 (778 4d.2 { 5.4) (B2 31 (5.5}
S 2% (1) &40 - (4) 518 {6.2). {13) &4 (D) (332) 46,9 ( 6.3) ($52) . &6.9 ( 6.5}
CSC 13T (1) 4.0 - (4} 42.0 (3.8 {13} M.4 (4. D) O3 Ml 6.2) (532) 9.0 (4.1}
[ - (8 0.9 (13.4) (11) 48,1 {10.3) {26y 38.3 (1)1} (778} 65 (1e.0) (321} 631 (ts 1)
Pradevelopesntal AIC Trainess
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CCH - - - {3 T (49 (24 434 (700 {13). 439 (4.8 € 40) 448 { 6.6)
¢ LF - — - (3 W3 (4.3) (26 3.3 (6.1 {13 3.2 (6.5) { 40) X1 {6.1)
[~ )y 0.0 - 12y 8.2 (13.4) (36) &%.9 (1.4 &) 1wl 40.3) (112) &%.7 Q0.

As a group, the Predevelopmental trainees scored lower on all tests as
compared to the non-predevelopmental trainees except on OKT. The greatest

" difference in megn scores were assoclated with the MCAT test which alsc had

greater score ranges for the Predevelopmental group. These differences:
were generally evident within esch.of the racial groups as well.
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~allowed to reenter training after the medical situation or emergency is’

On the OKT, each racia; group of Predevelopmentals generally scored éigni—
ficantly higher with 2 more restricted range of scores than their non-pre-

~ developmental counterparts  However, it does not appear that the academic

ATC knou}edge acquired during the one year of training carrys over, in
application, to the MCAT for the predevelopmental group.

On the MCAT, there is a consistent pattern of "learning" berween the first

-and second administration of the test for all trainees although the non-

predevelopmental trainees generally maintain a constant difference in mean
‘scores on both tests as compared to the predevelopmental trainees. This
pattern supports the use of a double length MCAT as a means of measuring
this "learzing ability" on the part of applicants.

Criterion. In this analysis, whether or not the student passed the ATC
Academy training course or failed/withdrew was used as the criterion
measure against which the tests were validated. Of the students who with- -
drew, those who did so for medical reasons or because of personal or family

. emergencles, were excluded from the sample since their training was inter-

rupted through no cause of the student. In these cases, the student is

resolved. o :

- Essentially all o the students who fail or withdraw do so in the'iéboracory

rhase of training which requitres the trainees to demonstrate and apply their
krowledge and skill to air traffic control problems conducted in a laboratory
environment. The structure of the grading of the laborato . phase of trainihg
is provided in Figure 15. Estimated reliabiliry for the Six'en route contrcl
problems is .79 and .73 for the terminal control problems for students attending

~the FAA Academy during the period June-December 1978.

The ATC laboratory training phase consists of six operaticnal ATC problems
designed to replicate the non-radar air traffic control environment. Trainees
conduct identical control problems within a common air traffic control sector
using identical equipment and evaluation criteria for each ATC optien. These
operational problems provide stimulus and decision-making conditions repre-
sentative of the job enviromment and require responses from the trainees in
rerms of actioms that are both possible and required to control air traffic
oti~the-job with a minimum of restrictions. Students are given a series of

practice problems before each of the six graded problems as part of the

training and learming process. Each graded operational problem takes about
sne hour and is scored by an instructor using established grading standards
for defined types of student errors or deficlencies. Addicionally, each
student’s performance is evaluated by the instructor on a rating scale of
40 to 100. Each problem is scored and evaluated by a different instructor.

After the operational problems, a Controller Skills Test {CST) is administered.
This test was designed to measure the application of knowledge and skills
taught during the first months of training. Three basic elements for evalua-
tion are distributed within the test: (1} Application of aircraft separation
standards—students must respond to control situations presented by flight =
strips and. charts; (2) responding to or forwarding {nformation recelved

et
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which pertains to coordipmation of aircrafc movement or information with other.
controllers; and (3) other ATC control items such as board management, timeli-
. ness of actions and phraseology.  The CST 1s a SO-item multiple choice test
with an administration time of one hour. The correlation between the average
score on the six operational problems and the CST for this group of trainees

" was .50 for those in the terminal option (N=434) and a correlation of .54 for
enroute students (N=473).

During the academic training of the ATC Laboratory Phase, a bloc™ test is

. administered for each sublect. A comprehensive knowledge test s also admin-
istered to measure the degree o which students have learned the academic
portions of ATC subjects taught during laboratory training. This comprehensive
phase test 1is administered prior to giving anmy operational laboratory comtrol
ptoblems, Figure 9 provides a breakdown of the ATC laboratory training and

- the basis upon which a student's total score for this phase of training is

© derived. Students must complete this phase of training with a total score of
70 or more to pass the FAA Academy and continue on—the~job-training'ar
assigned ATC facilitles.

 Analytical Methodology. The first step in the analysis was the caleculacion of
descriptivestatistics on the ATC trainee sample using those students who had
test and criterion data. It should be noted that the sample size was affected
by the lack of complete information on all variables, particularly on CSC tests
24 and 157 where scores could net be retrieved from FAA or OPM records.

Multiple regression analysis was carried out using the experimental test battery
with and without OKT to determine the multiple correlation of the test battery
with "pass" or "fall" status of the trainees. Separate regression analyses

were conducted for the total group and for subgroups: men, women and racial
groups where subsamplé sizes warranted. '

The selection utility of the test battery was examined to assess the impact
on training costs; impact on the sanple of ATC trainees in terms of those who
would (or would not) have been hired 1f the test battery had been used for
selection decisions; and, an analysis of the pass/fail status of those who
would have been either eligible or {neligible for hiring based on the test.
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FIGURELS

COMPONENTS AND WEIGHTS USED 1N COMPUTING THE
FAA ACADEMY ATC LABURATORY TRAINING TQTAL SCORE

*%Extra Croedit Sixth Extra Credit 2,607
13.00% _ froblem] lastructor Assessment 3.907
‘ Problem Errors 6.30%

| ‘

l N

! #%Instructor Fifth Extra Credit 2.60%
’ Assessment Problemt Instructor Assessment 3.907
i 19.50% : Problem Errors 6.50%
. ) Fourth Extra Credit : - 2.607%
Lav Average - Problem| Instructor Assessment 3.90%
- *65.0% o _ Problem Errors - 6.50%
: Third | Extra Credit 2.€0%
Problem Errors|Problem| Instructor Assessment 3.90%
32.50% i -l Problem Errors 6.507%
Second Extra Credit 1.30%
Preblem| Instructor Assessment 1.95%
Problem Errors . 3.257
First Extra Credit 1.30%
‘Probleﬁ Instructor Assessment 1.95%
‘Problem Errors 3.25%

Controller Skills. Test 25.00%

Comprehensive Phase Test 8,00%

Block Average Z.00%

*The lab average constitutes A5% of.the total score for this phase of
‘ATC training. :

**0n ¢ach lab problem the instructor gives a performance rating for that
problem that 1s averaged with the student's prohlem performance.
fince the rating is not allowed to be helow 40, essentially the student
is given a certain amount of extra credit in the computation of the
problem- average. Each of the tix protlems is gradea by a
different instructor. :
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i;hesults.

The following discusses the analyéis and findings in terms of

£ the AIC sample used, the descriptive statistics, multiple regression, and

E Grility of the tests.

B vas atfected by the lack of complete inforcation on all variables.

. ATC Sample Used.

As pointed ocut previiusly, the sample of 953 ATIC trainees

As a

i consequence, the total sample was not available for some of the analyses,

particularly the multiple regression.

Table 87 provides a distribucion of

jfthe total ATC ‘trainee sample (953) showing the number of trainees who had
¥ data available for each of the variables. :

" In addition to commoan test data,

f. preference and aviation-related experience.

TABLE 87
AVAILABLE DATA - 1978 ATC TRAINEE SAMULE

Status As MCAT L .

: _ Predev. MCAT 2 - C5C 24 . Pass/Fatl
VYariables NonPredev. o ORI ¢sC 157 Criterion
. Sak Men : 788 800 _ 51% 790
o Women 133 1461 &7 137
" Total 971 it 3827 , 927
Black 80 _ 8 39 "
Race: Higpanic 23 23 1 23
Aalan 9 10 1 9
Other . Azl 839 545 a1
Totsl _ 33 553 552 %32

Availability of test scofes on CSC 24 and 157 had the most impact on the
Table 88 provides

ATC sample which could be used in some of the analyses.
a comparison of the means and standard deviations for the group of trainees
.with CSC 24 and 157 scores, the group without, and the scores on those rests

common to both groups.

OPM Transmuted scores and Earned Ratings

were available for many of these ATC trainees. The Transmuted OPM score
. is the score the trainee made on the present OPM rest battery before additional
credit for veteran's preference or aviation-related experience is applied.

The Earned Rating 1s the total OPM score including extra credit for veteran's
Table -8& provides the means, and

standard deviations for these data. The data for the pass/fail criterion is
_also provided. These data were examined for statistically significant '

| differences.
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_ . TABLE 88 . _
DESCRIPTIVE STATISTICS - CSC TEST SCORES _ S

Tocsl ATC Sumple ATC Seuple Stp. Test Bat. Kffect

ATC Sample | Mirh CSC 247131 VWithout CSC 267187 Rasults - Blss
Commoc Tastw ; ot - ; et F or - .
and Daza £ Kaaa 1 {8)  Nepn ) £ Mean =
MCAT L (953 .88 (.13} (38) 3.0 { 4.94) 061} | .36 (.40 e 1.07 d = 07
NCAT 2 (933)  &2.59 [ 5.9¢)} - (3F1)  A.OL  { 5.AT) (361} 41.90 ( 6.05)™ ta 2,80 de.i¢
oKY (953) 61.92 (15.464) {392 43.1} (1%.81) {3612 .04 15,21} t = +1.75 &= 02
OF% Scors (1) (7043 47.51  ( 7.49) . (391) 8121 ({7.41) (13} #%.08 ( L.MNe p e X104 w2
orn (£r) {631} 4.7 { 5.84h) {340} 95.07 ( 3.43) {11!) .22 ( 4.81) [ S T * ds i .

. Peas/Tatl ) (939 £ (a8 {383) . 61 ( 49) (154} bh (A0 s -~ 82 b 04 i
F o (p £ 1)

'A t-test was performed to examine the significance of differences on tﬁe tests , .
and OPM scores. A z-test was used to weasure the difference between the pro- ) S
portions for pass/fail. The differences are not significant operationally.

A number of analyses were based on sex and race in addition to test scores. o .i
£ Consequently, test scores on MCAT 1, MCAT 2 and OKT were examined for. statis- —
" . tically significant differences by race and sex between the ATC tralnees with
- E CSC 24 and 157 scores and those without scotes on the latter two tests.
Table 89 provides the results. The "Hispanics" and "Asian" groups were not i
used. becausé of the small sample numbers. :

" As. shown in Table 89, group differences were not significant for the "Women"
or "Black" groups. Statistically significant differences were found for
the "Men" and "Other" groups where the sample sizes were large. However,
the estimated effect size in Table 89 are all below the Cohen's criterion (31)
for small.
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TABLE 89 -
MCAT ASALYSES BY SEX AND RACE

ATC SAMPLE

. TESY
TOTAL ATC ATC SAMPLE $1G. TES
SAMP . WITH CSC 24/157 WITHOUT CSC 24/137 RESLLIIS
Group Tast I Mean sD 7 Hesn [ ) hean sb -
. . -« 2.3
: HCAT L (800) 37.4 (6.9} (513) .6 ( 6:6) (285 3.0 (7w TS
e HCAT 2 (800)  42.9  { 5.8) (515)  &%3 (5.1 (285) 422 (6.0)pes £ g.:; )
MCAT TOT - (80}  B80.)  (11.25) {31%) 80,9 (10.9) (8%  TN.2  (1i.B)w t .
o (800)  84.9  {15.5) (515) 461 (13.8) (285) 66.3  (14.8) ¢ = -1.8%
e : 3. 'y .- .81
MCAT W&ly 3.1 ( T.8) (6ry 3331 (8.0 (1) M8 (LM} t .
¥ NCAT ; : :1&!) W7 (6.4 (67} &0.7 (6.8} (74) 40.6 (8.1 'y _.og
MCAY TOT lal) 6.8 (1L (67 7.0 {133 3 15,6 {13.0) L2
T Ge1) 8.7 (%0 (67) 363 (1.3 (T 389 (1L.B) I LY
iy i {81) 198 (1.9 ¢ 197 (1L.D (e 9.8 (B t = - .03
| Maet :E:: 1 (o) 3.6 (L.B) £39) 363 (1.9 (42) .9 (6.1 ee-26
MCAT TOT (al) 66.4 (XD (¥ 660 (139 (1) #8.7 (12.8) t = .0l
oKt {8L) 6.2 (D) (19 856 {13.4) (&2} 668 (1I.0) ORI
neAT 1 (23 . 311 ( 6.8) (T 3L (6 (16 388 (61
Hepsats HCAT 2 (23) A7 (T8 (7 0.1 (57 (163 438 (8.0}
WEAT TOT (1 5.8 (IL.D) (N 733 (9.3 {18y 82.6 (2.9
oxT (13} %o (20.0) N 0% (26D ¢ 16)  38.4. (18.%)
' waat 1 LI 3.2 (&7 (D ne (=) €M 368 (68
Aaten MCAT 2 (10} 3.2 {57} ¢ 1) 2.8 (—) { 9 433 (6.0
WCAT TOT (103 T4 (3.9 €1 TR0 (=) (9 %01 (98
orr (10) 8.3 {17 C 1 20 (=) (9 S86 (1D
p . - 25
: KCAT 1 M9 e (6D (543) 317 (6.8 (I94) 3.6 (6.9} te 1.2
Other WCAT 2 (833)  A32 (3.9 (545) 433 (5.4 (294) 42.3 (a.e»r  c o~ 625
WCAT TOT (0)%) 80.7 (10.8) (543) Bl.2  (10.9) (2943 1.9 (QLAp e 217
ot @39 6% (15.8) (545) 3.1  (15.8) (294}  85.4 (15.5) t =-~i.?8
(L .05)
* (g .01)
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The question as to whether the two groups can be considered equivalent cannot
However, the analysis supports the assumption that

be answered definitely.
they are, considering:

.. No group differences were found on four of the

measures (Table &£).

. N group differences were found for the "Women" or “Black"

ATOupS.

'« Whete group differences were found, the estimate

were small,

d effec: sizes

« Where group differences were statistically significant, they
were in a positive direction for MCAT, but a negative direction
for OKT. They do mot consistently favor one group or the

other.

 Table 90 shows the distribution of the total 953 ATC sample in compariscn

to the ATC trainees (592) who hHad scores on all test variables
velopmental and non-predevelopmental groups.
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TABLE 90

DISTRIBUTIONS-INITIAL AND REDUCED SAMPLES

Total ATC Sample : | Fredevelopmental : Noo-Peedevelopuentsl

Initial Reduzed totesa! Reduced Latcial Faduced
Ssmpla Sample . Sample Sample Sample i Sampls .
Sroup X X L I : ¥ ¥ N 3 . o
Ken 800 ( 85.0T) 515 { BE.SY) 61 (3.5 21 (R 139 { 8891 ug: ¢ ga,z:)
Vomen g4k {18,010 8T £ 11.5%) 48 .32} 49 £ 48.7%) 2 (aan) N14)
Tocal T Teo.ony 332 (1ee.0t) 110 (16020fy 3% (100.01) 831 (10tY 54 %Iﬁo.o:y
Black 81 ( B.31) 3% [ 6.61) 55 (50.01) W { 60.03) FUSR A YO T 3 W S S 9%+ 3
Wepanic 23 ( 2.4%) Tt Lm 12 (e 3 ( Lam 1o 1n « (..
Anfsn Wt i) [ - 1 1 { 1} - () ,9: (LR ,1; ¢
Other 839 { BE.DI} 343 92.0%1 a2 (3811} 1) 3129 797 (9451 332 { 96.ef)
Torsl ¥33  (100.0%) 39Y (100,02 Tig (f00.0%) &b 2:0670:! &l (00 557 (16ALOD)

_—

Deéscriptive Statiscics. Of the total 953 ATC trainees, 582 men and women

] -~ and 592 trainees based on race had complete data on all test variables. The

£ - next step was to compute a total weighted test battery score and descriptive
. statistics using NGAT 1, MCAT 2, CSC 157 and CSC 24 for the total group;

those whe passed the ATC training and those who falled or withdrew. In .

addition, the mumber of students, means and standard deviations for the

, Predevelopmentdl trainees {non-competitive appointments) and non-predevelop-

- mental trainees {competitive appolutments) are shown in Table 91.

At thié point, OKT scores were excluded, the tests used were weighted as
follows:

2(MCAT 1) + Z(MCAT 2) + 1(CSC 157) + 1(CSC 24)

Weights were dérived from the regression analysis which is discussed later.

: TABLE 91
PESCRIPTIVE STATISTICS-TWO DEVELOPMENTAL CATECORIES
He e PR — e PATL VA .
- -5 ) o Rk m ;o BE gp [T )
. = Q29 1.0 L3LY 1T T Bt N Tl B3 N1 en
| Nemen (M) as (120 S ofw uLd o e Len 1B W
- Blach (i wbe avm e (W s Qe
E Riwpanie (8 s (R LN e (139 (N st
s ham 4 1. 18 (— ) Lo § - € -3 ¢4y 0 (=3
[Tt~ Ay 343 (LD s Bre (1. 1345 a3 (.9
Tocsl Grows (=) - [ R | =} - [ ] (1Y m3.e (38
PP, A TRAINREL
T e r— b1y -
2 ] T oy 183 aLe w143 (1.8 [C AR e N
E Weman {W) Ml e Cu} I3 e (6 s (B0
1 Bhaah [BEIIE % TN ] 9N M4 gen B &) anLn
[ (N WL B D 1 (D (8 K oL
k. antan (.4 e (—) (=) = = Cn oma (-1
Prhe (O 4.8 (.8} - G e A I A {B.m
k- Tata) Crewp -y - L) {=3} = -t~ D). ure o ()
¥ m&m
Y m ﬁ i N - ﬁ =} = =
[ (7 Mta tlam AP ML QLY 1 NS (0
ot | amy (e t1) s (L8 [T TR )
Hath {n 1A (s C1N AT (1.4 t) W) 9
Repimis tH 1L (L) (13 w8 (=) f D nLe (8.0
s tas ) — (=) =31 - (=1 C=F - (=1
Grwar L n s (n ¢ 80 HILE (N (13 e 0L
Trtal Gtdmp {3 - t - =3 == (== 1a0 143 (R3)
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. 1t should be pofnted out that the total of passed and failed trainees in

somie cases do not equal the number shown for the total group. For example, .
the 320 men who passed and the 189 who falled is 509 compared ta 515 shown

for the tatal group. This is a result of having 6 trainees in the total group .
'for whom information by sex was not available. ' '

The means and standard deviations for this same group of ATC trainees were
derived, ineluding OKT. The total weighted test battery score was established
as follows: ' ' : o

i 2(MCAT 1) + 2(MCAT 2) + i(CSC 157) + 1(CSC 24) + 1(OKT)

k. §i{nce the OKT is not intended for use in determining if applicants pass the
E: ATC test but rather as an altermative to the present OFM Raring Guide for
- establishing extra credit for aviation-related knowledge, it was given a
 weight of "1" ia deriving the weighted total. The results are provided in
. Table. 92. : : :

. TABLE 92
EFFECT OF OKT WEIGHTS OK VARIOUS SAMPLES

TOTAL ATC TRAINEES.

: s FASS - FAIL ~—— ‘ TOTAL
oy : i M 1] M MEMM i My Mk so
Hen (310 N7 (25.6) (189}  294.0 (29.8) 1% I} (303
Vomes Sy 307 (289 (3 115.r O3 (87y 2916 T(34.3) ,
Black (12 Mne.2 (180 (26) 161.8 (2.1 (3 21 (3B '
Mispanie ( 4y N0 (3.3 S T 5 2 R $ A N (1 1¥5.0 (3.8
Astan (1 w0 (-} (-) = () (1} 3M%.0 (-
i Other (345) 3205 (26.) asa)  295.27  (29.4) (545) 1.3 (0.0
- : Total Group {t-3 - (=) -y - (== {582y W90 (31.4)

WON- PREDEVELOPHENTAL ATC TRAINEES

. emmm——n PASS e FAIL TOTAL
Saour o e s ) HEAN n Ly EEA s
Han (4N 36 (15.6) (176)  195.9 (5.6} - (485 2.2 (29.4)
4 Vomen (26 W89 (9.0 21y 2186 (3.4) (48) 2967  (M.8)
Blaci (3 ;o (LD . (9 2399 {18.2) C15) 2150 (268D
: o Miepanic ¢ 2y Lo (55.2) ¢ 2720 (13.8) (4 1.5 (415)
] 4 : Asisn ¢ 1) %o (- (- - (-} (D nve (-1
1 - Ochsr (388) 320.8 (26.0) (188) 195._6 {29.4) 532y M3 (398

Tocal Growp (=) - [l {~) b {—) (552 30,3 (0.3}

] - PREDEVELORDNTAL ATC TRALNEZS

: : PASS mmemr : FAIL : TOTAL
graue m em 0 &M o s &M ks
i Hes LN e (L8 (1 MLl (36.5) (10 881 (T
E Vomen { & w3 (28.1) (1) 269.0 (.6) €19 2830 (33.9)

Black (D ae0 (.3 (1 2.9 (.4 ) R (389
g Sispanic ¢ 2> 030 (12.7) (. e (—) { 31 mm.e  {15S)
j Asisn (=) = (- -y - (=) (=) = ¢
3 Ochat { B HEW TH.9 {4 2052 L2903 (1) Ww.s OLD
2 Total Crovp (-) - {2 O { = (W 810 (W.H
' :
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The difference in test performance between those who pass and those who
fail are consistent, for the total group and for the subgroups. For
example, the mear score (Table 9I) for the pass group ts consistencly

~ above 300 while the mean sc¢ores for those who failed is conglstently belew
300. Generally there is a separation of about one standard deviacion _
between the mean scores of these who pass and fail for each of the subgroups.
For the total ATC sample, the smallest difference in mean scores 1s between
the "Other" fail group (295.2) and the "Women" pass group (307.3).

‘This pattern generally holds: for the wefghted test battery which excludes =~ - e
OKT (Table 91')., The most evident exceptions are the mean scores for the ’
S "Men" and "Other" non-predevelopmental "fail" groups compared to the "Black"
] Pass group. However, the number in the Btack group is small (5) and the
. R mean difference slight, especially when compared to difference in the standard
- deviations. ' ' ‘

Intercorrelaﬁions_and Multiple Regression ﬁnalysis.. The next step was to
 relate test results on parallel forms of MCAT and OKT together with CSC 24
and CSC 157 to the ATC Academy pass or fail/withdnaw ériterion.

Table 93 presents the intercorrelation of these tests for the total ATC . ‘
saxple and for each subgroup by sex and race. The correlation of partfcu- ) T - o
- lar interest are those batwéen the tests and the criterion. These :
- drve zero order validity coefficients.

114 ' : : : AP




- . Y SETREY - o uotieITaY
[N .- {51 052 [N - ) 151 28%
i 1284 o= ¥I 250 [} ot - %2 38D
e - of- - . Lio T git- - - mo
v " - 90" T - T R £ oz* "% 3N - - 2w
9¢° 61~ 11 i £ - 1 Ivow 62 1w 8" o1 115 - 1 avom
{gi=H) Totowy Geew (e (le=w) Tl 3991 GTeany  TentaR)  (ooiedd  TEtoel  (otpwi)  Tetwal) . F991
u0LIadEA3 61 05D %L I8 0 7 1R b IvaH wolda1123  {Gf 83 ST 95D Lo v 1 IvaH
{9z 259 TUF UOTIAI[IT == yleN VAMIUTR) {97 253 Pu¥ ©A11FY).Q ~~ H{S=N WRTUIR).
TIaAVE JaRTVeL 0LY APVIE
- : c_m:w:uu - $OT18373)
a oy : - - st a8n 91’ - L5t 350
20" o - : vi 357 2 o1 - ¥z 259
®’ 0 §2°- - 0 12* S1°= e - o
T 61 o~ e - z 1vom «' X s %" - : ¢ avou
" . i TS 69°. - 1 oM " o 0" “" - 1 vk
Goan) TED TG Toee ke (Gow 19T oD 0 Giewr  (ew G- Toeew 1991
wl1s3313  {,1 D53 %2 35D o 7 IvoM b Ivam . w1431133 {51 9§D %2 O o 2-IVON T LV
: : . (97 350 puv ¥oi3iTaD .-~ 9g=f WBIUIR) (v2 OS5 PU¥ UDTARITID -2 GUS=H WWIUIR}
,_ T4V FaNIval oIV NGHOA TTDWE TIRIVEL DIV Kar
- ) uOyi33I4)
(18 - 51 299
o1 0y’ - %z 253
szt - Tt - wg* - - . " IND
ne 0" oz’ % - z 3vou
5c . e 6" g0 09° - 1 v
[ Teog=a) (z65=H) () {Tss=K) TTSe=N) 6L
: uoTAa3113 {51-083 ¥Z~253 o 7 IVOM 1 1voM

SFIAVINVA ASELIVE

(v2 28) Pev -UOTIPI}a) -- SREeH ENEFUTH)

71

S TANIVEL 21V TY1OL

€6 JTadL

1SAL TYLLELLOA=SHOT IV TRROOEALNT

115




It should be polnted our that these validity coefficients are for a re- .
stricced population. Correction for restriction In range was not a concern
"in this analysis since the objective was to compute regression equations
~and determine the relative contribution of these variables for predicting
course pass/fail. However, Table Y4 provides a comparison of these validity
. coefficients with the restricted and unrestricted coefficients obtained for
. the prior ATC sample of 1,827 trainees who attended che FAA Academy- during
the period January 1976 - April 1978.

. TABLE 9%
VALIDITIES — POTENTIAL TEST BATTERY VARIABLLES

AIC Trainees* ’ AIC Trainzept™

Jam. 1976 = April 1978 Jute 1378 - Dec, 1978
Rastricted Corrected Rascricead
T } X
MCAT Exp. (Z scotes) T8 .53 -
MCAT | (Law acores) ' - o= .35
HCAT 2 (Raw scorus) - .. - . 37
[ L ] .10 34 . S 1 A
22 ¥4 . .97 &0 .18
- »25

* Critdition » AIC Lab. Average Scere (I scoves, See Tables 25 und 26)
#n Critarioe * icsdemy Training Pase/Fall (Lab. Traiwing)

The restricted correlations were next used in multiple regression analysis.
The first regression analysis employed MCAT 1, MCAT 2, CSC 24 and CSC I57
as predicror variables. ORI was' excluded since it is not intended as a
screening test for applicants. Each of the four tests were included in the
regression analysis in order to ascertain its contribution to the nultiple
correlation coefficient (R). The results are shown in Table 95.

TABLF §5
RECRESSION ANALYSIS - FOUR PREDICTOR VARIABLES

e ATC SAMFLE —— MEN SOMEN
(es85) )  {pm509) {Wwh6)

Test I 1 Bats 3 |13 Bats B 82 3egy
NCAT 1 LS L1210 L1832 .37 Lale L Es0 OTS L1468 L1430
MCAT 2 405 L1864 L2470 WG06 U860 L2554 L4120 170 L2189
€56 24 405 .164  -.0108 . J40D  .160  -.0121 ALY 17 D253

S eSC 15T .Ale 173 0992 LA06 L1563 L0689 S2273 L0240
OTRER . .

MRITE) <= BLACK:

w530 B (N3N
Zest LS N 1Y B hu
C MCAT 1 .28 L0835 L1508 565 U119 AT
WCAT 2 LS8 L126 L2294 879 .3 L2016
€sc 24 388 126 - 0270 L6ed LAY L2836
PR I N S L S0 415 268
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0f the four tests, CSC 24 and CSC 157 contributed to the multiple correlation
¢ - coefficlent for the "Women" or "Black" groups but made little ot no contri-
. . bution for the total group as shown below: '

Contributiou to R

Group CS5C 157 o Csg 24
Men .006 —
Women .104 .007
Black ©.049 ) .061
Total .011 : -

‘Other regression analyses were conducted for the total group which excluded
CSC 24; the multiple correlacion and beta weights obtained were essentially

 the same as those derived when CSC 24 was included.

In terms of the total group, the findings for CSC 24 are consistent with
‘results for other ATC trainee samples and ATC applicant groups. For *Ma

- sample of 1,827 ATC students (1976-1573) previously presented, the C5C 24
“"contributed least to the multiple correlation and had the smailesr beta
“weights (Tables 27, 28, and 31). For the ATC applicant group {(1976-1977),
‘CSC 24 contributed least to passing the current OPM ATIC test (Table 19).

" However, since CSC 24 and CSC 157 do contribute to the predictioi of the
critetion for somé of the groups, the decision was to include thew in the
test battery for further analysis. Consequently, the weighted test battery
used in developing descriptive statistics and for examination of the tests '
consisted of:

2(MCAT 1) + 2(MCAT 2) 4+ 1{CSC 157) + 1(CSC 24)

Table 96 provides the results of the multiple regression analysis for the
four tests plus OKT. 1In this case, the order inm which each test entered
the regression analysis was determined by its contribution to the multiple
 correlation coefficient. As shown for each group, the tests entered in a
‘different order, especially in the case of "Women" and "Blacks."

TABLE 96 |
REGRESSION ANALYSIS-PREDICTOR VARIABLES AND ORT
TOTAL
* ATC SAPLE-—mem . MW - WOMEN:
(N=583) : 309} ’ ty-“.:

Taap 2 22 Beta Test R ‘l_._’_ Bece Test L3 _Ii Bats
WCAT 2 LITA LBAD L2134 MOAT 2 MY 1M L2064 CSC 157 .A0) 162 L2997
. o A9 18 L2478 KT LA 177 L2 o3 .53 .282 3352
NCAT 1 .43 207 1347 MCAT 1 448 200 .1539 HCAT 1 592 .33 L1254
CSC 157 (A4 225 .l39d CSC 187 460 211 .1109 WCAT ¢ 603 .363 .1873
© e3C 26 477,216 0588 €3¢ 26 462 .214 03N cac 24 613 376 L1199

OTHER ‘
(WHITE) . o= BLACE-
(he339) . (R=28)

Cgees R 31 Bets  Tay B 32 Mo

WCAT 2 .38 .l108 (1924 MGAT } .36 M9 .31
oRr L3098 .13 .258] esc 26 L6215 WL .J360
ST 157 .44 180 L1397 oRT J698. (4B ALS
BCAT 1 .48 192 L1193 cSC 13T .74k L5353 .1I9L
CEC 24 44D 154 .DATE MeaAT 20 .7 L5767 1874
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Table 97 shows, in summary, the muitiple correlation coefficient (R) values
derived by group and the variance (R?) accounted for in the pass or fail/withdraw
criterion based on the restricted zero-order correlaticn coefficients (r).

TA&LE_Q7 .
GINBLARY VALUES - REGRESSIUN ANALYSES
Test Test Battery
Battery And OKI
Group R ‘B ' R 1Y
" Total Sample 416 173 Y .228
Qcher 368 .135 G400 194
Men 406 163 - 462 L2234
Wonen 523 2N} 613 .376°

Blatk ) - .6B% 473 759 L579

Test Ugllicy. The purpose of this analysis was to examine the practical
utility of the new AIC 'test battery, relate the findings to the information
obtained for the 1978 ATC Applicant Group and estimate the potential FAA
training investment costs which could be saved by using the new AIC test
for selection of applicants.

i As previously noted, the weighted test scores for this sample of 585 ATC
‘ °  trainees was based ont :

WT, = 20CAT-1) + 2 (MCAT-2) + 1(CSC 157) + 1(CSC 24)
However, for the 1978 ATC Applicant Group, only one parallel form of MCAT
was administered rather than the two which were given to this group of AIC
trainees. In order to be able to relate the two groups, the weighted ATC
tést scores for the 585 ATIC trainees were recomputed using only the first
MCAT administered and then weighting each of the tests on the same basis as
was used in the analysis of the 1978 ATC Applicant Group. The weighting
used was: ' ' ' : '

WI, = A(ICAT-1) + 2(CSC 157) + 1{GSC 24)
] The total raw weighted scores were then transmuted for each trainee based on:

T' 10.68¢( $5.22 ) + 70

- as ﬁas.shqwn with Table 77. Again, a transmuted score of 70 or above was
equated to "passing” the new ATC test for this AIC trainee group. ‘
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In order to assess the difference between these two weighting fictors (F_‘I‘1
and WT.), correlation coefficients were computed between the two weighted
scores“on the ATC test battery and between these and the scores omr the
present OPM test battery vwhich were also available for the ATC trainees.
Table 95 provides the descriptive statistics and correlations.

| TABLE. 98
DESCRIPTIVE STATISTICS AND INTERCORRELATIONS, ATC-OPM TESTS

Test ' ¥ Mean ]

OMM Score (Raw) b1 41 262.0 23.31

ATC Test (W1, Rav) 592 245.6 27.57

ATC Tast (\-'1‘2 Raw} 592 212.6 _ 5. T
O?H. ATC Score ATC Score
Score l-"Il \ﬂz

OPY Score - B 4 .65 .

AIC Score - Iﬂ‘l T .9

ATC Scote - W, . . o -

Sincc the weighting used to examine the utility of the new ATC test battery
(WTy) has a similar higher correlation coefficient with the OPM test scores
(.65 compared to .62), the results should tend to be similar.

The mean transmuted score on the present OPM test battery for this group of
ATC trainees was 87.2 with a standard deviation of 7.6. Their mean transmuted
score on the new -ATC test battery (WT,) was 79.6 with a standard deviation of
6.7. This lower mean score. is consis%ent with the findings derived from the
1978 ATC Applicént Group which demonstrated that applicants who passed both
the present OPM test and the new ATC test, generally score lower on the ATC

test {see Figure 13)..

Por this sample of 585 ATC trainees, Table 99 compares the score distribution

for the present OPM test battery and the new ATC test battery for the total
sample and for the Predevelopmental (non-competitive applicants) and Non-
predevelopmental (competitive applicants) groups. These are transmuted test
scores without Veterans Preference or aviation-related lmowledge/experience
c¢redit. The 585 AIC trainees for whom complete test and criterion data were avail
able represent 61 percent of the 953 attending the Academy duripg June throuch
December 1978. The 40 Predevelopmental trainees represents 36 percent of the
non-competitive hires; the 545 Non-predevelopmental trainees represent 65 percent
of the competitive hires, : S

119

Pt S



‘TABLE 99
SCORE DISTRIBUTIONS-585 TRAINTES
TOTAL ATC TRAINEES '

Sior ) Present OPY Kew ATC
* . -+, : Wl
Kanpe _ .?. ._,ﬂ,l__f_ E'(es: g."{_:‘__)’
95y ' 11 0. 7% 2 3
90- 9 128 2.4 27 462
BS-8% . 131 22.6% 98 16.8%
- B0-8u f1c 18,87 . 181 27.6%
75-79 3] 10.8% 167 5.3
10-74 n 5.7% 12 17.4%
"Pass” Test ) SES  100.0" SR ELE
65-69 = - T '
60-ba - - 8 } 8.22
. 55-%9 - - 1
“F81i" Test o - T
L R 58  T00.0f 85  T06.0%
Hean 87.2 19.6
$p _ X 6.7
NOXPRED. TRAINEES - PREDEV. TRAINEES
{Competitive Hires) - {(Noncompetitive Hires)
Present OPM Few ATC Fresent OPY = Kew ATC
Score o Test =~ _TYest (WTI) Test Test (wIl)
Range L] 1 X 2 ¥ 3 K %
95+ i1e .80 2 N3 2 4.6 o
90-54 122 2.6y 27 5.0% 3 7.0 0
85-89 129 2372 @2 17.83 s 9.3 1 2.5%
80-84 101 1B.5% 157 28.8% 9 23.3 A 10.0%
75-79 4% 8.82 136 24.9% 15 377 1 27.5%
70-22 3 _&.BT 90 16,51 7 18.6 17 30.0%
Pass” Tests 55 100, 0. 508  $3.4% . 100.0, I8 70.0.
65-69 - = 31 s - TEN
60-64 - - 5. 6.61 - - s
55-59 - - o} - - ij 30-08
"Fatl" Test o - i) i) - 17
: : Tas  1o0.03 w 0

»
L
[
B =]
(=4
o
e
f 23
[~}
-
o
(=]
=]
At
&~
@
—
=
[=]
[=}
I

Two significant points are evident from the data in Table 99.

First, 48 (8.2 percent) of the 585 ATC trainees, all of whom passed the
present OPM test for employment eligibility, would not have passed the new
ATC test and therefore would not liave been eligible for appointment as an
air traffic contreller trainee. When the total group is further identificd

by competitive hires from established OPM certificates (Non-predevelopmental) and

non~competitive hires (Predevelopmental) who were hired through alternate

recruitment procedures, other differences are apparent: (1) 30 percent of
the Predevelopmental Group would mot have been eligible for appointment inm
coutrast to 6.6 percent of the Non-predevelopmental hires (this 6.6 percent

‘compares to 7.2 percent of the 1978 ATC Applicant Group who also passed the

OFM test but did not pass the new weighted (WI3) ATC test; and (2) 23 percent
of the Non-predevelopmental trajinees acored 85 or above on the new ATC test

in contrast to 2.5 perceat of the Predevelopmental group. These data provide
gsome further quantative insight Into the descriptive statistics on the mean
score differences betweén these two groups which were identified in Tables 85,
86, 91, and 92. It should be pointed out that the trainees in this sample could
not score lower than 70 on the OKT and thus had t. have higher scores.

120




Second, the score distribution of these ATC trainees on the new ATC test is

" markedly lower than on the present OPY ATC test. About 42 percent of the
total trainee group scored. 90 or above on the present OPM test in contrast

to only 5 petcent who scored this high on the new ATC test. In the Non-
predevelopmerntal group, 44 percent scored 90 or more on the OPM test compared
to 5.4 percent on the new ATC test. Qf the'Predevelopmental trainees, none
scored above 89 on the new test but almost 12 percent did on-the OFM test.

These findings are consistent with the results obtained for the 1978 ATC appli- '

cants where passing scores on the experimental ATC test were significantly
lower than on the OPM test.

Civen this marked difference in score distribution berween the OPM and the

new ATC test, the next step was to relate the scores on the present OPM and

new ATC tast to the pass or fail/withdraw ecriterion. Test scores and criterion
data were available for 695 trainees for the OPM test and 5383 trainees for
the new ATC test (WI2). The results are provided im Table 100. Again, these

scores do not include extra credit for veterans preference or aviation-related
experience or knowledge.

TABLE 100

DISTRIBUTION COMPARISORNS-OPM. AND NEW ATC TESTS

_ ATC. TRAINEES _ ATC TRAINEES ;
---------- —OPM TEST-wmmr—mommsm= e —m==-NEM ATC TEST (W[2}memme=-
: ATC Trng Fall/WD ATIC Trng Fall/¥D
Toral Fail/wh Raty Total Fall D Rate
L <31 [ B : L+ ] ¥ L
145  (20.00) 13 22.8% 2 (I ¢ i
148 (21.3%) 47 31.81 , 27 4.6%). 5 18.5%
156  {22.50) 62 .39 98  (15.8%) 20 20,43
13t (18.8%} 59 45.0% 165 (27.62) (3 . 28.0%
% (10.9% 18 50.01 1?7 (25.1%) 62 42.2%
¥ (5.61) 72 . 56.4% 07 (17.42) 52 51.02
| - -~ - %8 (8.21) ] 29,22
695 100.0% 61 . 37.e% 585  100.0% 13 38.1%

Table 100clearly identifies the difference between the present OPM test and
the new ATC test with regard to the percentage of trainees who successfully
complete the ATC training in each of the ATC test score ranges. For example,
with scores between 90-94 almost 12 percent of the OPM test group fail or
withdraw in couparison to only aboit 19 percent of the group with test scores:
in this range on the new ATC test. Of particular interest is the fact that of

the 48 ATC trainees who scored below 70 on the new ATC test, 7% percent did not

successfully ecomplete the traiming. :

Table 10] provides the score range disrribution and failures/withdrawal rate
for the 585 trainees in relation to the new ATC test identified by Non-prede-
velopmental and Predevelopmental ATC trainees.
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_ - TABLE 101
FALLURE/WITIDRAFAL RATE DISTRIEUTIONS BY DEVELOPMINTAL CATDGORY

. NONTRED. ATC PREDEV. ATC
| meeemeee- THAINEES - m=mm e o e et TRAINFES = oo m e e
Kew Fatl/wp - Fall/wb
ATC Test Total Fall/wp Rate Total Fail /WD Rate -
Score Range L] L] 3 % ) ‘N K 3 - X
S5+ 2 Q 0% 035 0 0 - (>3
%0-94 27 5 2.5% 18,54 V] ) - 02
85-89 97 20 10,13 20,65, 1. 0 - 0z
- 80-84 15?7 J4b 0 I3.1A 29,3 4 0 - ox
15-71% 1l 57  2B.&% 41.9% 11 5 20,88 45.5%
10-74 90 &3 262 47.8% 12 9 37,52 75.0%
Below 10 . 3 I8 14.1% 3.8 12 10 &L.73 B3.3%
Total 545 19% 100.0% 36,52 40. 24

100. 02 60,03

These data focus attention on the 48 trainees who did not pass the new ATC
test battery and who would not have been eligible for appointment if
selections had been based on the new test. Of the 48, a total of si either
failed or withdrew from the training; a less rate of 7% percent. Tor Nou-
prédevelopmental trainees the loss rate for this group was 78 percent and
for Predevelopmentals it was B3 percent. :

This has a direct and important {mpact on both recruitment for the air traffic
control occupation and the cost of traiming for FAA. Had these 4B trainees
not been hired, the overall loss rate would be reduced from 38.1 percent to
34.4 percent and by llon-predevelopmental and Predevelopmental groups, from
36.5 percent to 33.6 percent and from 60 percent to 50 percent respectively.

For each Predevelopmental trainee, FAA invests about 528,000 in salary and
training costs and about $10,000 in each Non-predevelopmental student by
the time their FAA Academy ATC training program is completéd. For each
student who fails or withdraws from training, this investment is lost and a
pew trainee has to be hired. ' - )

If the 38 trainees had not been hired based on their failure ro obtain a wioimum.
acore of 70 on the new ATC test, FAA's loss in training investment costs would
have been reduced by $560,000. Extending this for 2,000 nmew trainees eatering
Acadepy training on an annual basis would result in a cost avoidance of about
$1,350,000 eath year. s

This projection of the cost avoidance utility of the new ATC test battery
. addresses only the benefit obtained if ATC aspplicantswho scored below a
minimum of 70 on the new ATC test battery were mot hired. The other sigmni-
ficant area where benefits could be cbtained is toc determine the difference
in the group of ATC applicants who would be hired under comwpetitive selection
procedures with the current OPM test and the new ATC test with allowance of
extra credit for veterans preference and aviation-related experience or
-knowledge. ' :
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In order to examine these differences, the OPM Earned Rating which is
derived from the.ATC trainee’s score on the present OPM ATC test battery
_ plus additional credit for veterans preference (0 to 10 points)} and credit
for aviation-related experience orovided by the OPM Rating Guide (0~15
points), was available for 621 of the 843 MNon-predevelopmental ATC traineces
“in this sample. The 110 Pre~developmental ATC trainees who were appointed
non-competitively were not included in this analysis since axtra credit

for veterans preference or aviation-related experience is not a facter in
theiv appointment eligibility; they need enly to pass the OPM rest battery
with a score of 70 or above. The "equivalent" of the OPM Earned Rating
usineg rthe new ATC test battery (WT2) and the ATC Occupational Knowledge Test
{OKT) vas derived for the Non-predevelopmental (competitive hires) ATC
trainees. The 36 trainees who did not achieve a minimum score of 70 on the
new ATC test were excluded from the analysis since they would not have been

B _ eligible for appointment. The “Earned Rating"” for these trainees was based

on their score on the nmew ATC test plus additional credit provided for their

OKT scores as follows:

OKT .
chres

80+
75-79
70-74
65-69

Additional
-Ppints

15
10
5
3

The difference between the OPM transmuted score and the OPH Earned Rating
for each trainee was the additional credit given for veterans preference and
aviation experience based on' the OPM Rating Guide.
ference points were not separately identified in the total of extra credit
given in the OPM Earned Rating, 1t was not possible to specifically identify
those ATC trainees who were 5-point or 10-point veterans.

Since the veterans pre~

In ordér to derive an "eqﬂivaleﬁt" Earned Rating with the new AYC test which
would reflect extra credit for veterans preference and aviation-related
knowledge based on OKT scores, the following procedures were used:

OPM EARNED RATING
MINUS OPM TRANSMUTED SCORE

IF:

v, is less than s

Vl =35

v, = 10, 15, or 20

Vl {s more than 20
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VET
OKT
VET
OKT

VET

OKT

VET
OKT

THEN:

points
credit

points
credit

points
credit

points
credit

(Mean = 95.1; N=540)
(Mear = B7.2; N-591)

A A e e e e ‘
- TOTAL OPM EXTRA CREDIT (VI) (AVGV1 = 7.9 points)

| I
Qo

3, 5, 10, 15

3, 5, 10, 15

|
o
-

L]
o
-

. 3,.5, 10, 15

[ §
. e

3, 5, 1G, 15

-
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" The net effect of this procedure would be a somewhar higher disttiﬁur;on of
YEarned Rating” scores for the new ATC test than wouvld be the case if specific
vetarans credit had been available for each AIC trainee. o

Given these condirions, an estimated total Earned Rating could be computed
bassd on the new ATC test for 486 of the AIC trainees appointed competitively
(Noafpredevelqpmental) from OPM regiscters. The 48 students who scored below 70
on the new ATC Test were excluded from the.sample, Table 102 compares the distri-
bution of these Earned Ratings to the Earmed Ratings for 621 trainees based on
the present OPM ATC test battery and Rating Guide. The 486 trainees for whom
estimated Earned Ratings could be computed using the new ATC tes: is a subsamole
of the 621 trainees who had OPM Earned Ratings avallable. '

TABLE 102

NON-PREDEVELOPMENTAL ATC TRAINEES
. (Competitive Hires)

Earned : . OPM Eaitned - . Est. New ATC

. Rating - . Rating. ) Earned Rating
Score Range - £2) B 5

100+ 205 (33.00) 56 (11.12)

90-99 314 (50.61) . 183 (29.43)

gg:g: _ 92 £15.5%) 229 (67.1%)

; 3 .5 80 {12.61)

Total _ i . (160.0%) . 8 (noo.oz)

" ‘About 84 percent of the 621 ATC traimees had OPM Earned Ratings of 90 or.

more. Since comperitive selection from OPM registers requires hiring those
applicants with the highest Earned Ratings first, this dictribution of OPM ;
Earned Ratings would be expected. However, the Earned Rating distribucion
based on the new ATC test for the 486 trainees who are part of the sample of
621, is quite differert.

" Only 41 percent of the trainees have Earned Ratings of 90 or above and alwmost
13 percent are below B0 as compared to less than 1 percent for the OPM Earmed
Ratipg. Consequently, many of the ATC trainees with Earned Ratings below
90 on the new ATC exam would not have been hired conpetitively since other
- applicants with higher ratings would have been selected in their place.

In terms of practical utility of the new ATC test battery and OKT, these
differences in Earned Rating score distribution are of significance oaly if -
the pass.or fail/viihdrav rates also differ between the OPY and new ATC Earmed
Rating. These differeuces are provided in Table 103,

TABLE 103

NON-PREDEVELOPMENTAL ATC TRALNEES
(Compertrive Hires)

" OPM Earied . Est. New ATC
. .- Fating Eerncd Rating )
Total  ¥aill/WD Rete  Tonal FalldND Racg n't.;,‘
Score Bange L1 ¥z LA K 3 z
100+ 205 56 '26,3% 54 6 11.1% -15. 2%
90-99 3% 122 38.91 143 13 -15.8%
80-89 99 &1 &1.5% 2% B6 7.6 - 9.9
1o-79 L g3 2 86.6% _50 a8 86, - %
Total 21 225 6.1 %86 16~ 1353 -
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1t is clear frem the data in Tableln3 that thé-probability'éf successfully
completing the ATIC training program is greater imn each of the Earned Rating
score ranges above 79 for the new ATC test battery.

It is evident .that an OPM register based on the rniew ATC Earnmed Rating would
result in hiring a somewhat different group of £TC trainees than was in
" fact hired with the present OPM register. It is possible to relare the data
" fn Tables 102 amt 103 to thwe results obtained for the (978 ATC Applicant Group
on both the current OPM test and the new ATC test. This information would
provide a basis for assessing the differences in selection of groups of
applicadnts and the potential effect of these selections on fail/withdraw
rates and on training investment losses. '

"The previous analysis of the 1978 ATC Applicant Group i{dentified (Table 76)

the Earned Rating score distribution of applicants who passed both the

present OPHM test: and the new weighted ATC test battery (WI, ). 1If this group

of 621 ATC trainees had been hired from the group of 1978 iIC applicants based
on Earned Ratings obtained on the present OPM exam, the relationship would be

as showm in Table 104. For the 1978 AIC Applicamt Group, the number iIn each
Earned Rating category in effect represents the OPM register from whlah applicant

selections would be made.
TABLE 104

PROJECTED EARNED RATINGS - 1978 ATC TRAINEES
OFM Eatned Rating

OPY Earned ' Qualified oPM

Rating Scove- 1978 ATIC 19?B£:Irgegrﬁ;::f "Selection”
Ranpe R Applicants (Cmgetitive Hires) Racic

@ [ [63) o

100+ 229 ( T.5D) 205 { 33.01) 8

90-99 64 ( 21.20) 314 { 50.6%) :«:Zg;

80~-89 ) 1686 ( 15.81) 99 { 15.9%) { 9.1

019 1076 ( 35.53) 3 (s .31
Towsl 3035  (100.0%) T (180.0%) {26.5%)

. The registers maintained by OPM for ATC applicants are by separate employing
. jurisdictions. Consequently, each of the eleven FAA regions selects from its
own certificate of applicants based on the geographic preference identified
by the applicant and the Earned Rating. As a result, one region (Southern,
for example) may be able to £i11 all of their ATC reecruitment needs from
applicants who have Earned Rafings above 100. Other regions (Alaska or
Great Lakes, for example) may recruit a number of applicants with Earned
Ratings in the 80's or even 70's., However, Tablel04 shows that essentially
all of the 62. ATC trainees scored B0 or above and, with a mean OPM Earned
Rating of 94.9 for the total group, selections were made in mwost cases from
the "top" of the registers with scores of 90 or more, The selection ratio
‘of 89.5 percent between the 205 1978 trainees and the 229 1978 applicants who
would have been available with Earned Ratings of 100 or more, is somewhat
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higher than typfcally experienced by FAA regions. Geperally, of those
) applicants offered ATC positions, about 80 percent are selected; the other
.20 percent decline or are dropped from consideration because of medical |

or security reasons.

The next step was to project the romposition for a group of 621 AIC traiunees
by their Earned Rating if they had been selected from a competitive register
derived fromw the new weighted ATC test exam including extra credit for veterans

preference and OKT scores.

The mumber of 1978 ATC applicants im each Earned Rating score group derived .
from the new ATC exam was used as the “"selection register as shown in
Table 105. This is the same distribution as previously provided in Table 76.
A maximum selection ratio of 80 percent in each Earned Rating group was
used as more representative of actual selection experience. Since fewer
_applicants have Earned Ratings of 90 or more based onh the new ATC exanm, more
selections would be made from among applicants with Earned Ratings in the
80-99 range. Based on these factors, the projected distribution of the 621
ATC trainees based on the new ATC exam would be as indicated in Table 103.

: ' TABLE 105 '

PROJECTED EARNED RATING DISTRIBUTIONS, 1978 ATC APPLICANTS

(rualifted

Wev ATC 1978 AIG Zst. 1978 So:::tlen
Tarned Rating Applicants ATC Traloecs tio
_Score Runge ] SE) El £ §i3]

100+ 128 ¢ &0 100 {16.1%) (o)
$0-99° 2 12.91) 322 (519D (801)
80-89 ’ 1162 { 37.3%) 192 4 lb.ﬁl (175}
70-7% - 1426 ;lS.S:! 3 (1. ) -

" Total 316 (100.0%) $31  (i00.0%) (201)

With the OPM Earned Rating distriburion for the 621 ATC trainees and a pro-
jected Earned Rating distribution based on the new ATC exam, the fail/withdraw
rates provided in Table 88 can L» applied to each group to estimate the difference
in loss rates between them as provide? in Table 106. .

TABLE 106
DIFFERENCES IN LOSS RATE ESTIMATES BY TEXT EXAMINATION
PRESINT ' . e
et e ATC EXAM- e : - ATC EXAM
O Larned 1978 ATC Feil/w Ko ATC Zat 1978 ATC Est. TaLiND
Rating Irainees fLite Earned Trainees Race .
Scores B 3 X 4% Raring Scores 1] 13 1 {3)
100+ 703 ( 33.0%) s6 (26.30) 100+ 108 ( 16,12} I (1.3
099 na4  (S0.exy 122 (8.9 20-99 121 ( 51.9T) % (23.0%)
:::g: 9; ¢ 15.!:) 7 (:z.sz: 80-3% te2 (39,91 12 {37.60)
- ' [ -5%) 2 {66.61) 10-19 ? { 1.1%) 5 (66.61}
Total SR I O0Rm  Toesd W ogeeoon 8 @D
126
- E 5 ’
R \\\ R EE I Y ) . : —
’ - hY - i H ' N 7 ‘
. - \ — ) : ,‘/ . 4 . ?
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Table 106 demonstraces the potential utility f the new AIC exam in. terms
of an overall reduction of the fall/withdraw rate of about L0 percent (from
~36.2 to 26.1) for this sample of 621 ATC tralnees. _

..

With respect to FAA's training investment 16ss, projecting this reduction on

" an annual basis for 1,800 ATC applicants hired cthrough competitive selection
procedures would result in a cost avoidance of about $1,825,000 since signi-
ficantly more of the tralnees should successfully complete the AIC training
program. By combining this with the $1,350,000 reduction im iavestment loss
resulting from not hiring those applicants who pass the present OPM ATIC test
but fail the new ATC test, the potential cost aveidance which could be obtained
"4s in the order of $3,000,000 a year:

- -
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UNIFORM GUIDELINES ON EﬁPLOYEE'SELECTIQN_KEQUIREMﬁNTS

The Uniform Guidelines (17) jointly established by the Equal Opportunity Com-
mission (EEOCY, Departient of Labor (DOL), Department of Justice (DOJ}, and

the Office of Personnel Management (OFM), provides four basic requirements

for selection procedures in relation to equal employment opportunity. Basically,
these requirements are: ‘ .

e to determine if a selecrion procedure has an adverse impact on
employment opportunities of minorities or women

e 4if there is an adverse impact, the need to'vaiidane the
selection procedure o

e when empirical data demonstrates validity of the selection
_procedure (that is, it is predictive of or significantlv corre-
lated with important elements of job performance), the need to
" examine the fairness of the selectlon procedure :

e consideration and investigation of alternative selection pro-
cedures. Where two or more selection procedures which are sub-
stantially equally valid for a given purpose, the procedure
which has the lesser adverse impact should be used.

The various research studies which have been discussed encompassed z wide
range of selection considerations and devices both of a cognitive and non~
cognitive structure. The analytic methods applied combined new devices

with present OPM gelection devices and evaluated their interactiom with
various criteria of performance to identify those tests and procedures

which provided the highest relationship between selection procedure scores

and performance criteria which are functionally relevant to the air traffic
control occupation. Based on this, the requirements of the Uniform Guidelines
and other elements of EED programs will be addressed in relation to the new
ATC exam and selection procedures derived from the research.

Adverse Impact. For enforcement proceedings, the Unifo;m_cuidelines state:

»x selection rate for any race, sex or ethnie group which is

less than four-fifths (4/5) (or eighty percent) of the rate

for the group with the highest rate will generally be rejarded

by the Federal enforcement agencies as evidence of adverse impact . ."

This definition was adopted as a pfactical “rule of thumb™ and not a legal
definition. . - . .

In the selection procedures for hiring applicants for the air traffic centrol
‘occupation addressed by this research, adverse impact £an eccur at two points

in the selection process. The first point is estabiishing basic eligibilicy

for employment consideration by successfully passing the test battery. The
second point is the Earned Rating score (inciuding credit for veterans preference

- 12é_'



and aviatfon-related experience or knowledge) which determines the comperitive
'i_ranking of applicants who pass the written test.

The information base against which measures of adverse impact can be fdentified
consist of the group of 5,976 applicants who took the preseat OPM and experi-
mental ATC test battery in 1978. Ethnic, race or sex data has not been obtaingd
by OPM fot othér groups of apylicants.

. For this group of 1978 ATC applicants, the relative selection (pass) rates by

_race and sex on the preseant OPM ATC test battery is provided in Table !v/-
Comparable data for the new ATC test (WT,) is provided in Table 104&. Both
tables exclude any extra credic for veterans preference or aviation kauvwledge
gince the purpose 1s to evaluate the relative rates of basic eligibility status
far the applicants. These selection rates identify the proportion of each sex
and race group who passed the selection test battery with a score of 70 or
more. Based on these rates, the B0 percent "rule of thumb" was applied to each
group im relation to the majority group selected to derive the "adverse impact

' ratio” which would occur st this point in the selection process. When this

ratio is less than 80 percent, the Uniform Guidelines state that this will

' generally be regnrded as evidence of adverse impact. The Guidelines also

point out that where the ratic is less than 80 percent, it may not comstitute

. adverse impact where: (1) the differences are based on small numbers and are
not statistically significant; or (2} where special recruiting or other programs
" cause the pool of minority or female candidates to be atypical of the normal
group of applicants. Since these 1978 applicants include a "walk-in" group
resulting from special recruiting efforta for minorities and women, the adverse

impact analysis was done for the total group {(including 664 "walk-in" applicants!

and the "Scheduled Gtoup which would be representative of the normal pool of
applicants. ) . ) TABLE 107 :

Advarss Impact Analysis
fresent OPM Teetr Battery

Tots]l Group . rer—oreSoheduled Croupee-—msmo~ua
Adverss. Scheduled Adverse
Totsl 1978 1 Vho lupace 1978 - T Whe  lapacc
Grovy ATC Applicants Yassed Racio ATC Applicangs = Paased Aatio
Men . . an 3~ —— _333§ 5£ po
. Women . %%% 451 851 147y
Woits 40867 641 — . B it 632 -—
H1spanic ‘ e asx 59%) : F 8 st 80Ty
Mack 1407 13 {302) : 114 18% (I9%¥
AELen 57 (313 9$x . 50 ::: :’9‘:)
Amay. Tod. 61 5z 801 S8 : 1
9 3366
TABLE 108

- Adverse Impazt A.lulyni.l .
New ATC Test Batiery (W3j)

----—--e'l'ﬁl.l [ Setud led Crep
Adverss Schaduled Adverse
: ‘Totsl 1978 I Who Impsct - 1278 X Wha Impact
Croup ATC Applicants  Passed  Racio AIC Applicants  Passed Ratio
s © A 983 — 3935 s —
Vomsn .. 1185 i am 1471 L] £781)
E11/9 308 :
Whice 4047 [ o o 315 71 -
Yispanic : 9 “nr {622y : 271 Alz (611)
Black 1407 13 €21X) 1116 14X an
Anian 57 [ 13 925 - s . 5_:; (l&:
anire. Ind. s 2] 333 L2 S 58 - 532 mn
LTT T 5 -
129
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_The data on the preceeding two tables show that including the "walk-in" :
-applicant group has relatively little effect on the ratios derived. Generally,
“there is only a difference of one pergent ovetween the Total Group and the '
Scheduled Group except for Asians and here the number is quite small.

.The present OPM ATC Test has an adverse impact on both the Hispanic and

Black Groups. In the light of past FAA experience in hiring minorities from
competitive OPM registers, this result is not unexpected but Table 107 provides
a guantative nmeasure of the degree of adverss impact for these twe groups.
Tablz 108 shows that the new ATC test also has scwe adverse impact on women
applicants in addition to the Hispanic and Black Groups and that the degree

of adverse impact on the Black Group is somewhat higher.

Por American Indians, the addition of ome or two more applicants to the “pass -
group” would result in a selection ratio of 80 percent or more on either the

OPM or AIC test. Consequently, evidence of adverse impact based on this sample
is not clear. _ _ ‘ . : : R I

" The analysis was also completed for those who passed the OPM and Weighted ATC S .
test to determine if there was adverse impact im each of three score range S
‘groups. Candidates who pass the test bagtery are ranked on competitive OPM '
registers based on their total score and those with thé highest scores seledted
first. This "Earned Rating", which includes additional points for veterans
preference and OKI credit, was used for .the analysis. The results are provided
in Tables 109 (OPM Test) and 110 (Weighted ATC test}. . .

TABLE_109

ADVERSE IMPACT ANALYS!S
PRESENT OPK TEST BATTEWY
WITH VETERANS. PREFERANCE AND EXPERIENCE CIEDIT

“ om o5 ’ oPH : T
rred Ratin, road - .
Total 1978 70 - 79 £ -'--—h---so l-u:;:f-‘-—-- -—--3'23"4"'“" M
AIC Applicancs T ""'-
m :um . . Mverae ) Adverse ’ Adverse :
. gar ¥ Rarjo lmpact N Batic lupact N Batte  1mpace .
Hen 113 ns - 796 - ' .
- 36T . -— 122 i — - -+ .
Vougz . 199 Tt e -t
o 252 . o ome %r N 13, e Yeu Ty
3033 1076 N 1086 873 E
. : ' N
Vhite 5% LA TR 1] - 37 .
_ ) - 6% - bo T 13 1 -— )
Hispante 128 0 W Ha PR Ko N ) B
Hack z;; (11} 611 Ho b I 1 4 t 26 1] Yes g
. . 12 a1 N 8 DT Yes 15 4 " K
Amat, . k] 1o a1 a 15 482 Mo 6 203 3 :
. - . —_ : N " . :
E YT 1064 loar [T : : i
. - 5.
3
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TABLE 110

ADVERSE [MPACT ANALYSIS
NEW ATC TEST RATTERY WY}
WITH VETIRANS PREFERENCE AND. :xrzutzxct CRENIT

ATC ATC
Eatned RLating Zarned Raring
Raren et ¥ 4 B L SR e f = B
Adverss . Mvecae
¥ - Raijo impace L Katio 132“"- .
31" &0L —_ 905 i -
75 4 L 137 Jal Mo
1426 1162
ur &3X — 1047 39% -_—
] $6% No - 19 29T, Yes
134 682 . No 50 25 Yesm
| TR 13 4 o 13 arx -Neo
19 s9% o . 182 ?
1408 . 1458

131

ATC
Baraed Mating

e ) € rr——

515

Ragio

213
X

4
152

e
1
112

Adverae
lmpacs

Yay

o
Yes
Ko

?

“Wnile thg:e is no evidence of adverse impact in the score ranges of 70-89 for
" womén, “oth the OPM test and the ATC test have adverse impact in the score
As identified eatlier (Figure 8), a significant factor
.- 1s the extra credit gratnted for veterans preference and, to a lesser extent,
7 credit fox aviation-related knowledge as measured by the Occupational Knowledge
It is alsc evident that the Weighted ATC test resulrs in a greater
adverse impact on women in the 90 and above score range than the present OPM )
This is primarily a resuit of the fact that raw.test scores for all S
- applicants are lower on the.ATC test than the OPM test.
men, womex score lower on the Weighted ATC test.
14, women woiprise 27 percent of the group with raw scores of 90 or more
.. on the OPM test but only 12 percent of this group on the Weighted ATC test.

However, relative to
As shown in Tables 59 and

.In comparfmg racial groups on the two tests, Tables 109 and 110 show a "?'" in
In these cases, the number of applicants is small
and the aldition or subtraction of one or two applicants in the score range
would remmit i{n either meering or not meeting the ''80 percent rule of thwumb".
Cnnaequé-tly. evidence of adverse impact is not clear based on this sample of
© 1978 A'IC applicnnts. :

It is chl: thiat there is an adverse impact on the Black Group on- both the OPM
and the KI€ test in the score range of 90 or more.
on the Wélighted ATC test, and possibly on the OPM test, there is also an adverse
“&gain, this is primarily a result of the fact that as a group, Blacks

-who pisesd the test, score lower than tne majority group. :

In the score range of B80-89

J . Xo the case of the Hispanic Group, there is possibly adverse impact in the score
" range of %0 or more on the GPM and ATC test but not in the range of 80--89 for

Lot
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In terms of competitive employment opportunities, based on the present OPM
ATC teat, between 80 and 85 perceat of the appeintments are generally made
from among applicants with Earned Ratings of 20 or more. Consequently,
employment prospects cf applivants with scores in the 80-89 range would be
characterized as "poor” to "fair''., Based on the Weighted ATC test, however,
“about 40 percent of the applicants hired would have scores of 50 or more.
Consequently, employment prospects of applicants with scores in the 80-~89
range on the ATC test would be "fmir" to "good" (lable 102). :

When the score range of B0 or meore on the Weighted ATC test was examined,
there {3 an adverse impact for the womea and Black Groups. For the Hispanic
and American Indian Groups the numbers are small and the additien of one

or two more applicants in the score range would meet the ''80 percent"”
criterion. The results are provided in Table 111.

£ ap | TABLE 111
§-ADVERSE IMPACT ANALYSIS
NEW ATC TEST BATTERY - SEX AND RACE

Total 1978 . . AXC

ATC Applicants Zavned Rating

Who Fassed = . B0 or More Mvetrsa

Bow AIC Teetr - ) ¥ Ratie Iapace
Hen: 2348 1397 60T —-
Wemetn o 1458 h 293 n Yes

T - .. 1690 ' .
White w88 . EETYC A ¢ .
Aispanic 1% 80 [¥3 4 1
Black 198 : [ 1 Irs Yes
Astan 15 19 sz Yo
Anerican- Indian 32 13 418 . H

) 3094 168)

This analysis shows the Weighted ATC test has an adverse impact on women and
some minority groups with respect to both initfal eligibility (in passing the
_test) and by using the total scores, including extra credit for ranking success-
ful candidates. In this situation, the Uniform Guidelines require evidence of
the validity of test, the basis for establishing the cutoff pass. score and the
_ise of scores for rank crdering of candidates. '

Test Validity, Pass Teore und Candidate Ranking. The validity of the new ATC
test battery as wel, &% individual test components of the battery has been
demonstrated in relaticn to a number of ATC »erformance criterioo measures.
In sunmary: o T

e 1977 ATC Study. For a sample of approximately 2,100 full B
performance, developmental and newly hired ATC specilalists, \//
MCAT, Directional Headings, Occupational Knowledge (OKI) and
the Pri?{ééf?griguae'Questionnaire'(PEQ) provided significédnt

;
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correlations (p £ .01) with the Aggregate ATC Success criterion
for each of four ATC options (FSS, VFR, LFR and ARTCC) and for
all options: cocbined (see Table 5). In additién, mean test
scores for each of the four ATC options were different at statis-
tically significant levels of confidence {p & .0l) or {p £ .0%)

‘with the FSS option average score lowest and the ARTLC score
highest (see Table 6)}.

e 1976-1978 ATC Studv. For a sample of 1,327 ATC trainees, experi-
mental forms of MCAT together with Abstract Reasoning (OPM 157)
and Arithmetic Reasoning (OPM 24) provided a multiple correlazion
{corrected for range restriction)} of .54 with the ATIC laboratery
problem average score criterion (see Table 28). Cross validation,
using the weiglited test scores derived from the multiple regression
provided a multiple correlarion value (R) of .5381 for one sample

" and .52v2 for tne other {see table 32). When test scores on the
Occupational Knowledge Test (OKT) were combined with the experi-
mental test battery (MCAT, OPM 157 and OPM 24), an estimated
multiple correlation value of .60 was obtained with the increase

" significant at the .01 level of confidence.

e 1978 ATC Studv, For a new sample of 585 AIC trainees, parallel
forms of MCAT together with the present OPM tests 157 and 24 pro-
vided a multiple correlaticn value (R) of. .42 for the total sample.
‘The R values by sex and race ranged from .37 to .69 (see Table 93).
The criteria used was the puss or fail/withdraw status of the
trainee at the completion of ATC Laboratory training. Validity
coefficients (r values) used in the multiple regression were not
corrected for range restriction (see Table %4 ).. When test scores
on parallel f. ms of OKT were combiped with the weighted test

- battery, the multiple correlation value for the tctal sample was
.68 with R values by sex and race ranging from .44 to .76 (see
Table 96. The increase in the variance (RS) accounted for by the
weighted test battery with OKT was significant at the .0l level of
confidence for the total sample and for each race group. For
women the increase was significant at the .05 level (sea Table97 ).

The utility of the new ATC- test battery {as compared to the present OPM
battery) was examined with respect to appointment eligibilicy (pasg scores)
and ranking of successful candidates based on total scores ircluding credit
for veterans preference and ATC-related knowledge.

To do this, the information available for the 1978 ATC trainee sample was
related to the 1978 ATC applicant group. A common test battery, consisting

of parallel forms of MCAT, OPM 157 and OPM 24 was administered to both groups.
For the OKT, a 60-item test (101-C) was administered to the 1978 ATC -applicant
- group and parallel forms of OKT 102 (80 item) administered to most of the
1978 AIC trainee sample. The common test battery was weighted:

& x MCAT Total Right Scores

2 x OPM 157 Total Right Scores
1 x OPM 24 Total Right Scores
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This weighting differs somewhat from the weights derived for the test battery
which included two pavallel forms of MCAT for the 1978 ATC trainee group
~(see page 1l4). Howaver, the correlation coefficient between the. two
weighted ATC .tests was .93 (sex Table 98). :

In the analysis of the new ATC test battery, thé passing score was set at

the mean raw score for the 1978 ATC applicaat group (222.27). This was then
equatad to a transmuted passing score of 70 (see Table 77). With this base,
equivalent scores on the same weighted ATC test battery were computed for

585 of cthe 1973 ATC trainees. A total of 48 AIC trainees (8.2 percent) failed
to achieve a score of 70 on the new ATC test. Of these 48 trainees, 79 percent
(38) failed the ATC Laboratory training or withdrew (see Tablelfii). Some 39
of the 48 trainees had scores in the 65<69 range and 9 scored below 65 (see
Table 9%). The score range of 70-74 on the ATC test included 102 of the 585
trainees (17 percent). Of this group, 51 percent (52) failed or withdrew
-{see Tablel(0). Consequently, use of the mean test score resulred in a 28
percent reduction in the fail/withdraw rates between the ATC trainees who
scored in the 70-74 range in coutrast to those whe scored below 70 on the

ATC test. The difference between a fail/withdraw rate of 51 percent in the
70-74 score range and a rate of 79 percent below scores of 70 clearly supports
the “cucoff" score developed in the analysis,

The use of scores on the ATC test, with and without extra credit for veterans
preference and ATC-related knowledge, as a basis for ranking successful ATC
candidates was also examined. Since extra credi* is a selection consideration
only for those candidates who are appointed from competitiwve OPM registers,

the analysis included only those 1978 ATC trainees who were hired competitively
(Non-predevelopmental) and who scored 70 or above on the ATC test. On this
basis, 509 of the 585 trainees were included in the analysis.

For the ATC test battery without extra credit, Table 10} (the Non-predevelop-
mental ATC Group) shows that the fail/withdraw rate in each score range pro-
gressively decreases as the test scores increase. In the 95-100 range there
were no failures or withdrawals (only 2 trainees were in this range). In the
70-74 range, 47.8 percent failed or withdrew. The largest increase in the
fail/withdraw rate is between the 75-79 range (41.9 percent) and the B0-85
range (29.3 percent); a difference of 12.6 percent in the fail/withdraw

rate. Table 110 combines the ATC test score ranges and provides the failure/ '
withdrawal rates for this sample of 509 trainees.

TABLE 112

1978 ATC TRAINEES
ATC TEST SCORXS
GITEOVE EXTRA CREDSE)

Score ’ ) Fatltchdraw
Rangs ¥ FuilAitidrew Rate
0+ 2 s 1.3
80-89 B & 26,62 -
7079 226 100 AdLTT .
Total 1 ] L. el -
134
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These data clearly show that ranking ATC candidates, .based on their test
scores and selecting those with the higher scores first, will result in
hiring applicants wlth the highest probabilicy of successfully compléting

the ATC training program. o : :

Ranking candidates based on total “Farned Rating" scores which include test
scores plus extra credit for veterans preference and ATC-related knowledge
based omn OKT scores was examined next. From the sample of 509 ATC rrainees
who were hired competitively, the equivalent of the OPM Earned Rating for
the ATC test could be computed for 486 trainees. Table! ! provides the
" fail/withdraw rates by Earned Rating score ranges and compares these to the
rates based on the ATC test score ranges without extra credir.

TABLE 113

. 1978 AIC YRAINEES
. (BonwePredavelopmencei—Campaticive, HiTes)-

= ATC Taat —— . ATC Tesc
) (Without Excra Credit) . (f1th Excra Credic?
. : : FallNischdraw Fail Wichdraw
Scote Maoge x FailMirhdraw Rate )] Fajlitthdraw RaLs
0 -+ 29 H T 17,28 197 » - 19.82
£0-85 254 66 o 2e.08 224 8 - 37.6%
1o-7% 228 1% 62T 58 8 o8
Total 509 m 33.42 486 163 : 3I3.5%

¥
It is evident from Table tl3that ranking candidates for selection consideration
on the basis of the Earned Rating (which includes extra credit) alsc resulcs
in selecting those applicants first with the highest probability of successfully
completing the ATC traininz. It is also evident that selection based on the
Earned Rating results in a higher fail/withdraw raté in each score range than
if candidates were hired solely om the basis of thelr test battery scores without
granting extra credit. . :

In deriving the Earned Rating score for this sample of 486 ATC trainees, extra
credit for veterans preference was included since it is granted by law. Extra
¢redit based on OKT test scores was included based om the positive and signi-
ficant correlations with ATC performance criteriom used in the various research
studies. . '

Consequently, it was hypothesized that extra credit for being a veteran,
which has not been examined for wvalidity with the criterion measures used in
the research, does not predict (or negatively predicts) success in the ATC
Laboratory training. In order to examine this, scores for the 509 ATC
trainees were computed which exclud=2 any veterans credit and included only
the weighted ATC test battery score and extra credit for OKT scores.
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Table 114 provides the score distributions for the group of 509 1978-A1C
trainees before and after the application of extra credit for air traffic
. control related knowledge based on OKT points,

) : . . TABLE _1_'3’2 ;
1978 ATC TRALNEES - FFYECT OF EXTRA CKED T

ewmiman L ITE ATC TTaifieas—— e

1978 ATC Tratases———n

(Bl-n:zs-b:um Vizhout ?ﬂ Credit) (Dtltrs:uua with: :n Credit)
L.} 3 : x z
50+ 29 5.13 0+ 139 27,31
80-49 234 4992 80-89 245  waz
era 2 4482 9 1 .81
Tetal 509 100. 02 ' Total 559 100.03

It ds significanc to note the addition'of.OKI points resulted in moving
110 of the ATC trainees to a scare range of 20 or more--an increase of
about 22 percent, - It also resuited in reducing the number of trainees .

in the lowest scoring group (70-79) by 91-—from 226 to 125--a reduction of
about 20 percent. . . ' :

Based on the validity dara previously established for tex OKT, it would be
expected that these trainees who moved to the higher sccre ranges as a
- result of OKT extra credit would have lower failfwithdraw rates and that
those who remained in the lowest score range would have higher fail/withdraw
rates. The comparison of the fail/withdraw rates in the three score ranges

for the 509 ATC trainees before and after applying OKT extra credit points
is provided in Table 115, :

N TABLE 115
. 1978 ATC TRAIXEES FAIL/WITHDRAW RATES: EFFECTS OF OKT CREDIT

e 978 ATC Trainesas———=— -----_I.ﬂl AIC '.l'rntnu-.-:--
(Without OKT Cxedic) (Wich OKY Credic}

Tail/ D Fa1l/ ram

.} Mithdraw. Rage . x Vichdeaw Bate

%04 29 5 ma - 13 it 13.72.
$0-09 254 * 26.0% 2% 1 N .

-1 1 o 54,21 128 s 39.12

Toal 309 m 33.63 . s09 mo 13.62

Since the fail/withdraw rate for the toral group of 509 trainees is a con~
stant (33.62), the rates cen only vary between the different score ranges
as shown in Table 1!5. In order to assess the effect of OKT extra credit
on the total fail/withdraw rate, one can assume a selection made from among
the group of 509 trainees. For. example, if one were to hire 300 trainees
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from the 509 in rank order (highest score range first) with an estimated
selection ratio of 80 percent in each score range, the fail/withdraw rate

for the 300 hired before application of OKT extra credit would be 30 percent.
The fail/withdraw rate fur the 300 selected after application aof OKT extra
eradit would be 25 percent. If only 100 of the 509 were selected, the

. fail/withdraw rate for the group without OKT extra credit would be 24 percent
in contrast to 14 percent for the group with OKT credit. These data suppoert
the conclusion that ranking applicants for selection considerationm based

on test scores and OKT credit will result in hiring applicants with the
highest probability uf successfully completing ATC training.

Table 116 shows the fail/withdraw rates for the 509 trainees based on (1) the
ATC test alone;(2) the ATC test plus OKT credit; and, (3) the ATC test plus
eredit for OKT and Veterans Preference points.

© TABLE 116 _ _
1978 ATC TRAINEES FATL/WITHDRAW RATES - EFFECT OF CREDITS

ATC Taest d | mmmeeeeree e ATC Test T ATC Teat-
- (Ka Extra Cradit) (Dhu OLT Extrs Credit Only) {Plus OKT aod Vet, Pref, Credit)
Scare 2 Fail Fiub 1 Fail v H } Fail FIdD
kange . N . Mithéraw Rate L] L3 Withdraw Rate ¥ 1] Withdraw Rate
R 29 (1) 3 {17.20) 1m0 19 (13.11) 197 412) » (19.80)
85~89, 2% ¢ 02) &6 (26.0%} WS W8T) 18 (31.8%) e (&) a6 {37.63%)
0-79 126 L LeT) 100 (40 2%) 1y (.23%) s £53.21) S 10 pL] (63.31)

Total 509 (1003) 173 (336D 509 (100%) m (33.61) 496 (100%) AR (33.351)

The use of OKT credit resulted in moving 110 trainees into the 90 ani above

scere range compared to the ATC test alone,. The number of fail/withi-aws

xhureased by 14 for a rate of 13 percent for this group. When veterans
vference credit is also applied for 486 of the 509 trainees, an add:tlonal

SB trainees moved to the 90 and above score range and the number of fail/

‘withdrawsz increased by 20; a fail/withdraw rate of 34 percent for this group of

58 students. ¥rom the data presented in Table !16, granting extra credit for

veterans preference increased the fail/withdrawal vates in the higher score.

ranges and therefore has a negative relationship to potential success in

ATC training.

Test Fairness. When empirical evidence of validity for a selection proce-
dure such as presented for the new ATC test has an adverse impact on a race,
sex or ethnic group, the Uniform Guidelines. require examination of test
fairness where technically feasible.

In escablishing the Uniform Guidelines on Employee Selection, it was recog-
nized there is serious debate on the questicn of test fairness. There are
several competing definitions ‘of test or selection fairness, each of which
incorporates a different set of social values. . Reference (J2) provides an

. analysis of three incompatible ethical positions in regard co fair and un-
biased use of tests together with differing statisticzl definitions of "test
fairness" and their relaticonship to specific echical pos:t;ons, These: three
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“ethical definitians_ara characterized as:
. UnqualifiedrIndividéalism-
‘e Qualified Individualism
& The Quota Ethic

The General Accounting Office, in examini-.g Federal selection tests and examiné- '
tions (33) stated with respect to these three definitions: -

"The published literature on test validity indicates that most tests
are either falr 1o minority groups or slightly biased in their
favor by the second definition, (Qualified Individualism) which
according to OPM, is the ouly concept of fairness coasistent with
merit system principles. The literature also indicates that by the
first definitien, (Unqualified Individualism) tests are slightly
biased against minority groups, and if one subscribes to the last

definition {Quota Ethic) tests have always been biased against
minorities." : :

The "Qualified Individualisn™ definition of fairmess adopted by the Office of ;
Personnel Management (OPM) holds that tests are biased when those with equal
chances of success on theé job have unequal chances .of being selected for the

Job. This definition relies solely on valid measures of aptitude, achievemenc
and experience; maximizes productivity and provides equal opportunity consistent
with merit principles. The statistical model, upon which the Uniform Guidelines
appear to be based, was stated by Cleary (33). Basically, -this model requires
the regression line which predicts the criterion (e.g. performance) from "scores"
be the same for all cultural groups and, absent this, separate vegression lines
should be used as a basis for selection decisions. Statistical tests developed
by Gulliksen and Wilkes (34) provide a procedure which meets the Cleary godel.
Basically, three independent and sequential tests are involved:

(1) population vafiances (standard error of estimates) are equal
(non-significant differences), then,

{2) slopes of the population regression lines are ¢qual (non-
significant differences), then- : ‘

(3) intercepts of the population regression lines are equal , . !
(non-significant differenceg).

If each of the three statistical tests is met, the regression lines are the same
and the "fairness" definition of "Qualiffed Individualism” 15 satisfied in that
"scores” uscd for selection predict the criterion equally for the various Eroups
considered. On the other hand, if a statistically significant difference is
found at amy point in the sequential analysis, the test is considered te treat
the groups unequally. ' ' :

-
X

138




in examining the new ATC test battery in accordance with the "Qualified
Individualism" wmodel of Sfairness, test scores and criterion data obtained
for the sample of 953 ATC trairiees attending the FAA Aczdemy during
~June 1978 through December 1978 were used in the analysis. ~The number of
Hispanics (23 total-—7 with OPM test data) was too small for analysis.
There were no American Indians in this sample. There was no evidence of
adverse impact on selection of Asians with the new ATC test battery. Con- .
sequently, the analysis for test fairness was compleéted with respect to _ e -
men and women or for White and Black groups. ' :

Sample sizes varied depending on the availability of data on the two OPM
tests (OPM 157 and 24) included in the new ATC test battery. Test and .
criterion data were available for the following ATC trainess {(Table 117). -

- TABLE 117 o ' ;

DISTRIBUTIONS BY SELECTED SAMPLES
Hen o Homen wWhice 7 © Black -
Au=800) T eeey Ai-039) Ax=81)
Sample fanple Sumple : Saapie . -
weat 1 g 790 ' 13 e ) b ]
NCAT TOTAL 10 ) 137 . U .
ot 187 509 56 s’ 4]
o 2 ' 0f s : IO N _ : __f
.
In conducting the analysis of test fairness, the tests were weighted in \
accordance with the values derived for the 1978 ATC trainees. These §
weights are:
s ;'-
2 x MCAT 1 (Total Right Scores)) a MCAT Total x 2 .
2 x MCAT 2 (Total Right Scores) _ _ L
1 x OPM 157 (Total Right Scores) : ey
1 x OPM. 24 (Total Right Scores) ) .
" The. test for significance for all analyses of fairness was the. .05 level of L
confidence. : ol

Since almost all of the 1978 ATC trainee sample had test scores available

on the two parallel forms of MCAT, an analysis of fairness of the MCAT by
itself was completed. Table 118 ghows the results for the first form of

‘the test administered (MCAT 1) and the total score for both forms (MCAT 1
plus MCAT 2) by race and sex. The test means and standard deviatiomns are
based on raw test scores. Since MCAT vas the. only test used in this analysis,
the raw scoras were not weighted. The criterion value is based on a mean.of
"a" yith a standard deviation of "1" and reflects, in effect, the percent

of trainees who passed the Laboratory training; the validity coefficient (r)
‘{s the. correlation value of the %est with the pass or fail/withdraw criterion.

e
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in terms of sample sizes used in this analysis, the 137 wom.a comprise
14.8 percent of the combined sample of men and women {927) compared tv
15.7 percent of the 7,894 ATC trainees who were wamen hired from January

© 1976 through October 1980.

The 79 Black trainees represent 8.7 percent

of the combined sample of the Whi e and Black group {9Q7) compared to
8.3 percent of the 7488 White and Black ATC trajnees hired during this

same period (see Table 123,

For men and women, the test of'fairness shows . no significant differeﬁces
{NS). TFo:r the White and Black groups, the .difference in the intercept of

the regtession line, was statistically significant

(SIG) for the first

MCAT test administered but differemces in the standard error and the slope

of the regression line were not sigaificant (NS).

When the total scores

" for both MCAT forms adginistéred were analyzed, there were no significant

differences between the two groups. This aralysis

indicates that the total

MCAT scores. predict the ATC laboratory pass or fail/withdraw criterion
equally for men and women and for the Black and White groups.

The next step was to develop different test battery combinations with the

MCAT test scores and OPM 157, OPM 24, and OKT test

scorzs and analyze

these various test patteries for sigonificant differencss hetween ren and
women and the White and:Black groups. The intercorresations between the
varidus test combinations used and their correlation with the pass or fall/

withdraw criterium are provided for each growp im Table 93,

Since a mumber

of trainees did not have test scoras on OPM 157 (and OPM 24), the sample

sizes were reduced as shown in Table 119.

The corvelations shown are based

on weighted test scoOTes where appropriate using rzw test battery scores (RS)
as well as transmuted scores (TS). The correlations which combine a test

battery with OKT use both the raw OKT score (RS) a

s well as OKT extra points

(PTS) derived from the raw OKI score (i.e., 0, 3, 5, 10, 15 points).

The descriptive statistics for the samples used in
alsc provided in comparison Lo the totral sample fo
in Teble B84. .

14

the fairness analysis are
r eacl group as was. given
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_ TABLE 119
TEST FAIRESS ANALYSES OF TEST BATTERY OPTIONS

e :

MEN ————
(Table B4 (Table B
¥ MEAX 5D ¥ MEAN  §h B MEAN 5D K MEAN 5D
MCAT 1 509 37.6 6.6 BOD  37.A 6.9 . 66 3.4 6.l TV T R N |
MCAT 2 50% 43.3 . 5.7 00 42.9 5.8 66 407 6.7 141 40.7  6.b
MCAT T0T 50% 80.9 11.0 so¢ -~ - 66 74.1  13.4 1wt - -
oPM 137 509 38.8 6.2 515 388 6.2 66 19.9 6.0 67 39.8 6.0
OPM 25 509 . 46.7 6.5 515 46.6 6.5 66 4&7.3 1.1 67 4.2 7.1
OKT (RS} 509 6&.1 15.8 800 6.9 15.5 66 86,5 14.4 4 51.7  15.1
- - MEN~—r = - -
(N=509) o C
(3] [T § ) B 14 (8] te). £8) €9) e Gy oan  u»
( _ : (15)
. T HCAT MLUAT
RCAT  HCAT  HCAT  TOT.  HCAT 1O,
MCAT NCAT TOT. TUT. TOT. 157 TOT. 157
) Twi. TOT 137 157 157 P 157 24 Pass
NCAT orn oPH  OKT 157 157 oxT ORT 24 OKT T4 OkT.  Fail
gor, As7 . 2 (xs) (RS}  (15) sy (MIS) (KS) AR5)  (15)  ArL3) WP
{1} MCAT TOT. -~ B2 .3 .03 .97 .97 .83 Y .95 .96 .95 .82 .3
¢Z) OFH 157 —— 09 -1 4B 4B .32 .32 .45 a2 45 .30 T
(1) oFM 24 ——— .23 .2 .32 14 15 .53 35 .53 13 12
(4} DKT (45) — -.02 -.02 .54 L6 -.07 .46 -.D7 L4l 21
(51 MCAT TOT + I157{RS) - 1.00 .83 .83 .97 .86 .97 .82 .38
(6) MCAT TOT + 157(T5) —— .83 83 97 86 .97 .82 38
(7} MCAL TOT + 157 + OKT(RS) - .9 76 .98 .18 .92 L4l
{8) HCAT 10T + 1.7(TS) * OKT{FTS) — .18 .92 .18 .98 Lk
€9) MCAT TOT + 157 + 24(#3) - .85 1.00 .82 Y
{10) HCAT TOT + 157 + 24 + OKT(RS} - .85 K YRR
{11) MCAT TOT + 157 + 24(TS) — .41 .37
(12) NCAT TOT + 157 + 24(TS) + OKT(¥Ts) —— ik
{12} Cricerion (lab Pass or FAD) —
142 o
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TARLF- 118 {Continued)
TABLE 217 ’ 4
. . . 3
i
 emmmmm—————— e —mmSmmmr s mmmr e m——— WME N e s s v m e oo me—— A s e = o K
(Simrty ) ) 5,3
w (e h W 1] te) Uy @ ) e an gy ub
. (18) 3
(Is3 : AT MLAT -
. - HOAT MUAT HUAT 10T, MLAT Tul. 1N
WCAT  WCAT  TOT. Tur. Tel. 137 Tor. 157 at
. Fut. 10T, 7 157 okl 14 157 14 Pins .,
HCAT aPM oM KT 147 157 PET ot h oxt 4 [iiyy Fotl h_‘}
yor. o 7 2 (k) (A8 uI8) FUORINUAE S L N L S L ipgs). - B 1224
(1} WGAT ®T. - .21 0. AT .94 .95’ B9 .92 .95 TR 90 1 E
: : ‘ Hy
{2y or 157 - A2 0w a2 (a2 L34 e .43 ) .53 .35 au T
. _ . wy)
() oPn 2% : _ . =25 .06 06 -.06 .n 2 .15 .28 .20 .08 :
W ek @8y | : o — a1 an .56 .1 .51 .1 LT ¥
(5) WCAT TOT + 157(RS) o T aee et sy tar s e L9
(6) MCAT TOT +.137(15) - L9 .93 .87 91 .9 .9 .38
{7} MCAT TOT + 157 + OKT(RS) ——- .95 .86 .98 .8 .82 L4k .
(8) WCAT TOT + 152(TS) + OKT{PTS) . .89 .95 .69 9% .43 .
(9) WCAT TOT + 137 + 24(RS) — 91 1.00 .92 .39
(10) NCAT TOT + 157 + 24 + OKE(RS), TR R - S
(51} WEAT 10T + IS7 + 24(TS) — .82 .3 L
(12} MCAT TOT + IS} + 26(TS) + OXT(FTS) — 42
U3 Criterton (Lab Pass or ¥ D) R
e s e R TR e e e = - BLACK
(Tatle B4 {Table 84
B MEAN 5D X HEAY 5D B OMEAN 5D K HEAN 5D
NEAT T 539 M. 6. 83 3.6 6.7 3% 9.7 7.8 Bt 29.8 7.9
MCAT 2. 539 436 . 5.5 839 412 5.5 3B 3.1 IS 8L 3.6 6.8
“WCAT TOT 539 81.2  10.6 8 - - % 65.8 14.0 an - -
oPM {57, 539 %1 6.2. 545 391 6.2 B 3.4 6.1 39 35.3 6.1
oMM 2% SW 468 6.6 S&5 469 6.3 W 447 6.6 I Lk.2 T
oKr (R$) 539 6.1 15.9 89 63.9 158 W O65.3 136 81 6.2 131
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TABLE 119 (Continucd

......................................... T TE—r = v mr e msm & s m rm e s S m S A Ae e
' (W21 u I ANtT 13
11} Ly i) 18 txr L) 1} {¥) [$ 3] i U). :r;:; L
sy HoAT MK Y
. WCAT  MCAr HCAT . TuT. MCAT  T0f.
wicat MUAT [T, TirT, TOt1. 157 ™wT. 157
TUT. tut. 157 7 §57 1Y) P23 ISy 4 :itb
. ! T ¢ 4 | 26 KT sl
MOAT uiM oen CKT 1%7 157 [\ TS} oKt ; !
Tt 13 2 g @) Tx) gy TR s) (Re) (F5) w2dal B
Co (1) MCAT TOT.  --- .13 L6 .07 .97 .91 .83 K2 .9 .85 TR ¥ .1
(2) oFn 187 - R T YRS | BRI b .45 5 H ECHE Y Ny
() oM 2t : BT 13 28 T RN .10 -7 S 11 .50 .30 67
(&) OKT (88) - ) .43 .58 4B -.03 .50 =03 Lk .13
(5) WCAT TOT + 131CKS) Y S+ B - .97 86 .97 b2 %
(6) WCAT TOT * 131{15) - .83 .82 9 .8 97, .82 3%
1) NCAT 10T + 130 + OKT{RS) —— .6 31 8 .11 .2 )
(8) MCAT TOT + 157(TS) * OKI(PTS) — .71 .82 .1 L8 i
' (9) WCAT TOT + 157 + 24{RS) _ - .08 100 .8 .33
(10) WCAT TOT + 137 + 24 + OKT(RS) —— .85 L9 Fxe
" {51} MCAT TOT + 157 + 24(T5) —— LB £a
(12) MCAT TOT + 17 + 24(T5) + OKT(PTS) —— 0.
3 Cu.uuou (Lab Pass or I‘_Nbl —
"""" BLACK - . . i
(%=38)
23] ) {3 (&) (&3 (3] ) (LH {y) (10) [} () u»n
. {18}
(T5) MCAT MLAT
. MCAT MUAT HUAT o, MUAT Tor .
MCAT MCAT TOT. ToT. TOT. 157 ToT, 157
. TUT. TOT. 157 157 157 24 152 24 Faes
MCAT oM OPM  OKT 157 15?7 okt -OKT 24 oxT e OKT TFail
0T, 157 _6  (rs) (83)  gr5) (ms) (PIS)} - gs)  (ks)  (TS) fPg5) WD
{1) WCAT TOT. --- -.28 a7 .98 .98 .80 .92 o6 .m . R
(2} om 157 me =l S R06 . +08 - 00 1B -0 -2 .08 <09 .97
{3) omi 24 , —- =09 15 .15 08 .0Y .37 .27 ¥ .25 L1
. “) OKT (“) . -—— 2% .25 AZ 49 .22 .58 .22 . .‘? .24
{3) MCAT TOT + 137(RS). — Lo 92 .92 .97 SL e .90 .64
(&) WCAT TOT + 151(T5) - a2 . e .97 - - - »
(') WCAT TOT + 157 + OKT(RS) ~- .95 .88 .3 .88 .93 .62
(8) MCAT TOT + 137(TS) + OKI{PIS) e 89 - a v a
{9) MEAT TOT + 157 + 24 (85} o 2 bLoo ot "
(58). MCAT TOT + 157 + 24 + OXT(RS) o "3 o -
{11) MCAT TOT * 137 4 24(TS) o 9'-1‘ .
£11} NC.AT_ TOT + 157 + 26(T8) + OXT(P15) e "
{4Y) Celrerion (Lab Pans or F/ub) 144 -:...
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The first test battery analyzed for fairness cousisted of MCAT Total and
OPM 157 raw scores. Inm this analysis, MCAT Total was weighted by 2" and-
OPM 157 weighted by 1" in accordance with the weights previously derived,
Then the OKT raw scores {(weighted "1") were combined with the MCAT and

OPM 157 raw scores and this combination separately evaluated. The results
" for each sex and race group are provided in Table 120, It should be noted
that at this point, a "passing”" score for the combined MCAT and OPM 157
test scores was not established. Consequently, the addition of the OKT raw
score was independent of whether or not the ATC trainee "passed” the MCAT/OPM

which wiuld be derived from the raw OKT scores.

The combination of MCAT and OPM 157 raw test scores show that this test
bartery predicts the ATC laboratory pass or fail/withdraw criteria equally
for men and women and for Black and White groups. The same results were
cbtained when MCAT, OPM 157 and OKT raw test scores were analyzed separately.

'Use of raw scores in analyzing the test battery comprised of MCAT, OPM 157
. . and OKT does not take into account the proposed use of OKT in the selectiosn
" process. Since OKT is a job specific test, it £s not intended for use in
the initial "pass/fail" determination of appointment eligibility for ATC
_applicants. Its use would be limited to determining if those applicants.

who passad the test battery (in this case MCAT and OPM 157) would also be
given extra credit for air traffic contrel related knowledge as measured by
OKT. Further, the amount of extra credit (0, 3, 5, 10, 15 points) would be
based ou the raw OKT score with no credit for raw scores below 65 and maximum
credit (15 points) for raw OKT scores of 80 or above.

In order to evaluate the fairness of a test battery in combination with OKT
in relation to its intended use, it is necessary to (1) establish a “passing"
score on the test battery for an ATC applicant group, (2) transmute the

raw test battery score in relation to the passing score, and (3) add the

appropriate extra credit points based on OKT raw score for those who passed
the test battery. '
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1n order to transwute the total raw score for the ATC trainee sample, it was
necessary to estimate the mean score which would have been obtained by an
ATC appiticant group on the ATC test tattery and equate this mean score to

a passing score of 70. Fortupately, the tests used in the atalysis of the
ATC trainee sample were identical to the tests taken by the 5,931 ATC appli-
cants in 1978 except for the second form of MCAT which was not administered
to the ATC applicants. Consequently, given the mean scores on each test
which vere available for both the ATC trainees and the ATC applicants, it is
possible to estimate a mear for the ATC applicants on the second MCAT form.
By combining this estimated mean for "MCAT 2" with the actual mean scoves
obtained by the ATC applicants on the other tests and weighting them, an
estimated mean score of 161.2 for the 1978 ATC applicant group om a test
battery comprised of MCAT Total and OPM 157 was derived as shown below:

1678 , 1978

ATC Applicants . : ATC. Trainees
MEAN x WI. = TOTAL MEAN x WL = TOTAL
MCAT 1 30.6 2 61.2 ' 36.9 2 73.8
*(MCAT 2 35.6 2 7.2y 42.6 2 85.2
oP4 157 28.8 1 28.8 38.8 1 38.8
Est. Mean Raw Score 161.2 ) O 197.8
(1) ATC Applicant Mean - MCAT 1 30.6 . pag
ATC Trainee Mean - MCAT 1 36.9 *
-{2) ATC Trainee Meaa - HIAT 2 _ 42.6
: ATC Trainee Mean - ACAT L 36.9
Difference : 5.7 (6.0}

#{3) Est. MCAT 2 Mean for Applicant Group = 35.6
: (6.0 x .829 = 5.0 + 30.6 = 35.6)

Since the correlation between the two differently weighted ATC tesgs for

the ATC trainee sample was .93 (Table 98), an estimated mean Score for the
ATC applicant group of 159.5 was alsc derived using the ratio of the mean
scores for the 1978 applicant and ATC trainee groups for the common weighted
tests as .shown on the next page.
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14}
(2)
)

{4)

: e o
MEAN

Actual Applicant Groug Hean (n - 6000) |
(4 x MCaY 1+2 x 157} : . - _ 181,6 (Table 43)
Actual Mean ATC Trainee G:hup'(ﬁ = 592)% .
(4 x MCAT 1 + 2 x 157) - - : 225.2 (Table 69).
‘Actual Mean ATC Trainee Group (N = $92)

(2 X MCAT 1 + 2 x MCAT 2 + 1 x 157) - 197.8 (Table 69)

197.8 X 159.5 Est. MEAN for Applicant Group on ATC Test Weighted

225.; 18{-6 (2 x MCAT 1 + 2 x MCAT 2 + ) x 157)

Given these two estimated mean scores for an applicant 8Toup on the ATC test
battery comprised of MCAT and OPM 157, a mean value of 160 was used as a
“passing” score and equated to a transmuted score of 70. The total raw

veighted scores for each ATC trainee on MCAT and OPH 157 were then transmuted
by: .

(RS .~ 160> x 30
HAX RS - 160

T = ( ) + 70

RS = Total weighted raw score
MAX RS = 255.0
MEAN. RS = 160.0

An analysis of fairmess was completed using the obtained transuuted test
battery scores for the ATC trainees. A separate analysis was completed using
the transmuted scores plus extra credit points (0, 3, 5, 10, 15) derived

from OKT raw scores for those ATC trainees who "pass” the test battery with
scores of 70 or more. The results are provided in Tahle 121,
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The combination of transmuted test battery scores for MCAT and OPM 157 plus
extra credit points for air traffic control related knowledge based on OKI
scotes replicates the operational use of the selection tests. The analysis
of fairness provided in Table 12l shows that this test battery including
OKT, predicts the ATC laboratory pass or fail/withdraw criterion equally for

men and women and for Black and White groups.

The final step in the fairness analysis was to examine the entire test battery
comprised of MCAT, OPM 157 and OPM 24 with and without extra credit for air
traffic control related knowledge based on OKT scores. The results are pro-
vided in Table 123. In order to add OKT extra credit points, it was again
necessary to transmute the tot2l raw score for MCAT, OPM 157 and OPM 24 and

to establish a passing raw score which was equated to a transmucted score of

70 as showh below: . :

1978 R 1978

ATC Applican;s _ ATC Trainees
TEST MEAN x WT = TOTAL MEAN x WI = TOTAL
MCAT 1 30.6 . 2 61.2 6.9 2 73.8
#(MCAT 2 35.6 2 71.2) 42.6 2 85.2
OPM 157 28.8 1 28.8 38.8 1 8.8
OPM 24 40.6 1 40.6 . 46.6 1 46.6
Est. Mean Raw Score 201.8 ' 244 .4

*See page 143 for derivation of estimated mean score fotr MCAT 2,

Again, an estimated mean raw score for the appliéant group was derived using
a ratio method as follows; ' - : '

(1) Acrual Applicant Mean (N = 6000) '

(4 x MCAT 1 + 2 x 157 + L x 24) ‘ = 222.3 (Table 62)
(2) Actual Mean ATC Trainee Group (B - 592)
© (4 x MCAT 1 + 2 x 157 + 1 x 24) - = 272.6 (Table 83)
(3) Actual Mean ATC Trainee Group (ﬁ = 592)
(2 x MCAT I + 2 x MCAT 2+ 1 x 157 + 1 x 24) = 245.6 (Table B3)
{4} 245.6 X _ 200.3 Est. Mean for Applicant Group on ATC Test

272.6  222.3  Weighted
(2 x MCAT 1+ 2 x MCAT 2 + 1 x 157 + 1 x 24)

Given these two estimated mean scores for an applicant group (201.8 and 200.3)

on the ATC test battery comprised of MCAT, OPM 157 and OPM 24, a mean value
of 200 was used as a "passing” score and equated to a transmuted score of 70.-
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The total vaw weighted score# for each ATC trainee om MCAT, OPM 137 amd
OPM 24 were then transmuted by:

5 - 200) x .30

Ts = ( Gws -200 - )+ 70
R, = Total weighted raw score
MAX RS = 306

MEAN RS = 200

Table 122 shows the results of the fairness analysis on this ATC test battery
{for both raw and transmuted scores) and for the ATC test battery transmited
scores In combination with extrs credit points based on OKI for those trainees:
who gcored 70 or more on the test battery.

As shown in Table 122, theré were no- significant differences on the ATC test
battery between men and women. However, the addition of OPM 24 test scores
(Arithmetic Reasoning) to the scores of MCAT and OPM 157 resulted in the esti-
mated standard error {population variances) between the Black and White BTOUpPS
being statistically significant. The statistical tests developed by Gulliksen
and Wilkes (34) require that if a significant difference is found at any of
the three steps in the analysis, no further tests are made since the Tegtes—
sion lines used for predictions-are, by definition, unequal.
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The fact that the régression lines for the White and Black groups arefscatis+

tically unequal, by itself, does not identify: the practical implications for
a selection procedure. Under the Cleary model of test fairness, if tests are
"biased” (unequal), an alternarive solurion is to use the separate regression
lines for selection decisions. This solution, however, explicitly introduces
race, sex, or ethnic group (in this case race) as a predictor in the selection

 process. This is incompatible with the ethical position of "Qualified

Iadividualisa" and law (i2).

In these circumstances, a single regression line derived by combining the
groups typically has been used as the basis for selection procedures. The
effect of this is to “overpredict® the criterion (e.g., performance) for

. that group which scored lower on the test and had a lower mean on the cri-

terion measure {32). 1In the analysis of this ATC test battaery, use of a
single regression line obtained by combining the White and Black groups (or

-the total sample) would “bias" the selection procedure in favor of the Black

group. This result conforms with the gensral findings in the published
literature referred to by the General Accounting Office in theit review of
Federal selection tests (33). : .

"Table 122 alse shows that when extra credit boints.based on OKT are added to

the transmuted scores for this ATC test battery, there were no significant
differences between men and wcmen or the Black and White groups.. While ‘
this indicates that the combization of the test battery and OKT points pre-
dicts the ATC laboratory pass or fail/withdraw criterion equally for all
groups, the test battery itself would be used to establish fnitial appoint-
ment eligibility for applicancs. The fact that addition of OKT polnts results
in equal treatment for those who pass the test does not adequately address
the unequal treatment resulting from the use of OPM 24 under. the Uniform
Guidelines. Given that OPM 24 results in unequal prediction of the pass or
fail/withdraw criterion between the White and Black groups, it should not
be used as part of the ATC selection battery. From a practical viewpoint,
the exclusion of OPM 24 has essentially no impact on the multiple correla-

“tiem or the predictive value for the total group or for men and women since

its contribution to the prediction of the performance criterion is very
small (see Tables 95 and 96).

Alternative Selection Procedures. During the course of these research studies, .

a number of alternative instruments of a-cognitive and nom~cognitive structure
were examined. The 1972, 1977, an” 1978 studies of full-performance, develop-
mental, and trainee air traffic contrellers examined the relationship between
non-cognitive instruments (including biographical data and personality tests)
and performance criterion. Use of biographical data as an alternmative
selection procedure was examined in some depth.

In May 1979, the ™A\ proposed tp the Office of Personnel Management (OPM) a
demonstration pr. ect onder the Civil Service Reform Act that addressed
recruitment and selection of women and minorities in the air traffie control
occupation €35). This propesal involved a S5-year period during which approxi-

-mately half of the new ATC hires (750) in the FAA Southerh region would be

153




R

. selected in nonregister order as a control group and the other half (750)
selacted in tue regular manner from the QPFM register to form a nonconcrol _
group. Candidares in the Southern region would be given a detailed multiple
choice biographical questiomnaire ‘and "profiled” on televant life experience
dimensions and grouped inte life prafile clusters. The life profiles would :
then be used as an alternzte means for ranking and seiection{of_candidates oo -
for the control group. Succen= in ATC training would then be evaluated for
both the control and noncontrol BfOups as a means validating the altewnagtive
selection procedure {3b)}. : .

After review of the proposal and the biographical quescionnaire, OPM pointed
out a number of concerns on "Job Relatedness', Privacy, "Subjectivity", and
"Public Relations” for most of the questions included in the biographical
form (36). On December 4, 1979, the Deputy Director, OPM, suggested the use
of numerical scores based on “life profiles” derived from empirical data

. established from validity studies. It was also pointed out that the "job

. relatedness" issue presented a difficult problem because of practical and

legal requirements (37).

The biographical questionpaire oroposed for this project has peen administered
to 543 of the ATC ctrainees attending the FAA Academy during the period 1976-
1977. Information on sex, race, OPM selection scores, ATC training laboratory
composite scores. and training pass/fail status was also available for this
sample of 545 students. These data were provided to the Institute for
Behavioral Research, University of Georgia, for analysjis. Eight factors were
identified through factor analysis: '

Academic¢ factor

Social factor: _

Child Relationship factor : : -
Initiative factor .

IFR/VFR Experience factor
"Parental Permissiveness factor
Physical/Sports factor
Socio/Economic factor

00000000

Based on these, the 545 trainees wer~ clustered into six subgroups with similar
life experiences. Because of the weak relationship between success or failure
‘in the laboratory training and the subgroup memberships, the eight life ex-
perience factors were used tg predict the laboratory score using regression

and stepwise regression analysis. The results showed that the factors were
not good predictors of the laboratory composite score which determined the ’
pass/fail status of ATC trainees. Generally the results showed thar ATC

. experience and tests involving mathematics and physical seiences would yield
better predictions of success in AT training. The report (39) suppested
that using a sample of working controllers to establish similar life experi-
ence and group membership might prove more meaningful. While this had been
Planned as part of the project methodology (36), the results of the University
of Georgia study, the OPM concerns regarding validity of biographical data as
a zelection basis and cost consideration resulted in terminating this approach
toward alternative selection procedures, I
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As pointed out io conjumction with the analysis of the saﬁple of 953 ATC -
trainees attending the FAA Academy Zn 1978 (page 101}, the FAA recognized’

. the difficulcy of selecting women and minorities from competitive OPM

registers in 1968. As a consequence, the Predevelopmental ATC progran was

‘established., In 1974, Executive “rder 11813 provided for npncempezitive

conversion of Cogperarive Education students and this authority was incor-
porated io the recruitment and selectfon program for vomen and minorities
in air traffic and other FAA occupations.

These alternative selection programs have been and will continue to be a
major vehicle to address the adverse impact on women and minorities as
well as the Federal Equal Opportunity Recruitment Program (FEORP) requive-
ments established by the 1978 Civil Service Reform Act.

Table 123 shows the total number of ATC trainees hired from January 1976
through October 1980; these hired from OPM register {competitive) and those
hired through the Predevelopnental and Co-op program (non-competitive) by
Tace and BeX. S . _ _

TABLE 123 .

ATC TRAINEES HIRES
January 1976. - -Gcrober 1980

Gowp e mom  Celitive Tt e Rt
Men 6653  ( B&.3I) 6218 { 93.52) o ‘635‘ | ( s sxS
Uomen 12 (a5, 837 L 67.63) 404 32617

Totel 8% (100.02) 55 Cessn gy ( 10.623
American Indien . n o« . R < < 85.71) ‘ 3 ( 34.33)
Asisa : & .91y (Y] '(n.:.u' s ¢ .60
Eispanic 20 (2.8 M { so.0m) e Csan

Mk _ 616 ( 7.9 - 300 ( 48.5%) e ¢ 51,513

White @10 (asan) s (g s ean

Total 193 (io0.0N) 55 ( 89.21) - { 10.87)
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. .CONCLUSIONS AND RECOMMENDATIONS

‘c0NCLUSIOKS: The various research strudies previously discussed support the
following conelusicns, ) )

e The experimental ATC test battery comprised of MCAT, OPM 157,
and OPM 24 is a valid and statistically significant tool for
use in screening applicants for the ATC occupation. The need
for scraening applicants is particularly important for this
occupation because of: (1) the high cost of training to the
taxpayer; (2) the large numbér of applicants in relation to
the relatively few vacancies which are filled each year; and
{3) the fact that there is essentially no "self screening” on
the part of applicants since there are no educational or spe~-
cialized experience requirements for appointment eligibilicy

- at the entry grade levels (C5-5 or G$-7). .

e The use of the Occupational Knowledge Test (OKT) in conjunction
with the experimental ATC test battery increases the predictive
validity of the selection procedure. It provides a better
method of establishing the applicant's lmowledge relevant to
the ATC occupation as compared to the Raring Guide presently
used by the Office of Personnel Panagement. Further, the
use of OKT allows applicants who have acquired this knowledge
outside of the specific work experiences given credit under
the present Rating Guide to earn extra credit .for competitive
selection consideration.

¢ The use of the expérimental ATC test battery and OKT scores for
ranking competirive ATC applicants for appointment consideration
and selecdting those with the highest scorés first is a valid use -
of the applicant¥® test scores since it significantly increases
the probability of success in the ATC cccupation as measured by

- passing the Initial ATC Qualification Training Program. The

addition of vererans preference points to an applicant's score
on the ATC test battery is not a valid predictor of success in
the AIC occupation. ' . : o

e The statistical analyses encompassed- a large number of different
experimental tests imcluding the five OPM tests presently used
for scering ATC applicants. The resulting experimental ATC
test battery (MCAT, OPM 157, and OPM 24) was derived from
multiple regression analysis. The tests wete examined with
respect to both unweighted and weighted test score values.

Only the OPM 157 test of the present. five OPM tests contributed
to the multiple correlation (R) predicting the ATC training.

(performance) criteria. Weighting the tests increased the

. validity of the ATC test battery.
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Analysis of the utility'of the ATC test battery indicates a.
significant potential for reducing overall cost of ATC

. training. The new test is effective in identifying those

applicants who pzss the present OFM ATC test but-have high
fail}/withdraw rates in the Initial ATC Qualification trainming.
program. Operational use of the new AIC rest battery would.
require more frequent admimistration (perhaps three times a year)
in order to obtain more applicants with Earned Rating scares
above 85 as compared to the present QrM cest.

Establishing the passing score on the new ATC test battery at

the approximate mcan score for an ATC applicant group is _
supported by the analysis of fail/withdraw rates by score range
groups. Setting & higher passing score (for example a transmuted
score of 80) would significantly increase the adverse impact on
women and minorities as well as make it extremely difficulr to
recruit women and minorities through ei:her competitive or non-

* competitive selec:ion procedures.

The present OPM ATC test battery and_the experimental ATC rest
battery both have aa adverse impact on some minority groups,
particularly Blacks., When extra credit for veterans preference and
ATC related knowledge or experience is granted to those applicants
who pass the test battery, there is also an adverse impact omn

wcmen. The experimental ATC test battery has a somewhat greater
adverse impact on selection of Womeén and Blacks than does the present
OPM ATIC test battery. The veterans preference credit is a signi-
ficant factor ino .the adverse impact on Women. While the statis-
tical evidence does not support the validity of veterans preference.
ir relarion to performance criteria, it is required by law.

Given the evidence of.adverse impact on women and some-minority
groups, especially Blacks, analyses of test fairmess were com-
pleted on the various components of the experimental test bartery
and the OKI. These analyses show that the requiraments of the
Uniform Guidelines on Employee Selection are met for the ATC test
battery comprised of MCAT and OPM 157 and for MCAT, OPM 157 and
OKT extra credit points. This was true for both men and women
znd the White and Black groups. '

The Multiplex Controller Aptitude test (MCAT) is the major com-
ponent in the validities obtained with the new ATIC test. The
analysis of fairness for MCAT, by itself, included a sample of

men and women as well as White and Black trainces which was pro-
pertional to the total population of ATC trainees attending the
FAA Academy during the period of January 1976 through October 1980.
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e The addition of OPM 24 test scorés o the MCAT and OPM 157 test
battery revealed a significant difference in the population
variance between the White and Black groups indicating that an .
ATC test battery cnmprised of MCAT, OPM 157 and OPM 24 did not
meet the fairness requirements of the Uniform Guidelines {or the
White and Black groups. The effect of these Jifferences would be
"to bias the test battery somewhat in favor of the Black group if
& cowmon regression line for the two groups were used. However,
there were no sign{ficant differences between men and women on
this ATC test bactery

'RECOMMENDAIIONS: Based on- the conclusion derived from the research Studles,

the following recommendagions for the use of selection tests and procedures
to qualify, rate and rank applicants for the Air Traffic Control- occupat101
are supported.

. u The ATC Test Battery used for qualifyiug applzcants for placement
on competitive OPM registers or for qualifying applicants for
non-coapetitive appointment consideration should cons‘st of:

(1} The two forms of the Multiplex Controller Aptitude Test
(MCAT) with the total correet scores weighced by a
value of 2.

{2) The present OPM Test, Abstract Reasonihg and Lé;te: 
Sequence scored (R~1/4W) weighted by a value of 1.

(3) Each form of the MCAT has 55 questions sepmented into o
two parts; 20 minutes is allowed for Part A {27 or 28
questions); and, 15 minutes allowed for Part B (27 or
28 questions).. Eight minutes is also allowed for
reading test. directions and practice problems. There~
fore, a total of 43 minutes is regquired for administra=-
tion cf each MCAT form and the total test timeé required
for both MCAT forms is 1 hour and 26 minutes. The
Abstract Reasening and Letter Saquence test is a two-
part test; each part has 25 questions. Test time for
Part A is 15 winutes; Part B is 20 minutes. There are
9 sample items with 5 minutes allowed for these praczice
questinns. :

&) Total testing time for the recommended ATC Test Battery,
including practice and test familiarization time, is
2 hours- and 6 midutes.

-muted by a linear transformation of the distribution so that the

mean raw score of the applicant group is. equated to a passing score
of 70 -
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e All applicants, either competitive or non-comperitive, who $core
© . 70 or greater should be considered as eligible for appointment
consideration in the Air Traffic Control ocgupation. T

e The Occupacional Knowledge Test {OKT) should be administered to
all competitive and non~competitive applicants togethet with the’
recommended ATC Test Battery. The results of the OKT test should
be used for granting additional earned cradic in place of the
preseat OPM Rating Cuide. S

(1} The OKT is an BU-item test and is scored for corract
answers only. Test time Is 50 minutes. There are no
Practice items. Two minutes are allowed for reading
test directions. : :

{2} The total test administration time, inecluding OKT, is
2 'bours and 58 minutes. : '

(3) Additional eatned credit should be granted only to
: _thbse_applicants who achieved a score of 70 or ‘greater
.on the’qualifyfpg ATC Test Battary (MCAT and OPM 157).

(4) Addi:iohal earned credit points should be granted to
qualifying applicants based on OKI scores as follows:

OKT Scores

Rkight * Transmuted : . Additional
OXT Scares Scale Points Earned
0-50 0-100 :
52-55 = 65-69 = 3
56-59 = 70-74 - 5
60--63 = 75-79 = 10
64+ = 80+ = 15

(3) For competitive applicants, additional points based on QKT
gcores should be added to the scores of applicants who
achieve 70 or more on the ATC Test Battery.. The total score,
together with any veterans preference points, should be used
to rank candidates for selection consideration on the OPM
fegister, ‘

{6) For non-competitrive applicants, the OKT scores together with
the ATC Test Battery shiould be used as a basis for offering
GS-7 appointments in the ATC occupation rather than GS-5
predevelopmental appointments to-those individuals wheose high
scores indicate they have the aptitude and knowledge to
enter the GS-7 Inftial ATC Qualification training.

¢ Qualified applicants should be ranked for competitive appointment
consideration based on the sum of their scores on the ATC Test
Battery, the OKT and Veterans Preference credit with those appli-
cants having the highest total score (Earned Rating) givenm first
consideration for selection: :
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The existing OPM register of qualified applicants (approvimately
4,500} should be retained. Applicauts whe quali’y on tle basis
of thé new ATC Test Battery should be interspersed in their
appropriate rank order with those applicants who are presencly

- on the register. - :

The six parallel form: of MCAT and the eliht parallel forms of
_OKT which have been develcped and used in conjunction with the
validation studies should be placed into operational use for ATC
applicant screening and selecrion.

The FAA, Office of Aviation Medicine, should be delegated the-
responsibility from OPM for continued development of additional
parallel forms of MCAT and OKT to insure against compromise of
operational test forms. . .
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