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EXECUTIVE SUMMARY

The Government Accounting Office (GAO) issued a report, Military Training: Its
Effectiveness for Technical Specialtiesis Unknown (GAO, 1990), which raised a number of
issues about the cognitive tests used in salecting recruits for technicad specidties. The GAO
noted that scores on the technica subtests of the Armed Services Vocationd Aptitude Battery
(ASVAB) were lower for minority and femae gpplicants and asked the Office of the Assgtant
Secretary of Defense (Force Management and Personnd) to initiate research to identify more
sendtive predictors of cdlassroom and job performance for femae and minority applicants. The
Personnel Testing Divison (PTD) of the DefenseManpower Data Center (DM DC), as executive
agent for the ASYAB Ressarch and Deveopment, was subsequently asked to coordinate the
requested investigation.

The atached report, Sendtivity and Fairness of the Armed Services Vocational Aptitude
Battery (ASVAB) Technical Composites, is the first result of the investigation. This report
describes an extensive assessment of the sengtivity and fairness of the current technica
composites for femades and blacks. The assessment covered a large number of specidties for
which technicdl subtests (Auto and Shop Information, Electronics Information, and Mechanica
Comprehendon) are usd in sdection. Table 1 on page 2 lists the individud subtests of the
ASVAB, and Table 2 on page 2 lists the sdection compositesinduded in the present andyses.

The data andyzed included final school grades (FSG) for Air Force and Navy technicd
traning courses and Skill Qualification Test (SQT) data on fird-term recruits for Ammy
goecidties. The samples anadyzed included a total of 33,017 females, 249,712 maes, 95,080
blacks, and 281,063 whites. Marine Corps job-performance messurement data were andyzed

separatdly. (See Appendix A beginning on page 29.)

The basic definition of sengtivity used in these andyses weas the dope o the regression line
relating training or job outcomes to selection composite scores.

e The predictor was consdered sensitive if differencesin predictor scores were associated
with dgnificant differencesin the outcomes.

e The predictor compositeswere considered fair if individuasat the same scorelevel hed
the same average outcome regardless of race or gender.

A number o technica issues were addressed in the andyses. These included rescaling the
different criterion measures onto a common metric, avoiding problems due to the necessity of
using selected samples (traineesand job incumbentsin comparisontod| applicants), determining
the mogt meaningful way to aggregate results across a large number of different samples, ad
testing for overall sgnificance,

The basic results, aggregated across both specidties and technicad composites, areillustrated
in Figures 1 and 2 on page 21. The key findings were:

AS92009

Scanned & Searchable Document

05-17-06 JT
‘e

(




¢ the compostes were highly sengtive for al groups studied;

* the composites were dightly more sensitive for femaes in comparison to maes and for
whites in comparison to blacks, but these differences were too small to be of practica
significance; and

e prediction lines were quite similar for all groups.

Overdl, female and black performancein both training and on-the-job was somewhat lower
than the performancedf maesand whites. Some, but not all, of these differenceswereexplained
by differencesin the ASVAB composite scores. The findingswere quite smilar for each of the
individua ASVAB composites included in the study.

The results indicate that the current technical compogites are senditive and fair for femaes
and blacks. Nonethdless, use of the technicad composites does create a sgnificantly greater
barrier for these groups in comparison to males and whites.

The next phase of investigation will focus on aternatives to the current predictors. These
alternativeswill include evaluationof existing subtests and may include new measures now being
evauated for incluson in future ASVAB forms.
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College of Liberal Arts

L ; Clhnois Department of Psychology e

603 East Daniel Street
Champaign, IL 61820

217 244-5876 fax

at Crboana Champaign

September 14, 1992

Dr. W. S. Sellman

Director for Accession Policy
OASD {FM&P) (MM&PP)
Room 2B271; The Pentagon
Washington, DC 20301-4000

Dear Dr. Sellman:

In May 1991, the Department of Defense Advisory Committee on Military
Personnel Testing (DAC) was briefed on a report by the General Accounting Office
(Military Training: lts Effectiveness for Technical Specialties is Unknown,
GAO:PEMD-91-4, October 1990) that raised a number of issues concerning the
fairness and effectiveness of the ASVAB tests currently used in selecting applicants
for Enlisted technical specialties. The DAC also carefully read the GAO technical
report.

Subsequent to the issuance of the GAO report, you directed the Personnel
Testing Division {PTD) at the Defense Manpower Data Center (DMDC), as the
executive agent for the ASVAB, to follow through on a GAO recommendation that
DOD conduct research to "identify more sensitive predictors of classroom
performance for women and minority students from the ASVAB data it already
possesses.” The DAC has been keenly interested in this research and has been
briefed several times by PTD as its work has progressed. The DAC has had
numerous questions and suggestions, and commends PTD for the thoughtfulness
and thoroughness of its responses.

Standard 1.21 from Standards for Educational and Psychological Testing,

jointly published by the American Educational Research Association, the American
Psychoiogicai Association, and the Nationai Councii on ivleasurement in Education
in 1985 states "When studies of differential prediction are conducted, the reports
should include regression equations (or an appropriate equivalent) computed
separately for each group..." and comments further that "Correlation coefficients
provide inadequate evidence for or against a differential prediction hypothesis if
groups ... are found not to be approximately equal with respect to both test and
criterion variances.” Because there are mean differences in scores on ASVAB
technical subtests across racial and gender groups and because applicants for
enlistment in technical training schools must exceed certain standards to enlist,
there are undoubtedly group differences in test score variances. Thus, correlational
analysis cannot provide accurate information about the fairness or unfairness of
ASVAB subtests.

The DAC has now reviewed a report (Sensitivity and Fairness of ASVAB
Technical Composites, Wise et al., 1992) summarizing the research conducted in
response to the issues raised by the GAO. The Wise report describes in very
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careful detail the data sets that were compiled and analyses that were performed.
'the data sets provided by the Services to PTD are very large and allow definitive
answers to the concerns expressed by GAO. 'the analyses performed by PTD use
regression methods and are thus based on the technically correct approach. The
conclusions from PTD’s analyses -- that the ASVAB technical subtests are fair and

sensitive (as these terms are defined in the Wise report) -- are clear and compelling.

The DAC therefore endorses the conclusions of this report, urges wide

dissemination of its results, and encourages sharing the data sets used in the PTD
analyses with other interested researchers.

As acknowledged in the Wise report, the adverse impact on minorities and
females due to their frequent lack of experience with material covered in the
technical subtests is incontrovertible. The DAC strongly encourages DOD to
continue to explore options, particularly those involving changes in training as well
as testing, that might remediate current race and gender differences, and make
technical jobs more accessible to all groups of applicants.

Cordially,

?»(/Jl /)W

Fritz Drasgow

Chair, Defense Advisory
Committee on Military
Personnel Testing
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SENSITIVITY AND FAIRNESS OF THE
ARMED SERVICESVOCATIONAL APTITUDE BATTERY
(ASVAB)

TECHNICAL COMPOSITES

I ntroduction

In an evdudion o the effectiveness o military technicd training, the Government
Acoounting Office (GAO) raised a number of issues concerning the fairness and effectiveness
of thetestscurrently usad in selecting goplicantsfor Enlisted technica specidties (GAO, 1990).

Among the conclusionsligted in the executive summary of the GAO's report were

Women and membersof minority groups consistently scored lower in testa used
to assign recruitsto more technical occupational specialtiessuch as radar
specidist positions.

GAO concluded that, for mogt recruits, the services selection criteriaare
moderately successful at predicting individua performanceduring classroom
training. However, they are notably less successful for women and minority
recruits.

Each service has evaluation mechanisms in place, but only the Army systematicaly
collectsdata on the field performance of individua graduatesin a way that would
dlow comparison of a graduate's on-the-job performancewith his or her entry-level
ability and classroom performance. These data reveal an even wesker connection for
women and minority group members between criteria used to assign them to
technical speciatiesand their later field performance....

GAO concluded that the insenditivity of selectionand placement measures as
predictorsof future successfor women and minority recruitsis a matter of serious
concernin view of the military's increasing reliance on these groupsto perform
technical roles (p. 3).

Subssquent to the issuance of this report, the Director of Department of Defense
Accesson Policy asked the Defense Manpower Data Center (DM DC), as executiveagent
for the Armed Services Vocationd AptitudeBattery (ASVAB), to prepare a regponseto
the GAO's recommendation that DoD conduct research to "identify more sengtive
predictors of classroom performancefor femae and minority sudentsfrom the ASYAB
datait dready posseses' (p. 54). This report describes the results o efforts conducted
with the Services to respond fully to the GAO's recommendetion.

AS92009

Scanned & Searchable Document

05-17-06 JT



AS92009

Background

The fact that scores on the ASVAB technica subtests are, on average, lower for
femdes and minorities is well known on the bass of results from the 1980 norming
dudy. (See Eitdberg, 1988, for arecent andyss o race and gender differencesin the
ASVAB subtest and composte scores)) However, concerns that the technica subtests
may beless sengtivepredictorsaf success in technical training and successin performing
technical jobs are nev and have not been wdl sudied. Prior research has generdly
supported the fairnessof the ASVAB for both minoritiesand femaes. A brief summary
of that research is provided here as background for the present study. Table 1 lists the
individua subtests of the ASVAB, and Table2 lists the sdection compositesinduded in
the present analyses.

Table1
Current ASVAB Content (Forms 8-22)

Nunber of Tinme in
Subtest I tens Minutes
1. CGeneral Science (GS) 25 11
2. Arithnetic Reasoning (AR) 30 36
3. Vérd Know edge (WK) 35 11
4. Par agr aph Gonpr ehensi on (PO 15 13
5. Nunerci al Qperati ons (NO 50 3
6. Codi ng Speed (CS) 84 7
7. Auto & Shop Infornati on (AS) 25 24
8. Mat hemat i cs Know edge  (Mx) 25 11
9. Mechani cal Conpr ehensi on (MC) 25 19
10. Hectronics Informati on (EI) 20 9
Tot al 334 144
11. Verbal Ability (VE) = WK + PC
Table2
Current Service Technical Composites
Gode Composite Nane Definition
AR FORCE
M Mechani cal MC + GS + 2AS
E H ectroni cs AR + MK + EI + GS
ARMY
= H ectroni cs AR + MK + EI + GS
aMm CGeneral Mi nt enance MK + H + AS+ G5
WM Mechani cal Mi nt enance NO+ AS+ M+ H
g (perators & Food ND+AS + NC+ VE
S @ Survei l l ance ¢« Communi cati on AR + AS + MC + VE
MAR NE QCRPS*
WM Mechani cal * AR+ H + M+ AS
NAVY
B H ectroni cs AR + MK + EI + GS
ME Mechani cal ** vE + MC + AS
Engi neeri ng MK + AS
MR Machi nery Repair** AR+ MC + AS

* Data were analyzed separately for this Marine Corps composite. (See Appendix A.)
**Data for this compositewere included in the overal results, but sample
sizes did not permit separate analyses by composite.
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Prior Study of the ASVAB Validity Differencesby Race and Gender

A limited number of studies have examined gender-related differences in prediction of
training and performance outcomesin the military because, historicaly, relatively few military
occupations had enough femalesto permit meaningful analysis. In theexaminationof differential
gender-related prediction of training success, Booth-Kewley, Foley, and Swanson (1984) found
significant differences in dopes for maesand femalesin 2 out of 100 schools (Data Processing
and Mess Management, both of which use Verba [VE] and Arithmetic Reasoning [AR] as the
selector composite). In these schools, the dopes were steeper for females; the mae regresson
equation overpredicted final school grades (FSGs) for femaesin the lower hdf of the ASVAB
8, 9, and 10 composite score range and underpredicted FSGs for females in the upper haf of
the score range.

Weliin and Popelka (1983) evaluated the predictive vaidity of the ASVAB 8, 9, and 10 for
Army data using the FSG as the criterion. Female scores were above the mae regresson line
at the lower portion of the composte score range, suggesting possible underprediction for
females. The authors did not, however, find significant differences in either the dopes or
interceptsto be significant but did find significant differencesin the standard errors of estimate
for maes and females.

Maier and Truss (1984) found the female performance was significantly underpredicted in
sgx Marine Corps training courses. The female underpredictions were especialy notable in
traditional female occupations, such as administrative clerks and food service handlers. The
authors issued a giff caveat with their findings, however, pointing out the smal sample sizes
usd in their study.

Welsh, Kucinkas, and Curran (1990), in a review of the ASVAB vdidity data, reported
results of two large studies done on Air Forceand Navy samples (Wilboum, Vaentine, & Ree,
1984; Booth-Kewley, et al. 1984) using the FSG asa criterion in investigationsaf the predictive
equity of the ASVAB 8, 9, and 10 composites. For the Air Force recruit data, the Armed Forces
Qudification Test (AFQT) vadlidities for femaes and mdes (not corrected for restriction in
range) were .42 and .37, respectively. For the Navy, the uncorrected AFQT validities for
femalesand maes were .37 and .42. The average AFQT validities for blacks and whites were
.20 and .41 in the Air Force samplesand .29 and .41 in the Navy samples. The reviewers stated
that these differencesin mean validities between black and white subgroups from the Wilbourn
et al. (1984) sudy were not consstent with the literature addressing racia differences in
prediction for other forms of the ASVAB. They cited studies by Bock and Moore (1984) and
information contained in the ASVAB Test Manual and Technical Supplement (DoD, 1984a &
1984b). They offered the possible explanationthat restriction in range of abilitiesand consequent
reduction in variance of scores of thetwo subgroupsin the Air Force sample could account for
reduced correlationsfor the black subgroup.

McLaughlin, Rossmeisd, Wise, Brandt, and Wang (1984) examined the ASVAB Forms 8,
9, and 10 for ethnicity and gender differencesin a large study of Army recruits (N=65,193).
The analyses examined the differences between gender and race subgroup specific and common
regresson lines; the results indicated few or no differences among groups in the regions of the
minimum aptitude qualifying scores.
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Wddh et a. (1990) concluded that there were meen differences in performance between
blacks and whites on the subtests of the ASVYAB and that this was consstent with the mgority
of theliteratureon testsof mentd ability, in particular with the findings of Eitelberg, Laurence,
Waters, and Perelman (1984) in the effects of aptitude composites ussd to sdect and classify
gpplicantsfor the American military.

Rdated Research in the Civilian Sector

Ability tests that are quite smilar to the ASVAB have been widdy used for sdection into
cavilian occupations, and the issue of their fairness has aso been andyzed extensvey. In a
synthesis on ability testing developed by the Nationd Research Council, Linn (1982) conduded
that "there is little evidence for differences in vdidity coefficients for whites and blacks in
cvilian employment settings' (p. 373). In a subssquent sudy of the Generd Aptitude Test
Batery (GATB), Hunter (1983) concluded that gpparent race and gender differencesin vdidity
were largely or completely due to Satistical artifacts. Nonetheless, the issue o the fairness of
dandardized tests in employment sdlection persists (Gifford, 1989). Linn and Dunbar (1986)
provide a recent summary of differentia vaidity results and references to a widearray of more
Soecific dudies.

Methodology for assessng sendtivity and fairness has aso recaived condderable attention
in the generd literature. Linn and Dunbar (1986) assart that "For purposes of evauating
questions of bias, it is clear that comparisons o correlation coefficientsare Smply inadequate
for the problem” (p. 228). Their primary concern is that correlation coefficientsare affected by
group heterogendty and other factors that do not relate to how the sdection test is ussd in
predicting an outcome. They concludethat "An adequate evauation of the question of possble
predictive bias demandsthat regression equations and andard errors of estimateor expectancy
tables be compared’ (p. 228). Nonetheless, when a Nationd Research Council committee
reported its review of the GATB, many of their conclusons about race and gender differences
in vaidity were based on comparison o correlation coefficients (Hartigan & Wigdor, 1989).

The andytic technique known as meta-analys's has contributed significantly to the andyss
of test fairness. Theliteratureis characterized by alarge number of different sudies of the same
or related tests used in sdection for the same or rdaed jobs. Mogt studies had sampleszes that
were too smal or criterion measures that were not sufficiently reliable to detect rdatively smdl
differencesin predictive rdationships. Hunter and Schmidt (1990) providea summay of meta
anadytic methods that have been devdoped to combine the results of separate sudies into a
sngle, more powerful, summary. Their book provides an extendve bibliography for those
interested in more detail on the higory or variationsaof this technique.
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Approach

A two-phase approach was designed to respond to the request for research to identify more
sensitive predictors for technica specidties” Thefocusaf this report ison the first phase: the
investigation of the current ASVAB sdection composites that involve the technical subtests to
determine which composites and subtests are most in need of improvement with respect to their

sengtivity and fairnessfor all applicant groups and to suggest possibleimprovementswithin the
context of the current ASVAB.

The basic gpproach to assessing sengtivity and fairness in the present study was based on
anadyses of differential prediction. The Standards for Educational and Psychological Teding
(American, 1985) dtate:

Differential prediction isabroad concept that includesthe possibility that different prediction equations
may be obtained for different demographic groups, for groups that differ in their prior experiences,
or for groups that receivedifferent treatmentsor are involved in different instructional programs....

Inastudy of differential predictionamong groupsthat differ in their demographics, prior experiences,
or treatments, evidence is needed in order to judge whether a particular test use yields different
predictionsamong those groups(e. g., different predictionsfor maesand females). Thereisdifferential
prediction, and there may be sdlection bias, if different dgorithms(e.g., regression lines) are derived
for different groupsand if the predictionslead to decisions regarding peoplefrom theindividua groups
that are systematically different from those decis ons obtained from the algorithm based on the pooled
groups.

The accepted technical definition of predictive bias implies that no bias exigts if the predictive
relationship of two groups being compared can be adequately described by a common agorithm (e.g.,
regressionling) (p. 12).

The genera gpproach to the assessment of fairness was thus to compare average
criterion vaues for individuals from different groups who hed the same score on the
selection composite. Senditivity isatam that isless commonly usad in conjunction with
sdlection tests. In the present study, the selection composites were consdered sendtive
to the extent that differences in composite scores were associated with differences in
important criteria. Specifically, sengitivity was operationally defined to be the differences
in average criterion scores between individuals who scored one standard deviation above
the population mean on the sdlection composite and individuals who scored at the
population mean. As described below, the score range from the population mean to one
standard deviation above the mean covered the area of interest in selection for technica
specidties. The extent to which the sdection composites showed different degrees of
sengitivity for males and females and whites and blacks was then examined.

'A second phase of the investigation of more sensitive measures will involve possible changes to the ASVAB
battery itself. The Personnel Testing Division of DMDC is currently coordinating a comprehensivereview of the
contents, administration, and use of the ASVAB and is scheduled to submit recommendationsfor changes to the
ASVAB in March 1993. Part of this effort involves examination of possible new subtests: spatial, memory, and
psychomotor measures. Evaluationof these new testswill includeanalysesof their sensitivity and fairness for key
applicantsfrom different race and gender groups.
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In the evauation of compositesfor this report, emphasis was placed on evauating
impact across a broad spectrum of jobs in contragt to the case sudy gpproach that wes
adopted by the GAO. The anayses conducted by the GAO focused on a rdatively smdl
number of highly technica Army, Navy, and Air Force specidties. As a consequence,
the GAO sample sizes were particularly smal when divided into separate sex or ethnic
groups. To respond to the GAO, this report takes a Somewhat broader perspective and
uses rdaivedy large samplesfor anayses. The objectivewas to eva uate current selection
compositesin the context of the entire range of specidties for which they are used and
to maximize the datistical power to-detect differencesby combining results across jobs
where gppropriate. Except for this broader focus, the criterion messures and samples
usad in the present sudy closaly paraleled those reported by the GAO.

Data

Three different data sets were used in the analyses reported here. Navy and Air Force
data on training success and Army data on Skill Qudification Test (SQT) results were
anayzed. For the first two data sets, training courses were the primary unit of analyss,
and course grades were the messure o success in training that wes andyzed. For the
QT data, each digtinct form of the SQT (generdly one per year per specidty) was
andyzed separately, and the score on that form was used as ameasure of success an the
job.

Navy Training Data

Data were collected from Navy training courses in Type A schools over the period
1989 to 1990. For the Navy courses induded in this study, Fina School Grade (FSG)
was the criterion measure. In Navy training data, FSG generdly represents an arithmetic
average or a weighted sum of grades earned on daily and/or weekly quizzes, measures
o handson peformance and practical proficiency, and the score on a final
comprehensive exam.

Data on performance in technica schools were induded in the present andyses. In
this case, technica schools were defined as those for which one or more of the ASYAB
technica subtests was included in the sdlection composites. The three subtests classfied
as technicd are Auto and Shop Information (AS), Electronics Information (EI), and
Mechanicad Comprehenson (MC). All courses with a leest 40 blacks and a leest 40
whites were used in the andyses o race differences. Smilarly, all courses with a leest
40 femaesand a leest 40 mdes were usd in the andyses of sex differences. Appendix
B on page 32 lists the Navy specidties and sample Szes included in the present analyses.
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Air Force Training Data

Data were collected from Air Force technical training schools and courses from
approximatdy January 1985 until June 1988. For this study, technical schools were
defined as those whose sdlection composite included one or more of the ASVAB
technical subtests (AS, EI, or MC). Al courses for which at least 40 blacks and 40
whites hed vdid data were used in the analysisdof race differences, and all coursesfor
which at least 40 maes and 40 females had valid data were used in the analyses of sex
differences.

The criterion measure was the FSG. This measure, like the Navy FSG, often
represents an aggregation of multiple-choicetests. The Air Force employs performance
checks during training that are analogousto hands-ontests used in Navy training schoals.
In normal practice, Air Force trainees may take the performance checks severa times.
Thereis no information in these data sets on how many times a given trainee has taken
the performance check (Ree & Earles, 1990). FSGs for the Air Force range from
gpproximatdly 60 (lowest) to 99 (highest). Appendix C, beginning on page 33, lists the
Air Force specidtiesincluded in the present analyses.

Army SQT Data

From 1978 until it was canceed in 1990, the SQT program in the Army was the most
extensivejob-proficiency testing program in history. Asoriginaly implementedin 1978,
SQTs were designed to be criterion-referenced tests of job proficiency. Each SQT hed
three components. written component, hands-on component, and performance
certification component (when a soldier's supervisor would observe the soldier
performing a certain task during norma working hours and score the soldier as
successful or unsuccessful a performing the task). In addition, SQTs were origindly
designed to measure both the individua soldier's job proficiency and the training
effectiveness (Maier & Hirshfeld, 1978).

There are morethan 250 Military Occupationd Specidties(MQOS) in the Army, each
of which has soldiers in one to five skill levels. Skill level 1 refersto soldiers in pay
grades E-1 through E-4; skill level 2 soldiersare in pay grade E-5; skill level 3 soldiers
arein pay grade E-6; ill level 4 soldiersare in pay grade E-7; and skill level 5 soldiers
arein pay grades E-8 and E-9. Soldiers were required to take the SQT annudly in their
MOS and skill leve until they received a GO (passing 80% of the tasks tested on the
SQT) on the tedt.

In 1983 the SQT program underwent a maor revison resulting in the Individual
Training and Evauation Program. Thetraining effectivenesseval uation, hands-ontesting,
and performancecertification were separated from the job proficiency portionof the SQT
program. Loca commanders sdected tasks for evaluation that supported their unit's
mission and used the resultsto guide training needs. The Common Task Test (CTT) was
developed by the Training and Doctrine Command (TRADOC) and was administeredto
soldiersin skill levelsonethrough four in all MOS oncea year. The CTT was composed
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of tasks tested primarily in the hands-on mode. Results of the CTT were provided to
TRADOC and to loca commanders to be usad as afactor in determining training needs.

After 1983, the SQT became a task-based written test designed to measure job
proficiency of individua soldiers. Soldiers with 11 months or more of service were
required to take the SQT annudly if the test was availablein their MOS and skill levd.
Compilation of the 1988-1989 SQT records show that more than 90% of the skill level
1 MGOS hed the SQT in at least one of those two years, and about 90% of skill level 1
soldiers took one or more SQTs during that period. Results from skill level 1 and skill
level 2 SQTs were usd in making promotion decisions for pay grades ES and E6

respectively.

Specific guidancefor devel oping the SQT was provided to test developers (TRADOC
Regulation 351-2). This guidance was in accordance with standard test devel opment
procedures and includes the minimum and maximum number of tasks to be tested, the
use of random and random-strat  ed selection of tasks, tryout procedures, security, etc.
Tasksdigibleto betested are contained in the Soldier's Manud appropriateto eech MOS
and skill level.

The samples used in the current andyses are part of a large ASVAB vdidity sudy
currently underway in the Army. The current samples were limited to the task-based
written test, skill level 1 SQT. The sample weas further limited to soldiers who hed
originally taken the ASVAB in its current format (ASVAB forms 8-17). Entry ASVAB
scores for 1981-1988 accessons were matched againg the SQT records for 1985-1990.
All SQT/year samples containing at leest 50 soldiers were retained, resulting in 1,004
anadyss samples in 204 of the potentid 242 entry levedl MOS.

In the current andyses, all samples with a least 40 blacks and 40 whites were used
in the andyses o race differences. Smilarly, al samples with a least 40 femaes and
40 mdes were usd in the andyses of sex differences. The samples were further
redricted to the MOS for which the ASVAB sdection compodte induded one of the
technica subtests (EI or AS). Appendix D, beginning on page 35, lists the Army
pecidties and sample szes included in these analyses.

Marine Corps Hands-On Per fdr mance Data

Daa on Marine Corps mechanicd specidties collected by the Job Performance
Project were andyzed separately by researchers from the Center for Navd Andyses. The
criterion messure usd was the percentage of Seps peformed correctly in a
representative sample of job tasks. The high fidelity nature of the criterion used made
these andyses particularly important, but the samples usad in these andyses were too
smdl to dlow a meaningful contribution to pooled analyses. Consequently, resultsfrom
andyses of these data are reported separately in Appendix A, beginning on page 29.
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The ASVAB Scores

The ASVAB scoresof record were analyzed for each of the samplesdescribed above.
Asindicated, the samples were restricted to speciatiesfor which technica subtests were
used in selection. Table 3 bdow shows means, standard deviations, reliability estimates
(coefficient alpha), and standard errors of measurement for the three technical subtests.

The data shown are from a recent administration of the Reference Form (Form 83)
to a sample of new recruits during a preliminary calibration of new forms (Forms 20,
21, and 22). Recruits were used in this example rather than applicants so that the
variationin abilities would be morecomparableacross race and gender groups, and thus,
reliabilities could be more meaningfully compared. Reliabilities were not corrected for
restriction in range and S0 are consderably lessthan standard estimates of reliability for
the youth population as a whole.

As shown in Table 3, there were smaller reliability estimates for femaesand blacks
in comparison to the total sample. Nearly all of the difference is due to differencesin
sandard deviations, so the standard errors of measurement are quite similar. Differences
in standard errors were due, in part, to the fact that females and blacks more frequently
scored at the lower end of the scale where error of measurement tendsto be greater due
to a greater frequency of guessing.

Table3
Descriptive Statistics, Reliabilities, and Errors of Meaurement
for the Technical Subtest Number Correct Scores

Subtest

Statistic Subgroup n AS MC EI
Mean Tot al 2418 15.5 15.6 12.3
Fenmal e 293 11.6 12.1 9.7

Bl ack 378 11.5 11.8 10.3

HiSp. 165 13.9 14.6 10.9

S. D Tot al 2418 4.5 4.7 3.4
Femal e 293 3.5 4.0 3.0

Bl ack 378 3.4 3.9 3.2

Hi sp. 165 3.8 4.4 3.5

REL. Tot al 2418 0.77 0.79 0.69
Fenal e 293 0.59 0.68 0.58

Bl ack 378 0.57 0.67 0.61

Hisp. 165 0.66 0.75 0.69

SEM Tot al 2418 2.2 2.2 1.9
Fenmal e 293 2.3 2.3 2.0

Bl ack 378 2.3 2.3 2.0

Hisp. 165 2.2 2.2 1.9
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Analyses

The data analyses were conducted in three stages. Thefirst stage conssted of data edits and
adjustments. In the second stage, separate andyses were performed for each distinct sample. In
the final stage, the results were aggregated across samplesyielding summary resultsfor each of
the ASVAB composites analyzed and aso for al of these composites combined. Appendix E,
beginning on page 41, provides details, formulas, and examplesfor each step in the anadyses.

Data Edits and Adjustments

For the most part, the data files were already clean and complete. A smal number of cases
missing either predictor or criterion data were deleted. The one edit of substance diminated all
cases where the ASVAB composite score of record was beow the current sdlection cutoff for
the specidty. The mgority of these cases had been granted waivers and dlowed to enter their
specidty with ASVAB scores that would not otherwise have qualified. These individualswere
likely to possess other unmeasured qualitiesthat led to a waiver; therefore, they were not strictly
comparable to individuals who came in normally. It was aso possible that their ASYAB scores
were in error, which would also support excluson from the present andyses. In al, about 5%
of theinitiad records were eiminated for this reason.

For samples with training criteria, some data were avallable on individuals who did not
successfully complete their training. The prediction of training completion is more important
than the prediction of differencesin fina grades among those who do complete. For this reason,
information on training failures was retained wherever possible. In most cases, no appropriate
FSG was availablefor these cases, so afina grade was imputed. The procedure used assumed
that the overal distribution of final grades (for both successes and failures) was approximeately
norma with successes scoring above a cut score and failures scoring below the cut score. The
proportion passing the course was used to estimate where the cut score would be on the normal
curve that wasfit to the observed mean and standard deviation of scores for those who passed.
The mean score for those bedow the cut point was computed and assigned to all of the failures.

In addition to screening out inappropriate cases and imputing scores for training failures,
adjustments to the criterion scores were computed to improve comparability across specialties.
The nature of the criterion measure differed somewhat (primarily in terms of leve or difficulty)
across specidties within each Service and differed more consderably across the Services. In
generdl, it took a higher leve of ability to receive agiven scorein avery selective speciaty than
it did in a less sdlective specialty. For the basic comparisons to be made, the scaling of the
criterion variable within each sample was irrelevant. As described below, andyses were
performed separately for each specidty sample. The datisticsthat were computed and aggregated
across samples were t gtatistics that would be unchanged by any linear transformation of the
criterion scale. Nonetheless, a linear transformation of the criterion scaes for each sample was
performed to reduce differences due to sample selectivity and related criterion difficulty. The
god in making these transformations was to minimize the possibility that graphs of prediction
curvesfor each group separately might be distorted by complex interactionsbetween the scaling,
the curvature, and perhaps other factors associated with the prediction functions for each
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separate sample. Differencesdue to variation in the reliability or other aspects of the criterion
could not be eliminated, as insufficient information was available on the distinct psychometric
properties of each measure.

The criterion scores were adjusted o that if the criterion for each training course or SQT
were availablefor the entire youth population, the (expected) means and standard deviationsfor
each criterion would be the same. The adjustment made was the reverse of the adjustment that
Is typicaly made to correct for restriction in range due to selection. In the normal case, job
specific sample means and correlations are adjusted to estimate the corresponding statistics in
the youth population as a whole using the multivariate range restriction procedure developed by
Lawley (see Lord & Novick, 1968, p. 147). In the present case, the criterion scaes were
adjusted s0 that the estimated youth population mean and standard deviation would be the same
for each sample. A mean of 85 with a standard deviation of 5 was initially used with the Navy
and Air Force training data, and a mean of 70 with a standard deviation of 10 was initially used
with the Army SQT data. These were close to the observed vaues and minimized the
adjustments that were made. Subsequently, both the predictor and criterion variables were
restandardized to have a mean of zero and a standard deviation of one in the youth population.

The specific procedure used for each sample was to develop a regression equation for
predicting the criterion from the ASVAB subtest scores, estimate a youth population mean on
the original scale by substituting population means of 50 for each ASVAB subtest for the sample
subtest means, estimatethe youth population variance on the original criterion measure using the
multivariate correction referenced above, and develop a linear transformation of the criterion
scale values that transformed the estimated youth population means and standard deviationsto
the target values.

Individual Sample Analyses

Anayses of the individual samples were designed to address two key questions. The first
guestion concerned the sengtivity of the selection composite used with the specialty in question.
Theinitial concern expressed in the GAO report was with the most selective speciatiesand, for
this reason, focus was concentrated on the upper end of the selectiontest scale. The operational
definition used for sensitivity was the difference in expected training or job success between an
individual who scored at the youth population mean and an individual who scored one standard
deviation above the youth population mean. Note that this definitionis equivalent to the dope
of the regression line in a linear regression with standardized predictor scores. The selection
composite is thus a sengitive predictor if differencesin test scores are associated with important
differencesin job outcomes.

As an dternate indicator of sengtivity, the prediction error was examined to see if the
selection composite provided a more accurate prediction for some applicant groups than for
others. When the standard error of prediction was small, then the selection composite was also
considered to be an accurate predictor of the outcome in question.

Correlationswere considered an inappropriatemeasure of sensitivity, even when adjusted for
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differences dueto restriction of range, because correlations depend heavily on the heterogeneity
o the sample with respect to both predictor and criterion measures, and adjustments for
differencesin heterogeneity may undercorrect in many cases. In addition, the relationshipdf the
predictor and criterion measures may not be linear, as was found in the present andyses.

The second question addressed in the andlyses concerned fairness. The operationa defmition
usad for fairness was the extent to which individuals at a given test score level had the same
expected performance level regardless o race or gender, following the generdly accepted
definition of fairness (Cleary, 1968). When the test scorelevel and expected performance leve
were even regardless of race or gender, then the test was judged fair for all groups.

In addressing both questions, a modd of the relationship of the criterion measures to the
predictor (selection test) was required. There were too few individuds in each applicant group
who scored exactly at the youth population meen or exactly one standard deviation above it to
edimate sengtivity reliably. Smilarly, there were too few examinees at any given score leve
to andyze each scoreleve separately with respect to fairness. Consequently, some modd of the
relationship between predictor levels and expected outcomes was needed.

It is common to adopt a linear modd of the relationship of the criterion measure to the
sHection test and to perform linear regression in assessing this relationship. A linear modd has
a congtant dope implying that the prediction is equdly sendtive across al score levels. By
contrast, a quadratic or higher order polynomia modd would dlow for differencesin dope or
sengtivity at different predictor score levels.

Since sengitivity was akey issuein these analyses, atest for nonlinear effectswas run before
deciding whether to adopt a linear model. The data was pooled by sdection compogte. With
a separate test for each individua sample, limited sample Szes might preclude an accurate
answer in many cases and result in hundreds of tests with some significant results due to chance
factors. Further, with all data pooled into a sngleanayss, true differencesin the nature of the
rdationships for different sdection composites, and aso for the different types of criterion
measures (training versus on-the-job), might have been masked.

Asdescribed in the Results section in this report, a quadratic regresson modd was adopted.
In analyzing fairness, differencesin predicted criterion scores over the selection test range from
one slandard deviation bdow the youth population mean to 'one standard deviation above the
population meen were looked at. (Virtualy all sdlection decisons are madein this range.)

One other issue in the andyses was the effect of the redtriction in range on the results
Outcome data were only availableon individuals who hed passed all sdlection screens and been
enliged into the military. In addition, the Army SQT data were only available on individuas
who had successfully completed training and remained on the job for a period of time. The
objective was, however, to generdize the fmdings from the specific samples anadyzed to the
population of gpplicants. The samples sudied hed dgnificantly less variation in the ASVAB
scores compared to all applicantsor to the 1980 youth population, and corrdations would be
dgnificantly attenuated by this difference. Explicit sdection on the predictor being andyzed
would not affect regression lines 30 long as additional sdection factors were not correlated with
both the predictor and the criterion. Unfortunately, it was not possible to develop detalled
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modds of implicit selection factors. To the extent that they existed, it seems likely that the
implicit selection factors would have hed a positive reationship with both the predictor and
criterion. (Individuas with high predictor scores and/or high criterion scores would be more
likedy to remain in the sample) In this case, the uncorrected results would understate the
dgnificance of the relationship between predictor and criterion measures, overal and for each
race and gender group. In this sense, the unadjusted vaues are consarvative in that they are
likely to be a lower bound.

Methodsfor Aggregating Results

The andyses o sengtivity and fairnessin each of the individua samples led to hundreds of
answer's to the question of race and s=x differences. It was necessxy to develop an overdll
as=ssment of each different selection compodgiteand o the technicd portion of the ASVAB as
a whole. The genera gpproach was to compute estimates of key subgroup differencesin each
sample ad then to compute weighted averages of these differences across samples and test
whether the weighted averages of the differences were sgnificantly different from zero. This
gpproach both summarized the results from hundreds of separate samples and dlowed for a
much more powerful test of differences, owing to the very large number of observationsin the
combined samples.

The dgnificance tests used with the overall results were based on a norma gpproximation.
Given the large number of samples that were combined (more than 100 for the gender andyses
and morethan 300 for the race anadyses), the centrd limit theorem ensured that the meen o the
individud ¢ statistics would have a nearly normal distribution. In addition, while the exact
degrees of freedom for the aggregate statistic was not computed, it was very large (hundreds,
if not thousands), o treating the aggregate statistic divided by its Sandard error as az datistic
was entirdly appropriate. Appendix E provides detalls and examples on the aggregation
procedures.

The specific Satistics andyzed to test for differences related to gender or race were

. sensitivity: the predicted criterion score a one standard deviation above the youth
population meen on the predictor minus the predicted criterion score at the youth
population mean (for linear moddls, this would be equivdent to the difference in

sopes);

J egror o prediction: the root meen square eror from the (quedratic)
regresson anadyss, ad

. predicted criterion scores: at five key points on the predictor scae (ranging from
one standard deviation bdow the youth population meen to one standard deviation
above the youth population mean), usad in assessing fairness.

Severd different procedures for pooling results across samples were used. The initia
approach was to weight each difference by the inverse of the sandard error of the statidtic. In
this way, difference edimates from smal samples that were not very accurate (had large
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standard errors) would not get very much weight (the inverse of the standard error) in
comparison to statisticsfrom samples that provided more accurate estimates. This approach was
equivaent to taking a smple average of t-values (differencesdivided by their standard errors)
across the samples. Sincet-values are independent of the measurement scale, this approach had
the advantage of eliminating the issue of the equivalence of the criterion scales across samples.

Hedges and Olkin (1985) show that the most accurate estimate of a statistic across multiple
samples is obtained when the individual sample Statistics are weighted by the inverse of the
quare of the standard error of the statistic rather than by the inverse of the standard error.
Results using such optimal weights also were examined. The composite standard errors for
testing for mean group differenceswere dightly smaller, but the effect size estimates were quite
similar, and there were no differencesin conclusions.

For a given sample, each of the statistics of interest hed a different weight under both the
t-vaueand optimal weighting schemes. Differencesat the lower end of the predictor scale would
have smaller standard errors and larger weights for samples that included more lower-scoring
incumbentsin comparison to equal size samples with higher-scoring incumbents. The aggregate
test for differences at the low end of the predictor scae gave more weight to lower scoring
samples, and the test for differencesat the high end of the predictor scale gave more weight to
higher scoring samples. For purposes of assessing differencesat each different predictor level,
this differential weighting was entirely appropriate. When it came time to plot the complete
regression curves for each group, the use of different sample weights for different predictor
levels might have led to significant interaction effects. Another set of weighted averages was
computed by using the inverse of the standard error of criterion differences a the youth
population mean as the weight (population mean difference weights) for all of the dtatistics
analyzed. Again, this led to very similar estimates of effect sizes and no differences in
conclusons. Finally, unweighted averages also were computed for comparison purposes.

In this report, the original t-value weights are reported for the individua statistics, and the
population mean difference weights were used in preparing the graphical displays of the
regresson curves. In the graphical displays, linear interpolation was usad to fill in the curves
between the criterion levels estimated for the five key predictor levels.

For each sample, the criterion level for each predictor level was estimated as a linear
composite of the three regresson parameter estimates (intercept, linear, and quadratic
coefficient). As described in Appendix E, a standard error for each predicted value was
estimated using estimates of the variances and covariances of the parameter estimates. Standard
errors for the aggregate vaues were estimated using a weighted combination of the squares of
the standard errors for the individual sample values. Variability in the estimates of the weights
for each sample was not consdered in estimating confidence bounds. The approach was
appropriate for a mode in which the weights are held fixed at their current value and not re-
estimated in each replicate sample. Estimation of confidence bounds for a modd in which the
weights were also re-estimated in each replicate sample would have been quite complex and,
since the weighting of the individual samples was not the question of interest, was judged
unnecessary. The confidenceboundsalso do not include variability associated with the criterion
scale adjustments. If separate criterion scal e adjustments were estimated for each replication, the
variability across replications, and hence the confidence bounds, would be somewhat greater.
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Since the criterion scaling was largely irrevelant to the issues at hand, estimating confidence
bounds for the condition that the scaling was held congtant across replicationswas judged to be
most appropriate.

In addition to an overall aggregation of results, separate aggregations were computed for
each different selection compodte for which data on at least 400 members of each applicant
group were available. A cutoff of 400 was selected as this leads to confidence bounds for meen
estimates of .1 standard deviation or less, a level of accuracy judged adequate to support
conclusions about the predictor-criterion relationships. Aggregate results were not anayzed for
two of the composites originally identified for inclusion in the study due to insufficient sample
sze. The smal amount of data available on specidties usng these composites was, however,
included in the overall aggregate results.

Results

Testsfor Linearity

Table4 (aand b), on page 16, shows the results of the analyses used to test for the linearity
of the relationship between the predictor and criterion variables. Linear through quartic predictor
terms and subgroup man effects and interactions were included in the andyses. In these
analyses, data were pooled across al of the samples that had the same sdlection (predictor)
composite. Table 4 shows theF statisti c testing the significance for each term controlling for the
effects o all preceding terms, but not for the effects o the termsthat follow. The individua F
statistics have one degree of freedom in the numerator and a large number (> 100) of degrees
of freedom in the denominator. The critical valuefor an dpha o .05 for such statisticsis about
5.1. Since the F datidtic is a ratio, harmonic means (across compostes) were used as an
indicator of the average effect of each term. The results indicate the clear satitical significance
of linear and quadratic terms and of subgroup main effects for the mgority of the composites
analyzed. Some d the remaining terms were significant for some of the compositesamples, but
the overal means were quite close to one, the vaue expected under the null hypothesis (no
effect). The significancedf the higher order terms in some samples may have resulted, in part,
from complex interactions between samplesand predictor score distributionsthat would not have
held up when separate analyses were performed for each sample. Based on the results shown in
Table 4, it was decided to proceed with quadratic regressons even though, as indicated by the
relative F vaues, the practical sgnificance of the quadratic term was quite smal. The reative
cost of over-specifying the prediction mode was minimd: afew extra degreesof freedom (two
per sample) resulted in an essentidly straight line. The cost of under-specifying the prediction
modd might have been much greater.
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Tableda
Polynomid Regression by Race F Vauesfor Successive Terms
Composite B P2 s B3 P4 SxP SxP2 SxP3
AF-E 2547. 24 0.03 18.20 13.80 0.01 3.24 0.86 1.43
AF-M 1674. 28 26.01 9.84 3.78 5.02 0.30 3.37 0.05
AR-EL 12357. 17 14.01 270.44 23.84 2.24 1.34 0.08 0.19
AR-GM 10053. 99 57.55 121.57 6.15 3.24 2.21 0.77 3.30
AR-MM 30907. 80 429.39 738.78 0.00 6.32 1.38 6.27 3.25
AR- OF 16590. 25 4.37 466.64 0.16 0.99 25.05 0.11 1.53
AR- SC 3951. 43 41.34 21.98 0.19 0.09 1.53 6.94 0.01
NA- EL 1859. 13 23.95 13.92 5.67 14.76 0.85 0.12 0.00
NA- EG 1484. 28 21.33 15.56 4.03 2.30 1.84 1.42 9.99
NA- ME 160. 89 1.25 2.94 0.01 0.26 0.02 0.04 2.85
NA-MR 6799, 29 147.06 58.13 5.05 0.85 6.95 1,90 1.33
Hm Mean 3907. 30 14.16 45.31 1.01 1.04 1.37 0.66 0.48
Table4b
Polynomid Regression by Sex: F Vduesfor Successve Terms
Compogite B P2 s B3 P4 SxP SxP2 SxP3
AF-E 3762.85 1.58 16.13 12.62 1.18 0.09 0.64 0.18
AF-M 1401.54 15.71 1.43 3.18 6.06 7.66 0.09 0.09
AR-EL 12471.62 3.60 139.32 31.73 1.17 62. 62 2.60 2.99
AR-GM 5425.80 86.81 65.81 11.74 2.44 1. 45 1.49 0.01
AR-MM 21113.97 335.47 913.90 3.25 0.01 21.31 2.85 0.52
AR- OF 13081.86 4.46 0.80 5.73 3.89 9.58 4.44 0.83
AR-SC 4073.04 44.39 36.06 0.15 0.16 0. 64 2.28 0.11
NA- EL 4747.16 34.26 3.75 2.13 15.63 0.17 '1.50 0.74
NA- EG 1377.38 18.86 11.33 4.17 2.35 0. 05 3.23 0.14
NA- MVE 38.28 0.21 3.82 1.55 0.15 0.23 1.48 0.19
NA- MR 359.35 3.25 0.06 0.74 2.43 1.86 0.11 0.00
Hm Mean 2596. 16 10.77 9.46 3.25 1.05 1.36 1.16 0.16

P, P2, P3, and P4 are the linear, quadratic, cubic, and quartic terms for the predictor and S denotes subgroup effects.
Each dement in the table is an F statistic with one degree of freedom at a large number (> 100) of degrees of freedom
in the denominator. The critical value for such an F statiticis about 5.1 (dpna = .05).
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Aggregation of Results

Table5 (aand b) bdow shows the overal means and gandard deviationsacross samples o
the t-vaues used to summarize the differences of interest. As described in Appendix E, an
goproximation that does nat assume equa underlying variances was used; consequently, the
degrees of freedom depend on the ratio of the underlying variances as wdl as the sample Sizes.
In al cases, thedegreesof freedom were greater than the smdler of the two samples minusone,
and 0 a least 39. Even at this minimum degrees of freedom, the variance o thet datisticis
nat more than 10 percent greater than one, and so, under the null hypothesis of no differences
by race or gender, the t-vaues would have a mean o zero and a Sandard deviation of closeto
one. The dgnificance of the meen differencesis discussed below. It is interesting to note that
the gandard deviations were only dightly larger than one. Sysematic variability across samples
in the 9ze o mean differences would increase the overdl variation in the t-vaues above one.
The finding that the variance of the t-values was only dightly above one suggests that such
gysgematic differences were smdll.

Table 5a
Didribution of T-Values Across Samples by Race*

St andar d _ _
Statistic Mean Devi ati on M ni mum Maxi_ mum
Sensitivity -0.212 1.066 -4.134 2.944
Perf. at -1.0 sd -0.156 1.074 -2.646 3.024
Perf. at -0.5 sd -0.449 1.288 -4.581 3.058
Perf. at the nmean -0.899 1.761 -6.525 4.251
Perf. at +0.5 sd -1.073 1.555 -7.885 3.271
Perf. at +1.0 sd -0.775 1.184 -4.759 3.025
Prediction Error 0.046 1.432 -8.003 4.829
*Results by Race (338 Samples)
Table5bb

Didribution of T-Values Across Samples by Sex**

St andar d
Statistic Mean Devi ation M ni_mum Maxi_mum
Sensi ti vi ty 0.343 1.008 -2.024 2.965
Perf. at -1.0 sd -0.205 1.204 -5.092 2.575
Perf. at -0.5 sd -0.564 2.140 -10.941 5.212
Perf. at the nean -0.650 2.775 -11.843 5.544
Perf. at +0.5 sd -0.164 2.139 -8.535 5.099
Perf. at +1.0 sd 0.090 1.516 -5.123 3.708
Prediction Error -0.306 1.367 -5.436 2.957
**Reaults by Sex (166 Samples)
Difference (focal - reference group values)
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Differencesin Sengtivity

Table 6 (aand b) on page 19 shows the estimates of sengtivity differenceshy race and sex
respectively. In these and subsequent anayses, both selection test and criterion scores were
gandardized to have a mean of zero and a standard deviation of onein the youth population. In
thismetric, the sengtivity measure isanaogousto an estimate of the corrdation of predictor and
criterion scores in the youth population as a whole. (The sengtivity measure would be identica
to the correlation, corrected for regtriction in range, if alinear modd were used.)

The sengtivity measuresar e quite high for all groups. Overdl, each group shows over a hdf
dandard deviation gain in the criterion measure for a one sandard deviaion increment in
sdection compodte levd. In the aggregate, the sdection composites are quite sendtive in
identifying potentidly able performers. The results by sex are quite different from the results
by race. Here, the ASVAB technical compositeswere found to be more sengtive predictorsfor
femdes than for mdes. This result wes dso found for mog of the individua compostes,
athough the differences were sgnificant for only about hdf of the compostes.

In the aggregate, the sendtivity measures were greater for whites than for blacks, dthough
the differences are only datigticaly sgnificant in relatively large samples. The Navy's EL
composite was the one composite that showed greater sengtivity for blacks than for whites,
dthough this difference was not satisticaly significant.

Standard Error of Prediction

Differences between blacks and whitesin terms of standard error of prediction were mixed.
(See Table 7aon page 20.) For two compostesthere was a dight but tatisticaly significant
differencewith smdler prediction errors for whites. For two other composites the opposite wes
true. Overdl, there was not a Sgnificant difference.

The s=x differencesin prediction errors were quite cong stent with the sengitivity differences.
(SeeTable7b on page 20.) Overdl, prediction errors were sgnificantly smaler in the femde
samples. Smdl but sgnificant differences in the same direction were found for three of the
individua compodtes. There were no compostes for which the prediction errors were
sgnificantly smdler for maes.
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Table 6a
Sensitivity Measures by Race

. No. of Total Cases Sensitivity
Conposite Sanpl es Bl acks Wi t es Bl acks Wi t es Diff. =
Tot al 338 95,080 281,063 0.56 0.62 -0.06 =3.9%%
Air Force
E 17 1,121 11,070 0.67 0.75 -0.08 -0.6
M 11 853 8,682 0.40 0.47 -0.07 -0.7
Army
EL 70 19,460 39,905 0.50 0.56 -0.06 -2.3*
GM 78 11,759 34,876 0.56 0.61 -0.05 -1.3
MM 75 17,847 71,485 0.73 0.77 -0.04 -1.1
OF 53 33,684 63,429 0.53 0.62 -0.10 ~2.6%*
SC 14 6,636 19,930 0.56 0.60 -0.04 -0.9
Navy
EL 11 1,754 18,087 0.52 0.46 0.06 0.5
EG 4 1,544 11,096 0.41 0.48 -0.07 -0.9
Table6b
Sensitivity Measures by Sex
No. of Total Cases Sensitivity
Composite Samples Femul es Mal es Fenul es Mal es Diff . L
Tot al 166 33, 017 249, 712 0.71 0.61 0. 09 4 3%k
Air Force
E 17 1, 580 10, 113 0. 56 0.72 -0. 16 -1. 4
M 8 750 7,742 0. 67 0. 43 0.24 2.2%
Army
EL 43 6,981 45,023 0.65 0.57 0.08 2.2%
GM 26 2,008 23,032 0.70 0.60 0.11 1.5
MM 23 3,738 49,241 0.77 0.73 0.04 0.6
OF 22 11,233 65,286 0.86 0.70 0.16 3. T*%*
SC 15 4,455 23,484 0.74 0.58 0.16 3.2%%
Navy
EL 6 1,607 12,405 0.56 0.53 0.04 0.3
EG 3 466 12,186 0.74 0.58 0.16 0.9

* _ difference significant at the .05(hvotal) level
** _ difference significant a the .01(hvotail) level
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Sandard Error of Prediction by Race

Table 7a

AS92009

No. of Total Cases Standard Error of Prediction
Composite Samples Whites Bl ack L
Tot al 338 95,080 281,063 0.78 0.77 0.01 1.1
Air Force
E 17 1,121 11,070 0.56 0.55 0.02 0.8
M 11 853 8,682 0.65 0.68 -0.03 -1.1
Army
EL 70 19,460 39,905 0.78 0.80 -0.02 =2, T**
GM 78 11,759 34,876 0.78 0.80 -0.01 -1.4
MM 75 17,847 71,485 0.78 0.74 0.04 5.0%*
OF 53 33,684 63,429 0.86 0.84 0.02 2.6%*
sc 14 6,636 19,930 0.85 0.85 -0.00 -0.0
Navy
EL 11 1,754 18,087 0.62 0.63 -0.01 -0.8
EG 4 1,544 11,096 0.75 0.79 -0.04 -2.0*
Table 7b
Sandard Error of Prediction by Sex
No. of Total Cases Standard Error of Prediction
Composite Samples Femnl es Mal es Fenal es Mal es Dff. L
Tot al 166 33,017 249,712 0.75 0.78 -0.02 =3.9%*
Air Force
E 17 1,580 10,113 0.53 0.53 -0.00 -0.2
M 8 750 7,742 0.69 0.69 0.00 0.0
Army
EL 43 6,981 45,023 0.78 0.81 -0.03 -2 .9%*
GM 26 2,008 23,032 0.77 0.82 -0.05 -2, T**
MM 23 3,738 49,241 0.74 0.77 -0.03 -2.1*
OF 22 11,233 65,286 0.83 0.84 -0.01 -0.8
sC 15 4,455 23,484 0.85 0.85 -0.01 -0.5
Navy
EL 6 1,607 12,405 0.63 0.64 -0.01 -0.6
EG 3 466 12,186 0.77 0.77 0.00 0.1

* _ difference significant a the .05 (two-tail) level
** _ difference significant at the .01 (two tail) level
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Fairness

Figures 1 and 2 below show predicted criterion levels a key selection compositelevels by race and sex
for all samples combined.

0.8
0.6
0.4
0.2

80 90 100 110 120
Selection Composite Score
+Black Mn — Black LB — Black UB
M White Mn - - White LB - - White UB

Bassd on 338 Sanpl es with a Total of 95,080 Blacks and 261,063 Whites

Figure 1. Predicted Performance by Race: Pooled Results for All Composites

80 90 100 110 120
Selection Composite Score
+Female MN — Female LB — Female UB

#MaeMN --MalelB --MaleUB

B u don 187 Sampies with a Total of 33,104 Famales and 249,980 Males
Figure 2. Predicted Performanceby Sex: Pooled Results for All Composites
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Table 8 (a and b), bdow and on page 23, shows the datigtical comparison of differences in these

predicted criterion levels.
el
Table 8a ‘
Prediction Differences at Key Pointsby Race .J
Prediction at -1.0 8.d. Prediction at -0.5 8.d. Prediction at Pop. Mean ‘|
Comp . Black Wite Diff t Black White Diff ¢t Black Wite Diff t
Tot al -0.76 -0.65 -0.11 -2.8** -0.43 -0.32 -0.11 -8.2%* -0.12 -0.02 -0.10 -16.5** ;J
Air Force 7
E -0.77 -0.54 -0.23 -0.4 -0.34 -0.25 -0.10 -0.3 0.05 0.09 -0.04 -0.3
M -1.14 -0.11 -1.083 -2.2" -0.50 -0.04 -0.46 -2.2" -0.01 0.10 -0.112 -1.9 ~J
Army . \
EL -0.82 -0.57 -0.25 -3.3%% -0.41 -0.25 -0.16 -5.5%% -0.07 0.05 -0.12 -9, 7**
GM -0.60 -0.53 -0.07 -1.0 -0.35 -0.25 -0.10 -4.4%* -0.10 0.01 -0.11 -7.4%%*
MM -1.00 -1.01 0.02 0.2 -0.59 -0.47 -0.12 -3.9** -0.18 -0.03 -0.16 -10.4%** LJ
OF -0.77 -0.75 -0.01 -0.2 -0.47 -0.40 -0.07 -3.0** -0.20 -0.08 -0.13 -9,9%*~*
sC -0.86 -0.58 -0.28 -2.5* -0.38 -0.34 -0.03 -0.8 -0.01 -0.09 0.08 3.8%*
Navy LJ
EL 0.32 0.21 0.11 0.2 0.08 0.08 0.01 0.0 0.08 0.13 -0.05 -0.7
EG 0.31 -0.42 0.73 1.5 -0.11 -0.29 0.17 1.0 -0.23 -0.10 -0.13 -2.8%*
Prediction at +0.5 s.d. Prediction at +1.0 s.d. LJ
Comp. Black Wiite Diff t Black Wiite Diff t
Tot al 0.18 0.31 -0.13 -19.8** (0.49 0.64 -0.15 -14.27*~* ;J
Air Force
E 0.43 0.49 -0.06 -1.7 0.74 0.86 -0.12 -4.1** :
M 0.27 0.31 -0.04 -1.3 0.43 0.56 -0.13 -2.6%** LJ
Army
EL 0.22 0.33 -0.12 -8.6** 0.45 0.61 -0.16 -8.3** !
GM 0.17 0.30 -0.13 -6.8*% 0.47 0.62 -0.16 -4.6*%* LJ
MM 0.15 0.36 -0.21 -16.9** 0.53 0.71 -0.18 ~-7.9%*
OF 0.06 0.22 -0.16 -11.8** 0.33 0.53 -0.20 -6.4**
sc 0.29 0.19 0.10 5.0** 0.52 0.51 0.01 0.4 LJ
Navy :
EL 0.32 0.42 -0.09 -2.5* 0.72 0.75 -0.03 -1.0
EG -0.03 0.15 -0.19 -2.8** 0.50 0.48 0.02 0.2 {
J
*-dmammdmmwmmm&%awﬂmﬂw¢
** _ difference significant at the .01 (two-tail) level J
L‘
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Table 8b
Prediction Differences at Key Pointsby Sex

AS92009

Predictionat -1.0 s.4. Predictionat -0.5 s.d. Predictionat Pop.
Comp . Fem. Mile Diff ¢t Feen. Male Diff t Fen Mle Dff
Tot al -0.84 -0.71 -0.13 -2.5* -0.51 -0.39 -0.12 -7.1** -0.11 -0.04 -0.07
Air Force
E 0.30 -0.38 0.68 1.4 0.18 -0.15 0.33 1.3 0.21 0.13 0.07
M 0.26 -0.09 -0.17 -0.3 -0.17 -0.02 -0.15 -0.6 0.05 0.10 -0.05
Army
EL -0.94 -0.57 -0.38 -3.3** -.0.53 -0.28 -0.25 -6.5** -0.15 0.02 -0.17
GM -0.08 -0.57 0.48 2.9*%* -0.13 -0.28 0.16 3.0** 0.11 -0.07 0.18
MM -1.59 -1.01 -0.58 -5.7** -0.91 -0.50 -0.41-13.5%* -0.34 -0.03 -0.30
OF -0.89 -0.88 -0.01 -0.1 -0.52 -0.50 -0.03 -1.1 -0.16 -0.15 -0.01
sc -0.78 -0.57 -0.21 -1.6 -0.36 -0.34 -0.02 -0.4 -0.02 -0.09 0.06
Navy
EL 0.32 0.21 0.11 0.2 0.08 0.08 0.01 0.0 0.08 0.13 -0.05
EG 0.31 -0.42 0.73 1.5 -0.11 -0.29 0.17 1.0 -0.23 -0.10 -0.13
Prediction at +0.5 s.d. Predictionat +1.0 s.d.
Comp . Eern Male Off ¢ Eem Mile Dff t
Tot al 0.28 0.29 -0.02 -2.0* 0.64 0.63 0.01 1.1
Air Force
E 0.46 0.48 -0.03 -0.9 0.79 0.86 -0.08 -3.5%%*
M 0.34 0.30 0.04 1.0 0.75 0.55 0.21 2,9%*
Army
EL 0.23 0.30 -0.07 -3.5** 0.55 0.58 -0.03 ~-1.3
GM 0.39 0.23 0.16 4.6** 0.77 0.55 0.22 4 Q**
MM 0.12 0.34 -0.23 -8.2** (0.44 0.65 -0.21 -3.8%*%*
OF 0.23 0.20 0.02 1.4 0.66 0.54 0.12 3.3%*
sc 0.31 0.19 ©0.12 5.2** 0.66 0.50 0.16 4 4r*
Navy
EL 0.32 0.42 -0.09 -2.5* 0.72 0.75 -0.03 -1.0
EG -0.03 0.15 -0.19 -2.8** 0.50 0.48 0.02 0.2

Mean

-8

-10.
L GR*
-14.

-0.

LG¥x

-0.
-2.

lr—'-

L2%%k

gx*

6**

8x*

* difference significant at the .05 (two-tail) level;

** - differencesignificant at the .01 (two-tail) level

The reaults by race indicate that, for each predictor score level, whites had dgnificantly
higher expected criterion scores. Whilethe differencesare of statistical Sgnificancein thesevery
large samples, they are of somewhat limited practica significance, being only about one-tenth
of a sandard deviation. (With this sze difference, for example, roughly 46% of the blacks at
asdection score leve will score above the criterion meen for whitesat that level.) Mot of the
individual composites dso showed sgnificant overprediction for blacks. The only sgnificant
differencesin the opposte direction were found for the Army SC composite.
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The overdl results by sex were quite amilar to the results by race, with maes having
significantly higher criterion scores at all but the highest level of the sdlection test scde. In these
analyses, the Army GM and SC composites both showed results counter to the overdl trend at
severd points in the range of interest. Agan the Sze of the differences is quite small,
notwithstanding the statistical significance in these large samples. At the high end of the scale,
thearea of greatest interest in the GAO’s analyses, the average differencesare literaly zero.

Marine CorpsJob Performance Measurement Project

The andyses of the Marine Corps Job Performance Messurement Project proceeded
somewhat differently from the analyses reported here. In particular, those data were collected
for research only, while the data reported above usad operationa scores for each recruit, 0
greater atention was given to diminating outliersthat might reflect lack of motivation or other
factorsassociated with research-only data. Nonethdess, the results of the Marine Corps andyses
were entirely consgent with the above fmdings. The difference in regression dopes between
blacksand whites was not significant. The difference between the regression lines was aso not
sgnificant but in the same direction as the aggregate resultsin the present study. Thedata used
in this andyses were nat available for pooling with results from the other data sets, but the
sample size, 118 blacksand 632 whites, was too smdl to have had any sgnificant effect on the
overal results. Appendix A contains more information on andyses of the Marine Corps dat a
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Condugons

The genera conclusion from the analysesis that the ASVAB technical compositesare highly
senditive predictors o training and job performance for al gpplicant groups. Contrary to the
GAO’s findings, these composites were found to be more sengtive predictors for femaes than
for maes Smdl but sgnificant differences indicating greater senstivity for whites than for
blacks do suggest the need for further investigation and possible refmements in the battery and
the technical composites derived from the battery.

The smdl but persstent differencesin the prediction functions suggest that there are other
characterigtics, not measured by the current ASVAB, which are rdated to job outcomesand on
which the gpplicant groupsdiffer. As nev measuresare consdered for incluson in the ASVAB,
it will be important to evauate the extent to which such differences might be accounted for.

Overdl, the reaults do not suggest the nead for urgent changesin the current ASVAB or in
the sdlection compositesderived from the ASVAB. Nonethdess, proposed changesare currently
under evaluation. New measures under consderation include spatia, psychomotor, and memory
tedts. Itispossble, but by no means certain, that the characteristicsmeasured by these new tests
will be less rdlated to the opportunity to learn. Consequently, there mey be smdler differences
among gpplicant groups in these naw tests in comparison to many of the tests in the current
battery. The impact of these nev measures on the sengtivity and fairness of the battery as a
whole will be carefully evauated in deciding whether they should be used operationdly.

In addition to consdering new measures, the Services continue to review their selection

compostes and to congder changes. The andyses reported here provide a modd for
investigation of the sengtivity and fairness of any new compositesfor all gpplicant groups.
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APPENDIXES

Appendix A

Subgroup Effectsin the Prediction of Hands-on Performance Scores
for theMarine Corps Automative M echanic Specialty

To investigate sengtivity and fairness of the ASVAB technica composites in the
Marine Corps, severa factors were studied:

e the Marine Corps hands-on performance test (HOPT) for the Automotive
Mechanic specialty;
timein sarvice (TIS);
enlistment ASVAB composites; and
current computer-adaptive ASVAB composites (CAT-ASVAB).

Discussion follows.

In its Job Performance Measurement (JPM) project, the Marine Corps developed a
hands-on performancetest (HOPT) for the AutomotiveMechanic speciaty (MOS 3521).
Thetest consistsof a sample of tasks that a mechanic needs to perform in the course of
hisor her work. Each task was divided into a number of steps; each step was scored as
performed correctly or not. The test was administered by former Marines who had
relevant job experience and were trained to score performance objectively. Wigdor and
Green (1986, p. 95) refer to such a score as the "benchmark measure’ of job
performance.

Time in sarvice (TIS) has been found to be a powerful predictor of hands-on
performance. Given equal ASVAB scores, senior Marines score higher on the HOPT,
on the average, than junior Marines. Thisincrease resultsfrom training on the job. The
rate of growth dows as time increases (note exclusons below). Therefore, TIS and its
square were included as predictors, along with the ASVAB scores.

The available ASVAB technical composites were those the Marine enlisted with, plus
composites from a computer-adaptive version of the ASYAB (CAT-ASVAB) that was
administered the day after the HOW. Occupationa composites used by the Marine Corps
have a mean of 100 and a standard deviation of 20 in the nationa population. The
composite used for the Automotive Mechanic occupation is Mechanical Maintenance

MM).

The MM composite is considered fair to black maes if the regression of the HOPT
on the MM isthe samefor black malesasfor white males. Standard Statistical tests were
performed using a Statistical Analysis Sysem (SAS) program. Equa dopesin the two
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groups imply that the MM composte is equdly sendtive for both groups. Equa
intercepts imply that there is no over- or underprediction from the HOPT for either
group.

One problem was that the minority sample size was originaly only 118, much smdler
than the minimum of 400 per composite ussd in andyzing deta from the other Services.
When sample sze is smdl, a few highly influentid cases can change the reault
substantialy. Therefore eech sgnificancetest was preceded by influenceanadysis. Cases
with extreme vaues o the influence function were excluded, and then a Sgnificance test
was performed on the edited sample.

Excduded from the study were

e femdes and Higpanics, because their numbers were too smdl for ussful
andyss,
Marines whose TIS exceeded ten years (4 cases);
cases with extreme vadues of influence (12 cases).

The remaining sample, with complete data for each Marine, contained 106 black mdes
and 632 white maes

In the influence andyss of the MM composite obtained at time of enlissment, the
regresson equation initialy included aterm to represent the differencein dopes between
black maesand white maes. Influenceon thisterm was cdculated for al individuas in
the sample. The sandard deviation of the influence vaues was ,038, whilethe mean was
zexo, as theory requires. Usng the edited sample, the F ratio for difference between
dopes was 0.54, which is datigtically nonsgnificant. Therefore, in the andydss of
difference between intercepts, dopes in the two groups were set to be equa. Then
influence andlys's was performed for difference betwean intercepts. Standard deviation
o influence vaueswas .041. Agan, cases with influence above .25 in magnitude were
ddleted. This further reduced the sample size by three. The F ratio for difference
between intercepts was 3.62, which is nat sgnificant at the .05 leve.

A smilar procedure was followed with the MM composite obtained from the CAT-
ASVAB. The cutoff vauefor size of influence was agan .25. Three cases were deleted
for the andyss of dopes and two morefor the andyss of intercepts.

Regresson coefficients, F ratios, and tail probabilitiesusng the enligsment ASVAB
and the CAT-ASVAB composites were as follows
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Sope
Edimates
F ratio

Significanceleve

| ntercept
Edimates

Fratio
Significanceleve

Enlistnent ASVAB

Black White
Males Mdes
22 31
0.54
.46
37.67 39.15
3.62
.057

CAT- ASVAB

Black White
Mdes Mdes

38 .35
0.17
.68

32.70 34.09
3.58
.059

The gatistical Sgnificanced the intercept differencesis even wesker than it gppears.
Since four F tests were parformed, a .05 sgnificance levd for the entire set of tests
requires that, for an individua F ratio to be consdered sgnificant, its tail probability
should be smdler than from .05/4 to .0125. If the .05 significance levd is applied to
individud F tests, the overal significance leve is from .05/4 to .20. Thus, the st of
four F tests reported above is nonggnificant a the .20 levd.

In summary, the Marine Corps JPM results for the Automoative Mechanic specidty,
usng the hands-on performance test as the criterion, show that the MM composte is
equaly sengtive for both black and white mdes The results dso show that the

regresson equation does nat over- or underpredict the performance of black maes.
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Appendix B

Sample Sizesfor Navy SchoolsUsed in the Analyses*

AS92009

CDP/RATING DESCRI PTI ON B
6501 AD Avi ati on Mechanic 355
6506 AO Avi at. Ordnancenan 138
6240 BAQ Aviat.Fire Contrl.Tech. 59
6239 AT Avi at. Elect. Tech. 166
6241 AX Aviat. Elect. Tech 43
6161 CTM Cryptolog. Tech. Mint.
6131 DS Dat a Sytens Tech.

615L ET1 El ectroni cs Tech. (ph 1) 295
603V ET2 El ectroni cs Tech. (ph 2) 194
609w FC Fire Control Tech. 79
6400 GM Gunner’s Mate 49
611T IC/4YO Interior Com Tech. 247
6015 STG Sonar Techni ci an 129
6612 BT/4YO Boi |l er Technici an 481
6613 BT/6YO Boi |l er Technician 50
6487 EN/4YO Engi neman 368
6611 MM/4YO Machi ni sts Mate 645

ME:  Mechani cal

6097 EO Equi prrent Qper at or 53
6519 PR AirCrw. Survl. Equipmn.
6513 ABE Avait Btwsns Mate (EQP) 99
6512 ABF Avait Btwsns Mate (FLS) 86
6517 ABH Avait. Str.Mech (Hydrl) 130
6068 MR Machi nery Repairman 54

EL: Electronics Conposite

EG Engi neering Conposite

Sanpl e Sizes
w E

2375
559
871

3560
911

2809
2124
1691

371
1168
le666

3153 40
635
3167 338
4141 88
Conposite
663

41

229

399

87
41
441
337

160

MR Machi nery Repair

290
239
426
915

158

2714

3413
268
207

2733
2046

1292

3805

3385
4996

372

828

* CDP = Course Daa Processng Number, Rating indicated job code.
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Sample Sizesfor Air Force Apprentice-leved SpecialtiesUsed in the Analyses*

Appendix C

Cmp AESC

MIPOO>PIZIOMMMZMMIIZIMMZIMOOMMMMMMMMMMMMOOOOOTO0OTO000O0

12230
20130
20230
20630
20731
20833
23330
25130
27132
27230
27430
27630
27630B
27630C
30430
30431
30434
30630
30633
32430
32530
32531
32830
32831
32833
36231
39130
39230
41130B
41131A
41132A
42330
42331
42731
42735
45234
45430A
45433
45434
45730
45732
45831
46130
46230F
46530
49131
49132
49231
49330

Sanpl e Sizes
Description

Acrw Life Suprt Spec
Intel Ops Spec

Radi o Gxrn Analy Specl
Imagry | nterprtr Specl
Morse Sys Oper

Crypto Ling Specl

| magery Prod Specl

Weat her Specl

Ops Resource Myt Specl
Alr Traffic Crl Opr
Command and Cirl Specl
Aer ospace Con & Warn Sys Opr
" " 416l SAGE
" " 40/L TACS
Wideband Com Egp Specl
Nav Aid Equi p Specl

Grnd Radi o Equip Specl

El ect Comp&Crypto EQ Specl
Tel ecorn Sys Maint Specl
Prec Msnt Equip Lab Specl
Avi oni cs Fl gt Contr Specl
Avionics Instr Sys Specl
Avi oni cs Com Sys Specl
Avi oni cs Nav Sys Specl

El ect Warfare Sys Specl
Tel ephone swi tchi ng Specl
Mai nt Data Syst Analy Tech
Mai nt enance Schedul fBSCI
" L BGV}

Msl Maint Specl WS-133
Msl Facilts Specl wS1338
Acrft Elect Sys Specl
Acrft Env Sys Specl
Corrosive Cont Spec

Air Frame Repr Specl

Tac Acrft Mint Specl
Aerosp Proplsn Specl JE
Acft Fuel Sys Specl

Acft Pneudraulic Sys Spc
Bomb-Nav Sys Specl
Airlift Acft Mint Specl
Non Destr |nspect Specl
Munitions Sys Specl

n 1] n " F_16
Muni tions Ops Specl

Com - Comp Sys Opr
Com-Comp Sys Progrm Spec
Grn Sys Radi o Oper

Com Sys Hectrng Spect Mt

33

187
147

313
320
373

352

178
519

880
251

523

1218
321
250
647
410
555
523
523
446

148
354
332
476
219
704
319

686
1610
726
531
423
1103
876
160
1606
610
147
1989

367
434

F M
85 342
114 263
136 302
66 168
151 355
65 335
77 154
165 457
82 92
280 805
108 234
42 77
43 77
162 510
53 195
41 183
277 1178
73 305
61 242
118 620
92 387
111 538
104 507
87 525
42 159
58 156
148 343
74 330
100 803
63 334
53 365
57 707
98 1683
64 527
98 1104
50 922
68 146
106 1696
77 149
509 1666
53 218
215 373
101 432
continued
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Sample Sizesfor Air Force Apprentice-level SpecialtiesUsed in the Analyses*

Cmp AFSC

49630
54232
55330
55530
56631
57130
60130
60230
60231
60530
60531
62330
63130
64530
64531
67231
67232
70130
70230
73230
73231
81130
81132
81132A
81150
90130
90230
90232
90330
90530
90630
90730
90830
91330
91530
92430
92630
98130
98230

NRAAAAAAQAAQAQRAAQAAAQAQAPPPPIIAPRQARPPIPIQAQARQRQARGQ

Sanpl e S zes
Degcription

Com-Comp Sys P & P Myt Spc

Hect Pow Prod Spec
Engi neeri ng Asst Specl
Production Gontrl Specl
Environ Support Specl
Fire Protecti on Specl
Packi ng Specl

Passngr 7 HHG Specl
Frei ght & Pkgng Specl
A r Passenger Specl
Air Cargo Specl

Servi ces Specl

Fuel Specl

I nventory Mmt Specl
Mt Strg & Distr Specl
Fi nanci al Mym Specl

Fi nanci al Servi ces Specl
Chapel Mynt Specl

I nf or mat 1 on Mym  Specl
Career Advi sory Specl
Personal Affairs Specl
Security Specl

Law Enf or cenent Specl
Law Enf Wrki ng Dog Qual
Security Specl

Aer onedi cal Specl

Medi cal Servi ces Specl
Surgi cal Services Specl
Radi ol ogi ¢ Specl

Phar nracy Specl

Medi cal “ Admin Specl

B oeng Specl

Envi ronnent al Medcn Specl
Physi cal Ther ap?/ Specl
Medi cal Material Specl
Medi cal Lab Specl

D et Therapy Specl

Dent al Assi st ecl
Dental Lab Spec

iw

41
44

51
269
60
84
100

188

158

I=

333
137

199
1687
227
165
252
225
605
543
1417
2164
214
334
462

2248
1090
67
6881
3234
485
554
204
1602
150
240
191
620
146
142

252
326
172
566

=

130

162
74

248
177
255
175
653
585
1535
2261
252
285
408

2483
900
54
7478
3316
455
628
198
1385
120
212
170
597
140
145

227
350
136
505
159

*Cmp indicates selection composite; AFSC is Air Force Specialty Code
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Appendix D

Sample Sizesfor Army SpecialtiesUsad in the Analyses
By Selection Composite*

AS92009

264
26Q
26Q
26V
27E
27E
27E
27E
27E
29E
29E
294
294
294
29N
29N
29V
29V
314
31K
31K
31K
31K
31L
31L
31M
31M
31M
31M
31M
31M
31N
31N
31N
31N
31N
31Q
31a
31a
31V
31v
31v
31v

320
320
32D
32D
35K
35K
35K
35L
36C
36C

Year

Description

1=

Electronics (EL) Composite

TACTICAL SATELLITE/MICROWAVE SYSTEM OPER
TACTICAL SATELLITE/MICROWAVE SYSTEM OPER
TACTICAL SATELLITE/MICROWAVE SYSTEM OPER
STRATEGIC MICROWAVE SYSTEMS REPAIRER
TOW/DRAGON REPAIRER

TOW/DRAGON REPAIRER

TOW/DRAGON REPAIRER

TOW/DRAGON REPAIRER

TOW/DRAGON REPAIRER

RADIO REPAIRER

RADIO REPAIRER

TELECOMMUNICATIONS TERMINAL DEVICE REPA
TELECOMMUNICATIONS TERMINAL DEVICE REPAI
TELECOMMUNICATIONS TERMINAL DEVICE REPAI
TELEPHONE CENTRAL OFFICE REPAIRER
TELEPHONE CENTRAL OFFICE REPAIRER
STRATEGIC MICROWAVE SYSTEMS REPAIRER
STRATEGIC MICROWAVE SYSTEMS REPAIRER
TELECOMMUNICATIONS TERMINAL DEVICE REPA
COMBAT SIGNALER

COMBAT SIGNALER

COMBAT SIGNALER

COMBAT SIGNALER

WIRE SYSTEMS INSTALLER

WIRE SYSTEMS INSTALLER

MULTICHANNEL COMMUNICATIONS SYSTEMS OPER
MULTICHANNEL COMMUNICATIONS SYSTEMS OPER
MULTICHANNEL COMMUNICATIONS SYSTEMS OPER
MULTICHANNEL COMMUNICATIONS SYSTEMS OPER
MULTICHANNEL COMMUNICATIONS SYSTEMS OPER
MULTICHANNEL COMMUNICATIONS SYSTEMS OPER
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
TACTICAL SATELLITE/MICROWAVE SYSTEM OPER
TACTICAL SATELLITE/MICROWAVE SYSTEM OPER
TACTICAL SATELLITE/MICROWAVE SYSTEM OPER
UNIT LEVEL COMMUNICATIONS MAINTAINER
UNIT LEVEL COMMUNICATIONS MAINTAINER
UNIT LEVEL COMMUNICATIONS MAINTAINER
UNIT LEVEL COMMUNICATIONS MAINTAINER
UNIT LEVEL COMMUNICATIONS MAINTAINER
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
COMMUNICATIONS SYSTEMS/CIRCUIT CONTROLLE
AVIONIC MECHANIC

AVIONIC MECHANIC

AVIONIC MECHANIC

AVIONIC COMMUNICATIONS EQUIPMENT REPAIRE
WIRE SYSTEMS INSTALLER

WIRE SYSTEMS INSTALLER

35

109
160
159

89
149
144
114

364
423
372

275
363
311
239
189
443
519
437
335
354
291
242
323
399
401
1631
1671
2034
137
795
520
1757
1757
1844
2373
1988
688
153
113
82
88
108
395
457
250
732
1219
1617
1537
832
362
349
444
419
198
207
366
158
1108
776

im

51
60

54

42

49
17
239
265

332
208
386
476
447
445
443
152

60

74
71
63
46
66

41
80
122
147

114
128
177
169
47
44
61

497
343

435
550
521
322

486

338

415
2660
2708
3312

1316
909
2251
2231
2642
3379
2955
117
187
124
88
99
159
537
591

950
1621
2181
2114
1219

385

440
456
217
236
419

1740
1305

Prior New
26Q 31q
26Q 31Q
260 31e
26V 29V
27H 27E
27H 27E
27H 27E
27H 27E
27H 27€
31E 29€
31E 29E
314 29J
314 29J
31 294
36H 29N
36H 29N
26R 29v
26R 29v
314 294
058 31K
058 31K
058 31K
05B 31K
36C 31L
36C 31L

31M

31M

31M

31M

31M

31M
320 31N
32D 31N
320 31N
32D 31N
320 31N
26Q 31a
260 31e
260 31Q
316 316
316G 316G
316 316
316G 316
316 316
32D 31N
320 31N
320 31N
32D 31N
35K 68N
35K 68N
35K 68N
35L 68L
36C 31L
36C 31L
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Appendix D
(continued) |
.
Sample Sizesfor Army SpecialtiesUsad in the Analyses |
By Selection Composite* i
-
MOS Year Description B u E M Prior New u
36H 85 TELEPHONE CENTRAL OFFICE REPAIRER 42 161 36H 29N :
36M 85 SWITCHING SYSTEMS OPERATOR 44 14 . . 36M J
36M 86 SWITCHING SYSTEMS OPERATOR 116 235 115 258 36M
36M 87 SWITCHING SYSTEMS OPERATOR 234 367 192 437 36M
36M 88 SWITCHING SYSTEMS OPERATOR 266 372 210 453 36M
51R 86 INTERIOR ELECTRICIAN 46 283 . 51R
51R 87 INTERIOR ELECTRICIAN 74 357 51R -
51R 88 INTERIOR ELECTRICIAN 58 291 51R
51R 89 INTERIOR ELECTRICIAN 40 173 . . 51R .
556 85 NUCLEAR WEAPONS SPECIALIST . . 42 9% 35F 556 !
684 88 AIRCRAFT ARMAMENT/MISSILE SYSTEMS REPAIR 54 291 . . 684 -
684 89 AIRCRAFT ARMAMENT/MISSILE SYSTEMS REPAIR 85 492 . . 684
684 90 AIRCRAFT ARMAMENT/MISSILE SYSTEMS REPAIR 48 261 . . 684
96R 85 GROUND SURVEILLANCE SYSTEMS OPERATOR 105 329 . . 17 96R ;
96R 86 GROUND SURVEILLANCE SYSTEMS OPERATOR 71 236 . . 17K 96R ?
96R 87 GROUND SURVEILLANCE SYSTEMS OPERATOR 42 124 . 17 96R
96R 88 GROUND SURVEILLANCE SYSTEMS OPERATOR 58 203 . 17 96R
96R 89 GROUND SURVEILLANCE SYSTEMS OPERATOR 49 m . 17K 96R 1
-
General Maintenance (GM) Composite
41c 85 FIRE CONTROL INSTRUMENT REPAIRER 46 106 41¢c
41c 88 FIRE CONTROL INSTRUMENT REPAIRER 45 50 . ] 41¢c o
420 85 DENTAL LABORATORY SPECIALIST . 46 80 420
43E 85 PARACHUTE RIGGER 97 403 67 468 43E
43E 86 PARACHUTE RIGGER 95 406 79 454 43E
43E 87 PARACHUTE RIGGER 80 349 59 393 43E 1
43E 88 PARACHUTE RIGGER 84 421 . 43E -4
43E 89 PARACHUTE RIGGER 11 432 . 43E
43M 85 FABRIC REPAIR SPECIALIST 76 4 43M
43M 86 FABRIC REPAIR SPECIALIST 90 41 43M ;
448 85 METAL WORKER 56 297 44BT J
448 86 METAL WORKER 99 447 448
448 87 METAL WORKER 127 507 44B
448 88 METAL WORKER 130 485 . 44B i
448 89 METAL WORKER 92 292 . 448 j
458 88 SMALL ARMS REPAIRER 43 214 458 -
458 89 SMALL ARMS REPAIRER 41 195 458
45K 85 TANK TURRET REPAIRER 45 258 . 45K
45K 86 TANK TURRET REPAIRER 53 302 . 45K ‘
45K 87 TANK TURRET REPAIRER 67 289 . 45K -
45K 88 TANK TURRET REPAIRER 73 347 . 45K
45K 89 TANK TURRET REPAIRER 51 245 . 45K
457 87 BRADLEY FIGHTING VEHICLE SYSTEM TURRET M 50 160 . 457
457 88 BRADLEY FIGHTING VEHICLE SYSTEM TURRET M 53 164 . 457 J
457 89 BRADLEY FIGHTING VEHICLE SYSTEM TURRET M 49 145 457
518 85 CARPENTRY AND MASONRY SPECIALIST 104 395 51c 518
518 86 CARPENTRY AND MASONRY SPECIALIST 126 416 51cC 518
518 87 CARPENTRY AND MASONRY SPECIALIST 170 596 51c 518 |
518 88 CARPENTRY AND MASONRY SPECIALIST 247 921 51c 518 —d
518 89 CARPENTRY AND MASONRY SPECIALIST 213 712 51c 518
51K 85 PLUMBER 98 169 51K
continued -
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Appendix D
(continued)
Sample Sizes for Army Specialties Used in the Analyses
By Selection Composite*
MOS Year Description B W E M Prior New
51K 86 PLUMBER 95 167 . 51K
51K 87 PLUMBER 98 172 . 51K
51K 88 PLUMBER 97 186 . . 51K
51K 89 PLUMBER 72 117 . . 51K
51N 85 WATER TREATMENT SPECIALIST 84 96 51N i
51N 86 WATER TREATMENT SPECIALIST 138 129 . . 51N i
52C 86 UTILITY EQUIPMENT REPAIRER 81 454 61 491 52X
52C 89 UTILITY EQUIPMENT REPAIRER 155 603 80 712 52X
52D 85 POWER GENERATOR EQUIPMENT REPAIRER 332 1360 90 1679 52D
52D 86 POWER GENERATOR EQUIPMENT REPAIRER 507 1896 131 2431 52D
52D 87 POWER GENERATOR EQUIPMENT REPAIRER 504 2025 105 2587 52D
52D 88 POWER GENERATOR EQUIPMENT REPAIRER 681 2467 139 3216 52D
52D 89 POWER GENERATOR EQUIPMENT REPAIRER 521 1615 72 2216 52D
558 85 AMMUNITIONS SPECIALIST 223 497 73 684 558
558 86 AMMUNITIONS SPECIALIST 318 602 68 901 558
558 87 AMMUNITIONS SPECIALIST 323 739 74 1041 558
558 88 AMMUNITIONS SPECIALIST 357 824 106 1134 558
558 89 AMMUNITIONS SPECIALIST 300 656 86 916 558
558 90 AMMUNITIONS SPECIALIST 102 204 . B 558
57E 85 LAUNDRY AND BATH SPECIALIST 145 78 60 177 57E
57E 86 LAUNDRY AND BATH SPECIALIST 162 88 72 196 57E
57€ 87 LAUNDRY AND BATH SPECIALIST 149 66 48 182 57
57E 88 LAUNDRY AND BATH SPECIALIST 148 68 45 189 57E
57E 89 LAUNDRY AND BATH SPECIALIST 104 55 . . 57E
S57F 89 GRAVES REGISTRATION SPECIALIST 40 70 N . 57F
57H 85 CARGO SPECIALIST 225 306 110 441 57H 88H
S57H 86 CARGO SPECIALIST 252 280 93 464 57H 88H
57H 87 CARGO SPECIALIST 302 411 73 672 57H 88H
62E 85 HEAVY CONSTRUCTION EQUIPHENT OPERATOR 114 803 . 62E
62E 86 HEAVY CONSTRUCTION EQUIPMENT OPERATOR 117 792 . 62E
62E 87 HEAVY CONSTRUCTION EQUIPMENT OPERATOR 125 795 . 62E
62E 88 HEAVY CONSTRUCTION EQUIPMENT OPERATOR 146 886 . 62E
62E 89 HEAVY CONSTRUCTION EQUIPMENT OPERATOR 180 1040 . 62E
62F 85 CRANE OPERATOR 78 275 . 62F
62F 86 CRANE OPERATOR 7 248 . 62F
62F 87 CRANE OPERATOR 76 250 . 62F
62F 88 CRANE OPERATOR 64 232 62F
62F 89 CRANE OPERATOR 51 163 62F
62J 85 GENERAL CONSTRUCTION EQUIPMENT OPERATOR 109 422 62)
62) 86 GENERAL CONSTRUCTION EQUIPMENT OPERATOR 126 516 624
624 87 GENERAL CONSTRUCTION EQUIPMENT OPERATOR 118 466 62)
62J 88 GENERAL CONSTRUCTION EQUIPHENT OPERATOR 104 423 624
624 89 GENERAL CONSTRUCTION EQUIPMENT OPERATOR 142 512 . . 62J
i 87 WATER TREATMENT SPECIALIST 152 125 . N 51N 7
i 88 WATER TREATMENT SPECIALIST 154 146 54 267 51N 7
i 89 WATER TREATMENT SPECIALIST 127 117 . . 51N i
88H 88 CARGO SPECIALIST 249 362 63 576 57H 88H
88H 89 CARGO SPECIALIST 230 267 54 465 S57H 88H
continued
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45E
45E
45E
45N
45N
45N
62B
628
628

628
628
62B
638
63B
638
638
638
63D
63D
63D
63D
63E
63E
63E
63E
636
636G
636G
636G
63H
63H
63H
63H
63H
634
634
634
634
634
63N
63N
63N
63N
63S
638
63s
63S
63T
637
637
637
637

Description

Mechanical Maintenance (MM) Composite

M1 ABRAMS TANK TURRET MECHANIC 58
M1 ABRAMS TANK TURRET MECHANIC 67
M1 ABRAMS TANK TURRET MECHANIC 59
MA0A1/A3 TANK TURRET MECHANIC 55
M60A1/A3 TANK TURRET MECHANIC 60
MA0A1/A3 TANK TURRET MECHANIC 61
CONSTRUCTION EQUIPMENT REPAIRER 221
CONSTRUCTION EQUIPMENT REPAIRER 290
CONSTRUCTION EQUIPMENT REPAIRER 349
CONSTRUCTION EQUIPMENT REPAIRER 407
CONSTRUCTION EQUIPMENT REPAIRER 357
CONSTRUCTION EQUIPMENT REPAIRER 86
LIGHT-WHEEL VEHICLE MECHANIC 1634
LIGHT-WHEEL VEHICLE MECHANIC 1665
LIGHT-WHEEL VEHICLE MECHANIC 1659
LIGHT-WHEEL VEHICLE MECHANIC 1681
LIGHT-WHEEL VEHICLE MECHANIC 1371
SELF-PROPELLED FIELD ARTILLERY SYSTEM ME 41
SELF-PROPELLED FIELD ARTILLERY SYSTEM ME 51
SELF-PROPELLED FIELD ARTILLERY SYSTEM ME 58
SELF-PROPELLED FIELD ARTILLERY SYSTEM ME 42
M1 ABRAMS TANK SYSTEM MECHANIC 56
M1 ABRAMS TANK SYSTEM MECHANIC 63
M1 ABRAMS TANK SYSTEM MECHANIC 104
M1 ABRAMS TANK SYSTEM MECHANIC 9%
FUEL AND ELECTRICAL SYSTEM REPAIRER 48
FUEL AND ELECTRICAL SYSTEM REPAIRER 60
FUEL AND ELECTRICAL SYSTEM REPAIRER 87
FUEL AND ELECTRICAL SYSTEM REPAIRER 61
TRACK VEHICLE REPAIRER 297
TRACK VEHICLE REPAIRER 233
TRACK VEHICLE REPAIRER 321
TRACK VEHICLE REPAIRER 399
TRACK VEHICLE REPAIRER 322
QUARTERMASTER AND CHEMICAL EQUIPMENT REP 146
QUARTERMASTER AND CHEMICAL EQUIPMENT REP 166
QUARTERMASTER AND CHEMICAL EQUIPMENT REP 288
QUARTERMASTER AND CHEMICAL EQUIPMENT REP 460
QUARTERMASTER AND CHEMICAL EQUIPMENT REP 391
M60A1/A3 TANK SYSTEM MECHANIC 105
M60A1/A3 TANK SYSTEM MECHANIC 105
M60A1/A3 TANK SYSTEM MECHANIC 87
M60AT/A3 TANK SYSTEM MECHANIC 51
HEAVY-WHEEL VEHICLE MECHANIC 92
HEAVY-WHEEL VEHICLE MECHANIC 103
HEAVY-WHEEL VEHICLE MECHANIC 112
HEAVY-WHEEL VEHICLE MECHANIC 88
BRADLEY FIGHTING VEHICLE SYSTEM MECHANIC 60
BRADLEY FIGHTING VEHICLE SYSTEM MECHANIC 53
BRADLEY FIGHTING VEHICLE SYSTEM MECHANIC 72
BRADLEY FIGHTING VEHICLE SYSTEM MECHANIC 98
BRADLEY FIGHTING VEHICLE SYSTEM MECHANIC 91

38

W

165
233
196
233
223
166
797
1061
1229

1271
1023
212
4508
4914
5075
4585
3541
495
527
588
410
356
517
629
503
273
360
388
270
1037
812
930
956
604
169
223
308
386
262
™1
704
505
269
1237
1335
1238
815
1138
839
1104
1500
1317

44
65
55

51

443
494
518
539
417

56
70
93
55

62
87
112
89

1014
1336
1595

1717

6034
6422
6549
6061
4756

1030
1230
1322

921

343
549
779
600

Prior

54D
54D
54D
54D
54D

45E
45E
45E
45N
45N
45N
628
628
628

628
628
62B
63B
63B
638
63B
63B
63D
63D
63D
63D
63E
63E
63E
63E
636
63G
63G
636
63H
63H
63H
63H
63H
634
634
634
634
634
63N
63N
63N
63N
63s
63s
63s
63S
63T
63T
63T
63T
63T
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Mos

63W
63W
63W

67N
67N
67N
67N
67N
677
671
67T
67U
67U

67U
67V
67V
67v
67V
67Y
67Y
68B
68B
68G
686G

13M
13M
13M
13M
13M
13N
13N
13N
15D
15D
15D
15E

16D
16D
16D
16D
16E
16E
16E

16P
16P
16P
16p

86
87
88
89
90
88
89
90
85
86
87

85

87
88
89
85
86
87

85
87

Description

WHEEL VEHICLE REPAIRER
WHEEL VEHICLE REPAIRER
WHEEL VEHICLE REPAIRER
WHEEL VEHICLE REPAIRER

UTILITY HELICOPTER
UTILITY HELICOPTER
UTILITY HELICOPTER
UTILITY HELICOPTER
UTILITY HELICOPTER
TACTICAL TRANSPORT
TACTICAL TRANSPORT
TACTICAL TRANSPORT
MEDIUM HELICOPTER
MEDIUM HELICOPTER

MEDIUM HELICOPTER
OBSERVATION/SCOUT
OBSERVATION/SCOUT
OBSERVATION/SCOUT
OBSERVATION/SCOUT

REPAIRER
REPAIRER
REPAIRER
REPAIRER
REPAIRER
HELICOPTER REPAIRER
HELICOPTER REPAIRER
HELICOPTER REPAIRER
REPAIRER
REPAIRER

REPAIRER

HELICOPTER REPAIRER
HELICOPTER REPAIRER
HELICOPTER REPAIRER
HELICOPTER REPAIRER

AH-1 ATTACK HELICOPTER REPAIRER
AH-1 ATTACK HELICOPTER REPAIRER

AIRCRAFT
AIRCRAFT
AIRCRAFT
AIRCRAFT

POWERPLANT REPAIRER
POWERPLANT REPAIRER
STRUCTURAL REPAIRER
STRUCTURAL REPAIRER

MULTIPLE LAUNCH ROCKET
MULTIPLE LAUNCH ROCKET
MULTIPLE LAUNCH ROCKET
MULTIPLE LAUNCH ROCKET
MULTIPLE LAUNCH ROCKET
LANCE CREUMEMBER
LANCE CREWMEMBER
LANCE CREUMEMBER
MULTIPLE LAUNCH ROCKET
MULTIPLE LAUNCH ROCKET
MULTIPLE LAUNCH ROCKET SYSTEM
PERSHING MISSILE CREUMEMBER

HAWK
HAWK
HAWK
HAWK
HAWK
HAWK
HAWK
HAWK
HAWK

MISSILE CREWMEMBER
MISSILE CREWMEMBER
MISSILE CREUMEMBER
MISSILE CREUMEMBER
MISSILE CREUMEMBER

Operators and Food (

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
SYSTEM

FIRE
FIRE
FIRE
FIRE

CHAPARRAL
CHAPARRAL
CHAPARRAL
CHAPARRAL

CONTROL CREUMEMBER
CONTROL CREWMEMBER
CONTROL CREWMEMBER
CONTROL CREUMEMBER
CREUMEMBER
CREUMEMBER
CREWMEMBER
CREWMEMBER

(MLRS)
(MLRS)
(MLRS)
(MLRS)
(MLRS)

(MLRS)
(MLRS)
(MLRS)

CRE
CRE
CRE
CRE
CRE

CRE
CRE
CRE

39

49
51
60
79
61
179
158
87
66
68
80
135
45
9%
94
91
79
70
122
m
63
104
170
180
146

OF)

=

916
1458
1371

860

852

883

860

769

670

719

759

645

765

766

606
642
785
881
792
650
617

472
520

Composite

378
555
671
607
407
642
542
232
620
545
518
670
235
345
342
361
274
332
472
391
191
631
944
926
787

Im

124
117
77

47
57

56

69
52

89

268
390

230
391
383
414

524
455

15D
15D
15D
15D
150
15D
15D
15D
15D
15D
150

67N

671
67T

67u

67v
67V
67V

67v
67Y
67Y
688
688
686G
686G

13M
13M
13M
13M
13M
13N
13N
13N
13M
13M
13M
15E
16D
16D
16D
16D
16D
16E
16E
16E
16E
16P
16P
16P
16P
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Appendix D
(continued)
Sample Sizesfor Army Specialties Used in the Analyses
By Sdection Composter
MOS Year Description B W E M Prior New
16P 89 CHAPARRAL CREWMEMBER 106 506 . . 16P
16R 85 VULCAN CREWMEMBER 47 399 . . 16R
16R 86 VULCAN CREWMEMBER 80 635 . “ 16R
16R 87 VULCAN CREWMEMBER 103 707 . . 16R
16R 88 VULCAN CREWMEMBER 119 704 . . 16R
16R 89 VULCAN CREUMEMBER 71 317 . . 16R
168 85 MAN PORTABLE AIR DEFENSE SYSTEM CREUMEMB 399 714 . . 168
168 86 MAN PORTABLE AIR DEFENSE SYSTEM CREUMEMB 558 926 “ . 168
168 87 MAN PORTABLE AIR DEFENSE SYSTEM CREUMEMB 528 830 - 168
168 88 MAN PORTABLE AIR DEFENSE SYSTEM CREUMEMB 575 889 16s
16S 89 MAN PORTABLE AIR DEFENSE SYSTEM CREUMEMB 530 733 168
168 90 MAN PORTABLE AIR DEFENSE SYSTEM CREUMEMB 333 380 . . 16S
64C 85 MOTOR TRANSPORT OPERATOR 1863 4816 638 6267 64C 88M
64C 86 MOTOR TRANSPORT OPERATOR 2642 5915 921 7971 64C 88M
64C 87 MOTOR TRANSPORT OPERATOR 2739 5716 858 7909 64C 88M
88M 88 MOTOR TRANSPORT OPERATOR 2416 4969 810 6848 64C 88M
88M 89 MOTOR TRANSPORT OPERATOR 2057 3681 707 5235 64C 88M
88M 90 MOTOR TRANSPORT OPERATOR 1180 1816 366 2723 64C 88M
948 85 FOOD SERVICE SPECIALIST 2236 2886 1040 4360 948
948 86 FOOO SERVICE SPECIALIST 2263 2480 1075 3904 948
948 87 FOOD SERVICE SPECIALIST 2759 3080 1250 4871 948
948 88 FOOO SERVICE SPECIALIST 3268 3457 1267 5748 948
948 89 FOOD SERVICE SPECIALIST 4008 3561 1378 6472 948
94F 85 HOSPITAL FOOO SERVICE SPECIALIST 45 114 67 99 94F
94F 86 HOSPITAL FOOD SERVICE SPECIALIST 70 150 114 118 94F
94F 87 HOSPITAL FOOD SERVICE SPECIALIST 95 183 138 154 94F
94F 88 HOSPITAL FOOD SERVICE SPECIALIST 95 161 135 133 94F
94F 89 HOSPITAL FOOD SERVICE SPECIALIST 57 86 74 77 94F
Surveillance and Communication (SC) Composite
31C 86 SINGLE CHANNEL RADIO OPERATOR 581 2732 266 3175 058 31c
31C 87 SINGLE CHANNEL RADIO OPERATOR 718 3514 361 4051 058 31c
31C 88 SINGLE CHANNEL RADIO OPERATOR 651 3126 333 3613 058 31ic
31c 89 SINGLE CHANNEL RADIO OPERATOR 881 3785 398 4464 058 31C
72E 85 TACTICAL TELECOHHUNICATIONS CENTER OPERA 596 1276 358 1602 72F 72E
72E 86 TACTICAL TELECOMMUNICATIONS CENTER OPERA 605 1138 287 1542 72F 72E
72E 87 TACTICAL TELECOMMUNICATIONS CENTER OPERA 452 829 228 1118 72F 2E
72E 88 TACTICAL TELECOMMUNICATIONS CENTER OPERA 403 605 198 869 72F 2E
72E 89 TACTICAL TELECOMMUNICATIONS CENTER OPERA 332 434 169 640 72F 72E
726G 85 AUTOMATIC DATA TELECOMMUNICATIONS CENTER 188 509 247 466 726
72G 86 AUTOMATIC DATA TELECOMMUNICATIONS CENTER 233 483 345 400 726
726G 87 AUTOMATIC DATA TELECOMMUNICATIONS CENTER 328 580 459 499 726
726 88 AUTOMATIC DATA TELECOMMUNICATIONS CENTER 384 578 469 556 726
726 89 AUTOMATIC DATA TELECOMMUNICATIONS CENTER 284 341 290 380 726
976 86 COUNTER SIGNALS INTELLIGENCE SPECIALIST - 47 109 056G 976

MOSis Military Occupational Specialty; Year isyear tested; Prior and New refer to codesfor the sane specialty
before and after the test data were collected.
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Appendix E

Computational Formulasand Examples

The formulas usad in eech sep o the andlyses are provided in this gppendix, dong with
sample results. Two Air Force classes were sdlected for use as samples one ardatively large
dass usng the Electronics (E) composite and the other a reaively smdl class usng the
Mechanicd (M) composite. The notation usad in this gopendix is ablend of common datistical
notation and variable names from the SAS programs usad to process the data and compute the
datigics of interest. Nearly al of the notation is explained in context.

A brief discusson of the unit of analysis mey be helpful before proceeding to the detalled
descriptions. Two levels of analysesare described:

e Individuds refer to individud recruitsfor whom both predictor (the ASYAB scores) and
criterion (school grades or job performance) messuresare available.

e A sample refers to a st o recruits for whom the exact same criterion measure is

avalable. Each job necessaily involves a separate sample Since each criterion messure
gppliesto only one job.

In the case of the Army Skills Qualification Test (SQT) data, a new examination was crested
each year. Since the scores from different examinationsfor the same job were not carefully
equated, it was necessary to treat the examinees taking different SQTs for the same job -as
separate samples. Thus, there were ingances o multiple samples for the same job. There dso
were a few cases where the same individua was induded in more than one sample, ether
because of repeated training courses or because the individua took more than one SQT. Such
Instances were relaively rare; consequently, the samples were treated as independent. In Step
2 below, the population is the 1980 Y outh Population used for the ASVAB norms. The samples
referred to were teken from subpopulations o the entire youth population, but it was nat
necessary to refer to these subpopulations in the text that follows.

In this gppendix, the andyses are organized into the following steps:

o Edimate a criterion score for academic attritions;

e Adjud the criterion scdes to afixed esimated meen and sandard deviation for the youth
population as a whole;

e Compute regresson equationsfor each sample and applicant group combination;

e Merge the regresson eguation gtatistics into a anglefile across the three Services,
o Computethe gatistics o interest for each sample; and

e Aggregae across jobs and test datistical 9 cance.
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The problem and approach for each step is described below, followed by theformulas, the SAS
code, and sample results (as appropriate).

Step 1: Edimate a criterion score for academicattritions |

Problem: Navy and Air Force results are based on training criteria. Recruits who did not
complete training did not receive an appropriate final school grade (FSG). The use of the J
selection composite to predict whether a recruit will graduate is probably more important than
the use to predict differencesin final grades anong the graduates. How can the dichotomous
pass/fail outcome best be combined with the more continuous FSG outcome?

Approach: The modded stuation had the FSGs normaly distributed for the combined sample
o graduates and attritions; dl students falling below a given score were academic attritions.
Given the proportion passing, Pg, and the FSG mean and standard deviation for those passing,
MNg and SDg, the mean score can be estimated as that score which those classed as academic ‘
attritionswould have received, MNa; this mean can be assigned to d| academic attrites. - |

Formula: If Pg is the percentage of recruits who graduate, then Z = -NORMINV(Pg) is the 1o

dividing point between attrites and graduates when the tota distribution of FSG (including -

atrites) is standardized. Let Y = f(Z), where f() is the norma dengty function so f(t) = 1

{1/sqrt(2*pi)} * exp (-t¥2). For the remainder of this derivation, Y and Z are known values, 1

computed as functions of the percentage of recruits who graduate, Pg. -~

In this total standardized metric, the mean score for the attrites is given by:
Ma= o et0a s |2 g0 a

Applying basic principlesof caculusleadsto Ma = -Y/Pa, where Pa = |-Pg isthe proportion
o attrites.

Similarly, the mean score for graduatesin this metric is given by:

Mg = f t f(t) dt / f f(t) dt = Y/Pg.

(-

In this same standardized metric, the variance of the scores for those passing is given

by:
Vg = |,. t-Mg)? o) dit e
A hit more calculusyields Vg = 1 + Z Y/Pg - (Y/Pg)-.
Next, the trandation between the observed FSG metric and the total standardized metric is

derived. Let MNg and SDg be the observed mean and standard deviation for graduates. The
trandation is given by:

MNg = a*Mg T band SDg = a* sqrt(Vg).

-
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S a = SDg/sqrt{1+ZY/Pg-(Y/Pg)’} and b = MNg-a*Mg.
Finaly, MNa, the meen for attritions in the observed FSG metric, is given by:
MNa =a*Ma t b
which with afew subgtitutionsand a little dgebra becomes
MNa = MNg - SDg*{Y/(Pg*Pa)}/sqrt{1+ZY/Pg-(Y/Pg)%}.
SAS code:

Z=-PROBIT (PGRD) ;

Y=EXP(-.5*Z**2) /SQRT (2*3.14159) ;

A=(Y/ (PGRD* (1-PGRD))) / SQRT(1 + Z*Y/PGRD - (Y/PGRD)**2);
ATTRMN = GRDMN - A*GRDSD;*** ASS| GNED SCORE FOR ATTRI TES;

Sample results: The following shows actuad vaues for two classes included in the andyses.

Class ATTRN GRDN PGRD Z Y A GRDMN GRDSD
Sampl 195 1274 0.867257 -1.1135 0.214618 2.28919 90.4945 4.42308 80. 3692
Samp2 3 291 0.989796 -2.3188 0.027126 2.77651 80.9725 7.06467 61.3574

Step 2. Adjud thecriterion scale to a fixed estimated mean and standard deviation
for the youth population as a whole

Problem: The approach to aggregation that was ultimatdly adopted involved the use of
scde free statistics, 0 the scaling of the criterion variable within each sample does not
meatter to the tests for differences between gpplicant groups. For purposes of displaying
compodite prediction lines (averaged across different job samples) and for purposes of
testing other aggregation methods, a common criterion scaling was desirable. Since the
criterion samples were distinct and nonequivdent, it was not possible to compare the
different criterion measures directly, but it was generdly believed that the criterion
meesures for each course or job are on a scde that is influenced by the difficulty or
complexity d the job. Getting a high gradein training for acomplex and highly sdective
job is surdy more difficult than getting a Smilar grade in a course open to nearly dl
recruits. Consequently, some adjustment for sample differences in examinee ability (and
corresponding test difficulty) is desirable even though the important comparisons are not
affected by differencesin the criterion scae usad with each sample.

Approach: The objective was to estimate an appropriate linear tranformation o the
criterion variablefor each job/class sample 0 that the expected mean and variance for
the entire (1980) youth population on the transformed scale would be the samefor every
sample. This would diminate effects of differences in test difficulty and examinee
abilities. The gpproach to identifying the gppropriate transformation was to regress eech
criterion measure on the nine ASVAB subtests (with Paragraph Comprehension [PC] and
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Word Knowledge [WK] combined into asingle Verbd [VE] score) using the sampledata
and then to use the regresson information to estimate the meen and variance for the
youth populaion on the origind criterion scde. The linear adjustment that would
transform the youth population mean and standard deviation to the common target values
was ident ed and usad to adjust each criterion vaue. Initiadly, separate targets were
selected for each Serviceto minimizethe changesin the criterion score. Air Force school
grades ranged from 0 to 100, with means averaging around 85 and standard deviations
averaging around 5.0 across samples. The vaues 85 and 5 were chosen as the common
mean and standard deviation targets for each Air Force sample. The same targets were
aso used for the Navy school grades. The Army SQT scores ranged from 0 to 100, but
hed an overdl meen of about 75 and an average standard deviation of about 10, 0 75
and 10 were usd as the targetsfor the Army samples. In Step 4, the criterion measures
were d| pgscaled to a meen of 0 and a standard deviation of 1 as the data for the
different Services were combined. Note that no differentiation was made in Step 2
between the foca and reference goplicant groups, the adjustments were based on eech
sample as a whole.

Formula: The multivariate range restriction correction attributed to Lawley (1943) in
Lord and Novick (1968, p. 147) was used in estimating the population variance and mean
on the exidting criterion scale. The key formulafor adjusting variances and covariances
with this correction is:
Corr = Coamp = V' (Plup = Py Py Ply) V

where C,,, is the population covariance for a sat of k criterion variablesfor which there
was incidenta selection dueto correlation with explicit salection (predictor) variables (in
this case there was only one criterion for eech sample, 0 k=1); C,,,, is the sample
covariance for these variables; P,,,, is the sample covariance matrix for the p explicit
sdection variables (in this cese the nine ASVAB subtests); P,,, is the population
covariancematrix for these same explicit sdection variables (from the NORC study); and
V isapxk matrix of sample covariancesfor each combination of predictor and criterion
variable. Note that if the implicit sdection variables of interest are not affected by
selection, then the covariance with each of the selection variables is zero; in this casethe
population and sample covariances are the same.

The above formula may aso be rewritten as:
CPOP = CS&mP - B Psamp B’ + B PPOP B’

whee B = V' P! isa marix of coefficientsfrom the regresson o the implicit
selection variables(criteria) on theexplicit selection variables(predictors). Thecorrection
thus amounts to subtracting out the covarianceamong the predicted vauesin the sample
and replacing it with the covariance among the predicted values in the population. The
resduad of the covariances, uniqueness and error, is assumed to be independent of the
sdection and remains unchanged. The agpproach usad in this adjustment makes no
digtributional assumptions. The underlying modd assumes only that the regresson is
linear and that there is homogeneity of (prediction) error variances.
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The full regresson equation estimated from the sampleis:
Yo = B * X + Co

where y,..q IS the predicted criterion vaue, B is the vector (matrix for multivariate
criteria) of regression coefficients, x isarandom vector of predictor (ASVAB) scoresand
Co IS a congant (intercept) chosen 0 that the meen o the predicted vaues equds the
observed samplecriterion mean (¢o = MY, - My, Wherethe My's are the means of
the sample and predicted criterion values). Then substitute Mx,,,, & vector of population
ASVAB means, in the regresson equation (for x) to obtain an estimate of the population
mean on the origind criterion scae. Note that the equation for the population mean
estimate can be written as.

MYpop = MYsamp + B (mpop - &samp)
where My, and My, are the meen criterion vaues for the populaion and sample,
respectively, and Mx,,, and Mx...,, are vectorsof predictor meansfor the population and
sample.

Given estimates of the population mean and variance, My, and C
scale, then the adjusmentsare computed as

pops ON the origina

a = TARGSD / Sqrt(C,,)
and b = TARGMN - a*My,,,
giving Yo = @ Yoig T D

SAS code The actud SAS (PROC MATRIX) code ussd to generate the estimates
follows. Notethat in this notation, POPCOVC and POPCRMN, ar e the target variance
and mean for the adjusted scale, nat the estimated vaues for the origind scale.

CRITVAR=SAMPCOVS (ROW1+NPA :ROW1+NT1, NPA+1 : NTOT) ; *ORDER= (NCxNC) ;
CRITSD=SQRT( Dl AG(CRITVAR) ) ;* ORDER (NCXNC) :
CSDI = INV(CRITSD) ;
ADJSMPV=SMPVAL*CSDI; *PRED-CRIT COVS W TH STANDARDI ZED CRI T;
SMPCRI TV = POPCOVC*INV (IDC-ADJSMPV’ * (SCOVPINV-SCOVPINV*POPCOVP
* SCOVPI NV) * ADISMPV) ;
ADJCRSD = SQRT(VECDIAG(SMPCRI TV)) ' ;
SAMPI = SAMPID(I,1);:
OUTPUT ADJCRSD OUT=ADJCRSD ROWNAME=SAMPI COLNAME=CNAME2 ;
SVMPPRWN = SAMPMNS (I, 1:NPA) ;
ADJCRWN = POPCRWN + DIAG (ADJCRSD) *ADJSMPV’ *SCOVPINV *
( SVPPRWN - POPPRMN) ' ;

Sample results: The sampledatathat follow illustrate the computations. In generd, each
o the two samples shown has variances for the ASVAB subtests thet are sgnificantly
smdler than the variances for the youth population. (The ASVAB subtest scores are all
dandardized to have a variance o 100 for the youth population.) Consequently, if the
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criterion is to be rescaled S0 that the youth population would have a Sandard deviation
of 5.0 for the criterion, these sdected samples would have somewhat smadler sandard
deviations (3.15 and 3.35). Also, the sample means on the relevant aptitude area

compositesare higher than the population mean. (The predictor compositesare rescaled

to have a mean of 100 and a Sandard deviation of 20.) If the criterion is scded so that
the youth population would have a meen of 85.0, then the target mean for these higher

ability samples would be above 85.0 (89.2 and 86.7).

Population CovarianceMatrix for the ASVAB Scores

GS AR VE
100 72 80
72 100 73
80 73 100
52 63 62
45 51 57
64 53 52
69 83 70
70 69 60
76 66 67

MK
69
83
70
62
52
41

100
60
59

MC
70
69
60
40
34
74
60

100

74

EI
76
66
67
41
34
75
59
74

100

Sample Covariance Matrix for ASVAB Scores, Sample Class 1

SAMPCOVE

GS
AR
VE
NO
cs
AS
MK
MC
ET

N

WwarRrRFPROoEe U

AR

NN IEFE©JIWw0

VE

Wk DWWERE WY
OOWJNEB WAk

NO

-1.
6.
1.

36.

22,

-6.
6.

-1.

-5.

OCWINOKRIo®

cs

-0.
6.
3.

22.

42.

-5.
5.

-1.

-3.

WONwoOONHWM

AS
10.

4.

3.
-6.
-5.
64.
-4,
28.
29.

NOIARNIRR

Covarianceof Criterion with Predictors, Sample Class 1

v GS AR VE NO o AS MK
FSG 5.63 7.83 3.23 1.60 5.38 10.92 9.39
Inverse of the Sample ASVAB Covariance Matrix

SCOVPINV Gs AR VE NO cs AS
GS 0.068 0.008 -0.042 0.002 0.002 -0.004
AR 0.008 0.072 -0.015 -0.007 -0.002 -0.007
VE -0.042 -0.015 0.103 0.001 -0.008 0.003
NO 0.002 -0.007 0.001 0.043 -0.020 0.001
cs 0.002 -0.002 -0.008 -0.020 0.035 0.001
AS -0.004 -0.007 0.003 0.001 0.001 0.030
MK -0.007 -0.022 0.001 -0.004 -0.001 0.008
MC -0.006 -0.010 0.001 0.002 0.000 -0.012
EI -0.004 0.007 -0.005 0.001 0.000 -0.016
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.007
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.001
.008
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1
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The product SCOVPINV * POPCOV * SCOVPINV

SIPSI GS AR VE NO cs AS MK
GS 0.14 0.07 -0.07 0.02 0.00 -0.01 0.01 -0.
AR 0.07 0.18 0.03 0.02 -0.01 -0.02 0.01  -0.
VE -0.07  0.03 0.39 0.06 -0.01 0.01 0.05 -0.
NO 0.02 0.02 0.06 0.09 -0.04 0.00 0.01 -0.
cs 0.00 -0.01 -0.01 -0.04  0.06 0.00 0.00 0
As -0.01  -0.02 0.01 0.00  0.00 0.03 0.01 -0.
MK 0.01 0.01 0.05 0.01 -0.00 0.01 0.08 -0.
MC -0.01  -0.02 -0.02  -0.00 0.00 -0.01 0.02 0
EI 0.03 0.07 0.05 0.02 -0.00 -0.02 0.03 -0
Resulting values for both samples
SAMVPI D TARGMN TARGSD SAMPMN SAMPSD ADJCOEF ADJCONST
Sanpl 89.2061 3.14861 89.1076 5.44208 0.578567 37.6514
Samp2 86.7119 3.34955 80.8362 7.23058 0.463247 49. 2648

Statigtics for the predictor (AASTD) and the origind (FINALGRD) and adjusted

(ADJGRD) criterion variables were as follows.

Predictor and Criterion Means (Beforeand After Adjustment) by AFS

AFS=Sampl
Variabl e N Mean
AASTD 1468 119. 257
FI NALGRD 1468 89. 108
ADJGRD 1468 89. 204
AFS=Samp2
Vari abl e N Mean
AASTD 293 109. 229
FI NALGRD 293 80. 836
ADIGRD 293 86. 710

St andar d M ni nrum Maxi mum
Devi ation Val ue Val ue Skewness
6. 897 99. 000 139.000 0. 551
5.442 76. 000 99. 000 -0. 219
3. 149 81. 621 94. 926 -0. 219
St andar d Minimum Maxi num
Devi ati on Val ue Val ue Skewness
10. 897 87.000 140. 000 0. 635
7.231 61.000 98.000 -0. 250
3. 350 77.520 94. 660 -0. 250

Kurtosis

Kurtosis

EI

o000 O0O0O

.07
.05
.02
.00

.03
.01
.08

-0. 442
-0. 899
-0. 899

-0. 477
-0. 318
-0. 318

Note: AASTD is the aptitude composite rescaled to have a population nean of 100 with a standard
deviation of 20, FINALGRD is the fina school grade before rescaling the criterion, and ADJGRD is the
final school grade adjusted toyield youth popul ation means and standard deviationestimatesat the targets.

For these samples, the predictor hed some podtive kewness due, primarily, to
sdection at the bottom end of the range. The criterion measures hed some negetive
skewness, presumably due to a dight ceiling effect. The kurtoss wes negativefor both
predictors and criterion due to some range restriction.  These findings were typicd o
mog o the training samples in the andyses. In the andyses that follow, the primary
digtributional assumption is that the digribution o the criterion conditiond on the
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predictor measure was norma. Consequently, the skewnessand kurtosis of the predictor
measure were not an issue, but the conditiond distribution of the criterion measure(i.e.,
of errors) wes.

Sep 3. Compute regresson equations for each sample and applicant group
combination

Problem: The next step wes to estimate the rel ationship between criterion and predictor
values separately for each sample and subgroup. As discussed in the report, a quadratic
regresson gpproach was used. In addition to generating an estimated criterion vaue a
key points for each group, it was necessxy to edtimate the dandard error of the
estimated criterion vaues so that the Sgnificance o the differencescould be determined.

Approach: An ordinary least squares (OLS) regression approach was used. The predictor
variable was first rescaled S0 that the population mean would be zero in order to reduce
the colinearity between the linear and quadriaticterms. Unfortunately, the sample means
were modly above the population mesn 0 the two terms were subgtantidly correlated
in many samples. In the end (as seen in the examples), this correlation did not matter
greetly snce the primary concern was with the predicted vaues rather than with the
regression coefficients.

SAS code: The SAS regression routine (PROC REQ edimates the variances ad
covariances among the parameter estimates (intercept and regression coefficients).

cov(b) = (X' X)! g

where X isthe predictor data matrix (obsarvations by variables) and S is an estimate of
the resdud variance in the criterion after partialing out the variance predicted by the
predictors.

Sample results. The daa that follow show descriptive statistics and correlations,
regresson parameter estimates, and estimates of the covariance of these estimates for
each of the two illugtrative samples. The variable "PRDDEV" in the following output
is the gptitude area composite rescaled by subtracting 100 and then dividing by 20.
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Quadratic Regresson Based on Air Force Training Data, by Race
Sampl, Reference Group (Whites)

AS92009

Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
PRDDEV 1218 0.991010 0.347203 1207.050000 0.450000 1.950000
PRDDEV2 1218 1.102551 0.760177 1342.907500 0.202500 3.802500
CRIT 1218 89.322227 3.181240 108794 81.621094 94.925781
Pearson Corrdation Coefficients / N = 1218
Variable PRDDEV PRDDEV2 CRIT
PRDDEV 1.00000 0.98597 0.48359
PRDDEV2 0.98597 1.00000 0.48368
CRIT 0.48359 0.48368 1.00000
Samp2, Reference Group (Whites)
SmpleStatistics
Variable N Mem Std _Dev Sum Minimum Maximum
PRDDEV 120 0.604523 0.553255 120.300000 -0.150000 2.000000
PRDDEV2 199 0.670000 0.851951 133.330000 0 4.000000
CRIT 199 87.323767 3.236619 17377 77.519531 94.660156
Pearson Corrdation Coefficients/ N = 199
Variable PRDDEV PRDDEV2 CRIT
PRDDEV 1.00000 0.93157 0.49423
PRDDEV2 0.93157 1.00000 0.48271
CRIT 0.49423 0.48271 1.00000
Sampl, Focal Group (Blacks)
Smple Statistics
Variable N Mean Std Dev Sum Minimum  Maximum
PRDDEV 152 0.797368 0.244664 121.200000 0.500000 1.600000
PRDDEV2 152 0.695263 0-457304 105.680000 0.250000 2.560000
CRIT 152 88.289011 2.947338 13420 83.933594 94.925781
Pearson Correation Coefficients/ N = 152
Variable PRDDEV PRDDEV2 CRIT
PRDDEV 1.00000 0.98496 0.48681
PRDDEV2 0.98496 1.00000 0.48362
CRIT 0.48681 0.48362 1.00000
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Samp2, Focal Group (Blacks)

Simple Statistics
Variable N Memn Std Dev Sum Minimum Maximum
PRDDEV 51 0.186275 0.352573 9.500000 -0.150000 1.250000
PRDDEV2 51 0.156569 0.307252 7.985000 0 1.562500
CRIT 51 85.486979 3.096653 4359.835938 78.910156 90.492188

Pearson Correlation Coefficients/ N = 51

Variable PRDDEV PRDDEV2 CRIT
PRDDEV 1.00000 0.88833 0.34018
PRDDEV2 0.88833 1.00000 0.25845
CRIT 0.34018 0.25845 1.00000

O
[
/5]

\om\lmm-hwwr-ll

Regresson Parameter File Variables

COMRAD SAMAE TIYPE NAME RMSE INTERCEP PRDDEV PRDDEV2 SUBGRP
E Sampl PARMS 2.78373 86.0016 2.2020 1.0325 w
E Sampl cov INTERCEP 2.78373 0.4832 -0.9372 0.4099 w
E Sampl cov FRDDEV 2.78373 -0.9372 1.8952 -0.8535 w
E Sampl cov PRDDEV2 2.78373 0.4099 -0.8535 0.3954 W
E Sampl PARMS 2.59077 84.3023 4.2219 0.8922 B
E Sampl cov INTERCEP 2.59077 4.7658 -10.7171 5.4997 B
E Sampl cov FRDDEV 2.59077 -10.7171 24.8662 -13.1036 B
E Sampl cov PRDDEV2 2.59077 5.4997 -13.1036 7.1177 B
M Samp2 PARVIS 2.82096 85.7023 1.9718 0.6410 W
M Samp2 cov INTERCEP 2.82096 0.1043 -0.1979 0.0826 W
M Samp2 cov FRDDEV 2.82096 -0.1979 0.9934 -0.6010 W
M Samp2 cov PRDDEV2 2.82096 0.0826 -0.6010 0.4189 W
M Samp2 PARMS 2.95673 84.9563 4.6064 -2.0908 B
M Samp2 cov INTERCEP 2.95673 0.2216 -0.1779 -0.1086 B
M Samp2 cov FRDDEV 2.95673 -0.1779 6.6704 -6.7995 B
M Samp2 cov PRDDEV2 2.95673 -0.1086 -6.7995 8.7833 B

Step 4. Merge the regresson equation statistics into a single file across the three
Services

Problem: To this point, separate analyses were run for each Service to accommodate
differencesin editing requirements and the scaling of the variables. In order to merge
results across Services, some rescaling of the variables, with corresponding adjustments
to the parameter estimates, was required. In addition, the output from the regression
program contained multiple lines (records) per sample. A consolidated file with one
record per sample and subgroup was needed for aggregation.

Approach: The Air Force and Navy data were rescaled to have a criterion meen of zero
and slandard deviation of 1 in the youth population instead of 85and 5. Army data were
rescaled in a prior step. SAS code was created to retain the parameter estimates until all
of the parameter covariance data were read in and then to output a single record per
subgroup/sample combination.
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SAS code:

SET IN1.AFPRVR{IN=INAF) | N2. NAVPRMR (IN=INNA) ;
BY COWI D SAMPLE SUBGRP;
RETAI N COO Cc01 C02 C11 C12 C22 A0 A1 A2 N 0;

| F FIRST.SUBGRP THEN DO, A0=.;C00=.; Cll=.; C22=.

| F _TYPE_ EQ ’'PARMS’ THEN DO
AO=INTERCEP; A1=PRDDEV; A2=PRDDEV2;N=_FREQ ;

END;

ELSE |F _NAME_ = '|NTERCEP THEN DO
COO0=INTERCEP; C01=PRDDEV; C02=PRDDEV2;

END;

ELSE IF _NAME_ EQ' PRDDEV' THEN DO,
Cl1=PRDDEV; C12=PRDDEV2;

END;

ELSE |F _NAME_ EQ ’PRDDEV2’ THEN C22=PRDDEV2;

| F LAST.SUBGRP THEN DO

i END;

AS92009

|F A0=. OR COO=. OR C11l=. OR C22=. THEN ERROR' M SSI NG ;
*%*%% STANDARDI ZE CRI TERI ON VARI ABLE %% %% ;
AO=(A0-85)/5; Al=A1/5; A2=A2/5; _RMSE = RMSE_/5;

€00=C00/25; C11=C11/25; C22=022/25;
C01=C01/25; C02=C02/25; C12=C12/25;
CRMN= (CRMN-85) /5; CRSD=CRSD/S;
| F | NAF THEN SRV='AF’; ELSE SRV='NA’;
QUTPUT;
END;
KEEP SRV COWPI D SAMPLE SUBGRP NAO Al A2 _RMSE_
COO C11 C22 €01 C02 C12 PRMN PRSD CRMN CRSD;

Sample results: The output filefor the two illugtrative samples is shown bdow. Note
that AQ Al, and A2 are the intercept, linear, and quadratic coefficients respectively.

Cij is the estimated covariance for the ith and jth parameter.

Fairness Analyses - Combined Race Reaults

Samp/Subgrp N A0 Al A2 RMSECOO €11 Q2

1

1
2
2

B 152 -0.140 0.844 0.178 0.518 0.191 0.995 0.285

W 1218 0.200 0.440 0.206 0.557 0.019 0.076 0.016 -O.
B 51 -0.009 0.921 -0.418 0.591 0.009 0.267 0.351 -
W 199 0.140 0.394 0.128 0.564 0.004 0.040 0.017 -

Step 5. Computethe datisticsof interest for each sample

co1l
-0. 429

co2 Ci2
0.220 -0.524
0.016 -0.034
-0. 004 -0.272
0.003 -0.024

Problem: At this stage, statistics indicating the differences between subgroups in the
predictor-criterion relationships were computed. 1t was necessary to obtain estimates of
both the Sze and the gatistical Sgnificancedf the differencesfor input into the routines
that computed overdl esimatesof the Sze and Satistica sgnificanced the differences

averaged across samples.

Appmach: The generd agpproach to computing difference gatidtics involved severd
substeps. compute predicted criterion vaues a key points on the sandardized predictor
scde separately for thefocd (black or femde) and reference (white or mae) groups and
compute estimates of the gandard errors o these predicted criterion vaues, compute
differences in the predicted criterion vaues across agpplicant groups and compute
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edimates of the standard errors of these differences; and then compute a t vaue by
dividing the estimated difference by its sandard error. Because estimates of the sandard
errors that were pooled across gpplicant groups were not used, the degrees of freedom
asociated with thist vaue were not smple to compute. Basad on the minimum sample
sze d 40 for each subgroup, it was appropriate to use a z goproximation to the t vaue
to summarizegpplicant group differencesin theindividud samples. Detallsand examples
for each of these substeps follow.

Computing predicted values at key points. This was Smply a matter of gpplying the
regresson parameters (intercept, linear, and quadratic coefficients) to the specified
predictor values (population mean, mean plusand minusone-hdf sandard deviation, and
meen plus and minus one full standard deviation). For the first illustrative sample, the
foca group parameter estimates wereb = (A0,A1,A2) = (-.140, .844, .178). Toobtain
the estimated vdueat -.5 standard deviations, thisvector was multipliedby x = (1,X,X?)
= (1, -.5, .25) to yidd a predicted vdue o -.517. Similarly the reference group
parameters, (.200, .440, .206), were multipliedby (1, -.5, .25) to yidd a predicted vaue
of .032.

Computing the standard error of the predicted values. Each predicted vaue wes a
linear composite of the estimated regresson parameters. For the prediction at one-haf
gdandard deviation bdow the mean, for example, the vector product of the regresson
parameters, b = (AQ, Al, A2), and x = (1, X, X?) or (1, -.5, .25) was computed to get
the predicted vaue. Since x is a fixed vaue, the variance of the predicted vdueis a
function of the variance and covariance o the parameter estimates and was computed as
VAR(Y.,) = X' COV(b) x. (Thisfollowsthe procedure outlined in the SAS 6.0 manud
for computing Sandard errors for linear compositesdf regresson parameter estimates.)
For the foca group in thefirst illugtrative sample at one-haf standard deviation beow
the mean (AA=90), this computation was

AS92009

x’ * cov (b) * x = (x'*cov(b)) * x = VAR(Y,,)
( .191 -.429, .220) (1.0 ) ( .461)

.5, .25) * (-.429, .995, -.524) * (-.5 ) = (1,-.5, .25) * (-1.058) = 1.128
( .220 -.524, .285) ( .25) ( .553)

The standard error of the predicted foca group vaue is the square root of this
varianceor 1.062. For the reference group (White Males), the same computation led to
a dandard error of ,306 at one-hdf a sandard deviation beow the population meen on
the predictor (AA=90).

SAScode: The SAS code used to computethe predicted vaues and their sandard errors
was

DATA SUBGSTAT;
SET IN.CMBPRMR2;
RETAIN X80 80 x90 90 X100 100 X110 110 X120 120;
ARRAY X X80 x90 Xl OO X110 X120;
ARRAY YH YH80 YH90 YH100 YH110 YH120;
ARRAY SE SE80 SE90 SE100 SE110 SE120;
DO OVER X;
Z=(X-100) /20;

52

Scanned & Searchable Document

05-17-06 JT

el

O




0

r— o— — o— o —— r—

YH = A0 + A1*Z + A2%2*2Z;
SE = SQRT(CO0 + 2*C01*Z + (C11+2%C02) *Z**2
+ 2%C12%Z%*%*3 + C22%2%%4);

END;
SENS = YH120 - YH100;
SE_SENS = SQRT(C11 + C22 + 2*C12);
SE_RMSE = CRSD/SQRT (N) ;
SE_A0=SQRT(COO) ; SE_Al=SQRT(C11); SE_A2=SQRT(C22) ;
SEPM=PRSD/SQRT (N) ; SECM=CRSD/SQRT (N) ;

Computing Differences and Ther Standard Errors. The next step was to compute
sengtivity estimatesfor each group by taking the difference between the predicted vadue
a one sandard deviation above the population mean on the predictor (AA =120) and the
predicted vaueat the predictor mean (AA=100). Thiscan be expressed dgebraicdly as

SENS = Y,5-Yio = b*X» - b*X0 = (A0, A, A2)*(1, 1, 1)’ - (A0, A1,
A2)*(1, 0, 0)’ = Al + A2

90 that the sengtivity measure was dso a linear composite of the regresson parameter
edimates. The dandard errors of the sengtivity measures were computed in the same
wey the standard errors for the predicted vaues were computed using:

VAR (sens) = (Xip-Xi0) ' * COV(R) * (x-%0) = (0,1,1) * COV(b) * (0,1,1)’ =
C.,*t 2*C, + Cy

The differences in predicted vaues for the foca and reference groups at each point (by
subtraction) and the gandard errors of these differences were dso computed. Since the
focd and reference groups were indegpendent samples, the errors in estimaing the
regresson parameters and hence the predicted vaues were uncorrelated so that the
dandard error of the differences was the square root of the am of squares of the
dandard errors o the individua vaues. For example, for the first illustrative sample,
thedifferenceat one-hdf standard deviation bdow the population predictor measn and the
dandard error of this difference were computed as follows:

D = YFy - YRy = -.517 - .032 = -.549 and
SE[D = SQRT( SE?(YFyq) + SE?(YRy) ) = SQRT( 1.0622 + .306% = 1.105

Thedifferencein thisexampleisin thedirection d overprediction of black performance.
Even with rdatively large samples (1218 whites and 152 blacks) the sandard error of
this difference was quite large, so the obtained difference was clearly not datigticaly
sgnificant. The reason that the sandard error was large for this difference (end the
power to test the difference was so low) was thet it is rdatively removed from mogt of
the data. The meen predictor vauesin sandard deviation units were .80 for black mdes
and .99 for white maes with sample sandard deviaionsof .25 and .35 respectively.
The point in question, -.50 in standard deviaion units, is more than four sandard
deviatiions below the sample means. At one standard deviation above the mean, the
dandard error o the differencein predicted vaues was only .069.
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The SAS code to read the output from the prior step and compute the statistics of

interest with their sandard errorsis as follows;

DATA COMBSTAT,;
SET SUBGSTAT;
BY SRV COWPI D SAMPLE SUBGRP,

IF SRV EQ"AF OR SRV EQ 'NA’ THEN DG,
PRMN= (PRMN-100) /20; PRSD=PRSD/20;

END;

RETAI N WT80 WT90 WT100 WT110 WT120 N_REF N_FOC 0;

RETAI N YF80 YF90 YFI OO YFI| O YF120 SF80 SF90 SF100 SF110 SF120 O;
RETAI N YR80 YR90 YR OO YR | O YR120 SR80 SR90 SR OO SR | O SR120 O;
RETAI N YD80 YD90 YD OO YD | O ¥D120 SD80 SD90 SDI OO SDI | O SD120 O;
RETAIN SENF RMSE F FO F1 F2 PRMF PRSF CRMF CRSF 0;

RETAI N SF- SENS SF- RVBE SF- A0 SF- Al SF- A2 SFPM SFCM 0;

ARRAY WT  WT80--WT120 WISN WT_ERR WD W1 & \WIPM WICM WIPS WICS ;
ARRAY STAT YH80--YH120 SENS _RMSE_ A0 A1 A2 PRW CRMWN PRSD CRSD ;
ARRAY SE SE80--SE120 SE_SENS SE_RMSE SE_AQ SE_Al SE_A2 SEPM SECM
ARRAY STAF YF80--YF120 SENF RMSE_F FO F1 F2 PRVF CRVMF PRSF CRSF ;
ARRAY SF SF80--SF120 SF- SENS SF- RVMBE SF- AD SF- Al SF- A2 SFPM SFCM
ARRAY STAR YR80--YR120 SENR RMSE_R RO R1 R2 PRMR CRMR PRSR CRSR ;
ARRAY SR SR80--SR120 SR_SENS SR_RMSE SR_A0 SR_Al SR_A2 SRPM SRCM
ARRAY STAD YD80--YD120 SEND RMSE_D DO D1 D2 PRMD CRMD PRSD CRSD ;
ARRAY SD SD80--SD120 SD_SENS SD_RMSE SD_A0 SD_Al SD_A2 SDPM SDCM

| F FI RST. SAVPLE THEN DO **%% COPY FOCAL GROUP VALUES TO RETAI N

VARS ;
DO OVER STAF; STAF=STAT; END;
DO OVER SF; SF=8E; END;
N_FOC=N;
END;
ELSE DG

*** COVPUTE WEI GHTS FOR EACH VARI ABLE AND SCALE THE;

*** VARI ABLES SO DI FFERENCES ARE T SCORES

N_REF=N;

|F N_FOC < 40 OR N_REF < 40 THEN DELETE;
DO OVER STAR, STAR=STAT; STAD=STAF-STAR;
DO OVER SR, SR=SE; SD= SQRT(SR**2+SF**2)

END;
END;

DO OVER 8D; WT=1/SD,' END; WTPS=WTPM; WTCS=WTCM;
DO OVER STAR, STAR=STAR*WT; STAF=STAF*WT; STAD=STAD*WT; END,
DO OVER SR, SR=(WT*SR)**2; SF=(WT*SF)**2; SD=(WT*SD)**2; END,

OUTPUT;

END;

After this step, thefile containsthe following values for thetwo illustr ative samples.

COwvPI D

YE80 YR80 YD80O YF90 YR9O  YDOO

E
M

COVPI D

COVPI D

COVPI D

-0.805 -0.034 -0.772 -0.517 0.032 -0.549
-1.348 -0.126 -1.222 -0.574 -0.025 -0.549

110 YDIIO YF120 YR120 YD120
0.327 0.472 -0.145 0.883 0.847 0.036
0.347 0.370 -0.022 0.494 0.663 -0.169

SEF80 SR80 SD8O0 SEF90 SRO0  SDOO

1.953 0.536 2.025 1.062 0.306 1.105
1.085 0.362 1.144 0.413 0.175 0.449
SF110 SRIIO SDIIO SF120 SR120 SD120
0.086 0.038 0.094 0.066 0.022 0.069
0.142 0.054 0.152 0.245 0.058 0.252

YEI O YR100 YD OO

-0.140 0.200 -0.340
-0.009 0.140 -0.149

SF100 SR100 SD OO

0.437 0.139 0.458
0.094 0.065 0.114
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COMPID N _FOC NREF SENF SE SEND SF SENS SR SENS SD SENS
E 152.0 1218.0 1.023 0.647 0.376 0.481 0. 153 0. 504
0.52

£

M 51.0 199.0 0.503 3 -0.019 0.272 0.092 0.287
COMPID RMSE F RMSE R RMSE D SF RMSE SR RMSE SD RMSE

E 0.518 0.557 -0.039 0. 048 0.018 0. 051

M 0.591 0.564 0.027 0.087 0.046 0.098

COMPID PRME PRMR  PRMD PRSF PRSR PRSD CRMF CRMR CRMD

E 0.797 0.991 -0.194 0.245 0.347 -0.103 0.658 0.864 -0.207

M 0.186 0.605 -0.418 0.353 0.553 -0.201 0.097 0.465 -0.367
COMPIDCRSE CRSR CRSD SEPM SRPM SDPM  SECM SRCM SDCM

E 0.589 0.636 -0.047 0.397 0.199 0.444 0.403 0.187 0.444

M 0.619 0.647 -0.028 0.987 0.784 1.261 0.482 1.165 1.261

Step 6. Aggregate differencesand standard error s across samples

Problem: The individud samples were too samdl to permit very powerful tests for
subgroup differences. In addition, a meaningful summary of the overdl impact of
differences, across different jobs, was needed. Estimatesd the statistical Sgnificanceot
aggregate difference estimates were aso required.

Approach: The gpproach teken wasto tekea weighted average df the differenceestimates
from the individual samples. The weights usad were the inverse of the gandard errors
of the differences. This amounted to taking asmple average o the z Satigtics (estimates
divided by ther sandard error). Since the average was across literdly hundreds of
samples, the centra limit theorem would indicatethat the digtribution of the average was
extremdy close to a normd distribution. (At this point, the Z statistic from eech sample
could have been trested as a Sngle obsarvation, and a t test with degrees of freedom
egud to the number of samples minus 1 could have been usd to test whether the meen
of these observations was sgnificantly different from zero [again gppeding to the centra
limit theorem]. However, the gpproach taken to computing the sandard error of the
average z vaue led to dightly greater precision.)

The weighted mean of the individua sample statistics was computed by summing the
products of the individua sample satistics and their weights and then dividing this um
by the am of the weights. The sandard error o this weighted mean was computed as:

SE?,, = SUM( W2*SE%) / W2,

where W, is the waght given to sample i, SE, is the dandard error of the datidtic in
question for sample i, and W, isthe am o the weights across all samples. Thisis a

vey gened formula that depends only on the assumption of independence for
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obsarvations from the different samples.

As indicated above, the weights used were the inverse o the sandard errors o that
the meen differencefrom each sample was divided by its sandard error, creatingascde-
free Z satigtic. Alternative weights were dso explored ranging from unit weights to
weights defined as the inverse of the square of the andard errors. The latter weights
are optimd in the sense of minimizing the sandard errors of the weighted means. The
weights used in the main anadyses were vary neally optima and hed the desirable
property of removing any effects due to criterion scade differences.

After the weighted meen differences and their sandard errors were computed, the
hypothesis that the weighted meen was zero was tested againg a two-tailed dternative.
A Z approximation was usad in this test Since the exact degrees of freedom within, and
hence across, samples was difficult to estimate. The degreesdf freedom was quite large,
as severd hundred samples were included, so that a normal gpproximation was quite
stisfactory.

SAS code:

PROC MEANS MAXDEC=3 DATA=COMBSTAT;
VAR N_FOC N_REF
WT80--WT120 WISN WT_ERR WO w1 W2 WIPM WIPS WICM WI'CS
¥YD80--YD120 SEND RMSE D DO D1 D2 PRMVD PRSD CRMD CRSD
SD80--SD120 SD_SENS SD_RMSE SD_A0 SD_Al SD_A2 SDPM SDCM
YF80--YF120 SENF RMSE F FO F1 F2 PRMF PRSF CRVF CRSF
SF80--SF120 SF- SENS SF_RMSE S A0 SF- Al SF- A2 SFPM SFCM
YR80--YR120 SENR RMSE R RO R1 R2 PRMR PRSR CRMR CRSR
SR80--SR120 SR- SENS SR_RMSE SR_A0 SR_Al SR_A2 SRPM SRCM
OUTPUT OUT=OUTMEANO
MEAN=N_FOC N_REF
WT80 WT90 WT100 WT110 WT120 WISN WT_ERR WD W1 W2 WIPM WIPS WICM WI'CS
YD80 YD90 YD100 YD110 YD120 SEND RMSE D DO D1 D2 PRVD PRSD CRMD CRSD
SD80 SD90 SD100 SD110 SD120 SD_SENS SD RMSE SD A0 SD Al SD_A2 SDPM SDCM
YF80 YF90 YF100 YF110 YF120 SENF RMSE F FO F1 F2 PRMF PRSF CRVF CRSF
SF80 SF90 SF100 SF110 SF120 SF- SENS SF- RVMSE SF- AD SF- Al SF- A2 SFPM SFCM
YR80 YR90 YR100 YR110 YR120 SENR RMSE R RO R1 R2 PRVR PRSR CRMR CRSR
SR80 SR90 SR100 SR110 SR120 SR- SENS SR- RVBE SR_A0 SR Al SR_A2 SRPM SRCM
N=NSAMPS ;

Note: Means were saved rather than sums. For estimating overall means, the differences (a factor of one over
the number of samples) canceled out when the mean of the weight times gtatistic values was divided by the -
mean of the weight values. In computing gandard errors, it was necessary to modify the formula dightly to

accommodate the use of means.

DATA RESULTS;
SET OUTMEANO;
ARRAY WT  WT80--WT120 WISN WT_ERR WD w1 V%2 WIPM WIPS WICM WICS :
ARRAY STAF YF80--YF120 SENF RMSE F FO F1 F2 PRVF PRSF CRVF CRSF :
ARRAY SF SF80--SF120 SF- SENS SF- RVBE SF- A0 SF- AL SF- A2 SFPM SFCM
ARRAY STAR YR80--YR120 SENR RMSE_R RO R1 R2 PRMR PRSR CRVR CRSR :
ARRAY SR SR80--SR120 SR- SENS SR- RVBE SR_A0 SR A1 SR A2 SRPM SRCM
ARRAY STAD YD80--YD120 SEND RMSE_D DO p1 D2 PRMD PRSD CRMD CRSD ;
ARRAY SD SD80--SD120 SD_SENS SD_RMSE SD_A0 SD_A1l SD A2 SDPM SDCM
DO OVER STAD; STAR:STAR7WT; STAF=STAF/WT; STAD=STAD/WT; END,
DO OVER SD;
SR=SQRT (SR/ (NSAMPS*WT**2) ) ; SF=SQRT( SF/ (NSAMPS*WT**2) ) ;
SD=SQRT (SR**2+SF**2) ;
END;
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PROC PRI NT DATA=RESULTS ;

TI TLE3 ' MEAN STANDARDI ZED CRI TERI ON LEVELS FOR KEY PREDI CTOR LEVELS' ;

TI TLE4 ' OVERALL AND BY COWPCHl TE ;
I D SRV COWPI D
VAR YF80 YR80 YD80 YF90 YR90 YDOO
YF100 YR100 YD100 YF110 YR110 YD110
YF120 YR120 ¥D120 NSAMPS;
FORMAT YF80--YF120 YR80--YR120 YD80--YD120 6. 3;

PROC PRI NT DATA=RESULTS;
TI TLE3 ' STANDARD ERRCRS FCR PREDI CTED CRI TERI ON LEVELS ;
TI TLE4 ' OVERALL AND BY COWPCSI TE ;
I D SRV COWPI b,
VAR SF80 SR80 SD80 SF90 SR30 SDSO
SF100 SR100 SD100 SF110 SR110 SD110
SF120 SR120 SD120 NSAMPS;
FORVAT SF80--SF120 SR80--SR120 SD80--SD120 6. 3;

PRCC PRI NT DATA=RESULTS;
TITLE3 ' SENSI TIVITY AND PREDI CTI ON ERROR LEVELS ;
TI TLE4 ' OVERALL AaND BY COWCH TE ;
I D SRV COVPI D
VAR NSAMPS N_FOC N_REF SENF SENR SEND SF- SENS SR_SENS SD_SENS
RMSE_F RMSE_R RMSE_D SF_RMSE SR_RMSE SD_RMSE;
FORMAT SENF SENR SEND SF- SENS SR_SENS SD_SENS 6. 3
RMSE_F RMSE_R RMSE_D SFRMSE SR_RMSE SD_RMSE 6 .3;

PRCC PRI NT DATA=RESULTS;
TITLE3 ' PREDI CTOR AND CRI TERI ON MEANS ;
TI TLE4 ' OVERALL AND BY COWPCHl TE ;
I D SRV COWVPI D
VAR PRMF PRVR PRVMD PRSF PRSR PRSD CRVF CRVR CRMD CRSF CRSR CRSD
SFPM SRPM SDPM SFCM SRCM SDCM
FORMAT PRVF PRVR PRVD PRSF PRSR PRSD CRMF CRVMR CRMD CRSF CRSR CRSD
SFPM SRPM SDPM SFCM SRCM SDCM 6. 3;

PROC PRI NT DATA=RESULTS ;
TI TLE3 ' PREDI CTI ON PARAMETER ESTI MVATES ;
TI TLE4 ' OVERALL AND BY COWPCSI TE ;
I D SRV COWPI D,
VAR FO SF- A0 RO SR_ A0 DO SD_AO0 F1 S~ Al R1 SR_Al1 D1 SD_Al
F2 SF_A2 R2 SR_A2 D2 SD_A2;
FORVAT FO SF AO RO SR AO DO SD_. A0 Fl SF- Al R1 SR_Al D1 SD_Al
F2 S&-A2 R2 SR_A2 D2 SD_A2 6.3;
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Sample results:

Fairness Results by Race

Modd: Quadratic Wts T-Vals

Reference Group: Whites Focal Group: Blacks

Min N: 40
Variable N Mean Std Dev
N_FOC 2 101. 500 71. 418
N_REF 2 708. 500 720. 542
WT80 2 0.684 0. 269
W90 2 1.567 0.936
WT100 2 5. 471 4.651
WT110 2 8.615 2. 883
WT120 2 9.198 7.395
WI'SN 2 2.731 1.058
WT_ERR 2 14. 867 6. 612
WO 2 5. 471 4.651
w1 2 1. 386 0. 594
W 2 1. 736 0.124
WTPM 2 1.523 1. 032
WIPS 2 1.523 1. 032
WI'CM 2 22.523 7.810
WI'CS 2 22.523 7.810
YD80 2 -0.725 0. 486
YD90 2 0.861 0.515
¥YD100 2 -1.024 0. 400
¥YD110 2 -0. 845 0.988
¥YD120 2 -0.075 0.841
SEND 2 0. 339 0.575
RMSE_D 2 -0. 239 0.729
DO 2 -1. 024 0. 400
D1 2 0.671 0.397
D2 2 -0. 476 0. 601
PRMD 2 -0. 384 0.074
PRSD 2 -0. 195 0.051
CRMD 2 -6.908 4.801
CRSD 2 -0. 790 0.007
SD80 2 1. 000 0. 000
SD90 2 1. 000 0. 000
SD100 2 1. 000 0. 000
SD110 2 1. 000 0. 000
SD120 2 1. 000 0. 000
SD_SENS 2 1. 000 0. 000
SD_RMSE 2 1. 000 0.000
SD_A0 2 1. 000 0. 000
SD A1 2 1. 000 0. 000
SD_A2 2 1. 000 0. 000
SDPM 2 1. 000 0. 000
SDCM 2 1.000 0. 000
YF80 2 -0. 788 0. 552
YF90 2 -0. 874 0.574
YF100 2 -0. 191 0.161
YF110 2 2. 886 0. 850
YF120 2 7.353 7.624
SENF 2 1. 889 0.196
RMSE_F 2 8.077 2. 899
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Fairness Results by Race (continued)
Model: Quadratic Wits. T-Vals
Reference Group: Whites

Min N: 40
Variable N Mean St
Fo 2 -0. 191
F1 2 1.240
F2 2 -0. 182
PRMF 2 0.972
PRSF 2 0. 415
CRIVF 2 6. 957
CRSF 2 13. 695
SF80 2 0.915
SF90 2 0. 885
SF100 2 0.794
SF110 2 0. 856
SF120 2 0.923
SF- SENS 2 0. 903
SF_RMSE 2 0. 827
SF- AD 2 0.794
SF- Al 2 0. 900
SF- A2 2 0.951
SFPM 2 0. 706
SFCM 2 0. 484
YR80 2 -0.063
YR9I0 2 -0. 013
YR100 2 0.834
YR110 2 3.731
YR120 2 7.427
SENR 2 1. 550
RMSE R 2 8. 315
RO 2 0.834
R1 2 0. 569
R2 2 0. 294
PRMR 2 1. 356
PRSR 2 0. 610
CRMR 2 13. 865
CRSR 2 14 .485
SR80 2 0. 085
SR90 2 0. 115
SR100 2 0. 206
SR110 2 0. 144
SR120 2 0. 077
SR_SENS 2 0. 097
SR_RMSE 2 0.173
SR_A0 2 0. 206
SR_Al 2 0. 100
SR_A2 2 0. 049
SRPM 2 0. 294
SRCM 2 0.516
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Focal Group: Blacks
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Mean Standardized Criterion Levesfor Focal (YF') and Reference (YR)
Groupsand Subgroup Differences (YD) at Key Predictor Levels,

Overall and by Composte

COVPI D YF80 YR80 YD80 YF90 YR90 YD90 YF100
Total -1.152 -0.092 -1.060 -0.558 -0.008 -0.549 -0.035
E -0.805 -0.034 -0.772 -0.517 0.032 -0.549 -0.140
M -1.348 -0.126 -1.222 -0.574 -0.025 -0.549 -0.009

COWID YF110 YR110 YD110 YF120 YR120 Y¥YD120 NSMPS

Total 0.335 0.433 -0.098 0.799 0.807 -0.008 2
E 0.327 0.472 -0.145 0.883 0.847 0.036 1
M 0.347 0.370 -0.022 0.494 0.663 -0.169 1

YR100 ¥YD100
0.152 -0.187
0.200 -0.340
0.140 -0.149

Sandard Errorsfor Focal (SF'), Reference (SR), and Difference (YD) Statistics

COWwl D SE80 SR80 SD80 SFO0 SR90 SD90 SF100
Total 0.989 0.302 1.034 0.424 0.153 0.451 0.115
E 1.953 0.536 2.025 1.062 0.306 1.105 O0.437

M 1.085 0.362 1.144 0.413 0.175 0.449 0.094

COWVPI D SF110 SR110 SD110 SF120 SR120 SD120 NSMPS

Total 0.076 0.031 0.082 0.074 0.021 0.077 2
E 0.086 0.038 0.094 0.066 0.022 0.069 1
M 0.142 0.054 0.152 0.245 0.058 0.252 1

SR100 SD100
0.059 0.129
0.139 0.458
0.065 0.114

Sengtivity and Prediction Error Leves, Overall and by Composte

COWI D NSAMPS N FOC N REF  SENF SENR SEND SE SENS SR SENS SD SENS

Total 2 101.5 708.5 0.692 0.568 0.124 0. 246
E 1 152.0 1218.0 1.023 0.647 0.376 0.481
M 1 51.0 199.0 0.503 0.523 -0.019 0.272

COWPID RWMSE F RVBE R RMSE D SFE RVMSE SR RVBE SD RMSE

Total 0.543 0.559 -0.016 0.043 0. 020 0. 048
E 0.518 0.557 -0.039 0.048 0.018 0. 051
M 0.591 0.564 0.027 0.087 0. 046 0. 098

Predictor and Criterion Means, Overall and by Composte

0. 081 0. 259
0.153 0.504
0.092 0.287

coM-D PRM—PRMR— PRMB— PRSF— PRSR— PRSB- CRME- CRMR— GRMB

Total 0.638 0.890 -0.252 0.273 0.401 -0.128 0.309 0.616 -0.307
E 0.797 0.991 -0.194 0.245 0.347 -0.103 0.658 0.864 -0.207
M 0.186 0.605 -0.418 0.353 0.553 -0.201 0.097 0.465 -0.367

COWID CRSF CRSR CRSD SFPM SRPM SDPM SFCM SRCM SDCM
Total 0.608 0.643 -0.035 0.390 0.252 0.464 0.323 0.333 0.464

E 0.589 0.636 -0.047 0.397 0.199 0.444 0.403 0.187 0.444
M 0.619 0.647 -0.028 0.987 0.784 1.261 0.482 1.165 1.261
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Prediction Parameter Estimates, Overall and by Composite

I nter cept

Focal
COWwlD Parm _ SE
Tot al -0. 035 0.115
E -0. 140 0. 437
M -0. 009 0.094

Linear Coefficient

Focal
COWID Parm _ SE
Tot al 0.894 0. 484
E 0.884 0.997
M 0.921 0.517

Quadratic Coefficient
Focal
COWID parm SE
Total  -0.105 0.397
E 0.178 0.534
M -0. 418 0.593

Ref er ence

Pam SE

0. 152 0.059
0.200 0.139
0. 140 0. 065

Ref er ence
Parm SE
0.410 0.161
0. 440 0.275
0.394 0.199

Ref er ence
Parm

0.169 0.090
0.206 0.126
0.128 0.129

D fference
Parm

-0. 187 0.129
-0. 340 0. 458
-0.149 0.114
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D fference
Pam SE

0.484 0.510
0.404 1.035
0.527 0.554

D fference
Pam SE

-0.274 0. 407
-0. 028 0.548
-0.546 0.607
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