
379 
•A/ 8 Id 

USING REGRESSION ANALYSIS TO INVESTIGATE RELATIONSHIPS 

OF ASVAB SELECTOR COMPOSITES TO END-OF-COURSE 

GRADES FOR STUDENTS IN AIRCRAFT MAINTENANCE 

TRAINING PROGRAMS IN THE AIR FORCE 

DISSERTATION 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

for the Degrefe of 

DOCTOR OF EDUCATION 

By 

John L. Byrd, B.S.Ed., M.S.O.M, 

Denton, Texas 

December, 1995 



379 
•A/ 8 Id 

USING REGRESSION ANALYSIS TO INVESTIGATE RELATIONSHIPS 

OF ASVAB SELECTOR COMPOSITES TO END-OF-COURSE 

GRADES FOR STUDENTS IN AIRCRAFT MAINTENANCE 

TRAINING PROGRAMS IN THE AIR FORCE 

DISSERTATION 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

for the Degrefe of 

DOCTOR OF EDUCATION 

By 

John L. Byrd, B.S.Ed., M.S.O.M, 

Denton, Texas 

December, 1995 



s 

Byrd, John L., Using regression analysis to investigate 

relationships of ASVAB selector composites to end-of-course 

grades for students in aircraft maintenance training 

programs in the Air Force. Doctor of Education (Applied 

Technology, Training and Development), December, 1995, 94 pp., 

30 tables, references, 47 titles. 

Aircraft maintenance training programs in the Air Force 

have evolved from an almost exclusively mechanical 

orientation to one that is largely electronic. The Armed 

Services Vocational Aptitude Battery (ASVAB) with its four 

selector composites (Mechanical, Administration, General, 

and Electronic) has been in use for over 20 years. The 

mechanical (M) composite score is used to identify those who 

will be trained in aircraft maintenance. Eight courses 

which graduate over 200 students per year were selected for 

analysis. A correlation study analyzed relationships for 

significance using ASVAB composites as the independent 

variable and the students' end-of-course grade as the 

dependent variable. A Pearson product moment correlation 

coefficient was used to test the relationships between each 

independent variable and the criterion variable. A multiple 

regression analysis was used to test the null hypothesis 



independent variable and the criterion variable. A multiple 

regression analysis was used to test the null hypothesis 

that no statistically significant relationship existed 

between the selector composites and the final course grades. 

The data was treated for range restriction using the Lawley 

multivariate correction for range restriction. The findings 

showed a significant relationship between all selector 

composites and the final course grades with correlations 

being highest between the electronic score and final course 

grades in all but one of the eight courses studied. 

Regression analysis showed that a combination of electronic 

and mechanical scores contributed most to the R2 in six of 

the eight courses. One course maintained the mechanical 

composite alone as a statistically significant contributor 

to the R2, and the other course used only the electronic 

composite as a statistically significant contributor. 

Recommendations include the use of multiple composite 

scores, when statistically indicated, to select personnel 

for training in aircraft maintenance courses. 
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CHAPTER I 

INTRODUCTION 

Justification of the Study 

During this time of reduced defense spending, our 

nation's armed services must look for ways to maintain 

maximum military strength using the most cost effective 

means and measures available. A term commonly heard among 

managers of resources is "doing more with less." Since the 

reason for the existence of the entire defense establishment 

is training people for the eventuality of fighting a war for 

our country, and since the single largest budgeted item is 

personnel costs, it makes sense to begin looking into the 

process by which individuals are recruited and trained. 

In the face of changing technology, the content of many 

Air Force training programs has evolved from a labor 

intensive or mechanical orientation to an automated or 

electronic one. The use of computers has permeated 

virtually every functional area work center. The 

classification system used by the Air Force to recruit and 

place individuals into the various occupational specialties 

has been in use, virtually unchanged, for over thirty years. 

The possibility of mis-classification and consequently, 
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trainee attrition, increases with every technological 

advancement made in the operational environment. 

Air Force enlistees are chosen for training in an 

occupational specialty based upon qualifying scores attained 

on the Armed Services Vocational Aptitude Battery (ASVAB). 

This test gives an overall score called the Armed Forces 

Qualification Test (AFQT) score indicating general cognitive 

ability. A minimum score is required for enlistment 

consideration. Other composite scores identify aptitudes or 

unique abilities in four specific areas: Mechanical (M), 

Administration (A), General (G), and Electronic (E)(see 

Table 2). Each occupational specialty training program is 

reviewed periodically by a panel of experts in the career 

field. One of the items they are required to review is the 

criteria by which their trainees are selected, i.e., a 

minimum score of 51 in the M composite is required in order 

to be trained in most aircraft maintenance career fields. 

Most occupational specialties have used their criteria for 

25 years or more. 

Validation studies (Welch, Kucinkas, & Curran, 1990) 

were conducted across training programs with recommendations 

for further study that would pinpoint particular courses or 

occupational specialties. The literature identifies 

problems in both Administration (A) and Mechanical (M) 



composites. This study was designed to provide that 

pinpoint analysis of courses using the M composite with the 

intent of optimizing predictive efficiency. Considering the 

large number of Air Force enlisted personnel who are 

employed in the maintenance of combat aircraft and having 

all the technical training for these specialties conducted 

locally, the decision was made to study the methods for 

selection of recruits for training in the aircraft 

maintenance occupational specialties. 

The target population was all first-enlistment recruits 

selected for training in aircraft maintenance specialties in 

the Air Force. The sample was the scores of more than 200 

trainees drawn from each of eight separate aircraft 

maintenance training courses conducted at Sheppard Air Force 

Base, Wichita Falls, Texas, during 1994. 

Statement of the Problem 

With the advent of electronic aircraft components, 

computer technology, and the automation of jobs that were 

previously labor intensive, the current test score criteria 

for selection and classification of Air Force enlistees into 

aircraft maintenance training programs may no longer be 

valid. The decision to use an aptitude score designed to 

identify persons suited to succeed as aircraft or vehicle 



mechanics was made over 30 years ago when the majority of 

working parts on an aircraft were mechanical. The selector 

composite designed to identify an aptitude for electronics 

was used to place people into such jobs as maintaining 

communications and radar systems. Administration was 

another selector composite because many of the paperwork, 

accounting, and supply procedures were accomplished by hand 

and required a great deal of manpower. A fourth category 

was designated as general because most other jobs were 

placed in this category if the enlistees had no outstanding 

scores under the other, more specific, skill identifiers. 

Their aptitudes were more general in nature, and those 

selected were placed in fields such as medical, food 

service, and physical security. Thus, the Armed Services 

Vocational Aptitude Battery (ASVAB) continues to be used 

today. 

The aircraft maintenance training programs in the Air 

Force have evolved from an almost exclusively mechanical 

orientation to one that is largely electronic. The content 

of aircraft maintenance courses is continually updated to 

teach the latest advances in avionics and other electronic 

technology that are constantly being incorporated into 

modern aircraft. Student performance in these courses is 

measured by their successful accomplishment of course 



objectives. This is evidenced by a final course grade (an 

average of percentage grades attained on written exams at 

the end of each block of instruction). 

Should we continue to select enlistees for this 

training based solely upon their mechanical aptitude scores? 

Perhaps a more careful selection of students would allow 

them to complete courses sooner by reducing the number who 

are recycled when they have trouble successfully completing 

a block of training. At the very least, courses could do a 

more thorough job of training those who are selected. 

Perhaps the student attrition rate would decrease, with 

fewer trainees eliminated from training for academic 

deficiency. 

The vast majority of validation studies reviewed had 

recommendations for further study at the course level (Ree & 

Earles, 1992b). In order to determine the existence and/or 

magnitude of the problem in aircraft maintenance courses, 

the ASVAB scores for a sample of aircraft maintenance 

students and their end-of-course grades were examined. This 

examination was designed to discover whether selection 

criteria could be improved upon by optimizing the 

statistical relationships between selector composites and 

performance scores in the aircraft maintenance specialty 

training programs. 



Research Questions 

Although the Air Force Human Resources Laboratory at 

Brooks Air Force Base, San Antonio, Texas (Ree & Earles, 

1990; Welch et al.,1990), has validated the ASVAB in the 

role for which it was originally developed, it has raised 

questions about the effectiveness of its application in the 

aircraft maintenance occupational specialties. They further 

recommended additional studies to focus upon individual 

courses with the intent of identifying optimal 

classification composites. This study was focused on a 

sample of aircraft maintenance courses to analyze the 

relationships of the selector composites (M, A, G, E, & 

AFQT), now available in the ASVAB, with final course grades 

in aircraft maintenance training courses. Similar large 

studies by Armstrong Laboratories have included these 

courses among many others, but this unique study has singled 

out aircraft maintenance so that effects can only be 

attributed to data collected from that job specialty. The 

Mechanical (M) composite is currently being used to select 

trainees in each of the courses under consideration. One 

course adds a second composite, the Electronic (E), to 

enhance the selection criteria. 

Specific research questions to be addressed by this 

study are as follows: 
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1. Is the ASVAB Mechanical (M) selector composite 

score related to the final course grade in aircraft 

maintenance training courses? 

2. Is the ASVAB Administration (A) selector composite 

score related to the final course grade in aircraft 

maintenance training courses? 

3. Is the ASVAB General (G) selector composite score 

related to the final course grade in aircraft maintenance 

training courses? 

4. Is the ASVAB Electronic (E) selector composite 

score related to the final course grade in aircraft 

maintenance training courses? 

5. Is the AFQT composite score of the ASVAB related to 

the final course grade in aircraft maintenance training 

courses? 

6. What combination of composite scores from the ASVAB 

(M, A, G, E, AFQT) serve as the best predictors of the final 

course grade in an aircraft maintenance training course? 

Statistical Hypotheses 

For each of the eight aircraft maintenance technical 

training courses included in this study, the following 

hypotheses were examined: 

1. There will be no statistically significant 

relationship between the Mechanical (M) composite of the 



ASVAB and. a student's final course grades in aircraft 

maintenance technical training courses. 

2. There will be no statistically significant 

relationship between the Administration (A) composite of the 

ASVAB and a student's final course grades in aircraft 

maintenance technical training courses. 

3. There will be no statistically significant 

relationship between the General (G) composite of the ASVAB 

and a student's final course grades in aircraft maintenance 

technical training courses. 

4. There will be no statistically significant 

relationship between the Electronic (E) composite of the 

ASVAB and a student's final course grades in aircraft 

maintenance technical training courses. 

5. There will be no statistically significant 

relationship between the AFQT composite of the ASVAB and a 

student's final course grades in aircraft maintenance 

technical training courses. 

6. There will be no statistically significant 

relationship between the combination of five selector 

composite scores (M, A, G, E, & AGQT) of the ASVAB and a 

student's final course grade in aircraft maintenance 

technical training courses. 



Significance of the Study 

This study will contribute to the existing body of 

knowledge on the predictive validity of the Armed Services 

Vocational Aptitude Battery as it relates to successful 

completion of aircraft maintenance technical training 

programs in the U. S. Air Force. The aircraft maintenance 

career field accounts for approximately 24% of the total 

318,300 member enlisted work force of the Air Force. Each 

year, over 3,300 graduates are sent to flying organizations 

throughout the world to maintain and repair the most 

sophisticated and advanced air frames and powerplants in 

existence. 

The average cost to train one graduate is $16,347, 

making the total annual training cost for Air Force airplane 

maintainers $54,339,600 (Mehuron, 1995). The current 

average course length is 13.6 weeks. Almost without 

exception, academic washouts are kept in the course for a 

minimum of 2 weeks before the decision to drop them from the 

program is made. This training cost is at least $2,400. 

According to Lawrence (1988), the average cost to recruit 

new trainees to replace losses due to training failure was 

$3,800. When the training investment loss is added to the 

cost to recruit a new trainee, it costs the taxpayer over 

$6,200 per eliminee. An improvement in selection criteria 
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which would result in a one percent decrease in trainee 

attrition represents an annual cost avoidance of over 

$200,000. 

The importance of selection criteria for aircraft 

maintenance trainees is also important to the civil aircraft 

industry. The technical training and expertise gained in 

the Air Force is applicable to the Federal Aviation 

Administration (FAA) requirements for certification as an 

Air Frame & Powerplant (A&P) Technician. When the airman's 

enlistment is over, he or she may then be hired to maintain 

the civil air fleet that carries millions of passengers 

throughout the world each day. Obviously the best criteria 

possible should be used to choose those who perform such 

critical work. 

While this study focused upon aircraft maintenance 

training programs, the model is applicable to any 

occupational field with prerequisite aptitude skills. At 

Sheppard Air Force Base alone, the various medical technical 

skills, the civil engineering technicians, comptroller-

accounting technicians, and telecommunications schools fit 

into this category. Also, the Air Force has three other 

major technical training centers with similar needs to hone 

prerequisite selection criteria. 

Since the ASVAB is used by high school counselors for 

vocational counseling and aptitude indicators, a refined 
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selection criteria could benefit high school students by 

improving their chances for academic success. More accurate 

classification could allow them to avoid the costs 

associated with pursuing a field for which they are not well 

suited. Ultimately, the refined selection of those best 

qualified should result in an enhanced teaching environment 

because of the homogenous grouping of those with similar 

interests and abilities. The bottom line is more effective 

and efficient training overall. 

Delimitations 

The study delimited the population to those first-

enlistment, initial-skills students of Air Force Aircraft 

Maintenance Technical Training Programs. The study further 

excluded foreign students or any unusual cases which did not 

have ASVAB scores on the AETC Form 156, Student Record of 

Training. Another exclusion from the final analysis was the 

student who entered training, but was eliminated before any 

course grade could be established (this was fewer than one 

percent of all students entering the training programs in 

1994) . 

Definitions of Terms 

Air Training Command or Air Education and Training Command: 

A major command component of the Air Force that is 
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responsible for developing and conducting all academic and 

technical training within the Air Force. This study dealt 

primarily with the part that conducts initial-skills 

technical training for first-term enlistees in aircraft 

maintenance career fields. 

Armed Services Vocational Aptitude Battery (ASVAB): A 10-

test battery administered to all potential enlistees in any 

branch of the armed services, the results of which are used 

for initial selection and classification of those enlistees 

into a particular job or specialty. 

Attrition: That number of persons who were initially 

selected for training in a particular job or specialty, but 

who dropped before successful completion of the training 

program. Attrition is usually expressed as a percentage of 

the total number selected in a particular specialty during a 

specified period of time (usually one year). 

Block: A unit of instruction within a technical training 

course that is usually comprised of several lessons that are 

related by subject matter. 

Block Test: An incremental measurement of student progress 

normally measured at the end of each block of instruction by 

a progress check, a performance evaluation, and a written 
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test. The written test is normally made up of 20 to 50 

multiple choice questions with four possible answers; the 

average minimum passing score is 70%. 

Cognitive Skills: Those competencies needed to process 

information throughout the taxonomy of learning levels, from 

knowledge through evaluation. This is in contrast to 

psychomotor skills, which are those needed to manipulate 

materials or objects or to develop neuromuscular 

coordination. 

Composite Test Grade: The combining of ASVAB subtest scores 

in various ways to identify aptitudes associated with 

various fields of endeavor. One example is the Academic 

Ability Composite, which combines the Word Knowledge and 

Paragraph Comprehension tests, times two, with the 

Arithmetic Reasoning and Mathematics Knowledge tests. The 

score is usually expressed as a standard score, with a 

standard deviation of 10 and a mean of 50. 

Differential Classification: The efficiency of the ASVAB 

composites (M, A, G, & E) to properly classify recruits for 

training in a field such as aircraft maintenance. According 

to the theory of differential classification (Brogden, 

1955), if each aptitude composite's validity is maximized in 
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terms of its absolute validity, then there will be a 

maximization of the predicted performance of individuals 

within a cluster of specialties using the given composite. 

The maximized predicted performance of jobs will, in turn, 

lead to maximized differences between job clusters in 

predicted performance, thus maximizing the differences in 

validities between clusters of jobs with differing 

composites (Welch et al., 1990). 

Induction: The process by which a civilian is brought into 

the military service. The first step is generally that of 

taking the ASVAB, followed by a physical examination. If 

the ASVAB is passed, then contracts are signed and a formal 

swearing-in ceremony takes place. 

Instructional Systems Development (ISP): The process by 

which training programs or courses are developed in the Air 

Force. The process is represented by a five-step model that 

includes the following: 

Step 1. Determining what the skilled performer does 

when doing the job, how well the job must be done, and under 

what conditions. 

Step 2. Determining whether or not instruction is 

needed and, if so, what instruction the untrained person 

needs to complete to do the job effectively. 
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Step 3. Expressing instructional outcomes as specific 

objectives and devising measurement devices to determine 

whether or not students have achieved those objectives. 

Step 4. Designing instructional procedures and materials 

to help students achieve the objectives and having students 

try out the procedures and materials to be sure they are 

effective. 

Step 5. Conducting and evaluating the instruction. 

Later, the ability of the graduates to do their jobs is also 

evaluated. 

Lawlev Adjustment for Range Restriction: A process used to 

adjust sample data so that it can provide more accurate 

estimates when compared with data from the population. 

Restricting the range of one variable when sampling from a 

population can bias subsequent estimates of population 

means, variances, and correlations. The power of 

significance tests may also suffer as the severity of range 

restriction increases. Lawley (1943) proposed a general 

solution, usually called the multivariate correction for 

range restriction. His theorem is explained in terms of 

variance-covariance matrices that can be converted to 

correlation matrices. The adjustment was applied in this 

study because of the selection policy regarding trainees 
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having to attain a certain score on the AFQT and the 

mechanical (M) selector composites of the ASVAB in order to 

be considered for training in the aircraft maintenance 

career field (Ree, Carretta, Earles, & Albert, 1994) . 

Reference Population: All members of the defined 

population from which the sample was drawn and to which 

generalizations may be attributed. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

Historical Development of the ASVAB 

Virtually every study and report published on the ASVAB 

has a brief historical background for the development of the 

test. The Technical Manual for the ASVAB 18/19 Career 

Exploration Program, published by the U.S. Department of 

Defense in 1994, is perhaps the most detailed, current, and 

comprehensive coverage found. The following is a synopsis: 

Prior to the Selective Service Act of 1948, there was 

no uniform aptitude testing program which incorporated all 

the Armed Forces. The Army used their Army General 

Classification Test (AGCT) for themselves and the "Air 

Corps." The Navy used the Navy General Classification Test 

(NGCT) for themselves and the Marine Corps. These were 

administered after enlistment for classification purposes, 

and each service had its own criteria and procedures for 

induction. The Armed Forces Qualification Test (AFQT), 

which resulted from the 1948 Act, was modeled after the Army 

General Classification Test. It was used to determine 

enlistment eligibility and general trainability and was used 

by all services until October 1984. The norms used to 

determine percentile scores were based upon a sample 

representing an officer and enlisted male population serving 

17 
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under mobilization conditions during World War II. Each 

revision was calibrated to the AGCT. From 1973 through 

1975, each service was allowed to develop its own conversion 

tables from its own test battery to estimate an individual's 

AFQT score. In 1984, a new reference population was adopted 

for use with the ASVAB. In 197 6, the newest forms of the 

ASVAB used by all services were introduced into the nation's 

high schools. Forms 8 through 10 were used from 197 6 

through 1980. A nationwide administration of test Form 8a 

serves as the new reference base for all ASVAB scores 

reported after 1984. 

Presently, Forms 18 and 19 are in use, with upcoming 

transition to Forms 20/21/22. In 1982, when the Department 

of Defense (DOD) contracted with the National Opinion 

Research Center (NORC) at the University of Chicago to 

administer Form 8a nationally to a representative sample of 

the nation's young people, it was the first time that a 

multiple aptitude test battery was normed on a nationally 

representative sample. The study was called the Profile of 

American Youth. Samples came from equal proportions of 

males and females and from all major U.S. census regions. 

This has provided the current national norms for the ASVAB 

since October 1984. 

Table 1 describes the 10 subtests that make up the 

ASVAB. The table also describes the content of each subtest 

and the time allotted for taking each subtest. Table 2 
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shows the combinations of scores that comprise the selector 

composites used by the Air Force. The table format makes it 

easier to refer to this information in the discussion of the 

make-up of predictor composites. It is interesting to note 

that the Mechanical (M) predictor composite is comprised of 

the results of subtests Mechanic Comprehension, General 

Science, and Auto & Shop Information, with the latter 

weighted equally against the other two. 

Table 1 

ASVAB Subtest Content 

Subtest Description 

No. of 

Items Time 

General Science (GS) 

Arithmetic Reasoning 

(AR) 

Word Knowledge (WK) 

Paragraph 

Comprehension (PC) 

Knowledge of the physical and 25 11 

biological sciences 

Word problems emphasizing 3 0 3 6 

mathematical reasoning 

Understanding the meaning of 35 11 

words; i.e., vocabulary 

Presentation of short 15 13 

paragraphs followed by one 

or more multiple-choice 

items 

(table continues' 
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Subtest Description No. of Time 

Items 

Numerical 

Operations (NO) 

Coding Speed (CS) 

Auto and Shop 

Information (AS) 

Mathematics 

Knowledge (MK) 

Mechanical 

Comprehension (MC) 

Electronics 

Information (EI) 

Totals 

A speeded test of the 

arithmetic operations 

A speeded test of matching 

words and 4-digit numbers 

Knowledge of auto mechanics, 

functions (verbal & 

pictorial) 

Knowledge of algebra, 

geometry, and fractions 

Understanding mechanical 

principles such as gears, 

levers, pulleys, and 

hydraulics in verbal and 

pictorial items 

Knowledge of electronics and 

radio principles in verbal 

and pictorial items 

50 

84 

25 

25 

25 

20 

11 

24 

19 

334 144 

Note. From Armed Services Vocational Aptitude Battery 

(ASVAB) Test Manual (p.94) by U.S. Department of Defense, 

1984, North Chicago, IL: Military Entrance Processing 

Command. 
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Table 2 

Subtest Definitions of ASVAB Selector Composites (Air Force) 

Composite Definition 

Mechanical (M) MC + GS + 2AS 

Administrative (A) NO + CS + VE 

General (G) VE + AR 

Electronics (E) AR + MK + EI + GS 

ASVAB Validity Studies 

All branches of the armed services have conducted 

validity studies since the early 1950s. Each service was 

primarily interested in improving the predictability of the 

selector composites used to select its particular trainees. 

The organization primarily responsible for validating the 

test for use by the Air Force was the Air Force Human 

Resources Laboratory, Brooks Air Force Base, Texas, 

presently named Armstrong Laboratories. 

The majority of referenced literature has focused on 

the test since it was normed on the Profile of American 

Youth Study in 1984. The Department of Defense (DOD) also 

contracted several studies during that period, one being the 

Profile of American Youth Study mentioned above. Another 

ongoing project has been DOD efforts to link enlistment 
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standards (test scores) to on-the-job performance. These 

studies also focused on differentiating between the 

vocational preparation of white, black, and Hispanic 

American youth (Bock & Moore, 1984). 

Several civilian studies have been conducted over the 

last 10 years to determine the ASVAB's validity as a 

predictor of civilian job performance. Because it is 

furnished to high school counselors and administered free of 

charge, several efforts have been made to equate the 

subscores on this test to more common civilian aptitude 

instruments. Hunter (1984) found the following: 

Convincing evidence for the validity of the ASVAB subtest 

was established. This research effort provided a data 

base which demonstrated that the ASVAB test battery 

measures cognitive ability better than most comparable 

civilian batteries. As a result of this study, the ASVAB 

validity coefficient appeared to be higher than validity 

coefficients for civilian tests, (p. 63) 

Subtest and Composite Validity 

An extensive study by McLaughlin, Rossmeissl, Wise, 

Brandt, and Wing (1984), at the Human Resources Research 

Organization in Alexandria, Virginia, analyzed the validity 

of the nine specific skill area composites used by the U.S. 
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Army to classify their soldiers into the various training 

programs. The results indicated that the ASVAB composites 

provide information relevant to performance in training. 

However, they fall short of the ideal of targeting specific 

jobs for individuals. According to McLaughlin et al., 

"there is little evidence that these composite scores 

capture skills specific to the Military Occupational 

Specialty (MOS) with which they are associated" (p. 28). 

The data used to validate the operational composite 

provided the basis for creating and evaluating new 

combinations of ASVAB subtest scores. The effort was to 

identify a small number of composites, each of which would 

be relevant to a large number of MOSs and could be 

calculated by the simple addition of ASVAB subtest scores. 

The optimal composite for any MOS was the weighted sum of 

ASVAB subtest scores most highly correlated with the 

criterion measure. 

One major improvement that resulted involved the 

relatively weak clerical MOS cluster. McLaughlin et al. 

(1984) obtained ASVAB and end-of-course grades for 3,984 

trainees entering the Army for clerical training in 12 

different MOSs. The existing composite (CL=VE+CS+NO) 

adjusted validity was compared with the adjusted validity of 

a revised composite suggested by a multiple regression of 
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the ASVAB subtests on the training criterion. Results for 

the 12 MOSs were similar. All suggested that a quantitative 

subtest consistently accounted for the most variance in the 

criterion. Therefore, substituting a math subtest for the 

speeded subtests appreciably increased the validity of the 

clerical composite. 

In Air Force studies, the generally lower validity of 

the Administrative (A) composite for predicting the final 

school grade is a consistent finding across generations of 

the ASVAB. Some part of this lower validity can be 

attributed to the A composite's consistently low 

reliability. This is probably because, over the years, the 

services have consistently constructed the A composite with 

as many speeded tests as are available in the battery, in 

the belief that speeded tests should be good predictors of 

success in administrative and clerical jobs. 

The consistent trend has been to show not only less 

reliability, but consistently less predictive validity for 

the A composite. These findings are consistent with 

findings in the literature that speeded tests are more 

sensitive to administration conditions (McLaughlin 

et al., 1984; Sims & Hiatt, 1983; Wegner & Ree, 1985). 

The Stermer (1988) study addressed the issue of 

differential validity in the ASVAB composites. That study 
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investigated the hypothesis that the Armed Forces 

Qualification Test (AFQT), as a measure of general cognitive 

ability, would add significant validity to the prediction of 

military training success over that of the four Air Force 

aptitude selector composites (M, A, G, & E). Stermer 

analyzed validity results for a sample of Air Force recruits 

(N = 29,619). 

Table 3 indicates the results in terms of proportion of 

variance in the criterion scores accounted for both by the 

selector composites and by the AFQT. Both the composites 

and the AFQT validity coefficients were corrected for 

restriction in range and unreliability. The increments to 

validity were directly related to the general cognitive 

ability saturation of the composites. The lack of 

incremental validity for the A composite over the AFQT was 

attributed to the composite's focus on speeded tests rather 

than those measuring general cognitive aptitude. This 

finding is consistent with the criterion-related validity 

results, which show that the A composite generally has lower 

validity than do the other three composites for prediction 

of training success in their respective job clusters. 

Another study, by Earles and Ree (1992), correlated 

ASVAB subscores and composites with final course grades in 

150 technical training courses. After correction for 
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Table 3 

Estimates of Proportion of Variance Accounted for bv the 

Composites Versus the AFQT 

Composite r2 Composite r2 AFQT r2C - r2A 

M . 6939 = . 6585 .0354a 

A .1870 < .7329 -.5409 

G .8358 > .7250 .1108 

E .8536 > .7029 .1327 

Note. From Meta-•analysis of Armed Services Vocational 

Aptitude Battery Composite Validity Data (p.57) by N. S. 

Stermer, 1988, Unpublished master's thesis, St. Mary's 

University, San Antonio, TX. 

difference between r2 Composite and r2 AFQT. 

range restriction, the Arithmetic Reasoning (AR) subtest 

proved the best predictor of course grades, with an average 

across all courses of .68. The best predicting 

classification composites were Electronic (E) and General 

(G), averaging .73 after correction. There was not a good 

match between current classification composites and job 

groupings. Earles and Ree noted that "retaining the current 

classification composites, only two job groupings would be 

necessary a G group and an E group" (p. 724). The results 

of this study show a need for other research. The 
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development of optimal composites from the ASVAB subtests 

would be one, and assigning classification composites to 

jobs to enhance validity would be another. 

Ree and Earles (1992b) evaluated how well the ASVAB 

measured the success of recruits in Air Force technical 

training. They validated the four selector composites--

Mechanical (M), Administrative (A), General (G), and 

Electronics (E) and the AFQT—for predicting final school 

grades in 150 Air Force technical training courses. Except 

for the E composite, the specific composite (M, A, G, & E) 

used for classification was not as valid as the AFQT. A 

selection and classification system based either on best-

regression-weighted subtests or on the E composite and the 

AFQT would increase validity. Interestingly, all the 

Aircraft Maintenance final school grades were best predicted 

by the Electronics composite. All students in these courses 

are presently selected based on their Mechanical (M) scores. 

Separating General Cognitive Ability 

from Specific Abilities 

Ree and Earles (1990), in their study Differential 

Validity of a Differential Aptitude Test, developed a 

detailed history of the use of general cognitive ability (g) 

versus specialized or job specific abilities (s) as 

predictors of future success. The study begins with 
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Spearman's (1904) use of factor analysis to isolate a single 

major factor (g) and minor factors that he called (s) to 

Thurstone's (1938) application of the centroid method of 

factor analysis to isolate several primary mental abilities, 

which he claimed were independent of g. Despite 

contradictory evidence, psychologists continue to believe 

that the specific abilities tests are the best tools for 

predicting aptitude. The military's use of differing 

composites reflects this belief. 

The Ree and Earles (1990) study was conducted to 

determine whether or not the doctrine of specificity holds 

for Air Force jobs. The questions asked were, "What are the 

components of the ASVAB?" and "Do the apparent specialized 

abilities measured by the ASVAB contribute beyond g to the 

prediction of technical training performance and if so, by 

how much?" Factor analysis of the ASVAB showed four factors 

called verbal abilities, clerical/speed, mathematical, and 

Vocational-Technical Information. The g factor was the 

first principal component accounting for 63.9% of the 

variance. 

To answer the second question, the Ree and Earles 

(1990) study showed that there were some differences between 

the order of variables entering the regression; however, the 

g component always entered first. Measures of g were useful 
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in predicting all Air Force jobs investigated, with specific 

components aiding only to a small extent. 

The lowest corrected squared correlation of the first 

principal component with final school grades was .1718 for 

the Aerospace Propulsion Specialist (Jet Engine 

Maintenance). It was also the lowest squared multiple 

correlation (R2 = .2010). Evidently, the distribution of 

criterion scores for this course showed it to be much 

different from all the rest. Perhaps the cause of this 

difference accounted for the reduction in predictability. 

A similar study by Ree, Earles, and Teachout (1992) 

related general ability (g) and specific abilities (s) to 

job performance criteria for eight Air Force jobs. The data 

developed by Ree and Earles in their 1990 study provided the 

g and s data, and a Department of Defense study in 1986 by 

Wigdor and Green developed the Joint-Services Job 

Performance Measurement Project. Criteria used included 

hands-on work samples, technical interviews, and task 

ratings by supervisors. In the 1990 Ree and Earles study, 

when the same principal components were used to predict 

training grades, the authors found that g was the strongest 

predictor and that specific abilities added little to 

prediction. The same was true for predicting job 

performance criteria, but not as strongly as for training 

criteria. 
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Jensen (1985) stated that "the differential validity of 

multiple-aptitude batteries for various occupations is 

largely illusory; the general ability factor (g) of the 

entire battery is the overwhelming active ingredient in 

predictive validity" (p. 34). He also observed that what is 

not substantiated in any of the ASVAB research literature is 

evidence for practically useful differential validities of 

the various ASVAB occupational composites for individual 

prediction. 

Welch, Watson, and Ree (1990) used principal components 

analysis of ASVAB scores to determine the effectiveness of 

using general and specific abilities for the prediction of 

training success among enlistees from all branches of the 

armed services. Psychometric general ability g was found to 

be the best predictor of training success. However, 

measures of specific ability resulted in significant 

increments to validity for 118 of the 125 military 

occupations examined. 

Finally, Ree and Earles (1991) concluded the following 

about predicting training success: 

The test battery (ASVAB) used had seemingly specific 

measures of automotive knowledge, shop information, 

word knowledge, reading, mathematics, mechanical 

principles, electronic and scientific facts, as well 
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as clerical speed, yet its predictive power was derived 

from psychometric g. The training courses prepared 

students for seemingly different job performance, such 

as handling police dogs, clerical filing, jet engine 

repair, administering injections, and fire fighting, 

yet a universal set of weights across all jobs was as 

good as a unique set of weights for each job. . . . 

Differential prediction in this differential aptitude 

is largely illusory. Psychometric g was the best 

predictor, and measures of specific ability were not 

needed to predict training success. (p. 330) 

Job Performance Prediction 

The Armstrong Laboratory is developing a measurement 

system for obtaining job performance data called the Job 

Performance Measurement System (JPMS). It is designed to 

provide (a) operational managers with criteria to evaluate 

the human resources program effectiveness, (b) research 

scientists with performance measures for research and 

development projects, and (c) measures for assessing how 

well the ASVAB predicts on-the-job performance. It 

emphasizes the use of multiple methods and sources for job 

performance information. A study by Dickinson, Hedge, and 

Ballentine (1987) was done to assess the JPMS measures and 
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to evaluate how well the ASVAB could predict these measures. 

The study focused on 255 first-enlistment jet engine 

mechanics in the Air Force. The ASVAB did much better at 

predicting training school grades than it did in predicting 

JPMS measures. The conclusion was that the ASVAB predictors 

were only modestly predictive of the on-the-job performance 

of jet engine mechanics. 

In a study by Dickinson and Teachout (1991), the same 

five factors of JPMS developed by Dickinson et al. (1987) 

were used to evaluate the predictive ability of the ASVAB on 

job performance across eight Air Force specialties, one of 

which was jet engine mechanics. Only two of the five job 

performance measures correlated significantly with ASVAB 

predictors. In the Air Traffic Controller career field, 

none of the five measures correlated with ASVAB predictors. 

When training school grades were removed from the job 

performance measures, the ASVAB predicted only three of the 

eight specialties studied. 

As the Armstrong Laboratories progressed in developing 

their Job Performance Measurement System (JPMS), designed to 

accurately predict job performance based upon a written 

test, Ree and Earles (1992) argued that "intelligence is the 

best predictor of job performance" (p. 88). They wrote, 
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If an employer were to use only intelligence tests and 

select the highest scoring applicant for each job, 

training results would be predicted well regardless of 

the job, and overall performance from the employees 

selected would be maximized. (p.88) 

In their article, Ree and Earles (1992a) summarized a 

vast array of research literature on the efficacy of g, or 

general intelligence, in predicting job performance. In all 

cases, g correlated from .33 in range-restricted samples to 

.76 in more general population samples of job applicants. 

Non-g aptitudes added little to the prediction from g. 

Robert Sternberg, Professor of Psychology at Yale 

University, and Richard K. Wagner, Professor of Psychology 

at Florida State University, disagreed with the "g-ocentric 

view of ability" (Sternberg & Wagner, 1993, p. 1). They 

identified "tacit knowledge" as the practical know-how one 

needs for success on the job. It is not measured by 

conventional intelligence tests, but can be measured through 

scenarios that describe work-related situations requiring 

problem solving and decision making. Sternberg and Wagner 

concluded that these broader ability measures should be used 

to supplement the general intelligence instruments. 

David McClelland, Professor Emeritus of Psychology, 

Harvard University, also disagrees with Ree and Earles 
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(1992a). In his 1993 article, McClelland argued that 

cognitive intelligence is by no means the best predictor of 

occupational status. He also argued that knowing how to do 

something, as reflected in a performance test, and doing it 

well on the job, are two completely different things. 

Secondly, he wrote that factoring in variables such as sex, 

race, education, social class, and motivation could far 

outweigh cognitive intelligence as factors in successful job 

performance. 

Final Technical Training Course Grades 

The criterion variable in this study was the final 

technical training course grades in several tactical, 

strategic, and airlift aircraft maintenance training 

courses. All initial technical skills training courses in 

the Air Force were developed through the Instructional 

Systems Development (ISD) process. The Air Force literature 

associated with development of the criterion variable is 

hereby discussed. 

Each specialty field has a Specialty Training Standard 

(STS), which breaks each job down by function and then by 

task. Each task is evaluated by subject matter experts and 

education specialists who transform them into training 

objectives. These training objectives are written into a 
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Plan of Instruction (POI) as performance objectives and 

knowledge objectives. These are further broken down into 

the learning-levels taxonomy and arranged from simple to 

complex, parts to whole, whole to parts, and are grouped 

into a unit or module. Then, according to Air Education and 

Training Command Regulation (AETCR) 52-1 (1992), "the 

student measurement program is designed to assess student's 

knowledge, performance, and rate of progress in each unit or 

module of instruction while simultaneously measuring the 

effectiveness of the instructional system" (p. 10). 

Performance tests are administered to evaluate a 

student's attainment of skills required by performance 

objectives. This test requires the student to perform 

objective tasks under specified conditions in a formal 

testing mode. A written test is used to sample each 

knowledge objective and, when necessary, the knowledge 

components of performance objectives. 

An optical-mark reader answer sheet is used to 

facilitate computerized scoring and test analysis. The 

tests are typically 20 to 50 multiple choice questions with 

four possible answers. The regulation also requires each 

test to contain at least one item for each knowledge 

obj ective. 
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To graduate, each student must successfully pass all 

performance tests and written measurements. Minimum passing 

scores are established by each course and range from 

approximately 65 to 75, with 70 being the norm. Percentage 

scores are used for all written instruments. A minimum of 

two versions for each measurement point provides alternate 

tests in the event of a test compromise or test failure. 

Most courses have a third version. 

AETCR 52-1, Section I (1992) and AETCR 52-15 (1994), as 

locally supplemented, outline in Job Guide 24 the 

requirements for validating and reviewing written tests in 

all training courses. Item 10 requires construction of 

individual test items to measure significant components of 

each objective covered by the test. It requires measurement 

of each objective sufficiently to ensure that the student's 

test grades are a good indicator of the attainment of course 

objectives. 

For new courses, or revised courses, tests administered 

during validation are required to be reviewed by course 

supervisors after each test administration. The supervisors 

annotate remarks and comments on AETC Form 668 or in the 

computerized test analysis system. The instructor, 

supervisor, or higher authority conducts a review of 

composite printouts of measurement results at least once 
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every 12 months to identify undesirable trends and revise 

questions or instruction as necessary (AETCR 52-1, 1992). 

Examples of the test analysis descriptive statistics 

available include mean, median, mode, variance, standard 

deviation, standard error, and skewness. Norm-referenced 

test reliability statistics and criterion-referenced 

reliability statistics are also given. The test analysis 

provides an Ease Index (EI), also sometimes called the 

difficulty index, and a Differentiation Index (DI), using 

the top and bottom thirds of the sample. The test analysis 

also gives the DI as the Point Biserial Coefficient. 

Individual test items are charted graphically, and 

student diagnostics are furnished, based on the student's 

individual performance on the test. Only written test 

scores are used to determine the student's final course 

grade. 

Typically, all block test scores are summed and 

averaged to determine the student's final grade. Students 

who fail to achieve the minimum passing score on a block 

test are given remedial training or are recycled through the 

block and retested using an alternate version of the test. 
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Correction for Range Restriction 

Mendoza, Hart, and Powell (1991), in a Multivariate 

Behavioral Research article, wrote the following: 

One of the oldest and most common problems in 

psychology is that of estimating the correlation 

between a predictor and a criterion. This can be 

particularly troublesome when there is range 

restriction on the predictor due to explicit or 

implicit selection. Range restriction occurs when 

predictor and criterion data are available only for the 

selected group. This is a group that is systematically 

different from the applicant group due to the 

organization's selection policy. The restricted 

variable for which data are missing generally has a 

restricted variance. Hence, the correlation between 

the predictor and the criterion in this group tends to 

underestimate the correlation between the predictor and 

the criterion in the unrestricted population. (p. 255) 

Among the researchers who focused upon this attenuation 

problem was Karl Pearson (1903), who was the first to 

develop a procedure to provide the basis inherent in the 

selection process. Lawley (1943) relaxed the assumptions 

necessary for correction, and Thorndike (1949) is credited 

with disseminating this procedure among psychologists. 
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Lawley developed the multivariate, or general case, which 

allows for correction of range restriction resulting from 

selection on several variables, and he also provided a 

theorem. 

Lawley's (1943) theorem is explained in terms of 

variance-covariance matrices that can be converted to 

correlation matrices. Ree and Earles (1990) stated that in 

order to obtain better estimates of the multiple correlation 

in the population, the Lawley multivariate correction for 

range restriction was suggested. 

The multivariate correction for range restriction 

requires two assumptions: homogeneity of variance and a 

linear relationship. The same assumptions are required for 

linear regression. The regressions are computed within each 

career field on corrected matrices, and no order of 

inclusion is specified. 

As Ree et al. (1994) further explained, Pearson (1903) 

observed that the correlation coefficient computed in a 

sample, censored in such a way as to reduce variance in one 

or both of the variables, would underestimate the population 

value. Such censoring that results in a reduction in 

variance has become known as range restriction. 

According to Ree et al. (1994), the application of this 

correction is not widely practiced. "A review of 
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Educational and Psychological Measurement. Journal of 

Applied Psychology, and Personnel Psychology for the years 

1988 through 1992 showed that only 4% of the validity 

articles were corrected for range restriction" (p. 298). 

The computer program used to compute the Lawley multivariate 

correction for range restriction is a Pascal program 

developed at the Armstrong Laboratory, Brooks Air Force 

Base, Texas. Two other similar programs are available 

without cost through their authors, George M. Alliger and 

Ralph A. Alexander, Department of Psychology, the University 

of Akron, Akron, Ohio 44325 (Alliger & Alexander, 1984). 

Multicollinearity 

A problem in the application of multiple regression 

analysis is sometimes believed to arise when two or more 

predictor variables are very highly correlated with each 

other. This is referred to as the multicollinearity 

problem. According to Pedhazur (1982), intercorrelations 

among independent variables may or may not lead to 

difficulties in the estimation of certain regression 

statistics. He defines it as referring to the absence of 

orthogonality in a set of independent variables. The 

correlation between two completely orthogonal independent 

variables is zero. They are independent of each other. 
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However, both could be highly correlated with the dependent 

variable. Multicollinearity is absent when a matrix of 

variables is orthogonal. 

When the squared multiple correlation among independent 

variables of a correlation matrix is one (1), it indicates 

that the matrix is orthogonal. A linear dependency means 

that one vector in the matrix may be derived on the basis of 

another vector, or on the basis of a linear combination of 

more than one of the other vectors in the matrix. When a 

matrix contains linear dependencies, information provided by 

some of the variables is completely redundant with the 

information available from other variables and hence useless 

for the purpose of regression analysis. When more than two 

independent variables are used, it is not possible to tell 

on the basis of the inspection of the zero-order 

correlations among them whether linear dependencies exist in 

the matrix. When the determinant of the matrix is zero, at 

least one linear dependency is indicated. The closer the 

determinant is to zero, the higher the multicollinearity in 

the matrix and the greater the redundancy of information 

available. High multicollinearity could affect the 

estimations of regression coefficients and could affect the 

standard errors of the regression coefficients. 
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When two or more of the independent variables are 

measuring the same factor which affects the dependent 

variable, the magnitude of the association with the 

dependent variable is split between those independent 

variables. For example, if two intelligence test scores as 

well as other predictors were used to predict school 

success, the regression may show a significance level below 

the cutoff for the two intelligence predictors. However, if 

one were eliminated, the magnitude of the single test score 

could test out above the significance level. 

Once detected, there may or may not be a remedy for the 

problem. High collinearity does not pose difficulties when 

the sole purpose of the research is the determination and 

interpretation of R2. However, this does not shed light on 

the process by which the independent variables affect the 

dependent variables (Pedhazur, 1982). 

The squared multiple correlation among independent 

variables of the ASVAB can be derived by the formula: 

(1-R2) F± 
1 - i 

(N—k—1) Beta 
V 1 X 

Calculating the determinant for each of the eight sets of 

data in the study, the figures ranged from .0228 to .0063, 

This indicates a certain degree of redundancy among the 
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independent variables. This is not surprising in light of 

the makeup of the ASVAB selector composites. As indicated 

in Table 2, both the M and E composites contain the General 

Science subtest score, both the A and G composites contain 

the Verbal composite score, and both the G and E composites 

contain the Arithmetic Reasoning substest score. While high 

collinearity may impact the standard errors of the 

regression coefficients, it should pose little problem for 

the standardized ASVAB which includes elements of redundancy 

by design in determining and interpreting R2. 

Changes in Military Standards and Policy 

The nature of Air Force occupations constantly changes 

over time. As a consequence, the classification structure 

of its occupational specialties must also change. Lawrence, 

Waters, and Perelman (1983) provided a general overview of 

the types of issues that influence and place demands on the 

Air Force's selection and classification systems. Aptitude 

screening methods operate in conjunction with other 

standards such as moral, educational, medical, and physical 

standards. Aptitude scores and educational status have 

become an index of "quality." Manpower planners at the 

highest levels make decisions that hinge upon these 
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aptitudes expressed in percentile categories on the Armed 

Forces Qualification Test (AFQT) score-scale. 

Once selected, the ASVAB composite aptitude indicators 

are shown to be valid predictors of training success. 

However, inferences about quality based solely on these 

aptitude scores may not be valid because they do not measure 

important factors such as motivation and other innate 

personal characteristics of inductees. This makes it 

difficult to predict such matters as job performance and 

first-term attrition. 

Military training is important because of the way the 

Air Force develops their career enlisted personnel. It does 

not hire experienced and trained middle managers "off the 

street" in the way that most civilian companies do. The Air 

Force must "grow" its own experienced people and develop 

their talent through formal and informal training programs. 

The entry-level training is expensive and represents a 

sizable investment on the part of the American taxpayer in 

skills and future development. 

Following basic training, entry level occupational 

training of recruits begins with an initial assignment to a 

formal technical training school. This represents another 

sizable investment in the individual. The degrees of 

success the trainee attains in that training represents an 
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important criterion. Even the smallest increments in the 

accuracy of predicting success in that first-term enlistee's 

training are rewarded by a substantial cost avoidance. This 

avoidance figure does not include the cost of recruiting and 

basic training to qualify a replacement for the one who 

failed or was otherwise eliminated from technical training. 

Other factors involved include avoidance of lowered morale, 

force instability, and loss of individual self-esteem 

because of failure (Lawrence, 1984). 

Lawrence (1988) cited several published reports that 

document the monetary cost associated with failure in 

initial technical training. A 1988 report by the Automated 

Sciences Group and CACI estimated cost savings associated 

with increments in validity of .02 (r2) to be in excess of 

$80 million per year across all services. Although costs of 

obtaining new recruits to replace losses due to training 

failure varied from service to service, from a low of $1,800 

per individual recruit to a high of $4,300 per recruit in 

Fiscal Year 1986 (based on an average recruiting cost of 

over $3,800), these documentable costs capture only part of 

the expenses associated with training and training losses. 

According to Lawrence (1984), a 1982 Automated Sciences 

Group and CACI report stated, "Considering only recruiting 

cost savings ($3,800 per accession), a 5% improvement 
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translates to a savings of $60 million per year at FY 88/89 

accession rates (330,000 enlistees)" (p. 18). It is 

axiomatic, given the current structure and functioning of 

the U.S. military, that no matter what other criteria are 

judged also to be important for prediction in the selection 

and classification system, training success will always be 

relevant. 

The Air Force (20% of the military forces) has over 200 

occupational specialties (Air Force Specialty Codes—(AFSCs); 

the Army (50% of the military forces) has over 350 (Military 

Occupational Specialties—MOS); the Navy, representing 22% 

of accessions, has over 200 ratings; and the Marine Corps, 

at about 11% of accessions, has over 35 major MOSs. Given 

this large classification problem facing the military 

services, it is surprising that few studies have focused on 

the efficiency with which the classification composites 

classify recruits (Welch et al., 1990). 

To the military, success in training is, and will 

continue to be, the most important criterion for prediction. 

The large and expensive military training systems should be 

able to estimate the abilities of those who elect to apply. 

The services need to select and classify appropriately the 

most trainable applicants. The ASVAB composites have a 

clearly demonstrated validity for that purpose. The problem 
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is to determine which jobs require specific validation and 

what specific abilities need to be assessed in order to 

successfully predict training success and to assess the cost 

benefits. 

What is needed in terms of future research at this 

point are studies that examine the contribution to 

predictive validity of specific and general cognitive 

ability within military jobs (Ree & Earles, 1990). With the 

exception of Ree and Earles' (1992b) study, all other 

studies that were reviewed examined validity across jobs. 

This procedure can have the effect of averaging out any 

existing differences in the patterns of subtest validities 

within a given job or occupational specialty. 

The Ree and Earles (1992b) study further states that 

efforts should be made to identify optimal classification 

composites by course. If the composite used to predict the 

scores is other than the best predictor, then the system is 

sub-optimal. Although Ree and Earles never specifically 

recommend combining composites, they do state that some 

changes to the assignment of composites to jobs would 

benefit the Air Force. 



CHAPTER III 

METHODS AND PROCEDURES 

This chapter describes the procedures used in 

collecting and treating data. This correlational study 

focused on the relationship of selector composites on the 

Armed Services Vocational Aptitude Battery (predictor 

variables) and end-of-course grades in aircraft maintenance 

technical training courses conducted at Sheppard Air Force 

Base, Texas (criterion variable). 

Selection of Subjects 

The population for the study was all non-prior service 

enlisted students enrolled in initial-skills aircraft 

maintenance training programs in the Air Force. Recruiters 

chose these individuals based upon the needs of the Air 

Force, the desires of the individual, and whether the 

potential enlistee had attained a minimum qualifying score 

on one or more ASVAB selector composites associated with the 

course. Chosen individuals then proceeded through the 

induction process. They had to pass a thorough physical 

examination, a security background check, and be sworn into 

the Air Force. If the enlistee successfully completed basic 

48 
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training, then she/he was transferred to Sheppard Air Force 

Base, Texas, to enter the appropriate aircraft maintenance 

technical training program. 

The sample consisted of all first-enlistment trainees 

who exited their training program during the period January 1 

through September 30, 1994. Using the formula in Hinkle, 

Wiersma, and Jurs (1988), n=(zbeta - zaipha)
2/d2, at the .05 

level of significance, the minimum sample size needed is 

146. However, in order to use the .01 level of significance 

for a two-tailed test, the minimum sample size needed is 

192. To provide that flexibility, a minimum sample size of 

200 was chosen. All aircraft maintenance courses with 200 

or more graduates during this period were included in the 

sample. Table 4 identifies the participants in the study by 

(a) the course selected for study, (b) the minimum ASVAB 

selector score or scores, (c) the inclusive dates of classes 

studied, and (d) the number of students included in each 

course analysis. 

Instrumentation 

The criterion measure, the end-of-course grade, for all 

courses was the arithmetic mean of the percentage scores on 

all written block tests in the course. These block tests 

were instructor developed and were validated according to 
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Table 4 

Courses Selected for Study 

Course Number and 

Title 

Minimum 

Sel. Comp. 

Inclusive Dates 

of Courses 

No. Cases to 

be Studied 

3ABR2A333A Mech 51 02/16/94 - 235 

Tactical Aircraft 09/26/94 

Maintenance, F-15 

3ABR2A333B Mech 51 02/15/94 - 287 

Tac Acft Maint F-16 09/19/94 

3ABR2A531B Mech 51 01/10/94 - 203 

Aerospace 09/13/94 

Maintenance, C-130 

3ABR2A531G Mech 51 01/28/94 - 222 

Aerosp Maint KC-135 09/27/94 

3ABR2A631A Mech 44 01/25/94 - 487 

Aerosp Prop, Jet Eng 09/26/94 

3ABR2A632 Mech 51 03/10/94 - 612 

Aerosp Gnd Equip & Elec 33 09/27/94 

3ABR2A634 Mech 51 01/6/94 - 300 

Acft. Fuel Syst. 09/29/94 

3ABR2A635 Mech 57 01/24/94 - 298 

Acft Pneudraulics 09/30/94 
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procedures outlined in the Instructional Systems Development 

(ISD) process used by the Air Force (AETCR 52-15, 1994). 

Under the Air Education and Training Command ISD 

concept, test validation is a process designed to determine 

whether a test successfully measures the training objectives 

it was intended to measure. This process includes (a) 

administering one particular version of the test to at least 

three classes of 12 students each; (b) analyzing the test 

results after each administration, then as a composite 

of all administrations; and (c) revising or deleting the 

ineffective measurement items. A minimum of two test 

versions are written for each testing point. According to 

AETCR 52-15 (1994), a validated test must meet two criteria: 

1. The average score for each alternative test must be 

within five percentage points. 

2. The test must not contain individual test items 

that are consistently missed by 50% or more of the students 

during the validation period. 

In all aircraft maintenance training courses, content 

validity is established through extensive coordination 

between the test developer and the supervisory subject 

matter experts, who draw on many years of experience in the 

aircraft maintenance training programs of the Air Force. 
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Content validity is further strengthened by using updated 

occupational survey data (Seebo, 1991). 

Reliability of the criterion tests is established by 

administering two forms of each test to six classes of 12 

students each (each form was administered to 36 students) 

and by ensuring the average scores were within 

five percentage points by either deleting or revising test 

items determined to be inadequate through analysis of test 

results. Test results are tracked over a 3-month period, 

and analyses are conducted to confirm validity and 

reliability (Seebo, 1991) . 

Reliability of the ASVAB, as published in the Technical 

Manual for the ASVAB (U.S. Department of Defense, 1994), 

provides coefficients related to internal or inter-item 

consistency, and alternate-form reliability. The 

reliability coefficients estimated by KR20 for weighted 

samples from the 1980 reference population ranged from .91 

on the Word Knowledge (WK) subtest to .71 on the Electronic 

Information (EI) subtest. Coefficients for all other 

subtests ranged from .80 to .89. 

The alternate-form reliability coefficients from the 

population of post-secondary military applicants had a range 

of .86 on the Arithmetic Reasoning (AR) subtest for males to 

a .52 on the Electronic Information (EI) subtest for 
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females. The standard error of measurement for post-

secondary applicants ranged from 5.38 for females on the EI 

subtest to 2.90 on the WK subtest. These indices were based 

on test alternate-form reliabilities. 

To determine validity of the ASVAB for predicting 

training success, Earles and Ree (1992) analyzed the 

training outcomes of over 88,000 Air Force enlistees in 150 

military technical training courses. Jobs were grouped 

under the four selector composites (M, A, G, E). These 

composites and the AFQT were analyzed against course grades. 

Table 5 shows the averaged validity coefficients for the 

ASVAB selector composites. 

Table 5 

Average Validity Correlations of the ASVAB Composites 

for 88,724 Subjects in 150 Job Training Programs 

Predictor All Jobs Specific Subsets of Jobs by Predictor Predictor 

Ua C M A G E M/E 

AFQT .40 .73 .70 .73 .74 .74 .71 

M .33 .64 .70 .55 . 61 .70 .70 

A .20 .64 .60 .65 . 65 . 63 

o
 * 

G .37 .73 .71 .72 .73 .74 .71 

E 

x—1 • .73 .73 .70 .72 .77 .74 

aOnly this column not corrected for range restriction 
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Data Gathering 

Approval was obtained from the Commander, 82nd 

Technical Training Group, Sheppard Air Force Base, Texas, to 

conduct a study designed to explore the relationship between 

the composite scores from the present ASVAB and a criterion 

score represented by the end-of-course grades of students in 

selected aircraft maintenance technical training courses. A 

copy of the letter is included in the appendix. 

After receiving approval, the senior training advisor 

and the registrar were contacted to arrange for access to 

information from student records. Air Education and 

Training Command (AETC) Form 156, Student Record of 

Training, reflects all ASVAB selector composite scores (M, 

A, G, E) and the AFQT composite. It also documents a 

student's progress through the various blocks of instruction 

and records their final course grade. Reasons for 

elimination and progress in the course up to the point of 

being dropped are also recorded. These records are 

maintained in the office of the Technical Training Group 

Registrar. 

A review of course-flow data from all 30-plus aircraft 

maintenance training courses in the Air Force indicated 

eight initial skills courses, which produced over 200 

graduates per year. These courses were selected to be 
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included in the study. Student records which list no ASVAB 

composite scores, such as foreign students and civilian 

students, were eliminated from the study. These were 

estimated to be less than one percent of the sample. 

The predictor variables (M, A, G, E, & AFQT) are taken 

from ASVAB tests administered to the entire normed 

population, with an unrestricted range. The subjects 

included in this study were selected on the basis of scores 

from the above selector variables, using a restricted range. 

The sensitivity of the Pearson correlation to changes in 

variances of the scores correlated leads to distortions of 

the correlation estimates. Lawley (1943) provided a 

correction procedure using matrix algebra, but its use is 

computationally burdensome. However, the Armstrong 

Laboratory personnel have developed a computer program 

(RangeJ) that computes the Lawley corrections. 

Data required to apply the Lawley multivariate 

correction for range restriction must be obtained from the 

Armstrong Laboratory, AL/HRMAT, 7909 Lindbergh Drive, Brooks 

AFB, Texas 78235-5352. The unrestricted means, standard 

deviations, and correlation coefficient matrices from the 

normed population are necessary in order to run the RangeJ 

program (Johnson & Ree, 1994). 



CHAPTER IV 

ANALYSIS OF THE DATA 

The purpose of this study was to assess the 

effectiveness of the Armed Services Vocational Aptitude 

Battery (ASVAB) selector composites presently used to select 

students for technical training leading to performing jobs 

in aircraft maintenance for the Air Force. The overall 

course grade from each of eight technical training courses 

was the criterion variable used to determine if there was a 

relationship between those scores and each of five ASVAB 

selector composites used by the Air Force: Mechanical (M), 

Administration (A), General (G), Electronic (E), and Armed 

Forces Qualification Test (AFQT) composites. 

Restatement of the Hypotheses 

For each of the eight aircraft maintenance technical 

training courses included in this study, the following 

hypotheses were formulated: 

1. There will be no statistically significant 

relationship between the Mechanical (M) composite of the 

ASVAB and a student's final course grades in aircraft 

maintenance technical training courses. 

56 
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2. There will be no statistically significant 

relationship between the Administration (A) composite of the 

ASVAB and a student's final course grades in aircraft 

maintenance technical training courses. 

3. There will be no statistically significant 

relationship between the General (G) composite of the ASVAB 

and a student's final course grades in aircraft maintenance 

technical training courses. 

4. There will be no statistically significant 

relationship between the Electronic (E) composite of the 

ASVAB and a student's final course grades in aircraft 

maintenance technical training courses. 

5. There will be no statistically significant 

relationship between the Armed Forces Qualification Test 

(AFQT) composite of the ASVAB and a student's final course 

grades in aircraft maintenance technical training courses. 

6. There will be no statistically significant 

relationship between the combination of five selector 

composite scores (M, A, G, E, & AFQT) of the ASVAB and a 

student's final course grade in aircraft maintenance 

technical training courses. 

Each hypothesis was tested separately for each of the 

eight courses. 
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Sample 

Subjects were drawn from the population of all first-

enlistment initial-skills students of Air Force aircraft 

maintenance technical training programs. The sample 

consisted of 81% males and 19% females. Ages ranged from 

slightly less than 18 up to 23 with a mean age of 19.25. 

The eight courses chosen for study were those with the 

highest production of graduates and ranged in sample size 

from 203 in the Tactical Aircraft Maintenance Technician (F-

16) course to 612 in the Aerospace Ground Equipment 

Technician course. A total of 2,644 students exiting those 

courses during the period January 1, 1994, through September 

30, 1994, formed the sample. All courses studied used the 

Mechanical (M) selector composite to recruit and select 

their students. One course, the Aerospace Ground Equipment 

Technician course, also required a minimum score of 33 on 

the Electronic (E) composite. While there was still some 

attrition from the Aerospace Ground Equipment Technician 

course, those records which listed the reason for 

elimination as "academic deficiency" were less than one 

percent. All courses studied were conducted at Sheppard Air 

Force Base, Wichita Falls, Texas. 
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Analysis of Data 

Pearson product moment correlations were computed to 

i 

test hypotheses 1, 2, 3, 4, and 5. For hypothesis 6, ASVAB 

selector composites served as independent variables and the 

final course grade as the dependent variable in a step-wise 

multiple regression analysis that was carried out for each 

course. 

It should be noted that all data were corrected using 

the Lawley (1943) adjustment for range restriction. 

Estimating the correlation between a predictor and a 

criterion can be particularly troublesome when there is 

range restriction on the predictor due to explicit or 

implicit selection. This occurs when predictor and 

criterion data are available only for the selected group. 

This group is systematically different from the population 

due to the organization's selection policy. Those variables 

for which data are missing generally have a restricted 

variance. Therefore, the correlation among the variables in 

this group tends to underestimate the correlation between 

the predictor and the criterion in the unrestricted 

population. Lawley's theorem is explained in terms of 

variance-covariance matrices that can be converted to 

correlation matrices. In order to obtain better estimates 

of the multiple correlation in the population, the Lawley 
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multivariate correction for range restriction was used 

(Mendoza et al., 1991). The correction takes the 

correlation of independent variables back to those of the 

unrestricted population. Therefore, each of the eight 

courses, being members of that population, will have 

identical correlations on the independent variables. 

Results begin with course number 3ABR2A333A, Apprentice 

Aircraft Maintenance Specialist (F-15), followed by courses 

2ABR2A333B, 3ABR2A531B, 3ABR2A531G, 3ABR2A631A, 3ABR2A632, 

3ABR2A634 and 3ABR2A635. 

Course 3ABR2A333A 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 

sample were analyzed (see Table 6). For hypotheses one 

through five, results indicate that correlations are 

significantly different from zero. Therefore, hypotheses 

one through five were rejected, indicating that the 

variables were related (see Table 7). Results indicated 

that there was a relationship between the set of selector 

composites and the final course grade. Therefore hypothesis 

six was rejected. As indicated in Table 8, the stepwise 

multiple regression analysis indicated variables E and M 

explained approximately 59% of the variation of FINALRT. 

None of the other predictors added a significant change in P? . 
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Table 6 

Course 3ABR2A333A Descriptive Statistics 

Statistic N Mean SD 

Mech 236 50. .3 28, .81 

Admin 236 51. .4 31. .36 

Gen 236 51. .0 29, .20 

Elec 236 50. .4 28, .84 

AFQT 236 50. .4 28. .91 

FINALRT 236 80. ,7 7 . . 67 

Table 7 

Correlations Between ASVAB Selector Composites and Final 

Course Grades in Course 3ABR2A333A 

Variables FINALRT 

1. Mechanical .73* 

2. Administration .52* 

3. General .69* 

4. Electronic .74* 

5. Armed Forces Qualification Test .69* 
*p < .0001 
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Table 8 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A333A 

(N = 236) 

Variable B SE B BETA R2 

Step 1 

Electronic (E) 

Step 2 

Mechanical (M) 

Electronic (E) 

.20 

.10 

. 1 1 

.01 

.02 

.02 

.74 

.37 

.43 

.55 

59 

*p < .05 

Course 3ABR2A333B 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 

sample were analyzed (see Table 9}. Results for tests of 

hypotheses one through five are listed in Table 10. For 

hypotheses one through five, results indicated that 

correlations were significantly different from zero. 

Therefore, hypotheses one through five were rejected, 

indicating that the variables were related. Results 

indicated that there was a relationship between the set of 

selector composites and the final course grade. Therefore 

hypothesis six was rejected.. 
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Table 9 

Course 3ABR2A333B Descriptive Statistics 

Statistic N Mean SD 

Mech 290 50.3 28.81 

Admin 290 51.4 31.37 

Gen 290 51.0 29.20 

Elect 290 50.4 28.84 

AFQT 290 50.4 28.91 

FINALRT 290 80.7 7. 67 

Table 10 

Correlations Between ASVAB Selector Composites and Final 

Course Grades in Course 3ABR2A333B 

Variables FINALRT 

1. Mechanical .69* 

2. Administration .61* 

3. General .72* 

4. Electronic .73* 

5. Armed Forces Qualification Test .71* _ _ _ _ _ 

As indicated in Table 11, the stepwise multiple 

regression analysis indicated that variables E and M 

explained 56 percent of the variation of FINALRT. As steps 
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three and four entered the A and G composites (R2=.59 and 

R2=.60), the combination of the four variables (M, A, G, & 

E), accounted for slightly more than 60% of the variability 

and the E composite dropped out of the equation. 

Table 11 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A333B 

(N = 290) 

Variable B SE B BETA R2 

Step 1 .54 

Electronic (E) .21 .01 .73 

Step 2 .56 

Mechanical (M) .10 .03 .26 

Electronic (E) .15 .02 .51 

Step 3 .59 

Mechanical (M) .13 .03 .35 

Administration (A) .07 .01 .27 

Electronic (E) .08 . 02 .26 

Step 4 .'60 

Mechanical (M) .15 . 03 .38 

Administration (A) .06 .02 .21 

General (G) .09 .04 .30 

Electronic (E) -.002 .04 -.007 
p̂ < .05 
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Course 3ABR2A531B 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 

sample were analyzed (see Table 12). Results for hypothesis 

one through five are listed in Table 13. For hypotheses one 

through five, results indicated that correlations were 

significantly different from zero. Therefore, hypotheses 

one through five were rejected, indicating that the 

variables were related. Results indicated that there was a 

relationship between the set of selector composites and the 

final course grade. Therefore hypothesis six was rejected. 

In Table 14, the stepwise multiple regression analysis 

indicated that variables M and G explained 64 percent of the 

variation of FINALRT and that none of the other indicators 

added a significant change in R2. 

Table 12 

Course 3ABR2A531B Descriptive Statistics 

Statistic N Mean SD 

Mech 206 50.3 28.81 

Admin 206 51.4 31.37 

Gen 206 51.0 29.20 

Elect 206 50.4 28.84 

AFQT 206 50.4 28.91 

FINALRT 206 80.4 9.14 
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Table 13 

Correlations Between ASVAB Selector Composites and 

Final Course Grades in Course 3ABR2A531B 

Variables FINALRT 

1. Mechanical .79* 

2. Administration .43* 

3. General . 65* 

4. Electronic .72* 

5. AFQT . 64* 
* p < .0001 

Table 14 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A531B 

(N = 206) 

Variable B SE B BETA R2 

Step 1 .62 

Mechanical (M) .25 .01 • .79 

Step 2 .64 

Mechanical (M) .21 .03 .66 

General (G) .06 .02 .18 
*p < .05 

Course 3ABR2A531G 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 
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sample were analyzed (see Table 15). Results of tests of 

hypotheses one through five are listed in Table 16. For 

hypotheses one through five, results indicated that 

correlations were significantly different from zero. 

Therefore, hypotheses one through five were rejected, 

indicating that the variables were related. For hypothesis 

six, results indicated that the relationship between 

selector composites E, M, and final course grades were 

significantly different from zero. Therefore, hypothesis six 

was rejected. In Table 17, the stepwise multiple regression 

analysis indicated that variables E and M explained 54 

percent of the variation of FINALRT and that none of the 

other indicators added a significant change in R2. 

Table 15 

Course 3ABR2A531G Descriptive Statistics 

Statistic N Mean SD 

Mech 226 50.3 28.81 

Admin 226 51.4 31.37 

Gen 226 51.0 29.20 

Elect 226 50.4 28.84 

AFQT 226 50.4 28.91 

FINALRT 226 80. 85 9.77 
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Table 16 

Correlations Between ASVAB Selector Composites and Final 

Course Grades in Course 3ABR2A531G 

Variables FINALRT 

1. Mechanical .69* 

2. Administration .46* 

3. General .68* 

4. Electronic .71* 

5. Armed Forces Qualification Test .71* _ _ _ _ _ _ _ 

Table 17 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A531G 

(N = 226) 

Variable B SE B BETA R2 

Step 1 .51 

Electronic (E) .24 .02 .71 

Step 2 .54 

Mechanical (M) .11 .03 .32 

Electronic (E) .15 .03 .45 
*p < .05 

Course 3ABR2A631A 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 

sample were analyzed (see Table 18). Results for tests of 
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hypotheses one through five are listed in Table 19. For 

hypotheses one through five, results indicated that 

correlations were significantly different from zero. 

Therefore, hypotheses one through five were rejected, 

indicating that the variables were related. Results 

indicate that there was a relationship between the set of 

selector composites and the final course grade. Therefore, 

hypothesis six was rejected. In Table 20, the stepwise 

multiple regression analysis indicated that variables E and 

M explained 59 percent of the R2. The AFQT entered on step 

three which only added .0064 to the R square. 

Table 18 

Course 3ABR2A631A Descriptive Statistics 

Statistic N Mean SD 

Mech 538 50.3 28.81 

Admin 538 51.4 31.37 

Gen 538 51.0 29.20 

Elect 538 50.4 28.84 

AFQT 538 50.4 28.91 

FINALRT 538 84.88 8.51 
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Table 19 

Correlations Between ASVAB Selector Composites and Final 

Course Grades in Course 3ABR2A631A 

Variables FINALRT 

1. Mechanical .70* 

2. Administration .56* 

3. General .72* 

4. Electronic .76* 

5. Armed Forces Qualification Test .72* 
p < .0001 

Table 20 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A631A 

(N = 538) 

Variable B SE B BETA R2 

Step 1 .57 

Electronic (E) .22 .01 .76 

Step 2 ..59 

Mechanical (M) .07 

x—1 
o • .24 

Electronic (E) .16 .01 .56 

Step 3 . 60 

Armed Forces Qual Test .08 .03 .28 

Mechanical (M) .09 .02 .31 

Electronic (E) .07 .04 .24 
< .05 



71 

Course 3ABR2A632 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 

sample were analyzed (see Table 21). Results for tests of 

hypotheses one through five are listed in Table 22. For 

Table 21 

Course 3ABR2A632 Descriptive Statistics 

Statistic N Mean SD 

Mech 640 50.3 28.81 

Admin 640 51.4 31.37 

Gen 640 51.0 29.20 

Elect 640 50.4 28.84 

AFQT 640 50.4 28.91 

FINALRT 640 80.4 9.45 

Table 22 

Correlations Between ASVAB Selector Composites and Final 

Course Grades in Course 3ABR2A632 

Variables FINALRT 

1. Mechanical .70* 

2. Administration .61* 

3. General .75* 

4. Electronic .77* 

5. Armed Forces Qualifications Test .75* 
* p < .0001 — — — 
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hypotheses one through five, results indicated that 

correlations were significantly different from zero. 

Therefore, hypotheses one through five were rejected, 

indicating that the variables were related. Results 

indicate that there was a relationship between the set of 

selector composites and the final course grade. Therefore, 

hypothesis six was rejected. In Table 23, the stepwise 

Table 23 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A632 

(N = 640) 

Variable B SE B BETA R2 

Step 1 .60 

Electronic (E) .25 .01 .77 

Step 2 .61 

Mechanical (M) .06 .01 .19 

Electronic (E) .20 .01 . 62 

Step 3 .63 

Mechanical (M) .08 .01 . .25 

Administration (A) .06 .01 .19 

Electronic (E) .14 .02 .44 

Step 4 . 63 

Mechanical (M) .09 .01 .27 

Administration (A) .05 .01 .15 

General (G) .06 .03 .19 

Electronic (E) .09 .03 .27 
kp < .05 
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multiple regression analysis indicated that variables E and 

M explained 61 percent of the variation of FINALRT. As 

steps three and four entered the A and G composites, the 

combination of the four accounted for 63% of the 

variability. 

Course 3ABR2A634 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 

sample were analyzed (see Table 24). Results for tests of 

hypotheses one through five are listed in Table 25. For 

hypotheses one through five, results indicated that 

correlations were significantly different from zero. 

Therefore, hypotheses one through five were rejected, 

indicating that the variables were related. Results 

indicated that there was a relationship between the set of 

selector composites and the final course grade. Therefore, 

hypothesis six was rejected. In Table 26, the stepwise 

multiple regression analysis indicated that variable E 

explained 58 percent of the variation of FINALRT. Tested at 

the .01 level of significance, the M composite would have 

entered the equation. 
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Table 24 

Course 3ABR2A634 Descriptive Statistics 

Statistic N Mean SD 

Mech 296 50. .3 28. .81 

Admin 296 51. ,4 31. .37 

Gen 296 51. .0 29. .20 

Elect 296 50. .4 28. .84 

AFQT 296 50. .4 28. .91 

FINALRT 296 89. .7 5, .70 

Table 25 
Correlations Between ASVAB Selector Composites and Final 

Course Grades in Course 3ABR2A634 

Variables FINALRT 

1. Mechanical .67* 

2. Administration .56* 

3. General .7 0* 

4. Electrical .76* 

5. Armed Forces Qualification Test .71* _ _ _ _ _ _ 

Table 26 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A634 

fN = 296) 

Variable B SE B BETA R2 

Electronic (E) .20 .01 .76 .58 
*p < .05 
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Course 3ABR2A635 

Scores on each of the five ASVAB composites and the 

overall end-of-course grade made by each student in the 

sample were analyzed (see Table 27). Results for tests of 

hypotheses one through five are listed in Table 28. For 

hypotheses one through five, results indicated that 

correlations were significantly different from zero. 

Therefore, hypotheses one through five were rejected, 

indicating that the variables were related. Results 

indicate that there was a relationship between the set of 

selector composites and the final course grade. Therefore, 

hypothesis six was rejected. In Table 29, the stepwise 

multiple regression analysis indicated that variables E and M 

explained 56 percent of the variation of FINALRT and that none 

of the other predictors added a significant change in F? . 

Table 27 

Course 3ABR2A635 Descriptive Statistics 

Statistic N Mean SD 

Mech 290 50, ,3 28, .81 

Admin 290 51, .4 31, .37 

Gen 290 51, .0 29, .20 

Elect 290 50. .4 28, .84 

AFQT 290 50. .4 28. .91 

FINALRT 290 87. .3 7. .20 
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Table 2 8 

Correlations Between ASVAB Selector Composites and Final 

Course Grades in Course 3ABR2A635 

Variables FINALRT 

1. Mechanical .72* 

2. Administration .50* 

3. General .66* 

4. Electronic .71* 

5. Armed Forces Qualification Test . 65* 

*p < .0001 

Table 29 

Summary of Stepwise Regression Analysis for ASVAB Selector 

Variables Predicting Final Course Grades - Course 3ABR2A635 

N = 290) 

Variable B SE B BETA R2 

Step 1 .51 

Electronic (E) .18 .01 .71 

Step 2 .56 

Mechanical (M) .10 .02 .38 

Electronic (E) .10 .02 .40 _____ 

Summary 

For seven of the eight courses studied, the E selector 

composite had the highest correlation with the criterion 
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variable and, therefore, the lone exception was course 

3ABR2A531B, Apprentice Airlift Aircraft Maintenance 

Specialist (C-130). In that case, the M selector composite 

had the highest correlation with the criterion variable in 

the entire study. The stepwise multiple regression 

equation, tested to the .001 level of significance, left 

only the M composite as a significant selector variable. 

Of the seven courses correlating highest with the E 

composite, all but one showed the M composite also making a 

significant contribution to the regression equation when 

tested at the .05 level of significance. The lone exception 

was the 3ABR2A634, Apprentice Aircraft Fuels System 

Specialist Course. The regression equation showed only the 

E composite making a significant contribution to R2. 

However, when tested at the .10 level of significance, the M 

composite also entered the equation with a significant 

contribution. 

For Course 3ABR2A632, Apprentice Aerospace Ground 

Equipment Mechanic, the final step in the regression 

equation showed the four selector composites (M, A, G, & E), 

making a significant contribution to the equation at the .05 

level. However, when restricted to the use of two 

variables, the E and M selectors combined in step two for 
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the highest R2 (.61). The addition of the G and A selectors 

added only .0194 to the R2. 

For course 3ABR2A333B, Apprentice Tactical Aircraft 

Maintenance Specialist (F-16), the final step in the 

regression equation showed only the M, A, and G selector 

composites making a significant contribution to the equation 

at the .05 level of significance. However, when restricted 

to the use of two selector variables, the E and M selectors 

combined in step two for an R2 of .56. The addition of the 

G and A selectors added only .041 to R2. 

Of the eight courses studied, only the 3ABR2A631A 

course had the AFQT composite to enter the regression 

equation. It entered on the third step behind the E and M 

composites and contributed only .0064 to R2. That is not 

surprising, however, since it is designed as an indicator of 

overall ability and shares identical elements with each of 

the other (M, A, G, & E) selector composites. 



CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

This study was conducted to examine the relationship 

between ASVAB selection composites used by the Air Force to 

select personnel for training in aircraft maintenance, and 

end-of-course grades for samples of students completing 

those courses. Specifically, eight high production courses 

were sampled for correlational and multiple regression 

analysis. This chapter presents a summary of the methods 

and procedures used, the findings, conclusions, and 

recommendations stemming from the study. 

Summary 

The study included 2,722 subjects who were first 

enlistment military personnel attending an initial skills 

aircraft maintenance training course at Sheppard Air Force 

Base, Texas. All had been administered the standardized 

Armed Forces Vocational Aptitude Battery (ASVAB) and had 

attained the required minimum score on the Mechanical (M) 

selector composite. Their scores on the Administration (A), 

General (G), Electronic (E), and the overall Armed Forces 

Qualification Test (AFQT) were also considered as 
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independent variables. The criterion measure was the end-

of-course grade. This was a composite score based upon 

scores from several block tests administered to each student 

during the course. 

Because the selection of students was based on a cut-

off score, the range of the sample scores was restricted 

when compared with the population. This tends to lessen the 

size of the correlation coefficient. Lawley's (1943) 

correction formula for range restriction was applied to the 

data to adjust the correlation to the population. 

Data collected were analyzed using product-moment 

correlation coefficients for each test composite and the 

dependent variable to test hypotheses one through five. In 

addition to correlations, stepwise multiple regression 

analyses were carried out for each of the eight courses 

studied to test hypothesis number six. 

As stated earlier, with one exception, each course 

studied used the M selector composite exclusively to choose 

students for their courses. Table 30 shows the gain in R2 

expected to accrue by combining the E and M selector 

composites for each course. 
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Table 30 

Difference in R2 of Present Selector Composite versus R2 

of Combined E & M Selector Composites 

Course No. R2 for M R2 for M&E Difference 

3ABR2A333A .53 .59 . 06* 

3ABR2A333B .48 .56 o
 

C
D
 

3ABR2A531B .62 . 64 .00* 

3ABR2A531G .48 .54 .06* 

3ABR2A631A .49 .59 .10* 

3ABR2A632 .49 .61 . 12* 

3ABR2A634 .45 .58 .13* 

3ABR2A635 .52 .56 .04* 
* p< .05 

Conclusions 

Results of this study clearly indicate that a 

combination of the M and E selector composites constitutes 

an excellent predictor of success in initial skills aircraft 

maintenance training courses. From initial observation of 

the R2 values in Table 30, it appears that the 3ABR2A531B 

course would not benefit from combining the M and E selector 

variables. However, a review of course control documents 

and interviews with training managers and course developers 

provided a plausible explanation for the inconsistency. 
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Training methods for conducting that course were completely 

different from all other courses in the aircraft maintenance 

career field. At the beginning of 1994, the Air Force 

implemented a new approach to aircraft maintenance training. 

The first 21 training days are cognitive learning of 

fundamental aircraft maintenance using mostly written 

training materials in a classroom setting. The next 91 

training days involve breaking the students out by their 

respective aircraft and using the demonstration/performance 

method of instruction. Students get many hours of hands-on 

practice using the actual aircraft which they will later 

maintain in the operational environment. At the end of that 

course, they are certified mission-ready technicians. When 

they arrive at their duty station, they are ready to pick up 

their tool boxes and go to work. The single exception to 

this training approach was the 3ABR2A531B course. 

At the beginning of 1994, due to fiscal constraints, 

trainers and actual aircraft were not available to begin 

training the maintainers of C-130 aircraft in the above 

manner. Instead, they completed the fundamentals phase and 

a knowledge only course for 17 additional training days on 

the C-130 systems. This was the point at which they were 

given their end-of-course grade, the criterion variable in 

this study. Their hands-on training did not occur until 
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they arrived at their operational unit, where they attended 

a local course conducted by a field training detachment. 

Only after completing the 65 day Aircraft Maintenance 

Quality Training Program (AMQTP) were they certified mission 

ready technicians on the C-130 aircraft. 

Since the C-130 course implemented the new training 

method at the end of 1994, that difference in training 

method covered the entire period of data collection for this 

study. The criterion variable (end-of-course grade) based 

upon knowledge only training could certainly be different 

from those obtained in courses using both cognitive and 

extensive hands-on training methods. 

Excluding the data from the 3ABR2A531B course, the 

variation in the final course grade explained by the 

combination of the E and M selector composites improved by 

an average of eight percent for the remaining seven courses 

over the use of the M selector alone. This could have 

implications for increased effectiveness of technical 

training. The most obvious benefit to be derived from using 

the more effective combination of predictors is the 

reduction in training costs. If improved selection criteria 

reduced trainee attrition due to academic deficiency by only 

one percent, at $6,200 per eliminee (Lawrence, 1988), the 

annual savings across Air Force training programs alone 
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would exceed $1,000,000. Since the Army, Navy, Marine 

Corps, and Coast Guard also use the ASVAB scores as criteria 

for selecting technical training candidates, the potential 

savings are far greater. 

Improved selection criteria will increase a trainee's 

chances for success in Air Force training programs. 

Increased success in training generally results in a better 

trained, more enthusiastic and motivated employee. A more 

enthusiastic and motivated employee doing a quality job 

results in greater job satisfaction and an improved working 

environment. 

This improvement in selection criteria will also 

eventually have a positive impact upon the civil aircraft 

industry. As aircraft mechanics complete their military 

enlistments, many go to work for the airlines. Their 

military training and experience are accepted by the Federal 

Aviation Administration (FAA) as partial fulfillment of 

requirements for certification as an Airframe and Powerplant 

Technician. In effect, the military performs the selection 

and screening process for the FAA. This improvement in that 

process insures an even better trainee and employee than 

ever before. Since people's lives depend upon well-

maintained aircraft to fly them throughout the world each 
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day, it is imperative that the best possible criteria be 

used to select the maintainers. 

The use of the ASVAB aptitude scores by career guidance 

counselors in high schools across the nation could be much 

more effective by improving the criteria for placement into 

the various career areas. Those students with borderline 

single selector scores may have combined ASVAB scores which 

place them more correctly into one career path over all 

others. Counselors could then more successfully guide the 

student toward career areas in which they show the greatest 

aptitude. This method of obtaining a more refined process 

to select those best qualified for a particular career would 

enhance the student's chances for future success. 

Recommendations 

Based upon the conclusions described previously, the 

following recommendations are advanced: 

1. All aircraft maintenance courses could greatly 

improve the effectiveness of selection criteria by using a 

combination of the E and M selector composites. The 

3ABR2A531B course should be reevaluated after the validation 

phase of development to determine its most effective 

selection criteria. The 3ABR2A632 course is already using 

the M/E combination of selectors. Evidence of the 
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effectiveness of that management decision is reflected in 

the fact that the percentage of variation in the final 

course grade attributable to that combination of selectors 

was the highest of all the courses studied. This study will 

be provided to the U.S. Air Force through the Air Education 

and Training Command. In the absence of evidence to the 

contrary, each training course included in the study should ' 

evaluate their position regarding the use of the single M 

selector composite as the criteria used to select students. 

2. Instructional evaluators and developers should 

consider conducting additional studies to determine the 

optimal combination of minimum E and M selector composite 

cut-off scores for each technical training course. This 

would ensure the recruiters a maximum number of qualified 

applicants in the population from which to choose. 

3. Results of this study could be used as a model for 

analyzing other groups of related courses. For example, 

most medical specialties have traditionally been selected 

based upon the enlistee's G selector composite score. A 

study which focuses upon individual courses to determine the 

best combination of two selector variables may provide 

empirical data to improve upon selection criteria. 

4. In the event a change results from the application 

of this study, the Air Force should investigate further the 
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effectiveness of using the new selection criteria, including 

the degree of difference attributable to the change. 

Conclusion 

As the education and training programs compete with 

operations and maintenance for fiscal resources, efforts to 

make the best application of available funds become 

critical. Savings multiplied by large units of production 

must become the focus rather than continuing to cut high 

dollar line items such as weapons systems and personnel. 

Educators and trainers must use every tool at their disposal 

to ensure that training dollars are effectively spent. 

Therefore, the initial selection and classification process 

must be effective. 

The application of statistical procedures should be 

used across all initial skills technical training programs 

in the Air Force to ensure that what is being done is or is 

not what should be done. With the advent of menu driven 

computer programs, the in-depth analysis of individual 

courses should be part of an ongoing local program at all 

four of the Air Force's technical training centers. Unless 

or until the ASVAB is revised, the use of more than one 

selector variable appears to be a viable option toward 

improving student selection criteria. 



APPENDIX 

CORRESPONDENCE 
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FROM: John L. Byrd 
921 Tejas Dr 
Burkburnett, TX 76354 

7 September 1994 

SUBJECT: Request for Research Data from Student Records 
(AFR 37-131) 

TO: Commander 
396Tech Training Group 
620 9th Ave Suite 1 
Sheppard AFB, Tex 76311-2334 

1. Request the ASVAB scores and Course grades from the ATC 
Form 156, or a cleansed copy of the ATC Form 156 for the 
last 2 00 students who entered and completed or were 
eliminated from the below listed courses. For those who 
graduated, the latest copy of the database from AETC has all 
the information and may be easily cleansed using the 
computer. For those students entering but eliminated due to 
academic deficiency, administrative, disciplinary or medical 
reasons, the ATC Form 156 from the Registrar's files could 
be copied and the student ID (name, SSAN), obliterated. 

3ABR2A7 34/3ABR45833 
3ABR2A6 35/ 3ABR4 5434 
3ABR2A6 3 4/3ABR4 5432/3 
3ABR2A632/3ABR45431 
3ABR3A631A/3ABR45430A 
3ABR2A532/3ABR45731 
3ABR2A531G/3ABR45 7 3 0 C 
3ABR2A531F/3ABR4 57 3 OB 
3ABR2A531B/3ABR45732A 
3ABR2A5 31C/3ABR4 5 7 3 2 B 
3ABR2A33 3B/3ABR45 4 3 2B 
3ABR2A3 3 3A/3ABR45 4 3 2A 

Fabrication and Parachute Sped 
Appr Aircraft Pneudrolics Systems 
Acft Fuel Systems Mech 
Appr Aerospace Gnd Equip Mech 
Appr Aerospace Prop Spec - Convl 
Helicopter Maint Sped 
Appr Strat Acft Maint Sped (KC-135) 
Appr Strat Acft Maint Sped (B-52) 
Appr Airlift Acft Maint Sped(C-130) 
Appr Airlift Acft Maint Sped(C-5) 
Tac Acft Maint Fund (F-16) 
Tac Acft Maint Spec (F-15) 

2. My reason for requesting the information is to complete 
a research project designed to identify the relationship 
between composite scores from the present ASVAB test and 
end-of-course grades for airmen in the Aircraft Maintenance 
training programs. Research conducted by Armstrong 
Laboratories, Brooks AFB, Texas, indicates that the 
Mechanical composite listed in AFR 39-1 and used by 
recruiters to place persons into those jobs may not be 
valid. My research paper will be available to use as the 
Training Group sees fit and will also serve as a doctoral 
dissertation to complete my EdD with the University of North 
Texas program being offered on-base. 

JOHN L. BYRD, LtCol, USAF-Ret 
Doctoral Candidate, UNT 
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