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FOREWORD

The DIFFERENTIAL CLASSIFICATION Work Unit applitks psychological measurement
methods to enable the Army to make best use of the different skiiis and aptitudes of its
enlisted personnel through increasingly accurate and differentiated measures of individ-
ual potential. Research is conducted to maintain and improve the effectiveness of the
Army Classification Battery and related techniques and of conditions which may inter-
act with the classification tests and thus affect the basis for utilization of the enlisted
input-.?changes in training programs and job content and Brnvironment, for example.

A new Army Classification Battery (ACB) has been developed which results in
improved measures of potential for various job areas. The usefulness of the new ACB
was established on about 25,000 men in over 100 Army training courses. The validity
of the new ACB in such a variety of situations provides a stable base for determining
interaction effects and estimating the impact of changed circumstances. Data obtained
in the development of the new classification measur3s were utilized in research on the
effectiveness of the ACB wit', ... sied men at tha extremes of the input population--
non-high school graduates and college graduate.5. The present publication reports on
a statistical analysis of educational level as it affects the prediction of performance
of enlisted men in Army training courses.

The entire research task is responsive to special requirements of the Deputy
Chief of Staff for Personnel and the U, S. Continental Army Command, as well as to
objectives of RDT&E Project 20062106A722, Selection and Behavioral Evaluation,
FY 1972 Work Program.

JI 'JHLANER, rector
Behavior and Systems
Research Laboratory

gV

F



EFFECTS OF EDUCATIONAL LEVEL ON PREDICTION OF TRAINING SUCCESS
WITH THE ACB

BRIEF

Requirement:

To determine whether Army Classification Battery (ACB) scores are eq.uall-/ effective
as predictors of success in Army training courses for enlisted input of different educa-
tional levels.

Procedure:

Using data from extensive research on the Arm i Classification Battery conducted on
25,000 enlisted men in over 100 Military Occupational Specialty (MOS) training courses,
samples of men at each of four educational le',els were formed: less than high school
graduation, high school graduation, some college, college graduation. ACB test scores
and final training course grades were analyzed for the variolis samples (using the Gullil:sen.
Wilks analysis of covariancp which tests for equality of three conditions--standard error of
estimate, slope of regression lines, and intercepts) to determine whether the predictors
are equally effective for the different educational groups.

Findings:

For the less wnil educated, the ACB measures predict higher training perforl;,,,1,
than the individual is ,e•el,,,v to achieve. The likely performance of the college .jra'li .

on the other hand, t nds to be underestimated.

Utilization of Findings:

The trainin.; purformance of enlisted men could probably be predicted more effc-
tively by including leiel of education in the aptitude area composites used in classifi-
cation.
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EFFECTS OF EDUCATIONAL LEVEL ON PREDICTION OF TRAINING SUCCESS
WITH THE ACB

BACKGROUND

The Army Classification Battery (ACB) has a long history of effec-
tive prediction of success of enlisted men in Army training courses, and
there is no question a'-,t its validity for the fall range of ability.
The tests have proved valid in numerous studies ionducted over a twenty-
year period. During this time, however, possible differences in validity
of the ACB for various subgroups of the input populacion have not been
the explicit subject of investigation. Non-high school graduates and

college students constitute significant subgroups of the Army population,
especially since inauguration of Project 130,OCO in which mental standards
were lowered to accept men of lower ability and the revision of policy
on induction of college graduates.

The American Psychological Association Task Force on Employment
Testing of Minority Groups has urged that selection and classification
tests be explicitly validated for groups that deviate from the cultural
main.streamJ- . The present research was designed to help fill the infor-
nm.jon gap that exists about the predictive validity of the Army's paper-

o,1-pencil aptitude tests for certain groups which fall in this category.

Determination of whether the ACB tests are equally appropriate for
all educational subgroups lies in the regression of training performance
on ACB test scores. If the regression is homogeneous, then the tests
are equally effective as classification instruments for ell subgroups.
Fr the relationship to be the same for all subgroups, three statistical
propezties must be satisfied: 1) The standard errors ýf: estimate must

not be significantly different. 2) The slopes of the regression lines
must be essentially parallel. 3) The intercepts of the regression lines
must not be significantly different. These are the three assumptions
tested in the analysis of covariance design.

In the context of Army enlisted classification, the standard errors
of estimate are measures of how much variance in final course grades is
unaccounted for after the effects of other variables--in this case, ACB
test scores--have been statistically removed. If the standard errors are
equal for all subgroups, then th,! accuracy of prediction is about the
same for all subgroups; or, stated another way, the scatter of grades
about the regression line is equal for all groups. The standard error
of estimate, then, indicates to what extent final grades are a function

of test scores. If the standard errors are different, then the grades
are differentially predictable by the tests in the different groups.

L/APA Task Force on Employment Testing of Minority Groups. Job testing
and the disadvantaged. American Psychologizt, 1c)CQ 24, C37-650.
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The second property to be examined is the equality of slope of the
regression lines. The slope indicates how much improvement can be ex-
pected in criterion performance with a given increase in predictor score.
If the regression lines for the various subgroups are all at the same
angle, equal increments in predictor scores should result in equal
changes in predicted criterion grades for all subgroups. An increase
from, say, 100 to 120 for college graduates should result in the same
amount of increase in predicted course performance as an increase from,
say, 80 to 100 for school dropouts.

The final propexty is eciality of intercepts; the intercept shows
the height of the regression (ine. Equal scores on the predictor should
result in the same expected course grade for all groups. If the inter-
cepts are unequal, the same predictor scores result in different pre-
dicted grades for the various subgroups.

These three conditicns, equality of standard errors of estimate,
equality of slopes, and equality of inteccepts, must be satisfied in
order for test scores to have the same meaning for all subgroups. Lack
of comparability across subgroups means that the indices are not opera-
ting in a consistent manner. Many reasons may account for the diffedr-
ences, and no a priori substantive meaning can be attached to any specific
differences found. Any deviation from the operational assumptions of
comparable validity should, however, be examined. The management decision
may be to change the operational conditions or to live with the conditions
which do not conform to the assumptions in the case of some subgroups.
In any case, it is important to know how well reality conforms to the
assumed conditions.

SCOPE OF THE PRESENT RESEARCH

In an another study, the construct validity of the Army Classifica-
tion Battery in terms of intercorrelation patterns was examined for signi-
ficant subgroups of the Army enlisted populatio•r4-. A mechanical cluster
and an academic cluster of tests were found for both non-high-school
gradue.es and high-school graduates, However, no data were then available
for a corresponding analysis of the predictive or criteriun-related
validity of the ACB. In the present rosearch, the results of earlier
work were extended to determine the validity of the ACB tests for pre-
dicting success of educat.11 ial groups in Army training courses. The men
were grouped according tc 'evel of education, and the validity of the
ACB computed for each level of education.

2--Maier, M. H. The effects of general ability, education, and rac'.al

group on aptitude test performance. Technical Retearch Note "''.
Behavior and Systems Research Laboratory, Arlingtoi., Va. In press).



The Gulliksen-Wilks technique.-'was used to test the assumptions
underlying the operational use of ACB test scores. The assumptions
were tested in the order presented--equality of standard errors of
estimate, slopes, and intercepts. With this moeel, an inequality with
respect to one assumption means that the remainiaig assumptions cannot be
tested. For the present analysis, if any one of the assumptions was
f3und not to be tenable, then the regression Lines would be examined
visually to get estimates of the comparability in meaning of grades and
test scores. While no tests of statistical significance could be made,
operational implications could still be inferred from the regression
lines.

METHOD

Data on the validity c' the ACB were available from extensive
research in which a batter of experimental tests was tried out-' . Over
100 Military Occupationa, ;pecialty (MOS) training courses and about
25,000 men were ircluded in the study. In the present analysis, for
each MOS course OL sample, a count was made of men at each educational
level: 1) less than high school graduation, 2) high school graduation,
3) some college, and 4) college graduation. Only training course samples
that contained more than 30 men in appropriate subgroups were retained.
These samples are listed in Table 1. The seven samples in Set I had 30
or more scores at each of the four educational levels 'except for the
last sample listed which had only nine non-high school graduates and thus
only three levels of education to be analyzed). The nine samples in Set
II did not contain enough college graduates to treat as a separate group.
The college graduates were combined with men who had attended college,
and the combined group was termed "college trained". Thus, three levels
of education were analyzed for the samples in Set IT.

The data on each individual included the II test scores from the ACB
and final course grade in the job training course. The test scores were
obtained from official Army records; che grades were reported by the
training installations,

The Gulliksen-Wilks analysis of rovariance was performed in each
sample to determine homt'geneity of regression. In these tests, each of
the three assumed conditions--equality of standard errors of estimate, of
slopes, and of intercepts--is tested separately. A significant differ-
ence for any condition indicates a significantly different regression.

2- Gulliksen, 11., and S. S. Wilks. Regression tests for several samples.
Psychometrikao 1)90, 11, )1I-114.

4-iMaier, M. H. and E. F. Fuchs. The development of new aptitude area
composites. Technical Research Report 1150) (AD 701 134). Behavior and
Systems Research Laboratory, Arlington, Va. September 1O.



Table I

NUMBER OF MEN AT EACH EDUCATIONAL LEVEL IN MOS SAMPLES

Educational Level

Non
HS HS Some College
Grad. Grad. College Grad.

Set I MOS

1-AE Field Artillery Oper. R Intelligence Asst. 27 62 45 30

18C Artillery Surveyor 32 218 233 30

70A Clerk Typists 123 246 76 44

71H Personnel Specialist 139 371 117 77

72B Cormmunication Center Specialist and
Telephone Switchboard Operator 143 371 93 42

73A Finance Clerk 29 227 127 40

73C Disbursing/Examination Specialist and
Accounting Specialist 9 214 125 39

Non
HS HS College
Grad. Grad. Trained

Set II MOS

05C Radio Teletypewriter Operator 92 262 91

lIC Light Weapons Infantryman and
Indirect Fire Crewman 128 180 78

22J Hawk Missile Repair and Fire Control
Mechanic 81 148 34

31M Radio Relay & Carrier Attendant 208 217 38

36C Linemen 189 174 38

52B Power Plant Operator Mechanic 144 135 44

63H Engine & Powertrain Repairman 51 296 32

68G Airframe Repairman 338 102 37.

91A Medical Corpsman 181 145 36



RESULTS

The results of testing the homogeneity of regression are presented
in Table 2 under the outcome heading. The standard errors of estimate
are also shown. The standard deviation of final course grades and the
multiple validity of the ACB are shcwn in the Appendix table. The re-
gressions were significantly different in 13 of the 1C comparisons. In
eight samples, the standard errors of estimate (SE est) were significantly

different; in one sample, the slopes were different; and in four samples
the intercepts differed. In the eight samples in which the SEest differed,

there was a trend for the group with higher level of education to have
the smaller standard errors of estimate. The largest standard errors
were usually found in the groups of non-high school graduates.

The main finding that emerged from Table 2 was that the final course
grades appear to have a difr.cent meaning for the college graduates than
for the remaining examine:s. The validity of the ACB was comparable to
that of the other groups, but because of the smaller standard deviations
of the grades, the standard errors of estimate were also smaller.

To obtain a graphic depiction of the ACB-course grade relationship,
the mean final course grade and mean Arithmetic Reasoning test scores
were plotted for each course (Figures 1 and 2). The grades in each
sample were standardized to have a mean of 1)J and a standard deviation
of 20. The light lines in Figures 1 and 2 connect the means of individ-
uals representing the four educational levels in each MOS training

.sample, and the heavy line in each figure connects the grand mean at
each level. Tn most samples, both mean final course grade and mean
Arithmetic Reasoning score were higher for the higher educational levels.
Because of different grading practices, the samples differed in the
spread of course grades among the various educational levels. The heavy
lines connecting the grand means are relatively straight, indicating a
linear relationship between mean test scoie and mean course performance
when class means are used as the unit of observation.

The plots revealed some unsuspected facts about the grades. In each
figure, mean course grades for the high-school graduates were clustered
in a narrow band around 100, even though there was a large spread on the
mean Arithmetic Reasoning test scores. Apparently, tht performance of
the high-school graduates is taken as the norm in these samples, regard-
less of aptitude level. College graduates in Figure I had the reverse
situation. They were relatively homogeneous on mean test performance,
but the course gradeG were divergent. The non-high school graduates
showed a larger variation in both final course grade and Arithmetic
Reasoning Test score. The some-college group in Figure I and the college-
trained group in Figure 2 also had large variations in both grades and
test scores. When the mean AR scores and course grades for the classes
were plotted, there was virtually no relationship between mean final
course grade and mean tezt score within an educational level, but the
relationship was stron- across educational levels.



Table 2

SUMMARY OF GULLIKSEN-WILKS ANALYSIS

Standard Error of Estimate
Sample Outcome' Level of Education

Non
HS HS Some College

Set I Grad. Grad. College Grad.

13E SE est 3.9 5.0 4.5 3.3

18c SE est 7.0 7.0 .4.9 3.4

70A SE est 5.0 5.7 5.6 4.2

71H SE est 5.1 5.9 4.7 3.7

72B Intercept 7.7 6.7 7.0 5.7

73A SE est 3.6 7.1 8.9 5.0

73C Equal b 5.9 6.0 4.4

Non
HS HS College

Set II Grad. Grad. Trained

05C Equal 5.8 6.2 6.0

IC Slope 5.2 5.9 5.5

22J Intercept ý'.2 5.9 6.2

31M SE est 6.1 5.3 3.9

36C SE est 4.6 4.6 2.0

52B Intercept 4.2 3.7 3.0

63N Equal 2.3 2.5 1.5

68G SE est 2.4 3.8 3.0

91A Intercept 3.3 2.8 2.5

i aIhe outcome shows the results of the Gulliksen-W~iks lests:

SE est - The standard errors of estimate differed (P < .01)
Slope - The slopes differed (P < .01)
Intercepts - The intercepts differed (P < .01)
Equal - The regression lines did no, differ significantly

SNon-Hith 
School Grads not included in analysis (N = 9)

-6-
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The linear trend for the means suggested that the samples in each
set could be pooled to form two large samples. The difference between
the samples was primarily one of scaling of the course grades rather
than one of linearity of relationship. The effect of pooling would be
to increase the within-group error or to lower the correlation between
the ACB and course performance. The samples in each set were pooled
and the Gulliksen-Wilks analysis was performed for each pooled sample.
The scatterplot of Arithmetic Reasoning Test scores versus grades was
also obtained for each sample.

The results of the Gulliksen-Wilks analysis for the pooled samples
are presented in Table 3. In both samples, the standard errors of esti-
mate were significantly different at the I percent level. As was found
for the individual samples, the standard deviations of the more highly
educated groups were smaller than for those with less education. The
ACB tests predicted course performance more accurately for the college
trained men than for others. The slopes of the regression lines were
parallel, as indicated by the regression lines for each educational
level (Figures 3 and 4). This result means that a given increase ' the
ACB test scores results in the same proportional increase of predic.ted
course performance for each of the educational levels. The intercepts,
or heights of the regression lines, are clearly different for the groups,
meaning that the same predictor score results in a different level of
predicted course performance for the non-high school graduate as compared
to the college graduate.

Some representative scores on the Arithmetic Reasoning Test were
selected and the predicted course grades determined; the results are
shown in Table 4. In Set I, the predicted course grades for the college
graduates were consistently IC-17 points higher than for the non-high
school graduates. An Arithmetic Reasoning Test score of 100 resulted in
a predicted course grade of 105 for the college graduates and P8 for the
non-high school graduates. The net result is that an Arithmetic
Reasoning Test score of 120 for the non-high school graduates is com-
parable to a score of 80 for the college graduaLes. Tbe predicted course
grades are 06 and Q7, respectively, in Set I and 1IN and )", respectively,
in Set II. These results are consistent wicti prior research in the area.
Helmes-' found that as the level of general i. .ntal ability declined, suc-
cessively higher levels of aptitude test sccres were required to produce
the same level of predicted course performancL.

DISCUSSION

Aptitude tests have enabled the Army to individualize the assign-
ment of each soldier. Instead of treating all members of a group in the

St:,lme, W. H. Army school training performance of EM scoring low on
AFQT. Technical Research Rleport 1140 (AD C0,1 05r). Behavior and
Systems Research Laboratory, Arlington, Va. October 1,'t4.

• - () -



Table 3

RESULTS OF GULLIKSEN - WILKS ANALYSIS OF POOLED SAMPLES

Course Grades Multiple Std Error
Group Mean Std dev Correlation of Est N

Set I

Non-HS Grad. 89.0 19.0 .40 17.4 502

HS Grad. 97.9 18.9 .36 17.6 1653

Some College 106.3 18.7 .36 17.4 716

College Grad 114.7 16.2 .41 14.8 302

Set II

Non-HS Grad. 92.1 19.5 .42 17.7 1112

HS Grad. 102.4 18.7 .48 1.6.4 1659

College Trained 111.4 17.8 .42 16.2 428

Test for Equality

Set I

Hypothesis df x p

SE est 3 14.8 .%05

Slope 33 23.6

Intercept 3 ll.6

Set II

Hypothesis df -e p

SE est 2 9.5 .01

Slope 22 33.1 .05

Intercept 2 66.6 10!

- 10 -
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:1 same way, say, at random or in terms of civilian education or occupation,
the aptitude tests provide personalized information about each man that
can be used in making decisions about his training ard assignment. In
fact, the utility of test scores proved to be so great that other back-
ground information was not included in the aptitude area composites.
The results of the present analysis suggest that the accuracy of the com-
posites in assessing ability to perform could be improved by including
background information about level of education.

One cost to the Army is that the course performance of the college
graduate is consistently underestimated and that of the high-school drop-
out is overestimated, even though the college graduate typically starts
out at a much higher level of aptitude test scores. A high-school drop-
out with a high test score, say 110, is likely to be assigned to a high
level MOS. He is more likely to experience failure or marginal perfor-
mance than is the high-school graduate with the same score.

The effectiveness of the ACB tests was determined by using success
in training as the criterion. This criterion is a commonly accepted one,
and it works to the benefit of both employer--in this case the Army--
and the individual soldier. The Army benefits because the training re-
sources are used more effectively, and the ineividual benefits because
he is more likely to experience success.

Other outcomes besides success in training are of importance and
need to be considered when policy decisions are made. For example, dis-
advantaged persons, according to one point of view, should be given com-
pensatory treatment. Thus, even though their predicted performance may
be low, these individuals could still be visigned to a highly technical
MOS and then given specialize-d training. rhe outcome would then be
measured by the skill level co which they =ould be trained. Ideally,
then, in deciding how the aptitude area composites are to be used, the
effects should be considered in the larger social context rather than in
the limited context of predicting success in Army training.

A change in the aptitude area system bhsm implications for selection,
training, utilization, and retention. The results presented here were
obtained under particular kinds of training programs. It is possible
that different kinds of training programs could ameliorate some of the
effects of educational deficit for some !ndLviduals. Or it is possible
that jobs can be reengineered to reduce the rumber of technical tasks.
The restructuring of training or jobs, or bot%, may have an effect on
the validity of the aptitude area composites in relation to educational
level.

The most important consideration arisin~g from the research reported
here is to call attention to the interactioi, h)tween occupational crea
and educational level and between level of K1. at!cl educational level and
to raise questions about other possible inteiacti.ons stemming from defin-
able characteristics of special groups. Differewu. "onus or penalty
points for educational level may be required for 0iFerent job arcas or
job levels, or both. Before the parameter valics can be determit d,

- 15 -



large amounts of data would need to be obtained in a variety of situa-
tions for different groups. Since including background data in the clas-
sification system would have such pervasive social significance, the de-
cisions should be made only on the basis of complete and accurate data.

Table 4

PREDICTED COURSE GRADES SHOWN BY EDUCATIONAL LEVEL

Predictor Predicted Course Grades

Set I

Arithmetic
Reasoning Test Non-HS HS Some College
Score r-rad. Grad. College Grad.

80 80 87 92 97

100 88 94 90 105

120 96 100 105 112

Set II

Arithmetic
Reasoning Test Non-HS HS College
Score Grad Grad. Trained

80 84 90

100 92 97 106

120 100 106 112
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