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A : 'In January 1976, all branc.‘s o &
. ~ the Armed Services Vocatio »Apt ude
the mental aptitude. of pto‘ ;

Since its fitst use there have been
ASVAB had been correctly. normalized-:
relationship had been established betwé
answered correctly (the raw score) ar
Some evidence suggested that. the. nc
ASVAB was too "easy"-~that raw 8CO
§ percentile scores that were too high.
Assistant Secretary of Defense for Manpo
Logistics, requested that the Center for a

conduct an independent study of the notmalization

Preliminary results from our analysis weré madeiav
May 1979. These results indicated that the current
normalization of ASVAB was incorrect and that for this
official reports on the mental aptitude of recruits i
seriously in error. Because of the magnitude of the poasible
error and its attendent policy implications, the Department of
v Defense (DoD) set up two independent studies, one by DoD and the
other by the Educational Testing Service (ETS), to determine if-
our results were correct. While these two additional. studies e
were being conducted we carried out an extensive 1nvestigatibn ot'
normalization methodology and further refined our tesul&a.

The data for our analyses was obtained by administeting hbtﬁ the
ASVAB and a reference test--Armed Forces Qualifioatiﬁn~3 . B
(AFQT) 7A--to a large sample of Marine Corps recruits at two ..
. recruits depots. Testing was done under carefully eontto S
conditions designed to minimize any eéffects of test coppry
and to provide equal motivation and opportunity to do L
both tests. S

' Vyarious authors use thestermq‘*nl_
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The findings of our study are summarized as follows: s

e The current normalization of ASVAB is too easy; ‘it over=
estimates the mental ability of low aptitude recruits by "
15 to 17 percentiles. (For example, in figure I we show.
that a raw score of 31 converts to the 31st percentile by .- '
the current DoD norms but to only the 16th percentile by
our norms.) Lt

- T T o rmee T

® Because the normalization has been incorrect, DoD reports
have overstated the mental aptitude of recruits since
January 1976. For the past 3 years, approximately 25 to
30 percent of all DoD accessions have been in mental
category IV (the lowest acceptable category) rather than.
the 5 to 6 percent reported by DoD (see figure I). '

e Although the mental quality of recruits enlisted since
1976 is lower than indicated by DoD reports, it is
similar to that during the peak of the Vietnam War and
better than that during the Korean War (see figure II).

e 'The analytical technique of sample stratification often
used in the normalization of military aptitude tests will
not, in general, produce correct results.

A correctly normalized test is important to managers as well as
unit commanders and military trainers. The principal virtue of
maintaining a correctly normalized test is that a certain score;
on a current version of the accession test reflects the same !
ability to absorb training as that -same score did on previous % _
versions of the test. Because of this continuity, managers can; ’ hd
make informed judgments about changes over time in the aptitude! R
of recruits. By the continued use of correctly normalized testd,
‘ a rational basis, founded on years of service expericnce in peace
. and in war, can be formed for both enlistment and job
classification standards.

If the normalization of the ASVAB were changed to the one devel- .
. oped in this study, the supply of qualified applicants would
) probably decrease sharply unless compensating steps--such as a
change in accession criteria, increased recruiting assets, =~
increased enlistment incentives, or other actions--are takéen. -
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RECOMMENDATION

FENay¢H

We recommend that the conversion tables for the Arqﬁﬁéngig ghggh~;;,'7ﬂﬁ
in table I and for the classification composites shown in . -~
appendices M and O be used for the normaligzaton of ASVAB 6, 7,

(- 6E, and 7E.1

'.'{‘v

M lWe refer to these four tests as ASVAB 6/7/6E/1E.
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e Official , .
o—e—a This analysis (1977, 1978, 1979) : Lo EVE
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Percentage of male DoD accessions
in mental category |V

g d et s daeaada s gad g g

1950 1955 1960 1965 1970 1975 1980

Fiscal year

. FIG. l1: COMPARISON OF PERCENTAGE OF MALE DOD ACCESSIONS IN MENTAL
: GROUP IV AS OFFICIALLY REPORTED AND BY THIS ANALYSIS
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. oo | "RECOMMENDED CONVERS ION 'rm.n‘m R R
- , . ASVAB 6/7}63/73 AFQT SC o .
* 7 score  Percentile score gg g‘crcﬂ_' tile score
70 99 38 S
69 97 - 34 g
68 95 33
67 93 Y] 1y
66 9 51
65 90 30 13
64 * 88 29 14
63 87 28 13
62 85 27 12
61 83 26 1
60 81 25 10
$9 79 24 9
S8 77 23 8
S7 75 22 7
. $6 73 21 s
13 71 20 5°
S4 69 19 .4
53 67 18 3
hd 52 65 17 2
S1 63 16 1
S0 61 1
49 S8 0-14 0
48 $S
47 52
46 50
45 48
. 44 45
43 42
42 39
41 36
40 33
! 39 31
) 38 28
37 26 R
| 36 u
: Spor form 7E only, add two raw score poinu to the AFQT nw scm
“d before using this table to convert raw score to percentﬂe 'score.
[ ] . A L
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CHAPTER I

INTRODUCTION
BACKGROUND

The Armed Services Vocational Aptitude Battery (ASVAB) is the
screening test the armed services currently use to measure the
mental aptitude of prospective recruits. On 1 January 1976, two
forms (6 and 7) developed by the Air Force Human Resources
Laboratory (reference 1) were implemented at the Armed Forces
Examining and Entrance Stations (AFEES). In this report we refer
to these as ASVAB 6/7.

During the first months ASVAB 6/7 was used, an unexpectedly large
number of recruits, particularly those in the Navy, were scoring
high on the tests. This suggested that the normalization! of
ASVAB 6/7 was too "easy."2 Each of the armed services then
initiated an independent analysis to examine the normalization of
the test. Based on these analyses, the ASVAB Working Group3
revised the normalization on 29 July 1976.

After the normalization of ASVAB 6/7 was revised, questions about
the correctness of the revision continued among members of the
ASVAB Working Group. In 1978, the Center for Naval Analyses
(CNA) published a study (reference 2) that criticized the revised
norms as unlikely to be correct.

In response to concern about test compromise, two additional

forms, ASVAB 6E and ASVAB 7E, wera scheduled for implementation

in June 1979, making a total of four different forms of the test.
, To prepare for this implementation, CNA began a study to check
' the normalization of these two additional forms. The study was
done at the reguest of the ASVAB Steering Committee,4 through
Headquarters, Marine Corps (reference 3). At about the same time
that the ASVAB Steering Committee made its request, the Office of
the Assistant Secretary of Defense for Manpower, Reserve Affairs,
and Logistics (MRA&L) requested (reference 4) the study be

INormalization as used here is a procedure that converts raw
scores into percentile scores of a standard reference
gopulation.

Easy means that a raw score has incorrectly been assigned a

percentile score higher than would have been made by the proper
. gercentage of the standard reference population.

A joint service group that deals with ASVAB issues and is
composed of policy and technical representatives from each
service.
4The joint service flag officer oversight committee for the
ASVAB Working Group.
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expanded to include a reexamination of the norming of ASVAB 6/7.
Accordingly, the study was designed to examine the normalization
of the entire series--ASVAB 6, 7, 6E, and 7E. This report
documents that analysis.

Recause normalization information on ASVAB 6E and ASVAB 7E was
needed before the scheduled June 1979 implementation, preliminary
results (reference 5) of our analysis were made available in May
1979. These results showed that ASVAB 6E and ASVAB 7E could,
with minor adjustments, use the same norming tables as ASVAB 6/7.
The preliminary results also indicated that the normalization of
the entire ASVAB series (6, 7, 6E, and 7E) was much too easy and
that consequently there was a high probability that Department of
Defense (DobD) reports of recruits' mental aptitude were seriously
in error.

As a result of concerns raised by our preliminary report, two
studies were conducted to try to verify our preliminary findings.
One study was conducted by pobl and used data on applicants
tested at AFEES, The other study was conducted by the Educa-
cional Testing Service (ETS) and used data collected in high
schools.,

STRUCTURE OF THE ASVAB

The ASVAB 1s a group of 16 tests (sometimes referred to as sub-
tosts) that focus on different mental aptitudes. Scores from
these tests are combined to form composite scores. The tests and
composites are described in detail in appendix A. The Armed
I'orces Qualification Test (AFQT) composite is the common compos-
1te score all services use to measure general ability. Other
composites are used primarily for job classification. For qual-
ity monitoring purposes, DoD reports scores of recruits in terms
of broad categories known as mental groups. These mental groups
are based on AFQT scores and range from I (most qualified) to V
(unqualified). The normalization discussed in this report
focuses on the normalization of the AFQT score, although
normalizations of the other composites are also developed.

ORGANIZATION OF THE REPORT

Chapter 11 discusses the experimental design., In chapter III we
develop our norming results from a stratified and unstratified

l'’his study, which initially was known as the Army Research
Institute (ARI) study, is officially a Department of Defense
study. It was conducted by an ARI research psychologist tempo-
rarily attached to the Office of the Assistant Secretary of
NDefense (MRA&L) with computational support from ARI, In this
report we refer to it as the "Dob" study.
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sample, respectively. In chapter IV we discuss possible problems
with the results of the analysis. In chapter V we examine the
effects of sample truncation, and in chapter VI we discuss
whether samples should be stratified. Our recommended normaliza-
tion, which is shown in chapter VII, is contrasted with
alternative normalizations.




CHAPTER II

EXPERIMENTAL DESIGN
INTRODUCTION .

We administered the various forms of the ASVAB along with a
reference test to a large sample of Marine Corps recruits at
recrult depots. We chose this approach over an administration at
AFERS because 1t was much easier to obtain permission to give
additional tests to Marine Corps recruits than to AFEES appli-
cants. We understood that the use of a recruit sample instead of
a more traditional applicant sample might cause added analytical
difticnlties., But, we believed these difficulties could be
Landled,

The testing was carried out under carefully controlled conditions
Jesigned to minimize any effects of test compromise and to pro-
vide equal motivation and opportunity for the recruits to do well
on both the ASVABL and the reference test. The ASVAB forms

were normnalized by equating ASVAB scores to scores on the
roference test,

The reference test chosen for this analysis was AFQT 7A. It was

ased at AFEES from 1962 through 1973 and was normalized (see -
reference 6) to the traditional reference population according to

a test known as "R-9." R-9 iIs an editorial revision of the Army

Gerneral Classification Test used to define the World War II

mobilization population.

The experimental design is discussed in detail in appendix B.
DA'TA SAMPLES

Our data sample consisted of test scores for 3,295 Marine Corps
recruits. The tests were administered between 16 February and

} April 1979 at the Marine Corps Recruit Depots (MCRD) located at
Parris Island, South Carolina, and San Dieqgo, California. Before
onlistment, recruits took either ASVAB 6 or ASVAB 7 at the AFEES
or ASVAB 5 (Lf they entered via the high school testing program).
Oncee at the recruit depots, recruits took three tests: ASVAB 6
or ASVAB 7, ASVAB 6F or ASVAB 7E (AFQT parts only), and AFQT 7A
(the refercnce test). Recruits were tested in platoon-size
agroups of about 60 persons,

Ibefinitions of ASVAB tests and composites are given in
appendix A,




The order in which the three tests were given was counter-
balanced; i.e., as many platoons were administered any one test
first as were administered it second or third in the segquence.
Total testing time was about 5 hours, and either a lunch break or
overnight break separated the tests. All tests were given to
recruits within a few days after their arrival at recruit depots
and before they started recruit training.

In our analysis we used only results from tests administered at
recruit depots. This reduced the effect of any coaching that may
have occurred during testing at AFEES.

For our analysis, we separated the sample into five subsamples,
as shown in table 1.

TABLE 1

DEFINITIONS OF SUBSAMPLES

Sample Used to
Sample size normalize: Tests used
1l (total) 3,295 Not used as AFQT 7A
a unit ASVAB 6 or 7
ASVAB 6E or 7E
2 1,634 6E AFQT 7A
ASVAB 6E
3 1,660 7E AFQT 7A
ASVAB 7E
4® 227 6/7° AFQT 7A
ASVAB 6/7
5¢ 2,208 6/7 AFQT 7A
ASVAB 6/7

a’I‘hese recruits were enlisted on the basis of scores on ASVAB 5,
which they took in high school--they had not seen ASVAB 6/7 before
being tested at recruit depots.

bOnly as supporting evidence for sample 5 resuits.

CThese recruits had been previously tested on ASVAB 6 or 7 at AFEES.
When retested at the recruit depot they were given the opposite form
to reduce the effect of practice; i.e., if they were tested at AFEES
on form 6 they were given form 7 at the recruit depot and vice versa.




Samples 2 and 3 are appropriate for the normalization of ASVAB 6E
and ASVAB 7E, respectively, because none of the recruits had seen
AFQT 7A (the reference test) or ASVAB 6E or ASVAB 7E before being
tested at the recruit depot.

Sample 5 is a good sample for the normalization of ASVAB 6/7, but
has some imperfaoctions. These imperfections result because the
recrults were previously tested at AFEES on ASVAB 6 or 7.
Effects from practice (taking the same test before) were elimi-
nated because only recruits who were retested at recruit depots
on the opposite forml of ASVAB 6/7 were included in sample 5.
However, it is possible that some recruits were coached on both
forms 6 and 7 before taking the test at AFEES. If this occurred
and if they remembered this coaching when retested? at

recruit depots, their scores on ASVAB 6/7 would artificially be
raised. The resulting normalization would be too hard.

To control for the possibility just discussed, we used sample 4,
This sample is small but very "clean."3 All recruits in this
sample were enlisted on the basis of scores on ASVAB 5, which
they took in high school. That is, recruits in sample 4 had not
sceen ASVAB 6 or 7 before being tested at recruit depots; hence,
results were not biased by a practice effect or by coaching. Our
confidence in the results of our normalization for ASVAB 6/7 will
be enhanced to the extent that the results from the larger sample
5 arc confirmed by those of the small, but clean, sample 4.

Summary statistics for the entire data sample are given in
appendix C.

IThose tested at AFEES on form 6 and at recruit depots on
form 7 and vice versa.

2Retesting at recruit depots generally took place within 3
months of AFEES testing.

3Clean refers to tests on which recruits were not coached.
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CHAPTER III
NORMALIZATION
INTRODUCTION

Two methods are commonly used in the normalization of military
aptitude tests., We refer to one method as "unstratified
graphical equating”--also known as "equipercentile equating."
The other method may be called the "stratification procedure."
This chapter describes normalization results obtained using both
procedures.

STRATIFICATION PROCEDURE

The method of equating reported in this section was stratifying
each subsample (table 1) on the AFQT 7A percentile score thereby
simulating the reference mobilization population within each
subsample. Cumulative frequency distributions of ASVAB 6, 7, 6E,
and 7E AFQT raw scores were then made from this simulated mobili-
zation population. The raw score-to-percentile score conversions
for each form of ASVAB can be read directly from these cumulative
frequency distributions,

For example, figure 1 shows the distribution of percentile scores
from the reference test--AFQT 7A-~in sample 5. The solid line is
the distribution observed in the sample, The dashed line is that
expected in the mobilization population.l The mobilization
population is simulated in the sample by weighting individuals in
the observed population in proportion to their expected occur-
rence in the mobilization population. The procedure is illus-
trated in table 2. For:example, in the percentile interval 1
through 5, we observe 29 recruits. The mobilization population
is expected to contain 110.4 in this interval, We calculated a
weight factor, 3.807, which is the expected number divided by the
observed number, We attached one of thesc weight factors to each
recruit in the sample based on their score on the AFQT 7A
reference test.

By using these weight factors we simulated the mobilization popu-
lation within the sample. All distributions derived from these
weighted recruits will look as they would if the mobilization
population had taken the test. For example, if figure 1 were
made using weighted recruits the distribution would be flat,

lrhe definition of percentile score is such that 5 percent of

the reference population have a percentile score of five or less,
10 percent have a percentile score of 10 or less, and so on;
hence, the expected distribution is flat.
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TABLE 2
CALCULATION OF WEIGHT FACTORS FOR
SAMPLE S
Number
AFQT 7A Number expected in
percentile observed mobilization
interval in sample population
) (2) 3)
1-5 29 110.4
6-10 56 110.4
11-15 152 110.4
16-20 169 110.4
21-25 171 110.4
26-30 137 110.4
31-35 162 110.4
36-40 175 110.4
41-45 71 110.4
46-50 173 110.4
51-55 138 110.4
56-60 164 110.4
61-65 167 110.4
66-70 56 110.4
71-75 84 110.4
76-80 107 110.4
81-85 36 110.4
86-90 59 110.4
91-95 33 110.4
96-100 9 110.4
Total 2,208 2,208

BColumn (3) divided by column (2).

-8~

Weight
factor

4

3.807
1.971
0.726
0.653
0.646
0.806
0.681
0.631
1.555
0.638
0.800
0.673
0.661
1.971
1.314
1.032
1.150
1.871
3.345
12.267
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To get the required conversion tables we simulated! the mobi-
lization population in samples 2, 3, 4, and 5 and formed (using
weighted recruits) the cumulative frequency distribution of raw
AFQT scores for each form of the ASVAB.Z2 The resulting

tables for converting raw scores into percentile scores are
tabulated in appendix D, table D-6.

EQUIPERCENTILE EQUATING

Normalization without stratification may be done by graphically
equating the new test to a reference test., The procedure, known
as equipercentile equating, is described in reference 7 and
illustrated in fiqure 2. Two scores are considered equivalent
if they are obtained by the same cumulative percentage of a
sample (point "A" in figure 2). dence, the raw score for the
ASVAB test at point "B" would be defined as equal %to the
percentile score on the reference test at point "C".

ASVAB 6/7, 6E, and 7% were normalized using this procedure,
Details and results are in appendix E.

DISCUSSION OF RESULTS

A comparison of the ASVAB 6/7 AFQT normalization results (con-
version tables) from both the stratification and equipercentile
procedures with the current operational conversion table is shown
in figure 3. 1t shows, for example, that by the current opera-
tional norms, an ASVAB 6/7 raw score of 30 converts into a per-
centile score of 28. From the results of this analysis, the same
raw score of 30 will convert into a percentile score of 15 using
the equipercentile method, or 11, using the stratification
procedure.

Figure 3 clearly shows that the results Ffrom the stratification
procedure and the equipercentile method are systematically dif-
ferent in the highest and lowest percentiles. Because both
methods have been used in the past to normalize military tests,
it is important to understand the reasons for this difference and
to determine which method is preferred. This question will be
exanined in detail in chapter VI.

It is also evident from figure 3 that regardless of which wethod
of analysis is used, the results of this analysis strongly dis-
agree with the current operational norms. Various services have
established minimum acceptable AFQT percentile scores in the

1The calculation of the weight factors for each sample is shown
in appendix D.

2Forms 6 and 7 are known to be similar (see references 1 and 2);
hence, they are treated together.
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area frowm the 16th through the 31st percentile. Our results dif-
fer from the current operational norms between these percentiles
by 15 to 17 percentile points. 1If our norms are correct, a large
percentage of current recruits would no longer be qualified for
enlistment.

The seriousness of the potential error in curreat norms dictates
that we must explore all avenues to determine if there are any
flaws in our analysis. Recall that our tests were administered
to Marine recruits because access was not possible to the more
standard sample of applicants from all services. 1In chapter V we
explore the question of whether this restriction could have
produced a biased result.

Because NSVAB 6/7 is an operational test it is reasonable to
assume that some recruits are coached on the answers. In chapter
IV we examine our results for bias from this source and examine
possible biases due to mistakes in administering the test and
testing fatigue.

-12-
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CHAPTER IV
COACHING AND ADMINISTRATIVE PROBLEMS
INTRODUCTION

We examined a number of areas in which problems could have biased
our results. The areas we examined in detail are coaching, mal-
administration, and test fatique. We discuss each of these areas
in turn.

In our discussion of sources of possible bias, we base our con-
clusions on norming results using the stratification technique,
Our tests for these biases are based on the observations {(or lack
thereof) of relative differences betwen norming results under
various conditions. Hence, we believe that the conclusions
reached in this chapter are insensitive to the particular
normalization method used.

Coaching

As we have noted, one virtue of administering tests at recruit
depots is that the effects of coaching will be smaller than at
AFEES. Because the recruits are already enlisted, there is
little reason for anyone to coach them on ASVAB. Moreover, most
of those recruits who were enlisted based on ASVAB 6 scores are
retested on ASVAB 7 and vice versa. Nonetheless, if recruits
were coached on both ASVAB 6 and 7 before enlistment, they might
recall enough material to bias ASVAB scores upward.

There are several ways to look at the coaching issue. For one,
we compared the normalization results for ASVAB 6/7 found in
sample 5 (which may be biased by coaching) with those from sample
4 (which cannot be biased by coaching). This comparison, shown
in figure 4 is based on data in appendix D, table D-6. We see
that results from the small, but clean, sample 4 agree very well
with those from the full sample 5. This result suggests that
coaching did not seriously bias the norming results for

ASVAB 6/7.

For another approach to the coaching issue we removed from sample
5 those recruits who were most likely to have been coached. This
procedure, which is discussed in detail in appendix F, relies on
the Pseudo AFQT! developed by reference 2 specifically for
detecting conaching.

1Pseudo AFQT = GI+GS+MC+MK, AFQT = WK+AR+5P,
where: where:
GI = general information WK = word knowleldge
GS = general science AR = arithmetic reasoning
MC = mechanical comprehension SP = space perception.
MK = mathematics knowledge.

-13-
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Referring to figure 5, we see the expected distribution in AFEES
AFQT score minus the predicted AFEES AFQT score (A). For re-
cruits who were not coached, this distribution is expected to be
symmetric about zero. Recruits who were coached will tend to
have AFEES AFQT scores higher than their predicted AFEES AFQT
scores (i.e., positive values of A); these are shown in the
shaded area of figure 5,

D Noncoached recruits

Coached recruits

Number of recruits

A (AFEES AFQT-predicted AFEES AFQT)

FIG. 5: ILLUSTRATION OF A DISTRIBUTION USED TO
ESTIMATE AMOUNT OF COACHING

In appendix F we show results for removing suspect recruits from

the sample., We removed suspects in two stages: the first is all

recruits with A > 10, and the second is all recruits with 4 > 0,
The two resulting subsamples were normalized and the results
compared with those from the full sample 5. In both cases the
resulting normalizations were statistically consistentl with

the hypothesis that coaching does not distort the norming curve
for ASVAB 6/7.

lChi--squared tests for the homogeneity of parallel samples

were applied to the data here and elsewhere in the report. This
test is not, strictly speaking, appropriate because the samples
are not completely independent, but it is useful as an
approximate quantification of the homogeneity of the samples.
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For a third approach to the coaching issue we compared scores on
ASVAB 6/7 with those on ASVAB 6E/7E in an operational environment
at AFEES. wWe found in this analysis that all forms of ASVAB can
ase the same conversion table. Tt has been argued that our
results for forms 6/7 are biased by test compromise and that if
this effect were removed then ASVAB 6/7 would have a markedly
different conversion table than ASVAB 6E or 7E.!

Table 3 addresses this contention. It shows mean ASVAB AFQT
scores for Marine Corps recrults for the months following the
first use of ASVAB 6E/7E. Because ASVAB 6/7 has been used since
January 1976 we assumed it was significantly compromised. ASVAB
6E/78 were first used in June 1979, We assumed they were not
compromised much during the first few months of th2ir use but
have been compromised thereafter.?2

BBased on the preliminary results from our analysis {(reference 5),
when ASVAB 6E/7E was [irst used (with only minor adjustments) it
would have had the same conversion table currently used for ASVAE
6/7. Note that the first line of table 3 indicates that the mean
AGVAB AFQT percentile scores from both ASVAB 6/7 and ASVAB 6E/7E
are identical (53.8). If one assumes that our norms for ASVAB
6/7 are Jgrossly distorted by test compromise in our sample while
the norms for ASVAB (E/7E are not, then one should expect that
over time as ASVAB 6E/7E becomes more comprowmised the mean score
on ASVAB 6E/T7E would become greater than that observed for ASVAB
6/7. But, as seen in table 3, this effect is not  observed. We
nelieve this result argues strongly that there is no significant
bias in our ASVAB 67 norming results due to test compromise.

Afrer exanining all the material in this chapter and the details
shown in appendix F, we concluded that there are indeed some
cases ian sample 5 that are probably distorted by coaching but
that these do not seem to have had a significant effect on the

norunalization results Ffor ASVAB 6/7.

]ASVAB 6,7 had been used for about 2 years when our data were
collected and were certainly cowmpromised. ASVAB 6E/7E were not
in use then and were not compromised.

2In testimony before the House Armed Services Military Personnel
Subcommittee, a recruiter stated that there wasn't a test devised
“tnat [ couldn't compromise in three wmonths." (Navy Times,

7 June 1976). Other recruiters have given estimates of time
requir=d that are even shorter,
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Maladministration

As part of the quality control procedure, one of us visited the
two testing sites when testing began. Each test site seemed to
conduct the testing in the same way. In appendix G we cxamine
the data to determine if there is any difference in normalization
results between the two test sites. Such a difference might in-
dicate that at some time during the testing one of the sites may
have deviated from the proper procedure.

We separated the data from sample 5 into two subsets, one from
cach test site, and did a separate normalization on each.
NDetails are given in appendix G. The two resulting normaliza-
tions were very similar. (A chi-squared test indicated that the
observed differences could well be due to chance.) We concluded
that there was no reason to doubt that the two test sites
followed the same testing procedures,

Test Fatigue

Because the sample design specified a counterbalanced series of
three tests, 1t may be argued that norming results for the last
test in the series may be biased due to recruits' fatique., The
counterbalanced desiqgn tends to reduce this problem. However, in
anpendix H we examine the test fatique issue in some detail.

We selected a subsample of sample 5 consisting of those recruits
who took the reference test and ASVAB 6/7 either first or second
in the three—-test sequence. We assumed these recruits would be
less fatiqued than the average recruit in sample 5, We strati-
fied the low-fatigue subsample separately and developed a normal-
ization curve., From our comparison of these results with those
for all of sample 5 we concluded in appendix H that biases due to
test fatique, if any, are negligible,

In the next chapter we explore another source of bias due to
truncation of the sample from preselection at the AFEES.
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CHAPTER V

EFFECT OF TRUNCATION OF RECRUIT SAMPLE
FROM PRESELECTION AT AFEES

INTRODUCTION

By necessity, we based our analysis on tests administered to
recruits rather than the traditional sample of applicants for
military service. Only those applicants who meet established
minimums on the ASVAB are accepted for enlistment and become
recruits., For this reason individuals who scored below these
minimums were not present in our sample, and it may be argued
that this biased our normalization results. However, our results
are based on a reference test and an ASVAB both administered to
recruits at recruit depots. Therefore, it may also be argued
that any bias due to preselection at AFEES affects both tests
equally and, in effect, the biases cancel each other out. We
examine these questions in this chapter.

Our initial exploration of the truncation question involved
further truncation of our data set followed by norming the
residual sample to see if bias had been introduced. This
analysis is described in detail in appendix I and suggests that
some truncation bias may be present if the stratification method
of norming is used. The limitations inherent in this already
truncated data set precluded reaching a more definitive
conclusion,

To fully address the cffect of sample truncation on norms we used
a full-range untruncated data set. First we developed norms from
the full-range data set. Then we truncated this data set in the
same way that our recruit data set was truncated and developed
norms from the truncated data. A comparison of the norms devel-
oped from the full-range and truncated data enabled us to
quantify the effect, if any, of truncation on norms.,

An alternative approach would have involved using computer simu-
lated data. We used real data to simulate the truncation rather
than computer simulated data because there may be factors opera-
ting that we cannot know a priori, and hence cannot otherwise
accurately simulate.

SIMULATION

We obtained a suitable full-range data set through the courtesy
of the Office of the Assistant Secretary of Defense, who made
available the data setl they were using in their study of

1

This data set will be referred to as the "DoD" data set,
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ASVAB noras. The data was collected at AFEES on a full-range of
male applicants in June and July 1979. ASVAB forms and the
reference test (AFQT 7A) were given in the counterbalanced
fashion previously described. The sample sizes for the ASVAB
6/7, 6E, and 7% subsamples were 5,069, 2,870, and 2,650 cases,
respectively. The data are described more fully in reference 8.

The concept behind the simulation of the truncation effect is
illustrated in figure 6. The top panel of figure 6 illustrates
the three-—-test CNA data set: the ASVAB 6/7 AFQT administered at
AFEES, the ASVAB 6E AFQT administered at the Marine Corps Recruit
NDepots (MCRD), and the reference test also administered at the
recruit depots. Note that scores on the ASVAB 6/7 AFQT adminis-
tered at AFEES are directly selected (truncated) by virtue of the
minimum enlistment standards at AFEES. Because scores on all
three tests are highly correlated, this direct selection on the
AFEES test results in an indirect selection that removed some low
scoring individuals from the distribution of the two tests taken
at the recruit depots.

The DoD data set consists of scores from only two (not three)
separate test batteries. However, we simulated a three-test
systen by using the Pscudo AFQT developed in reference 2 (see
chapter 4). Reference 2 found that in addition. to the AFQT test
embodiad in the ASVAB, there is also a Pseudo AFQT. Because it
is highly correlated (0.87) with the AFQT, the Pseudo AFQT is a
guod proxy for it.

The Pseado AFQT may be constructed from parts of the ASVAB that
4o no% nake up the AFQT and, hence, may be viewed as a separate
test. The Pscudo AFYT may be used to accurately predict an
independent AFQT score for each applicant.

After simulating a three-test system we truncated the full-range
sample on the predicted AFQT to simulate the truncation of the
ONA data set. The real ASVAB AFQT and the reference test then
show incidental selection similar to the one that occurred in the
CNA data set (see the lower panel of figure 6), We normalized
ASVAB 6FE using those variables that are subject to incidental
selectinn. Results were compared with those obtained from the
nontrancated full-range data set,

The effects of the simulated truncation on the DoD ASVAB 6E data
set and the comparison of them with the truncated CNA ASVAB 6E
data set are shown in fiqure 7. The truncated distribution (open
areas of fiqure 7) from the two data sets are very similar,
indicating that we successfully simulated in the DoD data set a
truncation like that observed in the OCNA sample. The shaded
areas of figure 7 represent individuals who were removed from the
Dob full-range data set to simulate truncation like that observed

-20-
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Frequency

Frequency

CNA 6E sample (truncated by preselection)

q Direct g Incidental q Incidental
selection N selection selection
ASVAB AFQT (6/7) ASVAB AFQT (6E) Reference test

AFEES {(MCRD) {(MCRD)

Real data simulation (DOD full-range sample)

§ Direct g Incidental N !ncidental
selection N selection & selection
Predicted ASVAB ASVAB AFQT (6E) Reference test
AFQT (AFEES) (AFEES) {AFEES)

FIG. 6: ILLUSTRATION OF REAL DATA SIMULATION
OF SAMPLE TRUNCATION
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CNA 6E sample (truncated by preselection)
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in the CNA sample. The shaded areas of figure 7 represent in-
dividuals who were removed from the DoD full-range data set to
simulate truncation like that observed in the CNA data set. Note
that the direct removal of cases is carried out in figure 7(d)
only--all other shaded areas represent cases that were removed by
incidental selection. Further details on the simulation are
given in appendix J.

Normalizations from the DoD full-range and DoD truncated data
sets were made using both the stratification procedure and
unstratified graphical equating. Differences between norming
results from the DoD full-~range and DoD truncated sample were
taken as estimates of the distortions in CNA results due to the
truncation effect.

STRATIFIED NORMING

Both the DoD full-range and simulated truncated data sets were
normed using the stratification procedure. The samples were
stratified on the reference test, and percentile equivalents of
raw ASVAB AFQT scores were read directly from stratified cumula-
tive frequencies. Details of the norming are given in

appendix J.

The results from this norming for ASVAB 6E AFQT are shown in
figure 8. That fiqure shows the comparison of norming results
from the full-range and truncated DoD data set. The results from
the truncated data set produce norms that are several points
harder in the lower percentiles and somewhat easier in the upper
percentiles. We obtained similar results {shown in appendix J)
for the DoD ASVAB 6/7 and ASVAB 7E data sets.

UNSTRATIFIED NORMING

Both the DoD full-range and truncated samples were also normal-
ized by the unstratified graphical equating (equipercentile)
method. The details are given in appendix K. A comparison of
the results from the full-range and truncated DoD ASVAB 6E AFQT
data are shown in figure 9. The difference between the results
for the truncated and full-range samples is very small and con-
fined to the region below the 16th percentile. Similar results
(shown in appendix K) were obtained for the DoD ASVAB 6/7 and 7E
data sets,
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ASVARB 6E AFQT (raw score)
FIG.8: EFFECT OF SIMULATED TRUNCATION ON STRATIFIED NORMING
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CHAPTER VI
TO STRATIFY OR NOT TO STRATIFY
INTRODUCTION

The stratification technigque and the unstratified (equipercent-
ile) technique each have some superficial advantages. The equi-
percentile technique has conceptual simplicity and is therefore
intuitively appealing. However, this procedure, as carried out
in this report does entail drawing and smoothing1 graphs of
cumulative frequencies and introduces some degree of subjectivity
into the results. The stratified procedure superficially intro-
duces a degree of stability in the normalization procedure by
adjusting the sample so that the distribution of scores on the
reference test is always flat. 1t also is a mechanistic proce-
dure that introduces very little subjectivity into the normal-
ization., The relevant criterion of whether to stratify is,
howevar, which method vroduces the most accurate equating or
noranalization of tests. We explore this question in this .
chapter.

TRUNCATED DATA SETS

Wwe have seen in figure 8 that the stratification procedure can
produce significantly different results if applied to both full-
range and indirectly truncated data sets. Ideally, the normal-
ization results should be independent of the data set. For this
reason, the stratification method should not be used with in-
directly truncated data sets. An independent investigation

of the question reached the same conclusion.

Results using the unstratified graphical equating procedure were
similar when applied to either full-range or indirectly truncated
data sets {(see figure 9). Invariance of the results with respect
to truncation indicates that this method is satisfactory for
iadirectly truncated data sets.

1'I‘he procedure could be computerized.

ZAs this report was in final preparation, we veceived portions of
a draft technical report based on computer simulated data stating
that the "...stratified normalization technique introduces
systematic biases in the estimation of population norms." WNaval
Personnel Rescarch and Development Center, Draft Technical Note,
"Test Norming and Equating Using Stratified Sampling:

A Simulation Study,"” by John H. Wolfe, April 1980.
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FULL-RANGE DATA SETS

We have shown that the stratified norming procedure can be
unsatisfactory for indirectly truncated data sets. We now
examine whether it is appropriate for full-range data sets.

In figure 10 we show a scattergram and associated projections of
a typical unstratified bivariate distribution for two hypothet-~-
ical parallel tests ("A" and "B") of equal difficulty.1 The
percentile distribution is peaked in the middle and depopulated
on both ends. The distribution is similar to distributions of
scores expected from applicant (or retested recruit) populations.
The cell population, decile population, and cumulative percentage
by decile are shown. Let us arbitrarily take test "A" as the
reference test. Because the cumnulative percentages by decile are
the same for both tests, the unstratified graphical equating
method would equate the 10th percentile on test "8" to the 10th
percentile of the reference test "A", as we would expect.

Suppose we stratified the data in figure 10 so that the percent-
ile distribution of the reference test, test "A", was flat. This
procedure is illustrated in figure 10, and the weights necessary
to force the test "A" distribution to be flat are shown.

The data set is stratified by applying the weights shown in
figure 10, Results are shown in figure 11. The distribution of
reference test scores is flat, as expected. However, the strati-
fication procedure has only partially flattened the corresponding
distribution of test "B" scores. The test "B" distribution is
still too high in the area where it was originally high and too
low in areas where it was originally low. A comparison of the
resulting cumulative percentages by decile shows that scores on
test "B" that should have been equated to the 10th percentile
will actually be assigned to the 6th percentile. Similar
distortions are observed in other score regions.

Figure 12 shows the results observed from applying the stratifi-
cation procedure to our hypothetical bivariate data. The figure
shows the comparison of results to the true normalization of test
"B". As seen, the stratification procedure produces norms that
are too hard in the lower percentiles and too easy in the upper
percentiles.

o 1The following example explains how to interpret figure 10. The
scattergram projections of percentile scores are grouped into
decile units. There are 30 cases in the first decile on test
"A", These 30 cases are distributed on test "B8" in the lower

. four deciles--10 in the first and second, 5 in the third and
fourth, The cumulative percentage of the sample in test "A" is 2
percent in the first decile, 6 percent in the second, and so on.
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Figure 13 shows a comparison of the results from stratified and
unstratified equating of ASVAB 6E from the full-range DoD data
sample (appendices J and K). This figure shows, as expected,
that the stratified procedure produces harder norms in the lower
percentiles and easier norms in the upper percentiles. The
crossover point is very low in this case because the DoD data set
has a reference percentile distribution peaked in the second
decile (see figure 7) rather than in the fifth decile, as we
assumed in our hypothetical example.

From the preceding discussion, we concluded that, in general,
stratification is not appropriate for either truncated or full-
range data samples. Such normalizations generally produce norms
that are too hard in the lower percentiles and too easy in the
upper percentiles.l

l'I‘his generalization will hold for all distributions of the form
shown in figure 10; i.e., those that have a single maximum
somewhere between the endpoints and where the endpoints tend to
be depopulated,
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The distortion produced by stratification will be a function of
the shape of the unstratified test score distributions. In
general, different population groups will have different un-
stratified test score distributions. For this reason, stratified
norming on different educational, sex, or racial groups may
produce results that "show" norming bias, even if there is none.

We believe there is only one circumstance in which stratification
for norming may be acceptable: where there is no reference test
for direct equating. For example, in the ASVAB, the AFQT parts
can be equated directly to an AFQT reference test. For the ASVAB
composites and subtests this is not the case because many of them
have no direct counterparts in the reference. In this case,
stratification of the sample on the AFQT score and norming by
cumulative frequencies may be acceptable. It should be recog-
nized, however, that the procedure may be biased, as indicated in
figure 12,

-32-




CHAPTER VII
RECOMMENDED NORMALIZATION OF ASVAB 6/7/6E/7E
ASVAB AFQT CONVERSION TABLE

In chapter VI we showed that the unstratified equating procedure
is the preferred methodology for our data sample. We also showed
that there will be a very small bias of 0.5 to 2.3 percentile
points in the resulting norm curve below the 16th! percentile
(see figure 9)., A correction is applied for this bias and the
resulting normalization curve is swmoothed, as detailed in
appendix L. The final smoothed set of conversion tables for
ASVAB 6/7/6E/7E AFQT scores is shown in table 4.

ASVAB COMPOSITES CONVERSION TABLES

The ASVAB AFQT score i3 used as an overall measure of general
trainability. However, to select individuals for specific
military job assignments the services frequently use specific
aptitude couposites derived from the ASVAB, These composites are
defined in appendix & and cover electrical, clerical, mechanical,
and other specialties.

In order to maintain continuity of classification prequisites
these composites are normalized so that their score scale is
compatible with the AFQT score scale, We accomplish this by
equating each composite score (in raw score form) to the ASVAB
AFQT score using unstratified equipercentile equating. This
approach is possible because the composites are strongly corce-
lated to the ASVAB AFQT score.2 Additional details and the
composite conversion tables are given in appendix M.

ASVAB SUBTESTS CONVERSION TABLES

Tne Navy alone uses information from ASVAB subtests expressed in
standard score form. The subtests are expressed in standard
score form by first stratifying the sample on the ASVA3 AFQT

Because no service allows enlistments below the 16th percentile
this bias has little practical significance.

2Alternately we could have stratified the sample on either the
reference test or the ASVAB AFQT and formed cumulative frequen-
cies of composite scores from which composite conversion tables
could be constructed. We did not use this procedure due to
concern about bias from stratification.

-33-




o

Raw score

70
69
68
67
66

65
64
63
62
61

60
59
58
57
56

55
54
53
52
51

50
49
48
47
46

45
44
43
42
41

40
39
38
37
36

RECOMMENDED CONVERSTON TABLE® FOR

TABLE 4

ASVAB 6/7/6t/7E AFQT SCORE

Percentile scorce

99
97
95
93
91

90
88
87
85
83

81
79
77
75
73

71
69
67
65
63

61
58
55
52
50

48
45
42
39
36

33
31
28
26
24

Raw score

Percentile score

35
34
33
32
31

30
29
28
27
26

25
24
23
22
Z1

20
19
18
17
16

15
0-14

22
21
18
17
16

15
14
13
12
11

1

HNWEW» AR OO

p—

3For form 7L only, two raw score points are to be added to the AFQT

raw score before using this

sCore.
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score and computing the mean values and standard deviations of
raw scores on each subtest in the ASVAB.l Details of the
stratification are given in appendix N. The subtest standard
score conversions are then computed from the following equation:

10(xi-¥)
Standard score = 50 + —G " v
X
where:
Xi = the ith raw score of subtest X
X = the mean raw score of subtest X
o, = the standard deviation of raw scores on subtest X.

Resulting conversion tables are given in appendix O. Correla-
tions and sample statistics from the stratified sample are given
in appendix P.

VALIDITY OF RESULTS

We compared the norming results tabulated in table 4 with results
from the DoD analysis (reference 8). The comparison is shown in
figure 14. The agreement is excellent except in the upper per-
centiles., There the DoD results are from the stratified normal-
ization method and differ in the expected direction.2 In

chapter VI we showed that this method generally leads to norms
that are too easy in the upper percentiles. 1In spite of this
shortcoming in the DoD study, the generally excellent agreement
of these two independent studies argues strongly for the
correctness of the results,

lIn this case there is no viable alternative to stratification
because no highly correlated reference subtests exist for
equipercentile equating.

2The DoD results were obtained using a stratified technique in
the upper percentiles and unstratified equating in the lower
percentiles,
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Recall that preliminary results from our analysis (reference 5)
were made available in May 1979. These results were based on the
stratification methodology. We compared our preliminary and
final results (figure 15). The differences are not great in the
critical percentiles where enlistment decisions are made. At the
31st percentile, which is the breakpoint between mental categor-
ies IIIB and IV, the two results are identical, This agreement
means that our preliminary estimates of the percentage of
recruits in mental category IV were valid.

We compared the final results of this analysis with those from a
1978 CNA analysis (reference 2) and the current operational norms
(figure 16). We see that in the critical percentiles (lé6th
through 31st) the 1978 CNA study is closer to the correct norms
(as represented by this analysis) than are the current opera-
tional norms. Nonetheless, the overall agreement of the 1978 CNA
results with our current analysis i's not good.

The 1978 CNA analysis was based on the best data available at the
time. However, the data was a "sample of convenience" collected
for other purposes by non-CNA personnel in 1970, 1974, and 1976.
In addition, these data were analyzed using the stratification
procedure, which we have shown is inappropriate. In contrast,
the data for the current CNA analysis was collected under our
supervision specifically for normalization purposes and utilized
a sampling plan we designed. It was then analyzed using appro-
priate methodology. However, the most definitive test of
correctness is reproducibility. No analysis has ever reproduced
the results of the 1978 CNA analysis--in contrast, the results of
the current CNA analysis have been closely reproduced by the
independent DoD analysis., For these reasons we believe the
results of the current CNA analysis are preferable to the 1978
CNA analysis.

DISCUSSION OF RESULTS

A comparison of our final results for the ASVAB 6/7 AFQT with the
current operational norms shows that the current operational
norms are 15 to 17 percentile points too easy in the critical
region between the 16th and 3lst percentiles (figqure 17). For
example, according to the current operational norms, an ASVAB 6/7
AFQT raw score of 31 should convert to the 31lst percentile. Our
result indicates that a raw score of 31 really corresponds to the
l6th percentile-~a difference of 15 percentile points. This is
the area where the services have established enlistment minimums.
The current norms also appear to be about 4 percentile points too
easy near the 90th percentile, but this difference is not
critical because no enlistment decisions are made near the 90th
percentile,
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. Because ASVAB aptitude compositesl are normed to be compati-
ble with the AFQT score scale it is not surprising that current
norms for these composites are also inaccurate. Fiqure 18 com-
pares the current operational norms for one of these composites
(Army GT aptitude composite) with our results (see appendix M).
The current operational norms lead to an aptitude composite score
as much as 10 standard score points higher than would bhe
warranted under our results.

Decades of research by the armed services have shown the AFQT
score to be a good measure of general trainability. The AFQT
score is frequently grouped into broad categories, called mental
groups, ranging from I (highest) to V {lowest). Mental group IV
is the lowest currently acceptable category. Table 5 shows the
minimum percentile score that defines each mental group and the
correspanding AFQT raw score from the current »nperatinmnal normus
(reference 8). For example, the breakpoint between mental group
IIIB and IVA is the 31lst percentile. This percentile corresponds
to an AFQT raw score of 31 hy the current norms, but a 39 on
either the CNA or DoD norms.

TABLE ©
. MENTAL GROUP DEFINITIONS BY CURRENT AND PROPOSED NORMS

Minimum Minimum ASVAB AFQT

AFQT percentile raw score in mental group
Mental score in Current

group mental group operational CNA DoD
1 93 64 67 65
II 65 52 52 52
I1T A SO 42 46 46
111 B 31 31 39 39
IV A 21 28 34 34
IV B 16 26 31 30
IV cC 10 23 25 24

. 1These composites (defined in appendix A) are used mainly to
assign recruits to suitahle military jobs.
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If the CNA norms are correct, then a large number of recruits
currently classified in category IIIB are really in category IV.
Applying the CNA (or DoD) norms to distributions of AFQT raw
scores from FY 1977, FY 1978, and FY 19791 we find that be-
tween 25 and 30 percent of accessions in these years are really
in category 1V rather than the 5 or 6 percent officially
reported.

A historical perspective on the percentage of male DoD accessions
in mental category IV is shown in figure 19. The solid line
represents officially reported percentages, The dots indicate
what these percentages would have been during FY 1977, 1978, and
1979 if the norms from this analysis (or the DoD analysis) had
been used. Assuming our norms are correct, the 25 to 30 percent
figures for mental category IV are higher than those observed
during the early 1960s, similar to those during the Vietnam War,
and lower than those during the Korean War.

A correctly normalized test is important to managers as well as
unit commanders and military trainers. The principal virtue of
maintaining a correctly normalized test is that a certain score
on a current version of the accession test reflects the same
ability to absorb training as that same score did on previous
versions of the test. As a result, managers can make informed
judgments about changes over time in the aptitude of recruits,
By the continued use of correctly normalized tests, a rational
basis, founded on years of service experience in peace and in
war, can be formed for both enlistment and job classification
standards.

1Supplied by the Department of Defense,
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APPENDIX A

DEFINITIONS OF ASVAB TESTS AND COMPOSITES

This appendix defines the ASVAB tests and composites used in the
analysis of normalization. The information is presented in tabular
form.
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TABLE A-1

INDIVIDUAL ASVAB 6/7 TESTS

Test
symbol Definition
GI General Information
NO Numerical Operations

AD Attention to Detail

WK Word Knowledge

AR Arithmetic Reasoning

SP Space Perception

MK Mathematics Knowledge

EI Electronics Information
- MC Mechanical Comprehension

Gs? General Science

SI Shop Information

Al Automotive Information

CC Combat Scale

CA Attentiveness Scale
CE Electronics Scale
CM Maintenance Scale

dNote that the full-length GS test, rather than the short General
Science Biological (GSB) test, is used throughout this report.




TABLE A-2

MARINE CORPS AND ARMY ASVAB 6/7 COMPOSITES

Test composite symbol

co
FA
OF
MM
GM
CL
GT
EL
sC
ST
ccr?

Definition
Combat
Field Artillery
Operators and Food Handlers
Mechanical Maintenance
General Maintenance
Clerical
General Technical
Electronics
Surveillance and Communications
Skilled Technical

General Classification Test

4This composite, if defined in percentile form, is referred to as
the AFQT (Armed Forces Qualification Test).




TABLE A-3
FORMULAS FOR COMPUTING MARINE CORPS AND ARMY

ASVAB 6/7 COMPOSITES
CO = AR + SI + SP + AD + CC
FA = AR + GI + MK + EI + CA
MM = MK + SI + EI + AI + CM
GM = AR + GS + MC + AI
CL = AR + WK + AD + CA
GT = AR + WK
EL? = AR + GS + MK + EI .
ELP = AR + ET + MC + SI + CE
SC = AR + WK + MC + SP -
ST = AR + MK + GS
OF = GI + AT + CA
GCT® = AR + WK + SP

aMariﬁéhébrps only.
bArmy only.

CAlso called the AFQT.

.
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TABLE A-4

FORMULAS FOR COMPUTING NAVY AND AIR FORCE
ASVAB 6/7 COMPOSITES

m o > =

Ncte that this formula

commonly used reference:

"Directions for Scoring
Battery Forms 6 and 7,"

Navy
= WK + AR
= WK + MC + SI
= AR + MK + EI + GS
= NO + AD + WK

= MC + SI + AI
= NO + AD + WK
= WK + AR

= AR + SP + EI

is incorrectly stated in the following
Department of Defense, DoD 1301.12M,

the Armed Services Vocational Aptitude

Unclassified, January 1976.
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APPENDIX B

EXPERIMENTAL DESIGN

The data sample on which we based our analysis consisted of 3,295
Marine Corps recruits. These recruits were given a series of apti-
tude tests within a few days after they arrived at the two Marine
Corps Recruit Depots. Each recruit was given three tests: ASVAB 6
or 7, ASVAB 6E or 7E (AFQT part only), and AFQT 7A (a reference
test). The recruits were tested in platoon-size groups of about 60
men. All recruits in a platoon were tested on the same tests in
the same order. But not all platoons took the same tests in the
same order. That is, the order in which the tests were given was
counterbalanced so that each test was given first to a platoon as
often as it was giv?n second or third. The order of testing is
shown in table B-1l.

Tests were administered by Marine Corps testing personnel. One of
the authors of this report monitored the initial testing session at
each recruit depot.

Because ASVAB 6 and 7 are routinely administered to all recruits
who enter the recruit depots, the answer sheets for these tests
were graded by Marine Corps personnel. Scores were then made
available to use for analysis. Answer sheets for the ASVAB 6E/7E
and AFQT 7A were optically scanned by the Marine Corps Institute,
which produced on punched cards output with each response (A, B, C,
or D) to each test item recorded. The responses for each item were
compared with the correct answer by a computer program at the
Center for Naval Analyses and the number of correct responses was
recorded. In the case of the ASVAB 6/7/6E/7E tests, the number of
correct responses (raw score) was the variable of interest for
further analysis. For the AFQT 7A reference test, the number of
correct answers was converted into a percentile score using the
official AFQT 7/8 conversion shown in table B-2.

1
Note that during the data collection phase of the experiment,
ASVAB 6E and 7E were called "R" and "S", respectively.
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TABLE B-2

TABLE FOR CONVERTING RAW SCORES TO PERCENTILE

SCORES ON AFQT 7 AND ArQT 8

- Raw Percentile Raw Percentile Raw Percentile Raw Percentile
score score sCore score SCOre score score score
100 100 74 67 49 29 24 11
99 99 73 65 48 28 23 11
98 99 72 63 47 27 22 10
97 98 71 62 46 26 21 10
9€ 98 70 61 45 25 20 9
95 97 69 60 44 24 19 9
94 96 68 58 43 23 18 8
93 95 67 56 42 22 17 8
92 94 66 54 41 21 16 7
91 93 65 52 40 20 15 7
90 92 64 51 39 19 14 6
89 91 63 50 38 18 13 6
88 90 62 49 37 18 12 5
87 89 6l 48 36 17 11 5
86 as 60 46 35 17 10 4
85 87 59 44 34 16 9 4
84 85 58 42 33 16 8 3
83 83 57 40 32 15 7 3
82 82 56 as 31 15 6 3
81 81 55 36 30 14 S 2
80 80 54 34 29 14 4 2
79 78 53 Kk} 28 13 3 2
78 76 52 32 27 13 2 1
77 74 51 31 26 12 1 1
76 72 50 30 25 12 o 1

75 70

‘Raw score is the number right minus one-third the number wrong.
counted as wrong.

¥ -

ommitted items are not
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APPENDIX C
SAMPLE STATISTICS

This appendix presents various statistics for the sample and sub-
samples used., The information is presented in tabular form.
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ASVAB

ASVAB
7E

ASVAB 6A/7B

6L

Other

TABLE C-1

STATISTICS FOR TOTAL DATA SAMPLE
(3,295 recruits, unweighted)

Mean values by test site

Ttem AFEES
GI 9.4
NO 31.0
AD 14.2
WK 20.2
AR 12.7
SP 12.6
MK 10.9
ET 18.7
MC 10.3
GS 10.6
S1 13.6
Al 11.1
CM 12.3
CA 10.3
Ch 8.6
CC 18.6

AFQT (raw) 45.5
Pseudo AFQT (raw) 43.8
WK
AR
SP

AFQT
WK
AR
SpP

AFQT

Percentage minority
Percentage male
Percentage high school graduat

es

Percentage Parris Island/San Diego

Reference test (AFQT 7A) percentile score

Depot

9.
31.
15.
19.
11.
13.
10.
17.
10.
10.
13.
11.
10.

9.

8.
15.

44,
43,

18.
11.
14.
43.

17.
10.
13.
41.

27.
100.
53.

50.0/50.0
44.4
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TABLE C-2

SUBSAMPLE STATISTICS (unweighted)

Item
AFEES

ASVAB 6/7 AFQT?

ASVAB 6/7 Pseudo AFQT?
Depot

ASVAB 6/7 AFQT?

ASVAB 6/7 Pseudo AFQT?

ASVAB 6E AFQT?

ASVAB 7E AFQT?

AFQT 7A2

Sample size

which is in percentiles.

bThis subsample took ASVAB 5 as an enlistment test when in high school.

Mean values

Sample Sample Sample Sample Sample
1 2 3 _ 4 5
b
45.5 45.5 45.5 -- 45.4
43.8 43.9 43.8 _.b 43.9
44.6 44.6 44.6 44.8 44.1
43.4 43.4 43.3 45.0 43.0
43.9 -- _ - -
42.7 43.7
-- 41.6 --
44 .4 43.8 44.9 46.6 45.0
3,295 1,034 1,660 227 2,208

3A11 test scores are expressed in raw score form except the AFQT 7A,
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APPENDIX D
STRAT IFIED NORMALIZATION ANALYSIS

Each of the data subsamples was stratified on the reference test,
AFQT 7A, to simulate the traditional reference population. We
stratified by weighting the individual recruits so that their AFQT
7A percentile score distribution was flat., The calculations of the
weight factors for samples 1 through 5 are shown in tables D-1
through D-5.

By applying the weight factors to recruits depending on their AFQT
7A scores, we calculated weighted cumulative frequency distribu-
tions of the AFQT raw score of the test to be normalized (table
D-6). These weighted cumulative distributions, when smoothed,
become the unadjusted conversion tables between ASVAB AFQT raw
scores and percentile scores shown in the main text; i.e., the
normalization of the new test.
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AFQT 7A
percentile
interval

(1)

1-5

6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-90
91-95
96-100

Total

CALCULATIONS

Number
Number expected in
observed mobilization
in sample population
(2) (3)
44 164.75
85 164.75
228 164.75
282 164.75
252 164.75
200 164.75
248 164.75
255 164.75
111 164.75
256 164.75
202 164.75
250 164.75
248 164.75
76 164.75
115 164.75
151 164.75
146 164.75
86 164.75
44 164.75
10 164.7
3,295 3,295

TABLE D-1

OF WEIGHT FACTORS FOR
SAMPLE 1

Column (3) divided by column (2).

Weight
factor

(4)

.744
.938
.723
.584
.654
.800
.664
.646
.484
.644
.816
.659
.664
.168
.433
.091
.128
.916
.744
.473
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. TABLE D-2
CALCULATION OF WEIGHT FACTORS FOR
. SAMPLE 2
Number
AFQT ‘A Number expected in
percentile observed mobilization Weight
interval in sample population factor?
1) 2) 3) 4)
1-5 23 81.7 3.552
6-10 51 81.7 1.602
11-15 106 81.7 0.771
16-20 149 81.7 0.548
21-25 129 81.7 0.633
26-30 92 81.7 0.888
: 31-35 130 81.7 0.628
- 36-40 120 81.7 0.681
41-45 52 81.7 1.571
46-50 125 81.7 0.654
51-55 116 81.7 0.704
56-60 114 81.7 0.717
61-65 128 81.7 0.638
66-70 37 81.7 2.208
71-75 66 81.7 1.238
76-80 62 81.7 1.318
‘ 81-85 77 81.7 1.061
: 86-90 33 81.7 2.476
o 91-95 19 81.7 4.300
X 96-100 5 81.7 16.340
' Total 1,634 1,634

‘ e ——

3Column (3) divided by column (2).
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TABLE D-3 .

CALCULATION OF WEIGHT FACTORS FOR

SAMPLE 3 -
Number
AFQT 7A Number expected in
percentile observed mobilization Weight
interval in sample population factor
S © 0 R U €5 (3) 4

1-5 21 83.0 3.952
6-10 34 83.0 2.441
11-15 122 83.0 0.680
16-20 133 83.0 0.624
21-25 123 83.0 0.675
26-30 114 83.0 0.728

31-35 118 83.0 0.703 .
30-40 135 83.0 0.615
41-45 59 83.0 1.407

46-50 131 83.0 0.634 .
51-55 85 83.0 0.976
56-60 1306 83.0 0.610
01-65 L20 83.0 0.692
66-70 39 83.0 2.128
71-75 49 83.0 1.0694
76-840 89 83.0 06.933
31-85 69 83.0 1.203
86-90 53 83.0 1.566
91-95 25 83.0 3.320
96-100 5 83.0 16.600

Total 1,660 1,669

A¢olumn (3) divided by column (2).




TABLE D-4
CALCULATION OF WEIGHT FACTORS FOR
SAMPLE 4
Number
AFQT 7A Number expected in
percentile observed mobilization Ivlci[;hta
interval in sample population factor
(1) (2) 3) O
1-10 8 22.7 2.838
11-20 25 22.7 0.908
21-30 29 22.7 0.783
31-4¢ 37 22.7 0.614
41-50 38 22.7 0.597
51-60 23 22.7 0.987
61-70 25 22.7 0.908
71-80 18 22.7 1.261
81-90 21 22.7 1.081
91-100 3 22.7 7.567
Total 227 227

%Column (3) divided by column (2).

TABLE .'-5

CALCULATION OF WEIGii. FACTORS FOR
. SAMPLE 5
Number

AFQT 7A Number expected in

percentile observed mobilization Weight

interval in sample population factor
(1) ) 3) I C))
1-5 29 110.4 3.807
6-10 56 110.4 1.971
11-15§ 152 110.4 0.726
16-20 169 110.4 0.653
21-25 171 110.4 0.646
26-30 137 110.4 0.806
31-35 162 110.4 0.681
36-40 175 110.4 0.631
41-45 71 110.4 1.555
46-50 173 110.4 0.638
51-55 138 110.4 0.800
§6-60 164 110.4 0.673
61-65 167 110.4 0.661
66-70 56 110.4 1.971
71-75 84 110.4 1.314
76-80 107 110.4 1.032
81-8S 96 110.4 1.150
86-90 59 110.4 1.871
91-95 33 110.4 3.345
96-100 9 110.4 12.267
Total 2,208 2,208

%Column (3) divided by column (2).
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TABLE D-6

STRATIFIED CUMULATIVE FREQUENCY DISTRIBUTION
OF RAW ASVAB AFQT SCORES

Cumulative frequency

Raw AFQT Sample 1, Sample 2, Sample 3, Sample 4, Sample §,

T L,

.
—— LT

score form 6/7 form 6E form 7E form 6/7 form 6/7

0 - 15 0.4 0.4 1.5 0.0 0.5

16 - 17 0.7 0.6 2.9 0.0 0.8

18 - 19 1.2 1.2 3.6 0.4 1.2
20 1.7 1.5 4.6 1.7 1.8
21 2,2 2.1 4.9 1.7 2.1
22 2.6 3.0 5.6 4.6 2.6
23 3.2 4.1 7.1 4.6 3.4
24 3.8 4.6 8.2 5.4 4.3
25 4.7 5.9 9.6 6.2 5.2
26 5.4 6.9 10.4 6.5 5.8
27 6.3 8.2 11.8 7.3 6.9
28 7.3 9.2 13.3 8.0 7.9
29 8.4 10.8 15.2 9.1 9.2
30 10.2 12.6 17.0 10.7 11.3
31 12.0 13.7 18.7 12.2 13.1
32 13.8 15.4 20.7 15.3 15.2
33 15.6 16.5 22.5 17.2 17.3
34 17.8 19.1 25.1 18.5 19.6
35 19.6 21.1 27.5 20.5 21.9
36 21.8 23.3 30.1 22.3 24.5
37 24.0 25.4 32.6 24.7 26.6
38 26.5 27.5 35.0 28.6 28.9
39 29.4 30.0 37.9 31.7 31.9
40 32.1 32.9 41.4 36.1 34.8
41 35.0 35.8 43.8 37.3 37.5
42 37.6 38.5 46.9 41.5 40.2
43 40.1 40.8 49.4 43.1 42.9
44 43.1 43.7 52.8 45.6 45.7
45 46.4 46.3 55.3 48.4 49.2
46 49.3 49.7 58.2 51.6 52.0
47 S1.8 52.4 60.7 54.0 S4.3
48 55.0 55.3 62.6 57.1 57.3
49 58.3 58.6 65.5 58.9 60.0
50 61.0 61.4 68.5 62.4 62.5
51 63.1 63.8 70.7 65.3 64.4
52 65.4 66.2 73.9 66.4 66.8
53 67.8 68.8 76.9 66.9 69.2
54 70.3 71.6 78.2 69.1 71.4
55 73.2 73.4 80.1 73.4 74.6
56 75.1 75.7 81.5 76.8 76.4
57 76.7 78.0 83.0 78.6 78.0
58 78.8 80,7 84.4 79.2 79.8
59 80.5 83.1 85.7 81.9 81.5
60 83.5 85.1 87.4 86.8 84.3
61 85.4 87.1 90.9 88.6 86.1
62 87.7 88.9 92.7 89.6 88.1
63 89:2 91.0 94.3 93.3 89.6
64 91.6 91.7 96,2 93.7 92.3
65 93,2 92,7 96.9 94.3 93.9
66 95.3 94.3 98.9 99.4 96.4
67 96.8 96.3 99.7 100.0 97.2
68 98.7 98.3 99.8 100.0 98.5
69 99.9 99.7 100.0 100.0 99.9
70 100.0 100.0 100.0 100.0 100.0
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APPENDIX E
UNSTRAT IFIED GRAPHICAL EQUATING

In this appendix we describe the direct equating of scores on the
AFQT part of ASVAB 6/7, ASVAB 6E, and ASVAB 7E to the percentile
score of the reference test (AFQT 7A). The data of samples 2, 3,
and 5 are used as is; i.e., the samples were not stratified on a
reference test.

The procedure is illustrated in figure E-1. Cumulative percentages
of the ASVAB 6E AFQT raw score and the reference test percentile
score were graphed as shown. Scores on the two tests are con-
sidered to be equivalent if they are obtained by the same cumula-
tive percentage of the sample. For example, a raw score of 30 on
the ASVAB 6E AFQT was made by a cumulative 11 percent of the
sample. A cumulative 11 percent of the sample also achieved the
15th percentile score on the reference test. By the definition of
equivalent scores we cquate a raw score of 30 on the ASVAB 6E AFQT
to the 15th percentile. We used this procedure throughout the
score range. (See table E-1 for results.,)

In much the same way we equated ASVAB 7E AFQT and ASVAB 6/7 AFQT,
as shown in figures E-2 and E-3. The results of these equations
are also tabulated in table E-1.

A comparison of the results of the unstratified graphical equating
with those from the stratified equating (appendix D) are shown for
each form of ASVAB AFQT in figures E~4, E-5, and E-6. In general,
the stratified procedure results in harder norms in the low
percentiles and easier norms in the upper percentiles.,

BE-1
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TABLE E-1
SUMMARY OF UNSTRATIFIED GRAPIIICAL EQUATING RESULTS
Percentiles
. Average
ASVAB a b of forms
AFQT ASVAB 6/7 ASVAB 6E ASVAB 7E ASVAB 752 ASVAB 7E3 6/7, 6E,
interval and 7E,
14-18 0.0 0.0 3.0 2.0 1.0 0.7
16-17 n.0 1.0 4.5 3.0 2.5 1.3
18-19 1.0 2.0 6.3 4.5 4.0 2.5
20 3.0 3.0 7.0 5.0 4.5 3.6
21 4.0 4.0 8.0 6.3 5.0 4.7
22 S.S 6.0 9.0 7.0 6.3 6.2
23 6.6 7.6 10.8 8.0 7.0 7.4
24 8.0 8.4 11.5§ 9.0 8.0 8.5
25 9.6 9.5 12.5 10.8 9.0 10.0
26 10.5§ 10.6 13.5 11.5 10.8 10.9
27 11.7 11.6 14.5 12.5 11.§ 11.9
28 12.5 12.6 15.4 13.5 12.5 12.9
29 13.5 13.8 16.3 14.5 13.5 13.9
30 14,7 15.0 17.S 15.4 14.5 15.0
5 15.5 16.0 19.1 16.3 15.4 15.9
32 16.7 16.7 21.4 17.5 16.3 17.0
33 18.2 17.6 23.2 19.1 17.5 18.3
34 20.2 19.5 25.3 21.4 19.1 20.4
R 35 22. 21.1 27.3 23,2 21.4 22.3
. 36 24.5 23.3 29.3 25.3 5.2 24.4
37 26.5 25.5 31.2 27.3 25.3 26.4
38 28.6 27.7 33.3 29.3 27.3 28.5
39 31.2 30.3 36.4 31.2 29.3 30.9
40 35.4 32.0 39.6 33.3 31.2 32.9
41 36.0 34.5 42.7 36.4 33.3 35.6
- 42 38.4 37.4 45.8 39.6 36.4 38.5
43 43.0 40.4 48.6 42.7 39.6 42.0
44 46.2 43.8 51.2 45.8 42.7 45.3
43 48.7 47.5 §3.4 48.6 45.8 48.3
46 50.6 49.8 6.4 1.2 48.6 50.S
47 53.0 1.1 58.3 53.4 1.2 $2.5
48 §5.5 $3.2 60.3% $6.4 $3.4 55.0
49 57.6 §6.5 62.0 $8.3 6.4 $7.5
50 60.0 59.5 63.8 60.3 8.3 60.0
i Si 61.8 61.2 67.2 62.0 60.3 61.7
52 63.3 62.6 71.7 63.8 62.0 63.2
! $3 65.0 §5.0 75.3 67.2 63.8 65.7
: 54 69.0 68.5 77.3 71.7 67.2 69.7
' s5 72.0 71.0 78.5§ 78.3 71.7 72.8
H 56 74.4 73.3 80.0 77.3 75.3 75.0
\ 57 76.5 76.6 81.4 78.5 77.3 77.2
S8 78.5 78.4 82.6 80.0 78.5 79.0
59 79.7 80.0 84.0 81.4 80.0 80.4
e 60 81.5 81.6 85.5 82.6 81.4 81.9
. 61 82.6 83.3 87.0 84.0 82.6 83.3
62 84.5 85.0 88.2 85.S 84.0 85.0
63 86.5 86.5 89.S 87.0 85.5 86.7
‘ 64 88.2 88.0 91.0 88.2 87.0 88.1
65 90.0 89.2 92.0 89.5% 88.2 89.6
K 66 92.0 90.5 94.0 91.0 89.5 91.2
h 67 93.0 94.0 95.0 92.0 91.0 93.0
68 96.0 96.0 96.0 94.0 92.08 95.3
? 69 98.0 98.0 97.0 95.0 94.0 96.3
( 70 99.0 99.0 99.0 99.0 99. 99.0

a
Before converting to percentiles, two points are added to the raw AFQT score.

Before converting to percentiles, three points are added to the raw AFQT score.
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APPENDIX F
EFFECTS OF COACHING ON NORMALIZATION

If recruits in the samples were coached on any of the tests used in
the normalization analysis, the normalization will be biased. The
effect of coaching is illustrated in figure F-1l. [f recruits are
coached on the new test, then thelr raw score on the new test would
be artificially high, and the curve in figure F-1 would shift to
the right (in the direction of harder norms). If recruits were
coached on the reference test, then they would score unecxpectedly
high on the reference test for a given raw score on the next test.
In this case the normalization curve would shift to the left in the
direction of easier norms. This appendix cxamines the effect of
coaching on the normalization results of our analysis.

>~

Coaching on
reference test

o
I
Q
"I
@
=
[ =
@
(]
it
a :
Coaching on
new test

Raw AFQT score on new test

FiG. F-1: ILLUSTRATION OF EFFECT OF
COACHING ON NORMALIZATION

Recruits were more likely to be coached on ASVAB ¢/7 than on other
tests used in this analysis. The reference test as well as ASVAB
6E/7E were not being used when we collected data; hence there would
be no motivation to coach the recruits on these test forms.

Comparing scattergrams of AFQT scores from ASVAB with scores on the
reference test gives some perspective on effects of coaching.
Figures F~2 and F-3 show these scattergrams for ASVAB 6E/7E. These
figures show the relationship expected when recruits are not
coached. Figure F-4 shows a similar plot for ASVAB 6/7 sample from ﬁ
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FIG. F-2: SCATTERGRAM OF ASVAB 6E AFQT SCORES VERSUS
REFERENCE TEST SCORES
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AFEES testing when coaching on ASVAB might be expected. This
figure shows some indication of an excess number of cases in the
upper left corner, which may indicate some coaching on ASVAB 6/7.

A similar plot for ASVAB 6/7 scores from recruit depot testing is
shown in figure F-5. (This is the data from which the normaliza-
tion of ASVAB 6/7 is deduced.) In figure F-5, there also seems to
be an excess of cases in the upper left corner, again indicating
that some recruits in this sample may have been coached. Although
the effect of coaching does not appear to be large, this appendix
examines it in some detail.

In order to examine the coaching effect, we use an internal con-
sistency check developed (reference F-1) for detecting coaching on
ASVAB. Enlistment in the Marine Corps is determined only by per-
formance on subtests that make up the AFQT part of ASVAB; hence, we
expect coaching will focus on this part. Reference F-1 shows that
scores on the AFQT part of ASVAB can be predicted with rcasonable
accuracy from the non-AFQT parts of ASVAB. Comparing scores on the
AFQT part (on which coaching may have occurred) with predicted AFQT
scores (from a part of the ASVAB on which coaching is unlikely)
provides some measure of the amount of coaching that occurs. The
predicted AFQr is calculated from an equation taken from

reference F-1:

Predicted AFQT = 10.15 + 0.816 (GI+GS+MC+MK),.
The difference in AFQT and predicted AFQT is calculated as
. A = AFQT - predicted AFQT.

An illustration of the expected distribution of A is shown in
v figure F-6. In a sample containing recruits who have not been
' coached, the distribution is expected to be symmetric about zero.
! If recruits are coached on the AFQT part of ASVAB but not on the
parts from which the predicted AFQT is calculated, then the values
of A tend to be positive, The positive excess can be estimated
by folding the A distribution about zero and subtacting the nega-
‘ tive side from the positiv: side., We use the resulting excess
{ positive group as an estimate of the cases of coaching.

The estimation technique just discussed was applied to ASVAB 6/7
scores from AFEES testing; results are given in table F-~1l. We
estimated that 16.2 percent of the recruits were coached. We
applied the same methodology to ASVAB 6/7 scores from testing at
recruit depots. The results are given in table E-2 and indicate
that 14.6 percent of the sample still retains effects of coaching

["-5
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when retested at recruit depots. This latter result is somewhat
surprising because we anticipated that the recruits would not have
retained the effects of coaching for the 1l-to-6-month p?riod that
elapsed between testing at AFEES and at recruit depots.

[:] Noncoached recruits

Number of recruits

A (AFEES AFQT-predicted AFEES AFQT)

FIG. F-6: ILLUSTRATION OF USE OF A DISTRIBUTION TO
ESTIMATE AMOUNT OF COACHING

Because it appears that some of the scores on the ASVAB 6/7 tests
at recruit depots are inflated by coaching, we next address the
issue of what effect this has on the normalization results. Be-
cause the coaching could only affect ASVAB 6/7 scores, we focused
on the data in sample 5, 1In doing so we removed from sample 5
those recruits who were thought to have been coached. Then we re-
calculated the normalization of ASVAB 6/7. Comparing the normali-
zation before and after removal of the suspect cases gives some
indication of the effect of coaching on the norming results.

1Identical me thodologies applied to larger samples of Marine Corps
recruits enlisting during 1977 and 1978 have typically yielded
estimates of a 3 percent coaching effect on tests taken at recruit
depots. The sample used in this report was collected in February,
March, and April 1979, and may be atypical in the sense that fewer
of the recruits may have been in delayed entry programs; hence,
only a short period of time may have elapsed between testing at
AFEES and testing at recruit depots. If so, this could explain the
unexpectedly high retention of coached material.

£-7
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TABLE F-1

ESTIMATION OF AMOUNT OF COACIHING IN AFEES TEST SCORES
FROM SAMPLE 5

A Positive half Negative half Excess
interval of A distribution of 4 distribution positive
0 199 199 0
1 149 110 39
2 113 124 -11
3 115 90 25
4 123 98 25
5 85 80 5
6 93 49 44
7 101 61 40
8 62 31 31
S 55 38 17
10 59 23 36
11 40 21 19
12 26 13 13
13 22 12 10 .
14 21 9 12
15 24 7 17
16 14 5 9
17 7 2 5 -
18 12 1 11
19 2, 1 1
220 i1 1 10
Total 1,333 975 3582

3¢ 2,208 recruits, 358 were coached, which is 16.2 percent,.

Referring to figure F-6 and to table F-1, we see that if we ex-

&» cluded from the sample those cases with a large A from AFEES
testing, we can expect to have removed a significant percentage of

‘ the contamination due to coaching. Normalization would then be

\ carried out using scores from recruit depot testing as always.

{ Accordingly, we formed two subsamples from sample S5--one consisting
of all cases with A from AFEES testing < 10, and the second with v
&  from AFEES testing < 0,0, In the first case we estimated that

t we removed 100 percent of the coached cases along with 50 percent

\ of the noncoached cases.




TABLE F-2

ESTIMATION OF AMOUNT OF COACHING IN DEPOT TEST SCORES
FROM SAMPLE 5

a Positive half Negative half Excess
interval of a distribution of A distribution positive
0 199 198 1
1 132 118 14
2 137 119 18
3 134 100 34
4 130 89 41
) 119 73 46
6 102 76 26
7 79 53 26
8 47 45 2
9 56 22 34
10 44 25 19
11 48 20 28
12 20 17 3
13 21 9 12
14 12 8 4
15 8 12 -4
16 12 4 8
17 S 1 4
18 1 0 1
19 4 1 3
220 5 3 2

Total 1,315 993 3222

a
Of 2,208 recruits, 322 were coached, which is 14.6 percent.

Weight factors were calculated to stratify the subsamples on the
reference test and thereby simulate the mobilization population.

These calculations are shown in tables F-3 and F-4.

The weight factors from tables F~3 and F-4 were applied to the
subsamples. The resulting stratified cumulative frequencies of
ASVAB 6/7 scores are shown in table F-5. For the case of A

< 10




(40 percent of coached cases removed),l the subsample agrees well N
with the full sample. In the case of A& < 0 (100 percent of
coached cases removed), the agreement is not perfect but subjec-
tively yuite close. The distrib:-tions are plotted in figure F-7.
TABLLE F-3
CALCULATION OF WEIGHT FACTORS FOR A < 10
Number
Reference test Number expected in
percentile observed mobilization a
interval in sample population Weight factor
(1) (2) (3) (4)
1-5 22 98.5 4,48
6-10 48 98.5 2,05
11-15 124 98.5 .79 ’
16-20 139 98.5 .71
21-25 145 98.5 .68
26-30 120 98.5 .82 -
31-35 143 98.5 .69
36-40 162 98.5 .61
41-45 64 98.5 1.54
| 46-50 159 98.5 .62
51-55 129 98.5 .76
56-60 153 98.5 .64
. 61-65 149 98.5 .66
T : 66-70 55 98.5 1.79
‘ 71-75 73 98.5 1.35
. 76-80 99 98.5 .99
81-85 90 98.5 1.09
86-90 58 98.5 1.70
91-95 29 98.5 3.40
) 96-100 _ 8 98.5 10.94
1,970 1,970
fi 4Column (3) divided by column (2).
A
4
o
From table F-1 we see that restricting the sample to 4 < 10 .
\ excludes 143 of the estimated 358 coached cases,
‘
'
| e-10
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TABLE F-4

CALCULATION OF WEIGHT FACTORS FOR A < 0

Number
AFQT 7A Number expected in
percentile observed mobilization a
interval in sample population Weight factor
(1) (2) (3) (4)

1-5 7 46.15 6.59

6-10 13 46.15 3.55
11-15 41 46.15 1.13
16-20 69 46.15 .67
21-25 76 46.15 .61
26-30 65 46.15 .71
31-35 72 46.15 .64
36-~40 83 46.15 .56
41-45 36 46.15 1.28
46-50 84 46.15 .55
51-55 66 46.15 .70
56-60 76 46.15 .61
61-65 57 46.15 .81
66-~70 30 46.15 1.54
71-75 33 46.15 1.40
76-80 40 46.15 1.15
81-85 39 46.15 1.18
86-90 26 46.15 1.78
91-95 8 46.15 5.77
96-100 2 46.15 23.08

923 923

dColumn (3) divided by column (2).

A chi-squared test (reference F-2) for the homogeneity of the
frequency distributions that make up table F-5 is shown in table
F-6. The result of the test shows that the probability of
observing differences this large by change in parallel samples is
quite large.

This analysis found that all forms of ASVAB can use the same
conversion table. It has been argued that our results for forms
6/7 are biased by test compromise and that if this effect were
removed then ASVAB 6/7 would have a markedly different norming

F-11




TABLE IF-5 »

NORMALIZATION FOR DIFFERENT RESTRICTIONS
ON A PARAMETER

Cumulative percentage

ASVAB 6/7
AFQT All a< 10 a <
raw score (2,208 cases) (1,968 cascs) (924 cases)
0-15 0.5 0.7 0.7
16-17 0.8 1.1 0.7
18-19 1.2 1.4 0.8
20 1.8 2.1 0.9
21 2.1 2.5 1.4
22 2.6 3.1 2.0
23 iy 3.6 2.6
24 5 4.6 3.5
25 2 5.4 4.5
26 5.8 6.0 4.8
27 6.9 7.1 5.6
28 7.9 8.0 6.0
29 9.2 9.3 8.0
30 11.3 11.6 11.4
31 13.1 13.3 13.7 .
32 15.2 15.4 15.8
33 17.3 17.2 17 .6
34 19.6 19.7 19.7
5 21.9 22.0 22.7 .
36 24.5 24.8 24.8
37 26.6 27.0 27.3
38 28.9 29.6 29.5
39 31.9 32.8 33.0
40 34.8 35.7 36.0
41 37.5 38.3 39.3
42 40.2 41.1 41.6
43 42.9 43.7 43.9
44 45.7 46.5 47.0
45 49.2 49.7 50.3
46 52.0 52.3 53.7
. 47 54.3 54.5 55.9
' 438 57.3 57.5 59.2
! 49 60.0 60.1 61.3
. 50 62.5 62.4 63.9
51 64.4 64.4 66.3
. 52 66.8 66.8 68.7
N 53 69.2 69.1 70.9
54 71.4 71.3 73.3
, 55 74.6 74.0 75.8
) 56 76.4 75.9 77.5
57 78.0 77.5 79.3
58 79.8 79.3 80.5
59 81.5 81.1 82.7
Vl 60 84.3 84.0 84.0
; 61 86.1 85.9 85.5
¢ 62 88.1 87.8 87.5
y 63 89.6 89.3 89.0 .
64 92.3 92.1 92.5
; 65 93.9 93.7 94.8
66 96.4 96.2 95.4
\ 67 97.2 97.2 97.4
t 68 98.5 98.5 97.5 .
o 69 99.9 99.9 100.0
70 100.0 100.0 100.0

LY ¢
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TABLE F-0

GROUPED DISTRIBUTIONS FOR HOMOGENEITY TEST?

ASVAB 6/7
AFQT Number of cases
interval
(raw score) All A<1g A<0b
(1) (2) (3) (4)
0-19 27 27 8
20-22 30 33 11
23-25 57 45 24
26-28 60 52 14
29-31 114 104 71
32-34 144 126 55
35-37 154 145 70
38-40 182 171 81 i
41-43 177 158 73 ¢
44-46 201 168 90
47-49 177 154 70 ;
50-52 151 132 69 -
53-55 171 142 66
56-58 115 104 42
59-61 139 129 46
62-64 137 123 65
65-67 109 100 45
68-70 61 55 24 i
Total 2,206 1,968 924

uChi-Squured for a comparison of columns (2) and (3) is 2.8 for 17
degreces of freedom. The probability of differences this large by
chance is about 1.00.

h(Ihi—Squarcd for a comparison of columns (2) and (4) is 17.1 for 17
legrees of freedom. The probability of differences this large by
‘hance is about 0.45.

“Does not sum to sample 5 total of 2,208 due to rounding of weighted
requency.
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curve than ASVAB 6E or 7€.1 Since June 1979, ASVAB 6/7 and ASVAB
6E/7E have all been used at AFEES, and it is reasonable to assume
that by now all are equally compromised.2 If our ASVAB 6/7 norms
are seriously in error relative to our results for ASVAB 6E/7E then
one would expect that mean ASVAB test scores at AFEES would be
similar for ASVAB 6/7 and ASVAB ¢E/7E, when the latter were first
introduced in June 1979 and to diverge later as all forms become
equally compromised. An examination of recent data for Marine
Corps recruits on ASVAB tests administered at AFEES docs not show
this divergence (table F-7). We believe this observation
strengthens our contention that there is no significant bias in our
ASVAB 6/7 norming results due to test compromise.

TABLE 1F-7

COMPARISON OF MEAN SCORIIS FROM COMPROMISED AND
UNCOMPROMISED ASVAB FORMS

Mecan ASVAB AFQT percentile score from
AFEES testing

Period tested at AFEES ASVAB 6/7 ASVAB 6E/ 71
June-3eptember 1979 53.8 + 0.2 53.8 + 0.4
Octobher-December 1979 55.3 + 0.3° 54.8 + O.Sd

a -
Sample contains 6,887 Marine Corps recruits.
Sample contains 1,755 Marine Corps recruits.

c .

Sample contains 2,391 Marine Corps recruits.

d .
Sample contains 1,096 Marine Corps recruits.

lASVAB 6/7 had been used for about 2 years when our data set was
collected and was certainly compromised. ASVAB 6E/7E were not in
use and wer. not compromised at that time,

21n testimony before the House Armed Services Military Personnel
Subcommittee, a recruiter stated that there wasn't a test devised
"that I couldn't compromise in three months." (Navy Times, 7 June
1976). Other recruiters have given even shorter estimates of the
time required.




Based on data in this appendix, we conclude that there are some
cases in sample 5 that are probably distorted by coaching but that
these do not seem to have had a significant effect on the
normalization results for ASVAB 6/7.
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EQUIVALENCE OF RESULTS FROM DIFFERENT LOCATIONS




APPENDIX G
EQUIVALENCE OF RESULTS FROM DIFFERENT LOCATIONS

As part of.our quality control procedure in testing recruits, one
of the authors visited the two test sites for a few days when data
were first collected. Each test site appeared to be conducting the
testing correctly. In this appendix we examine the data to deter-
mine if there is any difference in the normalization results be-
tween the two test sites that might indicate that at some time
during the testing one of the sites may have deviated from the
proper procedure.

We used the data from sample 5 to look for a location effect. It
was broken into two subsamples—--those recruits tested at Parris
Island and those tested at San Diego. Separate weight factors were
calculated for each subsample to stratify them on the reference
test. These calculations are shown in tables G-1 and G-2.

Using the weight factors in tables G-1 and G-2, we stratified the
subsamples and made cumulative frequency distributions of the ASVAB
6/7 AFQT score, as shown in table G-3., We then ran a chi-squared
test for the homogeneity of the two frequency distributions, as
illustrated in table G-4. We found .. chi-squared of 24.1 for 17
degrees of freedom, which indicates that the probability of
differences that large occurring by change is about 0.12. There
is, therefore, no compelling reason to doubt that the two test
sites followed the same procedures throughout the data collection
phase of the study.




TABLE G-1 ¢

CALCULATION OF WEIGHT FACTORS FOR PARRIS ISLAND SUBSAMPLE

Number
Reference test Number expected in
percentile observed mobilization
interval in sample population Weight factor?
(1) (2) (3) (4)
1-5 16 52.8 3.300
6-10 33 52.8 1.600
11-15 80 52.8 0.660
16-20 86 52.8 0.614
21-25 90 52.8 0.587
26-30 61 52.8 0.866 .
31-35 74 52.8 0.714
36-40 81 52.8 0.652 .
41-45 39 52.8 1.354
46-50 90 52.8 0.587
51-55 59 52.8 0.895
56-60 80 52.8 0.660
61-65 70 52.8 0.754
. 66-70 30 52.8 1.760
71-75 34 52.8 1.553
. 76-80 50 52.8 1.056
. 81-85 44 52.8 1.200
: 86-90 24 52.8 2.200
) 91-95 11 52.8 4.800
' 96-100 4 52.8 13.200

1 Total 1,056
{

N 3Column (3) divided by column (2).




CALCULATION OF WEIGHT FACTORS FOR SAN DIEGO SUBSAMPLE

TABLE G-2

Number
Reference test Number expected in
percentile observed mobilization ) a
interval in sample population Weight factor
(1) (2) (3) (4)
1-5 13 57.6 4,431
6-10 23 57.6 2.504
11-15 72 57.6 0.800
16-20 83 57.6 0.694
21-25 81 57.6 0.711
26-30 76 57.6 0.758
31-35 88 57.6 0.655
36-40 94 57.6 0.613
41-45 32 57.6 1.800
46-50 83 57.6 0.694
51-55 79 57.6 0.729
56-60 84 57.6 0.686
61-65 97 57.6 0.594
66-70 26 57.6 2.215
71-75 50 57.6 1.152
76-80 57 57.6 1.011
81-85 52 57.6 1.108
86-90 35 57.6 1.646
91-95 22 57.6 2.618
96-100 5 57.6 11.52
Total 1,152
4Column (3) divided by column (2).
G-3
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TABLE G-3
TESTING LOCATION EFFECT
(sample 5)
ASVAB 6/7 Cumulative frequency
AFQT raw

score Parris Island San Diego

0-15 0.3 0.8

16-17 0.4 1.4

18-19 0.8 1.7
20 1.7 1.9
21 1.9 2.5
22 2.4 2.8
23 3.1 3.9
24 3.9 4.8
25 4.8 5.6
26 5.4 6.3
27 6.9 6.9
28 8.1 7.6
29 9.4 8.8
30 11.5 11.1
31 13.3 12.8
32 15.2 15.2
33 17.1 17.5
34 18.8 20.5
35 21.2 22.7
36 24,1 24.9
37 26.1 26.9
38 28.8 28.9
39 31.9 31.9
40 34.8 34.6
41 37.1 37.9
42 39.7 40.7
43 42.7 43,1
44 46.0 45.5
45 49.4 49.1
46 52.1 51.7
47 54.5 54.0
48 57.0 57.5
49 59.3 60.4
50 61.9 62.8
51 64.2 64.5
52 66.3 67.2
53 68.4 69.8
54 70.7 72.0
55 73.7 75.4
56 75.2 77.4
57 76.6 79.1
58 78.6 80.9
59 80.7 82.1
60 85.0 83.9
61 86.3 86.0
62 87.8 88.3
63 90.0 89.4
64 92.6 91.9
65 95.8 92.6
66 97.4 95.8
67 97.7 97,0
68 99.6 97.7
69 99.8 100.0
70 100.0 100.0

Y ENT
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GROUPED DISTRIBUTIONS FOR HOMOGENEITY TEST®

ASVAB 6/7

AFQT

(raw score)

0-19
20-22
23-25
26-28
29-31
32-34
35-37
38-40
41-43
44-46
47-49
50-52
53-55
56-58
59-61
62-64
65-67
68-70

Total

4Chi-squared is 24.1 witnh 17 degrees of freedom.
of differences this large by chance is about 0.12.

e o
TABLE G-4
(sample 5)

Frequency
Parris San
Island Diego

8 18

16 13
25 33
35 23
55 60
58 90
77 74
92 89
83 98
100 99
75 100
75 78
78 94
52 65
81 59
68 69
53 58
24 35
1,055° 1,155

The probability

bDoes not sum to 1,056 due to rounding of weighted frequencies.
“Does not sum to 1,152 due to rounding of weighted frequencies.
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APPENDIX H
EFFECT OF TEST FATIGUE

This appendix looks at the effect of test fatigue on scores from
the three-test series. The series consisted of AFQT-7A (1 hour),
AFQT from ASVAB 6E/7E (1 hour), and the entire ASVAB 6/7 (3 hours).
Breaks were given between testing sessions, and in some cases, the
testing was spread over 2 days. Nonetheless, it is reasonable to
think that fatigue may have contributed to lower test scores on the
last test in the series and that this may have biased the normali-
zation results. The counterbalanced design described im appendix B
tends to reduce this possible source of bias. However, in this
appendix we briefly examine the data to see if test fatigue biases
norming results,

We examined a subsample of sample 5 that contained recruits who
took the reference test and ASVAB 6/7 either first or second in the
three~test series. We assumed these recruits would not suffer as
much test fatigue as the average recruit in sample 5, We strati-
fied the low-~fatique subsample on the reference test as shown 1in
table H~1. Table H-2 shows the resulting cumulative frequency
distribution of ASVAB 6/7 AFQT scores compared to those of the full
sample 5, A test for the homogeneity of the low-fatigue subsample
and sample 5 (see table H-3) indicated that the probability of
observing differences that large by chance was about 0.04. Hence,
we cannot reject with high confidence the hypothesis that the two
samples are parallel. The practical consequences of any test
fatigue effect, if any, is not large (table H-2).




TABLE H-1
CALCULATION OF WEIGHT FACTORS FOR LOW- FATIGUE SUBSAMPLE
Number
Reference test Number expected in

pqrcentile Qbserved mobiliza@ion ) a

interval in sample population Weight factor
(1) (2) (3) (4)
1-5 8 35.15 4.394
6-10 12 35.15 2.929
11-15 50 35.15 0.703
16-20 55 35.15 0.639
21-25 54 35.15 0.651
26-30 46 35.15 0.764
31-35 50 35.15 0.703
36-40 49 35.15 0.717
41-45 26 35.15 1.352
46-50 52 35.15 0.676
51-55 50 35.15 0.703
56-60 49 35.15 0.717
61-65 52 35.15 0.676
66-70 18 "35.15 1.953
71-75 24 35.15 1.465
76-80 44 35.15 0.799
81-85 29 35.15 1.212
86-90 21 35.15 1.674

91-95
96-100 } 14 } 70.30 } 5.020
Total 703

A¢olumn {3) divided by column (2). .




TABLE H-2
TEST FATIGUE EFFECTS
(sample 5)
ASVAB 6/7 Cumulative frequency :
AFQT raw Low-fatigue

score Full sample group

0-15 0.5 0.6

16-17 0.8 0.7

18-19 1.2 1.0

20 1.8 1.0

21 2.1 1.3

22 2.6 1.8

23 3.4 2.1

24 4.3 3.3

25 5.2 4.9

26 5.8 5.2

27 6.9 6.3

28 7.9 7.7

29 9.2 9.4

30 11.3 12.3

. 31 13.1 14.9

32 15.2 17.0

33 17.3 18.7

34 19.6 20.8

35 21.9 23.4

‘ 36 24.5 25.3

37 26.6 27.3

. 38 28.9 29.7

39 51.9 33.1

40 34.8 35.6

41 37.5 37.8

42 40.2 40.0

43 42.9 42.3

44 45.7 46.1

. 45 49.2 49.1

: 46 52.0 51.8

! 47 54.3 53.5

, 48 57.3 57.3

49 60.0 60.2

50 62.5 62.2

v 51 64.4 64.8

52 66.8 67.0

| ) 53 69.2 69.8

) 54 71.4 71.4

55 74.6 76.6

56 76.4 78.8

' 57 78.0 80.7

4 58 79.8 82.6

\ 59 81.5 85.1

0 60 84.3 87.8

J 61 86.1 88.5

62 88.1 90.8

, 63 89.6 91.9

. 64 92.3 93.5

) 65 93.9 95.6

{ 66 96.4 98.3

o 67 97.2 99.7

68 98.5 100.0

v ) 69 99.9 100.0

: 70 100.0 100.0
[
b
U

§ H-3




TABLE H-3

GROUPED DISTRIBUTIONS FOR HOMOGENEITY TEST?

ASVAB 6/7
AEQT
interval

(raw score)

(1)

0-19
20-22
23-25
26-28
29-31
32-34
35-37
38-40
41-43
44-46
47-49
50 _52
53-55
56-58
59-61
62-64
65-67
68-70

Total

(sample 5)
Frequency
Low-fatigue
Full sample group
(2) (3)
27 7
30 6
57 22
60 20
114 50
144 42
154 46
182 59 ,
177 47 '
201 67
177 59
151 48
171 67
115 42
139 42
137 34
109 44
61 2
2,206° 704¢

aChi—squared is 28.7 for 17 degrees of freedom. The probability
of differences this large by chance is about 0.04.

b

Does not sum to 2,208 due to rounding weighted frequencies.

“Does not sum to 703 due to rounding weighted frequencies.
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APPENDIX I

EFFECTS OF PRESELECTION ON NORMALIZATION

- Another possible source of bias is preselection. Ideally, the
sample used for normalization should contain individuals with a
wide range of mental aptitudes. In fact, because we had to use
Marine Corps recruits for this analysis rather than applicants,
those who made low scoresl on the ASVAB given at AFEES would have
been rejected for military service and would not be present in our
sample. Figure I-1 illustrates preselection. This appendix
examines the extent to which preselection biases normalization
results based on scores obtained by retesting the recruits at
recruit depots.,

1,200 —
. 1,000 +—
Observed in sample 1
3 800
m
Q
K 600
g Expected in
g mobilization
E 400 . pop;z/ation
200 [~
l_J |

0 10 20 30 40 S50 60 70 80 90 100

ASVAB 6/7 AFQT (percentile score at AFEES)

} FIG. )-1: ILLUSTRATION OF PRESELECTION ON
" ASVAB AT AFEES

Nt O
B SRR~y

’ lThe Marine Corps requires recruits to score a minimum of the 2lst

percentile on the AFQT part of ASVAB. Additional restrictions on
the GT (general technical) composite correspond approximately to
the 25th percentile for high school graduates and the 40th
percentile for non-high school graduates.
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To examine the preselection effect, we used sample | data and made
successively more restrictive cuts on the AFQT score recruits made
at AFEES. If further restrictions significantly change the normal-
ization results, then we may infer that the original restriction at
AFEES may have biased our normalization. Cuts on sample 1 were
made to exclude cases scoring at or below the 30th, 40th, or 50th
percentile on the ASVAB 6/7 AFQT at AFEES. The full sample 1 cor-
responds to a restriction at the 20th percentile. We then strati-
fied the resulting subsamples on the reference tests using the
welght factors shown in tables 1-1, I-2, and I1-3.

The cumulative frequencies of ASVAB 6/7 AFQT scores based on
recruit depot testing are shown in table 1-4, The results for
restrictions at the 20th, 40th, and 50th percentiles are graphed
and shown in figure I-2, The higher the restriction, the more the
lower end of the normalization curve moves toward harder norms.

The bias does not seem to be large until the restriction removes
all cases below the 50th percentile. Nonetheless, the bias does
seem to exist for less restrictive cuts and extends to at least the
50th percentile on the resulting normalization.

These data do not allow us to quantify the bias, but it seems
reasonable to conclude that a bias exists and that although it
appears to be small, it is not negligible.




AFQT 7A
percentile
interval

1)

1-5

6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-90
91-95
96-100

Total

TABLE 1-1

CALCULATION OF WEIGHT FACTORS FOR

AFEES AFQT > 30th PERCENTILE

Number
observed
in sample

(2)

39

68
206
262
240
199
245
252
111
253
201
249
248

76
115
151
146

86

44

10

3,201

4Column (3) divided by column (2).

(3)

Number
expected in
mobilization
population

160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.

05
05
05
05
05
05
05
05
05
05

3,201

Weighta
factor

(4)

-

.104
. 354
777
.611
.667
.804
.653
.635
.442
.633
.796
.643
.645
.106
.392
.060
.096
.861
.638
.005
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TABLE I-2
CALCULATION OF WEIGHT FACTORS FOR
AFEES AFQT > 40th PERCENTILE
Number
AFQT 7A Number expected in
percentile observed mobilization Weight
interval in sample population factor
(1) (2) (3) (4)
1-5 33 143.3 4.342
6-10 38 143.3 3.771
11-15 149 143.3 0.962
16-20 188 143.3 0.762
21-25 183 143.3 0.783
26-30 171 143.3 0.838
31-35 219 143.3 0.654
36-40 228 143.3 0.629
41-45 105 143.3 1.365
46-50 238 143.3 0.602
51-55 196 143.3 0.731
56-60 245 143.3 0.585
61-65 248 143.3 0.578
66-70 76 143.3 1.886
71-75 114 143.3 1.257
76-80 150 143.3 0.955
81-85 145 143.3 0.988
86-90 86 143.3 1.666
. 91-95 44 143.3 3.257
X 96-100 10 143.3 14.330
' Total 2,866 2,866
| \ 4column (2) divided by column (2).
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AFQT 7A
percentile
interval

(1)

1-5

6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-90
91-95
96-100

Total

ol

ER

¢
}
.

2column (3) divided by column (2).

Number
observed
in sample

(2)

12
6
44
53
67
70
112
115
53
141
139
190
232
71
108
140
144
85
44
10

1,830

TABLE 1-3

CALCULATION OF WEIGHT FACTORS FOR
AFEES AFQT > 50th PERCENTILE

Number
expected in
mobilization
population

(3)

91.
91.
91.
91.
91.
91.
91.
a1.
91.
91.

00 00 O OO 00 OO0 08 CO €O CO 00 00 OO 00 OO 00 00 00 €O OO
GNP OO0 OOCOOrHCOCOHFHINUV

Weight
factor

(4)

.650
.300
.086
.732
.370
.311
.820
.798
.732
.651
.660
.483
.396
.293
.850
.656
.638
.080
.086
.180
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TABLE -4 .
CUMULATIVE FREQUENCY OF ASVAB 6/7 AFQT FOR VARIOUS
RESTRICTIONS ON AFQT SCORE AT AFEES
ASVAB 6/7 Cumulative frequency of ASVAB 6/7 AFQT
AFQT
raw Score AFQT >20 AFQT > 30 AFQT > 40 AFQT >50
14-15 0.4 0.5 0.6 1.2
; 16-17 0.7 0.8 0.9 1.3
18-19 1.2 1.3 1.3 1.5
20 1.7 1.4 1.4 1.5
[ 21 2.2 1.8 1.7 1.5
{ 22 2.6 2.1 2.0 1.6
23 3.2 2.7 2.5 2.0
l 24 3.8 3.4 3.1 2.1
! 25 4.7 4.2 3.9 2.8
‘ 26 5.4 5.0 4.7 4.0
27 6.3 6.0 5.2 4.1
28 7.3 6.9 5.9 4.3
29 8.4 7.9 6.8 4.8
30 10.2 9.5 7.9 5.1
31 12.0 11.1 9.4 6.1 .
32 13.8 12.9 11.3 7.0
33 15.6 14.7 13.1 9.0
34 17.5 16.6 14.9 9.7
35 19.6 18.8 16.9 11.2
36 21.8 21.0 19.1 12.8 -
37 24.0 23.2 21.1 13.9
38 26.5 25.8 23.8 15.6
39 29.4 28.7 26.9 17.4
40 32.1 31.5 29.5 19.1
a1 35.0 34.5 32.5 21.4
42 37.6 37.2 35.3 21.4
43 40.1 39.7 38.0 27.3
44 43.1 42.8 41 .4 31.8
45 46.4 46.1 45.0 36.3
46 49.3 49.0 48.0 39.6
47 51.8 51.6 50.6 42.5
48 55.0 54.8 54.1 47.3
49 58.3 58.1 57.4 §1.0
50 61.0 60.9 60.4 55.4
51 63.1 63.1 62.6 58.2
v 52 65.4 65.3 64.9 61.0
’ 53 67.8 67.8 67.4 64.2
54 70.3 70.2 70.4 67.2
) 55 73.2 73.2 73.0 70.8
56 75.1 75.0 74.9 73.2
57 76.7 76.7 76.6 75.2
58 78.8 78.8 78.7 77.6
;{ 59 80.5 80.5 80.4 79.4
z 60 83.5 83.5 83.5 82.8
0 61 85.4 85.4 85.3 84.7
§i 62 87.7 87.7 87.6 87.1
63 89.2 89.2 89.2 89.1
‘ 64 91.6 91.6 91.6 91.5 -
‘ 65 93,2 93,2 93,2 93.2
¢ 66 95.8 95.8 95.8 95.7
2 67 96.8 96.8 96.8 96.8
H 68 98.7 98.7 98.7 98.7
69 99.9 99.9 99.9 99.9 -
N 70 100.0 100.0 100.0 100.0
i
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APPENDIX J

ADJUSTMENTS FOR EFFECTS OF SAMPLE
TRUNCATION ON STRATIFIED NORMING RESULTS

In this appendix we use a full-range data set to examine the effect
of sample truncation on norming results from the stratification
method. First, we applied the stratification method to the full-
range data and obtained a normalization curve. Then, we truncated
the sample to closely simulate the truncation in the CNA sample and
obtained a second normalization curve. The difference in the two
curves 1s the effect of truncation and could be used to correct for
the effects of truncation on the CNA normalization curve.

The full-range data set obtained from DoD consisted of results from
administering two tests to each of a sample of applicants for en-
listment at AFEES. The CNA data set consisted of a test given at
AFEES on which the sample was truncated, followed by two tests
given to the truncated sample once they arrived at the Marine Corps
Recruit Depots (MCRD). Hence, we necd to simulate the effects of a
three-test system using data from only two tests.

This simulation can be done by using the Pseudo AFQT developed by
reference J-1. Reference J-1 finds that in addition to the AFQT
test embodied in the ASVAB there is also a Pseudo AFQT. The Pseudo
AFQT can be constructed from parts of the ASVAB that do not make up
the AFQT and, hence, can be viewed as a separate test. However, it
has a very high correlationl with the AFQT ana may be considered

a good proxy. The Pseudo AFQT 1is defined as

Pseudo AFQT = GI+GS+MC+MK.

It may be used to accurately predict an alternative AFQT score for
each applicant. We then truncated the full-range sample on the
predicted AFQT score to simulate the truncation of the CNA data
set, The AFQT score and the reference test experience incidental
selection similar to that occurring in the CNA data set. The ASVAB
is then normed using these incidentally selected variables and
compared with those from the nontruncated full-range data set., The
procedure is illustrated in figure J-1,.

The Pseudo AFQT and AFQT were equated by the equipercentile method
using the full-range data sample. The details are given in annex
J-1. In figure J-2 we show distribution of AFQT and the AFQT

1'I‘he correlation between the Pseudo AFQT and AFQT in the full-range

data set is 0.87.
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FIG. J-1: ILLUSTRATION OF REAL DATA SIMULATION
OF SAMPLE TRUNCATION
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predicted from the Pseudo AFQT, The two distributions are very
similar, which indicates that we have successfully created a
three-test system from two tests.

The next step was to simulate in the full~range sample the trunca-
tion of AFEES. This was accomplished by determining weights "A"
such that when applied to the individuals in the DoD sample, the
resulting distribution in predicted AFQT (figure J-3d) is identical
to that of the AFQT taken at AFIES in the CNA sample (figure J-3a).
The calculation of these weights is shown in annex J-2. When these
weights are applied to the individuals in the DoD data sample the
cross—-hatched areas in figyure J-3 are removed. In this manner, the
effects of both direct and incidental selection are simulated. The
truncated distributions of the relevant test scores from the DoD
sample closely approximatel those from the CNA sample (fig-

ure J-3), which suggests that we have closely simulated the
truncation of the CNA sample.

Means and correlation coefficients from the truncated CNA sample
and the truncated DoD sample are compared (table J-1). The mean
values are very comparable, indicating that our simulation is
satisfactory. The correlation coefficients for the DoD data are
somewhat higher than those for the CNA data. We believe the essen-
tial element is that the three coefficients from each CNA data set
have the same relative size as the three from each DoD data set.
Because the relative size of coefficients from both data sets were
similar, we concluded that our simulation adequately replicated the
truncation effect.

we next stratified the truncated DoD sample on the reference test
and formed a cumulative frequency distribution of the scores of the
test to be normed. We did this by a set of "B" weights calculated
in annex J-3. These weights, applied in conjunction with the "A"
weights from annex J-2, produced a stratified sample within the
truncated DoD data set. The resulting cumulative frequency distri-
bution of ASVAB 6E AFQT scores is shown in table J-2. Also shown
in table J-2 is the distribution of the same variable from the
full-range Dol sample stratified using the weights calculated in
annex J-1. The difference in the two distributions is the result
of the truncation effect. Similar results were obtained for the
ASYAB TE and ASVAB 6/7 samples and are shown in tables J-3 and J-4.
The normed curves for both the full-range and truncated DoD samples
are shown in fiqure J-4, J-5, and J-6. In cach case there is a

l'I‘he full-range Dob distribution was scaled to equal the truncated

DoD distribution above the 30th percentile. The "dots" in fig-
ure J-3 represent the scalel !'uall-range distribution.
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TABLE J-2
CALCULATION OF TRUNCATION ADJUSTMENT FOR ASVAB G6E AFQT

Cumulative percentage

a b
DoD DoD Adjustmentc
ASVAB 6E full-range truncated for
Taw score sample sample truncation
(2) (3 (4)
15 .6 .3 .3
16 .8 .3 .5
17 1.4 4 1.0
18 1.7 .8 .9
19 2.3 1.1 1.2
20 3.0 1.2 1.8
21 3.8 1.5 2.3
22 4.9 2.0 2.9
23 6.2 3.1 3.1
24 7.3 3.8 5.8
25 8.6 4.6 4.0
26 10.0 5.8 4.2
27 11.1 6.8 4.3
28 12.6 8.2 4.4
29 14.2 9.4 4.8
30 15.8 11.2 4.6
31 17.2 12.7 4.5
32 18.9 14.5 4.4
33 20.9 17.0 3.9
' 34 22.8 19.0 3.8
3S 24.8 21.0 3.8
36 6.6 22.8 3.8
37 28.6 25.1 3.8
38 30.7 27.2 3.5
39 32.9 29.8 3.
' 40 34.8 32.1 2.7
41 37.7 35.0 2.7
42 40.0 37.56 2.4
43 42.6 40.4 2.2
44 45.7 43.9 1.8
45 48.3 47.0 1.3
46 $1.0 50.0 1.0
47 54.0 53.3 7
48 56.0 55.8 .2
49 58.5 58.8 -.3
50 61.7 62.1 -.4
51 63.5 64.0 -s
: 52 66.4 67.1 -3
4 S3 68.8 69.5 -.7
' 54 71.0 71.8 8
: $s 73.6 74.5 -9
56 76.3 77.3 1.0
57 78.4 79.3 -.9
w 58 79.9 81.0 -1
A 59 82.7 83.6 -9
60 84.2 85.1 -9
61 86.1 87.0 -.9
‘ 62 88.1 88.9 -.8
63 90.4 91.2 -8
64 93.2 93.7 -ls
[} 94.9 95.3 -.4
66 96.2 96.5 23
\ 67 97.6 97.7 -1
' 68 98.2 98.3 -1
{ 69 98.9 98.9 H
] 70 100.0 100.0 0
Total 2,870 1,634

‘ — e e e

2pon sample weighted by weights in table J-1-2.

DoD sample weighted by "double weights" (viz,, weight "A" and weight "B")
from table J-2-3 and J-3-3,

€column (3) minus column (2).
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TABLE J-3 .
i
CALCULATION OF TRUNCATION ADJUSTMENT FOR ASVAB 7E AFQT i
Cumulative pcrcentage
a b -
DoD DoD Adjustment®
ASVAB 7E full-range truncated for
raw score sample sample truncation i
W (2) (3) L -
11 .2 .1 .1
12 .2 W1 .1
13 .S 1 .4
14 .9 .3 .6
1e o 3 2
1.7 . .
17 P ] .6 13
18 3.2 1.0 2.2
19 4.1 1.5 2.6
20 5.2 2.0 3.2
21 6.3 2.7 3.6
2 7.5 3.3 4.2
23 8.9 4.6 4.3
U 10.4 5.9 4.5
25 11.7 7.2 4.5
26 13.4 8.6 4.8
27 14,5 9.5 5.0
28 16.1 10.7 5.4
29 17.6 12.3 5.3
30 19.5 14.2 5.3
31 21.4 16.4 5.0 ¢
32 23.3 18.5 4.8
33 25.2 20.7 4.5
34 26.7 22.8 3.9
35 28.7 25.1 3.6
36 30.4 27.0 3.4 hd
37 33.0 30.0 3.0
38 35.3 52.3 3.0
39 38.0 35.2 2.8
40 40.2 38.0 2.2
41 43,0 41.1 1.9
42 45.5 43.7 1.8
43 48.2 46.9 1.3
44 50.4 49.3 1.1
45 53.3 52.4 .9
46 55.5 54.8 .7
47 58.4 58.0 .4
48 60.7 6G.5 .2
49 63.3 63.3 0
50 65.7 66.1 -.4
S1 68.1 68.6 -.5
52 71.2 71.9 -7
$3 74.5 75.3 -.8
S4 76.3 77.3 -1.0
S5 78.4 79.3 -.9
56 80.0 80.9 -.9
57 82.0 83.0 -1.0
58 83.5 84.5 -1.0
59 85.0 85.8 -.8
60 86.3 87.0 -7
61 88,2 89.0 -.8
62 90.1 90.9 -.8
63 91.2 92.0 -.8
64 93.7 94.2 -.5
65 95.0 95.3 -.3
66 97.2 97.5% -.3
67 99.6 99.7 -1
68 100.0 100.0 0
69 100.0 100.0 0 .
70 100.0 100.0 (]
2,650 1,660
BT sample weighted by weights in table J-1-2. -
bl)nl) sample weighted by "Jouble weights®™ (viz., weight "A® and weight "B")
from table J-2-3 and J~3-3.
“Cotumn (3) minus column (2).
J-8




TABLE J-4

CALCULATION OF TRUNCATION ADJUSTMENT FOR ASVAB 6/7 AFQT

Cumuylative percentaje

a b
Dob DoD Adjustmentc
ASVAB 6/7 full-range truncated for
Taw score sample sample truncation
15 .9 .5 4
16 1.2 6 .6
17 1.7 1.0 .7
18 2.2 1.2 1.0
19 3.0 1.3 1.7
20 4.7 1.6 2.5
21 4.8 2.0 2.8
22 5.8 z.5 3.3
23 6.9 3.1 3.8
24 8.4 4.1 4.3
25 9.9 5.3 4.6
] 11.1 6.3 4.8
27 12.6 7.5 [ 397
28 14.1 8.9 5.2
29 15.8 10.5 5.3
30 17.5 12.1 5.4
3 19.2 13.9 5.3
32 20.6 15.6 5.0
33 22.2 17.6 4.6
34 24.0 19.6 4.4
35 25.9 21.6 4.3
36 27.4 23.5 3.8
37 29.3 25.5 3.8
38 31.6 28.0 3.6
39 34.2 31.2 3.0
40 36.7 33.8 2.8
41 38.9 36.2 2.7
42 41.2 39.1 2.1
43 435.7 42.0 1.7
44 45.9 44.7 1.2
45 48.2 47.1 1.1
46 50.4 49.7 7
47 52.8 52.4 .4
48 §58.2 §5.1 .1
49 57.3 57.4 -.1
S0 59.5 59.9 -.4
S1 62.0 62.6 -.6
52 64.4 65.5 -1.1
s3 66.8 68.0 -1.2
54 69.3 70.8 -1.5
1 71.3 73.0 1.7
56 73.1 74.7 -1.6
§7 75.4 77.3 -1.9
58 77.7 79.6 -1.9-
59 79.4 81.3 -1.9
60 81.8 83.3 -1.§
61 84.1 85.4 -1.3
62 86.0 87.1 -1.1
63 88.3 89.3 -1.0
64 90.5 91.1 ~.6
65 92.8 93.3 -.5
66 93.6 94.0 .. 4
67 95.7 96.0 -3
68 97.6 97.6 .0
69 98.8 98.7 .1
70 100.0 160.0 .0
Total $,070 2,208

2poD sample

DoD sample
from table

€column (3

weighted by weights in table J-1-2.

weighted by "double weights® (viz., weight "A®" and weight "B*)
J-2-3 and J-3-3.

minus column (2}.
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bias toward harder norms in the low percentiles and a bias toward
easier norms in the higher percentiles. The maximum extent of the
bias appears to be about 5 percentile points near the 20th
percentile.
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ANNEX J-1

EQUIPERCENTILE TABLES FOR PREDICTED AFQT

Equipercentile tables were constructed from the DoD sample to
equate ASVAB AFQT scores with Pseudol AFQT scores. Reference J-1
indicated that the Pseudo AFQT is an excellent predictor of AFQT
scores.

We calculated weight factors (tables J-1-1, J-1-2, and J-1-3) to
stratify the three DoD samples on the reference test (AFQT 7A). We
applied these weight factors to everyone in the DoD samples de-
pending on their AFQT 7A score to simulate the standard mobiliza-
tion population., The cumulative percentages of each sample using
weighted individuals is shown in figures J-1-1, J-1-2, and J-1-3.

Raw scores on the ASVAB AFQT and Pseudo AFQT were cgquated by the
standard graphical equipercentile method. Raw scores on the two
tests were considered to be equivalent if they were obtained by the
same cumulative percentage of the sample. Equivalent ASVAB AFQT
and Pseudo AFQT raw scores were read directly from figures J-1-1,
J-1-2, and J-1-3 and are recorded in table J-1-4,.

1

Pseudo AFQT = GI+GS+MC+MK, where:
GI = general information
GS = general science
MC = mechanical comprehension
MK = mathematical knowledge.
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CALCULATION OF WEIGHT

Number

AFQT 7A observed
percentile in

interval sample

O 2
0-5 111
6-10 222
11-15 356
16-20 312
21-25 236
26-30 189
31-35 163
36-40 162
41-45 70
46-50 166
51-55 114
56-60 161
61-65 139
. 606-70 48
f 71-75 74
76-80 83
v 81-85 113
) 86-90 88
91-95 50
ii 96-100 13
i Total 2,870

dcolumn (3) divided by column (2).
]

J-1-1

Number
expected in
mobilization
population

_(3)

143.
143,
143.
143.
143.
143.
143,
143.
143
143.
143.
143.
143.
143,
1453.
143.
143.
143,
143.
143,
2,87

[ B o Y Y ¥ s ¥ T ¥ 7 Y Y T 7 D Y P N V|
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FACTORS FOR DoD ASVAB 6E SAMPLE

Weight
facter?
D .
.293
.646
.403
.460
.608
.759
.880
.8860
.050
.864
.259
.891
.032
. 990
.939
.729
L2740
.631
.870
.038




TABLE J-1-2

CALCULATION OF WEIGHT FACTORS FOR DoD ASVAB 7E SAMPLE

Number Number

AFQT 7A observed expected in
percentile in mobiliza?ion Weighta
interval sample population factor

(1) (2) (3 (4)
0-5 104 132.5 1.274
6-10 179 132.5 .740
11-15 341 132.5 .389
16-20 297 132.5 .446
21-25 199 132.5 .666
- 26-30 177 132.5 .749
31-35 152 132.5 .872
36-40 153 132.5 .866
41-45 57 132.5 2.325
46-50 170 132.5 .779
51-55 98 132.5 1.352
56-60 123 132.5 1.077
61-65 136 132.5 .974
66-70 53 132.5 2.500
71-75 76 132.5 1.743
76-80 99 132.5 1.338
81-85 97 132.5 1.366
) 86-90 78 132.5 1.699
91-95 49 132.5 2.704
v 96-100 12 132.5 11.042
‘j Total 2,650 2,650

4Column (3) divided by column (2).

e
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TABLE J-1-3

~

, T

CALCULATION OF WEIGHT FACTORS FOR DoD ASVAB 6/7 SAMPLE
Number Number

AFQT 7A observed expected in

percentile in mobilization Weight
interval sample population factor

(1) , @2y (3) (4)

0-5 215 253.45 1.179
6-10 368 253.45 .689

11-15 662 253.45 .383
16-20 587 . 253.45 .432
21-25 327 253.45 L7758
26-30 344 253.45 .737
31-35 290 253.45 .874
36-40 284 253.45 .892
41-45 127 253.45 1.996
46-50 295 253.45 .859
51-55 203 253.45 1.249
56-60 239 253.45 1.060
61-65 275 253.45 .922
66-70 99 253.45 2.560
71-75 153 253.45 1.657
76-80 148 253.45 1.713
81-85 198 253.45 1.280
86-90 148 253.45 1.713
91-95 89 253.45 2.848
96-100 18 253.45 14.081

Total 5,069 5,069

a

Column (3) divided by column (2).

J-18
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TABLE J-1-4
EQUIPERCENTILE CONVERSION TABLE FOR PSEUDO AFQT

ASVAB ASVAB ASVAB
Pseudo 6E 7E 6/7
AFQT AFQT AFQT AFQT
12 12 15 12
13 13 15 3
14 15 16 4
15 16 17 15
16 18 18 16
17 20 19 17
18 21 20 18
19 22 21 20
20 23 22 21
21 24 23 22
22 25 24 23
23 26 25 25
24 27 26 26
25 28 28 27
26 29 29 28
27 30 30 29
28 32 32 30
29 33 33 31
30 34 34 33
31 35 35 34
32 36 37 35
33 37 38 36
34 38 39 37
3s 39 40 38
36 40 49 39
37 41 42 40
38 42 42 41
39 43 43 42
40 44 44 43
41 4S 45 44
42 45 46 45
43 46 47 46
44 47 47 47
45 48 48 48
46 49 49 49
47 50 50 50
48 51 s1 51
49 52 52 52
50 52 s3 52
S1 53 S3 $3
52 54 54 54
53 55 55 SS
54 L) SS $6
$S 56 (1) §7
56 57 s7 S8
§7 57 58 59
58 58 59 60
59 59 60 61
60 60 61 61
61 61 62 62
62 61 63 62
63 62 63 63
64 63 64 64
65 63 65 6S
66 64 66 65
67 65 67 66
68 66 67 67
69 66 68 67
70 67 68 68
71 69 68 69
72 70 68 69
73 70 69 69
74 70 70 70
75 70 70 70
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ANNEX J-2

CALCULATION OF "A" WEIGHTS FOR DoD DATA

The purpose of this annex is to show how to simulate the same trun-
cation or preselection in the DoD data sample as occurred in the
CNA sample. This is accomplished by calculating weights "A", which
will force the distribution of predicted DoD ASVAB AFQT scores to
look like those of the CNA AFEES ASVAB AFQT scores. The calcula-
tion of the weight factors is shown in tables J~2-1, J-2-2, and
J-2-3. When these weights are attached to individuals in the DoD
sample (as a function of their predicted ASVAB AFQT score), the
resulting distribution will be identical to that of the truncated
CNA ASVAB AFQT scores based on AFEES testing.
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CALCULATION OF

AFQT

interval
BReY)

0-15

16-20
21-25
26-30
31-35
30-40
41-45
46-50
51-55
50-60
61-65

66-70

TABLE J-2-1

"A" WEIGHTS FOR DoD 6E

Number of cases (unweighted)

Predicted
ASVAB AFQT
DoD 6E
sample

23

85

373
337
399
447
274
302
188
140

44

2,870

AColumn (3) divided by column (2).

AFEES
ASVAB AFQT
CNA 6E
sample

3

0
0
0
54

148

SAMPLE

Weight
factor

0.
0.

0
0

000

000

.000
.145
.493
.722
.801
.109
.719
.787
.529
.568

(4)




TABLE J-2-2
CALCULATION OF "“A'" WEIGHTS FOR DoD 7E SAMPLE

L Number of cases (unweighted)
Predicted AFEES
ASVAB AFQT ASVAB AFQT
AFQT DoD 7E CNA 7E Weight
interval sample sample factor
(1) (2) (3) (4)
0-15 23 0 0.000
16-20 104 0 0.000
21-25 253 0 0.000
: 26-30 309 45 0.146
31-35 331 163 0.492
36-40 320 305 0.953
41-45 367 383 1.044
46-50 320 304 0.950
51-55 276 215 0.779
' 56-60 142 127 0.894
! 61-65 130 89 0.685
66-70 75 29 0.387
- 2,650 1,660
b
' 3Column (3) divided by column (2).
1
{
‘ )
;
£ .
v
£y
‘4
1 J-25
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TABLE J-2-3 .
CALCULATION OF "A'" WEIGHTS FOR DoD 6/7 SAMPLE
Number of cases (unweighted)
Predicted AFEES
ASVAB AFQT ASVAB AFQT
| AFQT DoD 6/7 CNA 6/7 Weight
interval sample sample factor
' 1y (2] 3 (4)
0-15 65 0 0.000
16-20 210 0 0.000
21-25 415 0 0.000
26-30 739 68 0.092 .
31-35 616 232 0.377
36-40 712 403 0.566 4
41-45 584 494 0.846
46-50 491 396 0.807
51-55 502 290 0.578
56-60 297 179 0.603
61-65 330 111 0.336
" 66-70 108 35 0.324
' 5,069 2,208

Column (3) divided by column (2).
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ANNEX J-3

CALCULATION OF "B" WEIGHTS FOR DoD DATA

Annex J-2 showed that "A" weights enable us to simulate the effect
of preselection in the DoD sample. This annex shows how to
calculate "B" weights to stratify that truncated sample on the
reference test (AFQT 7A).

The distribution of the "B" weighted sample on the reference test
is given in tables J-3-1, J-3-2, and J-3-3 for the three DoD
samples as is the calculation of the weights necessary to stratify
the sample.




|

vy

\
(

TABLE J-3-1
CALCULATION OF "B'" WEIGHTS FOR DoD 6E SAMPLE
. .
Number Number
AFQT 7A obscrved in expected in
percentile "A" weighted mobilization Weightb
interval DoD 6E sample population factor
(1) (2) (3) (4)
0-5 15.00 81.718 5.4479
6-10 32.20 81.718 2.5378
11-15 100.28 81.718 .8149
16-20 135.37 81.718 L6037
21-25 133.82 81.718 .6107
26-30 118.66 81.718 .6887
31-35 113.24 81.718 .7216 .
36-40 123.13 81.718 .6637
41-45 53.23 81.718 1.5352 .
46-50 132.41 81.718 .6172
51-55 92.91 81.718 .8795
56-60 130.85 81.718 .6245
61-65 114.72 81.718 .7123
66-70 39.01 81.718 2.0948
71-75 59.03 81.718 1.3843
76-80 61.47 81.718 1.3294
81-85 79.61 81.718 1.0265
86-90 60.81 81.718 1.3438
91-95 31.50 81.718 2.5942
96-100 7.15 81.718 1.4291
Total 1,634.40 1,634.36
This column has fractional frequency distributions because it is -
the result of weighting the DoD sample by weight "A",
beolumn (3) divided by column (2).
J-28




TABLE J-3-2
CALCULATION OF "B'" WEIGHTS FOR DoD 7E SAMPLE
' Number? Number
AFQT 7A observed in expected in
percentile "A" weighted mobilization Weight,
interval DoD 7E sample population factor
(1) (2) (3) (4)
0-5 13.98 83.005 5.9374
6-10 30.29 83.005 2.7403
i 11-15 113.79 83.005 .7295
16-20 149.43 83.005 .5555
i 21-25 120.04 83.005 .6915
26-30 124.05 83.005 .6691
31-35 117.80 83.005 .7046
36-40 129.01 83.005 .6434
41-45 49.37 83.005 1.6813
46-50 151.11 83.005 .5493
51-55 87.07 83.005 .9533
56-60 111.65 83.005 .7434
61-65 113.64 83.005 .7304
66-70 44,07 83.005 1.8835
71-75 64.42 83.005 1.2885
' 76-80 76.93 83.005 1.0790
’ 81-85 73.80 83.005 1.1247
‘ 86- 90 52.91 83.005 1.5688
z 91-95 30.54 83.005 2.7179
3 96-100 6.25 83.005 13.2808
Total 1,660.15 1,660.10

3This column has fractional frequency distributions because it is
the result of weighting the DoD sample by weight "A'".

. bcolumn (3) divided by column (2).

< -




percentile

y

T

AFQT 7A

interval

-5

€-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-90
91-95
96-100

otal

TABLE J-3-3

CALCULATION OF "B'" WEIGHTS FOR DoD 6/7 SAMPLE

Number?

observed in

"A" weighted
DoD 6/7 sample

(2)

16.
46.
135.
185.
149.
172.
158.
169.
79.
191.
134.
157.
180.
61.
88.
81.
97.
62.
33.

6.
2,208.

4This column has fractional frequency distributions because it is
the result of weighting the DoD sample by weight "A".

Column (3) divided by column (2).

b

19
51
23
35
38
58
87
91
69
18
65
24
43
37
68
84
34
11
95
17
67

J"30

Number

expected in
mobilization
population

3)

110,
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.
110.

2,208.

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
63

Weight
factor

I
6.8210
2.3743
. 8166
.5958
.7393
.6399
.6951
.6499
1.3858
.5776
.8201
.7023
.6120
.7994
. 2453
.3494
.1345
.7780
.2528
. 8981

N - e s e
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APPENDIX K

ADJUSTMENTS FOR EFFECTS OF SAMPLE TRUNCATIOHN
ON UNSTRATIFIED NORMING RESULTS

In this appendix we carry out unstratified graphical equating using
the full-range DoD sample and the truncated DoD sample described in
appendix J. Neither sample was stratified on the reference test.

Cumulative frequency distributions of the reference test scores and
ASVAB 6E AFQT scores were graphed for the full-range sample (fig-
ure K-1) and for the truncated sample (figure K-2). Scores made by
the same cumulative frequency of each sample were equated. The
percentile scores equated to cach ASVAB 6E AFQT raw score are shown
in table K-1. Similar calculations were made for ASVAB 7E and

ASVAB 6/7; these are shown in figures K-3, K-4, K-5, and K-6. The 1
results are recorded in tables K-2 and K-3.

The difference between the norming curves for the truncated and
_ full-range samples is very small (figures K-7, K-8, and K-9) and
‘ confined mainly to the region below the 10th percentile.

The comparison of these norming curves constructed trom unstrati-

fied data with those in appendix J using stratificd data indicates
that using unstratified graphical egquating produces much less bias
in a truncated sample.
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H !
TABLE K-1
|
COMPARISON OF EQUATING (ECHNIQUES ON DO 6E SAMPLE ‘
Percentiles
ASVAB 6E Full-range case '
AFQT Truncated Full-range minus i
raw score sample sample truncated case
)

14-15 0.0 1.0 1.0 |

16-17 1.0 2.0 1.0 ‘

18-19 2.0 4.0 2.0 !

20 3.0 5.0 2.0 ;

21 4.0 6.0 2.0 :

22 6.0 7.0 1.0 ;

23 7.8 8.5 0.7 3

24 8.5 9.3 0.8 i

25 9.5 10.4 0.9 i

26 10.5 11.3 0.8 1

27 11.5 12.0 0.5 1

28 12.5 13.3 0.8 :

29 13.6 14.2 0.6 |

30 15.1 15.5 0.4 !

31 16.2 156.5 0.3 i

‘ 32 17.2 17.5 0.3 !

; 33 19.0 19.0 0.0 {
: 34 21.0 21.0 0.0
35 23.0 23.0 0.0
36 24.5 24.5 0.0
© 37 26.2 26.5 0.3
. 38 28.0 28.4 0.4
39 29.5 30.0 0.5
40 31.5 31.6 0.1
41 33.5 33.0 -0.5
42 36.3 36.3 0.0
43 39.5 38.8 -0.7
44 44.0 44.0 0.0
45 47.3 47.0 -0.3
46 50.0 49.4 -0.6
47 52.3 51.3 -1.0
48 54.5 54.0 -0.5
' 49 56.5 56.0 -0.5
. 50 59.3 58.5 -0.8
‘ 51 61.0 60.5 -0.5
vy 52 62.5 62.0 -0.5
53 65.0 64.3 -0.7
“ 54 68.5 69.2 0.7
o S5 72.4 71.6 -1.0
. 56 76.0 76.5 0.5
\ 57 78.5 78.8 0.3
. 58 80.5 80.0 -0.5
= 59 82.0 82.0 0.0
: 60 83.5 83.7 0.2
61 §4.5 85.0 0.5
q 62 87.0 86.6 -0.4
{ 63 88.5 88.4 -0.1
- 64 90.0 90.0 0.0
65 91.5 91.5 0.0

; 66 93.0 93.0 0.0 4
¢ 67 94.0 93.5 -0.5
) 68 97.0 97.0 0.0
4 69 98.0 98.0 0.0

f 70 100.0 100.0 0.0 4

9
K-4
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TABLE K-2
COMPARISON OF EQUATING TECHNIOUES ON DOD 7E SAMPLE

Percentiles
ASVAB 7E Full-range case
AFQT Truncated Full-range minus
raw score sample sample truncated case
14-15 1.0 1.0 0.0
16-17 1.0 2.3 1.3
18-19 2.0 4.4 2.2
20 3.5 5.2 1.7
21 4.0 6.3 2.3
22 5.6 7.6 2.0
23 7.5 8.6 1.1
24 9.0 9.6 0.6
25 10.0 10.5 0.5
26 10.2 11.7 1.5
27 11.0 12.5 1.5
28 13.1 13.6 0.5
29 14.0 14.5 0.5
30 14.8 15.5 0.7
31 16.0 16.5 0.5
32 17.0 17.5 0.5
; 33 1..5 19.5 1.0
ot 34 20.0 21.3 1.3
35 22.3 23.4 1.1
36 24.2 25.0 0.8
37 26.2 27.1 0.9
38 27.8 28.3 0.5
1 39 29.8 30.3 0.5
40 31.8 32.3 0.5
4] 34.4 34.5 0.1
42 36.7 36.7 0.0
43 39.8 39.3 -0.5
44 43.0 44.0 1.0
45 46.6 46.5 -0.1
46 48.7 48.6 -0.1
§ 47 50.3 50.5 0.2
. 48 52.7 53.0 0.3
v 49 55.6 55.5 -0.1
’ 50 58.3 58.5 0.2
t 51 60.9 61.0 0.1
R 52 62.5 62.5 0.0
53 65.6 64.5 -1.1
: 54 69.5 69.0 -0.5
v 55 73.0 73.0 0.0
g 56 75.5 75.5 0.0
= 57 77.6 77.0 -0.6
). 58 79.6 79.0 -0.6
. 59 81.2 80.6 -0.6
o 60 82.3 82.0 -0.3
" 61 83.5 83.0 -0.5
3 62 85.0 84.7 -0.3
) 63 87.0 86.5 -0.5
{ 64 88.5 88.5 0.0
65 89.7 89.5 -0.2
) . 66 91.3 91.5 0.2
[ 67 92.5 93.0 0.5
. 68 94.5 95.0 0.5
\: 69 97.0 97.0 0.0
ﬁ - 70 99.0 99.0 0.0
»
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TABLE K-3

COMPARISON OF FQUATING TECHNIQUES ON Dol 6/7 SAMPLY

ASVAB 6/7
AFQT
raw score

14-15
16-17
18-19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Percentiles

Full-range case

Truncated Full-range minus
sample sample truncated case
0.0 1.0 1.0
1.0 2.5 1.5
2.0 4.6 2.6
4.5 6.0 1.5
5.5 6.9 1.4
6.7 8.0 1.3
8.0 9.3 1.3
9.5 10.2 0.7
10.3 11.2 0.9
11.3 12.2 0.9
12.5 13.2 0.7
13.8 14.1 0.3
14.5 15.0 0.5
16.0 16.1 0.1
17.0 17.2 0.2
18.2 18.3 0.1
19.5 19.5 0.0
21.5 22.0 0.5
23.5 23.6 0.1
25.0 25.5 0.5
26.5 27.1 0.6
28.4 28.7 0.3
30.5 30.9 0.4
32.7 32.6 -0.1
35.0 35.0 0.0
37.6 37.5 0.1
41.0 40.7 0.3
43.8 44.0 0.2
46.8 46 .6 -0.2
49.0 48.6 -0.4
50.5 50.6 0.1
53.0 52.5 -0.5
55.5 55.0 0.0
58.0 S7.5 0.5
60.5 60.2 -0.3
62.1 62.0 -0.1
63.8 62.8 -1.0
67.5 66.0 -1.5
70.5 69.4 -1.1
73.5 72.0 -1.5
75.8 74.5 -1.3
78.2 ?77.0 -1.2
79.6 79 .0 -0.6
81.6 80.5 -1.1
82.8 82.4 -0.4
84.4 84.0 -0.4
86.0 86.3 0.3
88.0 88.3 0.3
90.0 90.0 0.0
91.0 91.0 0.0
93.0 93.0 0.0
94.0 94.0 0.0
95.0 97.0 2.0
98.0 98.0 0.0
K-10
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) APPENDIX L
SMOOTHING OF FINAL CONVERSION TABLES

A summary of the results from unstratified graphical equating
applied to the CNA data sample in appendix E is reproduced in

table L-1. The percentiles equated to each raw score are shown for
ASVAB forms 6/7, 6E, and 7E. These distributions are shown graphi-
cally (figure L-1). This figure shows that the conversion tables
for ASVAB 6/7 and ASVAB 6E are very similar, which suggests that a
common conversion table can be used for both forms. The curve for
ASVAB 7E is displaced to the left by about two raw score points in
the central region and about three raw score points in the higher
and lower percentiles. It appears that a constant could be added
to each applicant's ASVAB 7E score that would slide the curve to
the right and enable using a common conversion table for all
current forms of ASVAB.

Table L-1 shows the result of adding two and three raw score points
to the ASVAB 7E AFQT raw score before converting to percentiles.

! As seen, either system produces a norm table for ASVAB 7E that is
more closely compatible with those for ASVAB 6/7 and ASVAB 6E,
Table L-1 and figure L-1 confirm that adding two points appears to
be the best approach over most of the percentile range of interest.

: To statistically test the compatibility of the separate norms for
the three forms of ASVAB, we applied the conversion tables (table
L-1) to an assumed mobilization population of the same size as our
CNA subsamples and calculated the expected frequency distribution
of applicants. The resulting distributions are shown in table L-2,
We made a test for the homogeneity of parallel samples (table L-3).
We see that the probability of observing differences as large as

. between ASVAB 6/7 and ASVAB 6E by chance if the two samples were

' parallel is about 0.07. We believe this is a good reason to use a

' common conversion table for ASVAB 6/7 and ASVAB 6E.

Similar comparisons for ASVAB 6/7 with ASVAB 7E and with variants
" of form 7E made by adding two and three points are also shown in
’ table L-3. The chance probabilities are less than 0.00, and
\ statistically the case for using the same conversion tables for
forms 6/7 and 7E is not compelling. We do see that the chi-squared
value is most favorable (i.e., lowest) for the case when two points
were added to the ASVAB 7E score. Referring to figure L-1, we
Y concluded that the practical difference between forms is small if
{ two points are added to ASVAB 7E scores before converting to per-
centile scores. On this basis, we believe that a common conversion
. table is practical and construct (table L-~1) the percentile associ-
ated witih each raw score for mean of the three common forms--6/7,
6E, and 7E~-.
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SUMMARY OF UNSTRATIFIED GRAPHICAL EQUATING RESULTS

TABLE L-1

Percentiles

Average
ASVAB a b of forms
AFQT ASVAB 6/7  ASVAB 6E  ASVAB 7E  ASVAB 7E, ASVAB TE;  6/7, 6F
interval and 7E2
14-15 0.0 0.0 " 3.0 2.0 1.0 0.7
16-17 0.0 1.0 4.5 3.0 2.5 1.3
18-19 1.0 2.0 6.3 4.5 4.0 2.8
20 3.0 3.0 7.0 5.0 4.5 3.6
21 4.0 4.0 8.0 6.3 5.0 4.7
22 5.5 6.0 9.0 7.0 6.3 6.2
23 6.6 7.6 10.8 8.0 7.0 7.4
24 8.0 8.4 11.5 9.0 8.0 8.5
28 9.6 9.5 12.5 10.8 9.0 10.0
26 10.5 10.6 13.5 11.5 10.8 10.9
27 11.7 11.6 14.5 12.5 11.5 11.9
28 12.5 12.6 15.4 13.5 12.5 12.9
29 13.5 13.8 16.3 14.5 13.5 13.9
30 14.7 15.0 17.5 15.4 14.5 15.0
31 15.5 16.0 19.1 16.3 15.4 15.9
32 16.7 16.7 21.4 17.5 16.3 17.0
33 18.2 17.6 23.2 19.1 17.8 18.3
34 20.2 18.5 25.3 21.4 19.1 0.4
38 22.5 21.1 27.3 23.2 21.4 22.3
36 24,5 23.3 29.3 25.3 23.2 24.4
37 26.5 25.5 31.2 27.3 25.3 26.4
38 28.6 27.7 33.3 29.3 27.3 28.5
39 31.2 30.3 36.4 31.2 29.3 30.9
40 33.4 32.0 39.6 33.3 31.2 32.9
41 6.0 34.5 42.7 36.4 33.3 35.6
42 38.4 37.4 45.8 39.6 36.4 38.5
43 43.0 40.4 48.6 42.7 39.6 42.0
44 46.2 43.8 51.2 45.8 42.7 45.3
4s 48.7 47.5 53.4 48.6 45.8 48.3
46 50.6 49.8 56.4 51.2 48.6 50.5
47 §3.0 51.1 58.3 $3.4 §1.2 §2.5
48 55.5 $3.2 60.3 56.4 53.4 55.0
49 57.6 56.5 62.0 58.3 56.4 57.5
50 60.0 $9.5 63.8 60.3 58.3 60.0
S1 61.8 61.2 67.2 62.0 60.3 61.7
sz 63.3 62.6 71.7 63.8 62.0 63.2
3 65.0 65.0 75.3 67.2 63.8 65.7
54 69.0 68.5 77.3 71.7 67.2 69.7
55 72.0 71.0 78.5 75.3 71.7 72.8
56 74.4 73.3 80.0 77.3 75.3 75.0
57 76.5 76.6 81.4 78.5 77.3 77.2
58 78.5 78.4 82.6 80.0 78.5 79.0
59 79.7 80.0 84.0 81.4 80.0 80.4
60 81.5 81.6 85.5 82.6 81.4 81.9
61 82.6 83.3 87.0 84.0 82.6 83.3
62 84.5 85.0 8e.2 85.5 84.0 85.0
63 86.5 86.5 89.3 87.0 85.5 86.7
64 88.2 88.0 91.0 88.2 87.0 88.1
65 90.0 89.2 92.0 89.5 88.2 89.6
66 92.0 90.5 94.0 91.0 89.5 91.2
67 93.0 94.0 95.0 92.0 9]1.0 93.0
68 96.0 96.C 96.0 94.0 92.9 95.3
69 98.0 98.C 97.0 95.0 94.0 96.3
70 99.0 99.0 99.0 99.0 99.0 99.0
3Before converting to percentiles, two points are added to
the raw AFQT score.
bBeforc converting to percentiles, three points are added to
the raw AFQT score.




80

R

s

81025 3}11Ua.13d

. [ R S I e R e == 4
’ 12328 25221 T2E2S SESES ERRRY SESES EREEE SEERS SETY FERTE ERURS SRS SRERT ERSRS SERRIESSRE ERSS Sxate sass
3353884 S5384 82531 RSSS PESE) RSPy sRR] ERERIFRRL PRROLPRREL ERSUE RESSI RRCS) butoq bosns ssasssonsis 2
§S334 25301 SoosT SoSRS SoRIDSSLES EEELE SEEEE CETSS SESRY ERURESEEES SUTEE EOECS SOCo8 Sanss sacas suana suusss: >
ISESS SESTe SRact CELEL SEETE CIERY FETEL ERSEL SELES SEETY FRESE FESEE SEEEE SELEE SLSELESASS Sonnsooan: :
] oS Soasd SS3Y St SUPPE FOUS) FRSTY SORY SRCES RRURS ERETS FRERS IPRS Socas TOS0s Ty sanas s e 2
* Sa =S S35 SEESE SEESS SEEST SREE SERER ERRRE FERE BEEES ERR43 A3 ﬁxwux FEREE $320s Satss sasaasas N
e Iy S O EREEs CEEEs EEEE) EEEE) EEERE CEFS FREEE SEETS SERCS SEUCS EEFES Souss 53 S o
- N MOS DRI S T DS SROTE I DG DRSNS SOLEES DOLES SEGDS SOBEE SHHESE PEHN - s
ISSSS SESSY - S \LERSE SEESI CRRRS CRREE ERREE EEES & e e S S S EE S Eitan ceess s s
SSSndSE208 Satae YULES ERES FEESS FRESS ERRRS FESSS SEISTIE EEREI FERSH SERGI SHFe] Fhyey spuss shesssata: P =
S5353 Sasss setud oreys “CISIERES IS EREEE EEERY EEURY EEURS ERRES ERENI EEERI EESRE IS8l SS200 soue: e o
Sagas oost SSscr el Ehbe  '55) SUUSE FRSES ERCE FEEES OURE FRTEE FEEE URES SRRES FSst Eigus sroas soeensens: L
S80S S0DDE SOPON SORE L P ES43 SESTE SS35e SEa P
SS30a 5228 PR SSRE EENCRERRS o2 S EEEEY FEEES SEEES EETSE SESTE SERSS So0es sasas soue: - 9
SEEs S SR B SERRES SESSE EEEEE SERRE PoLs: HHHW: SSscasanas DU
Soues SEads SESS SORE FRTST BhouE SHgie £ O
1203 S353 25833 ST SER R B S EEEES SEREE SERES SE0R0 ERREE EERES sodas = : S
ot SEtke St SEEEE CETES B R EEREE SRRES SEEES Svbs LEEES Satba oo : 2
“ s S3033 STES SRS SRERS & S ESEES FRRSS PREES FERADE Sobae shads o s &
:M. ‘.1. IRRDES DRGES Bt . Z PAS0S SUUSE SUDES SULRE DRSS SOPPE SERNE SRwn: ] >
Sanessutes Sotl SSSEL SESSEEESE B e Uipgs - TV5S] FEEES EESEE SSoSs Sheas sitss L
. SEceSRetd SRS SENI & : SN N SESE EE0S SOSES fosss baus: o - 5
DS DI SUBEDY B -T. IR Rt Bt: MRS RGN SERESGIE ENDIDINE S8 + < g « Q_J
j e Shee soted EESELEEREE & : SEEEES ERER) S5 o PR CEERS SESES Sovte oo : e & v
; [S SHOBE St )OO0 SOPRE & : R R s ot R SRR P - < g
. : S DEESIY BN DS TP GIRIND MN MDD DO OGN DI ..15.0 PN SN - o =
Sas abaate SEShs SESSS SERES EEEES EREEE EEEES EREES EXEPS SESBE Loned SEREE E-TA3 ha “of sE2 e
Sncall I AP IESo0 SEESS RESES EEERE EESES SUSES EREEY SEEES SRRES LRSS SPRES SREEE Shae" Rin -t SS0EE 5 ~Ho < O
- © ™~ O T T o RN ] > 2
S oo molol o e e NN s 5 2
SSs=l-¢ AVn AVn JSE00 SESE SHEDE SERES DEPES SEOES SERES MRS SRS SAREE PERES SERDE SOabs :-r./ﬂur <3
TR 235 S e e S s e it >
3T : - - b . P - - . v e ... DI .. . - . e EIR IR EEE Y .. - e —r— ? 14
b L < o IOONE SHSNE SHDES HHSDE SHGRE SHSEE SHORE DRSHN SRS SHIPS SSESH DHHEE SHHNE HSY “ = m o
PO _ RS PRGNS PRPDE RIEE SODRE SN NN SIDI SIPI DINII SIS SINDIN .‘.Zﬁ.“““%ZAO s albl
: By Setl SREEY SRl SOTES SERSS SRSSS SRES SESRS POSEE SORS SOSES SREEE Soaps on R =
Sa=cllE: 5528 SESES SEEES SOPES SECEE FEREE ERRES ERERE ERRDS EXLES SCRRt FEEES SEPERS SELES sobes ruest as
u Pa—— e - e o are: t s, A
2ol REEE SETEY EREES SEPSS EERES ERERY SEEES EEFES EEES EERED EEES SEEES TESCE Sotal saves sassssevas a.
= 35S SSEEE SRS SRSSS SERY FRSES SESFE SEUEE SEEES SESES SERSY RESES IEE0S Shade ravas sobas &
= | 1508 SESRE SES0d SABES SEDEE RESEE DTS DESEE SRS PRESE SOOES SOPEa Suups Sowsy Bt o =
== oaes Eass Seves sesey sovss so: e o}
3= ST ea rre et FEEEl EEEE] SREES SEERS SEREE FErht FRRTt FERT] FRERE CORES SREEE sH0SS satas seuns socwrans o
e B s R e e el i s e .. IS ... 0.010'1 ~u¥0As “HHHLH"HH HH‘H Hb\uol i li.'ﬁ’ " - h
SSsas Stess SEEEE SSSSt EESES SESEE EESES EXERY EEPES SETES SEE) ERPES SERES CEEES SERES STEPS SSEEs Eavss anvzsase: 2
[=] o =) o =) =) S Qo
8 & 3 R e B g 3 & e =
=

) . LT > M Xle »r




TABLE L-2

INFERRED FREQUENCY DISTRIBUTIONS FOR SEPARATE
NORMS OF EACH FORM OF ASVAB

L ' §S¥gﬁ Percentage of sample inferred to be in

indicated interval

interval b
(raw score) Form 6/7 Form 6E Form 7E Form 7E2 Form 7E

(1) (2) (3) (4) (5) 2 (6) 3

0-19 1.0 2.0 6.3 4.5 4.0

20-22 4.5 4.0 2.7 2.5 2.3

1 23-25 4.1 3.5 3.5 3.8 2.7

: 26-28 2.9 3.1 2.9 2.7 3.5

' 29-31 3.0 3.4 3.7 2.8 2.9

) 32-34 4.7 3.5 6.2 5.1 3.7

35-37 6.3 6.0 5.9 5.9 6.2

38-40 6.9 6.5 8.4 6.0 5.9

’ 41-43 9.6 8.4 9.0 9.4 8.4

: 44-46 7.6 9.4 7.8 8.5 9.0

47-49 7.0 6.7 5.6 7.1 7.8

‘ 50-52 5.7 6.1 9.7 5.5 5.6

52-55 8.7 8.4 6.8 11.5 9.7

| , 56-58 6.5 7.4 4.1 4.7 6.8

: 59-61 4.1 4.9 4.4 4.0 4.1

! 62-64 5.6 4.7 4.0 4.2 4.4

' 65-67 4.8 6.0 4.0 3.8 3.0

' 68-70 6.0 5.0 4.0 7.0 8.0

" Sample 2,208 1,634 1,660 1,660 1,660

size
)
} ATwo points added to each form 7E raw AFQT score.
bThrec points added to each form 7E raw AFQT score.

!
0
3 4
0
§ !
Y
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!
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TABLE L-3
TEST FOR EQUIVALENCE OF SEPARATE NORMS FOR EACH FORM OF ASVAB

ASVAB Probability of
forms a chance difference
compared Chi-squared Degrees of freedom this large
6/7 with 6E 26.2 17 0.07
6/7 with 7E 152.3 17 0.00
6/7 with 7E,°  81.2 17 0.00
] 6/7 with 753° 82.7 17 0.00

3For a test of the homogeneity of parallel samples.
- bTwo points added to each form 7E raw AFQT score.

“Three points added to each form 7E raw AFQT score.

In table L-4 (from appendix K) we show the estimated adjustments
({based on DoD data) that would be necessary to completely remove
any effects due to truncation of the CNA sample. The mean of the
adjustments 1is also shown., The adjustments are very small (less
than 1 percentile) except in the region below the 8th percentile,
In the region above the 15th percentile, the adjustments are
V generally less than 0.5 percentile and are not consistent from form
to form. This may suggest inaccuracies in estimation more than a
real bias that needs an adjustment. Accordingly, we smoothed the
adjustments in the region below the 15th percentile and added the
adjustment to get the corrected mean percentile shown in table L-5.

The corrected mean percentiles were smoothed in two stages, as

) shown in table L-5. 1In the first stage, percentiles were rounded

of f to whole numbers paying attention to the need for raw scores to

correspond to percentiles at critical points that separate official

mental groups (16, 21, 31, 50, 65, and 93rd percentiles). The re-

sult of this partial smoothing is shown in column 5 of table L-5.

Further smoothing was done to eliminate an atypical progression of

. scores as shown in figure L-2. In our opinion this unnatural score

‘ distribution is the result of anomalies in the official conversion

¢ table for the reference test AFQTr 7A shown in figure L-3. An ex-

£ amination of figure L-3 discloses a number of unusual undulations

! in the curve. Most of these undulations were removed in the hard

- smoothing carried out during the graphical equating in appendix H.
However, it appears from figure L-2 that one anomaly remained. We
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TABLE L-4

MENTS FOR TRUNCATION EFFECT ON

3
\

SUMMARY OF ADJUST
NORMS PRODUCED BY UNSTRATIFILED GRAPHICAL EQUATING

Adjustment

Approx-
imate

—

Smoothed

Mean

ASVAB TE ASVAB 6/7

ASVAB 6E

ASVAB AFQT

percentiled

sample sample sample value

Taw score

®WoN
1.11‘1.1‘11 —e e~

112111100000000000000000000000000000111111010000000020
DI T R R A

o-\uz730165555575503189555105011231210150066635350225500

012122100110000011100000ooolooo00000100000000000000000
'R ’

000000739858643300003‘51507036055855770535025410005000

*Mcan value from table -1,

S




TABLE L-5

SMOOTHED CONVERSION TABLE FOR ASVAB 6/7/6E/7E

Percentile
Mean of CNA re- Correction Partially Fully
ASVAB sults for forms for Corrected smoothed smoothed
AFQT 6E, 7B, and 6/7 preselection mean percentiles percentiles
interval {1) ( (3) (4) (5)
14-15 0.7 0.7 1.4 0-1 0-1
16-17 1.3 1.3 2.6 1-2 1-2
18-19 2.5 2.3 4.8 3-4 3-4
20 3.6 1.8 5.4 5 5
21 4.7 1.8 6.5 6 6
22 6.2 1.4 7.6 7 7
23 7.4 1.0 8.4 8 8
24 8.5 0.9 9.4 9 9
28 10.0 0.9 10.9 10 10
26 10.9 0.9 11.8 11 11
27 11.9 0.9 12.8 12 12
28 12.9 0.5 13.4 13 13
29 13.9 0.5 14.4 14 14
30 15.0 15.0 15 15
3 15.9 15.9 16 16
; 32 17.0 17.0 17 17
ot 33 18.3 18.3 18 18
34 20.4 20.4 21 21
: 35 22.3 22.3 22 22
36 24.4 24.4 24 24
37 26.4 26.4 26 26
‘ 38 28.5 28.5 28 28
39 30.9 30.9 31 31
40 32.9 32.9 33 33
41 35.6 35.6 36 36
42 38.5 38.5 39 39
43 42.0 42.0 42 42
44 45.3 45.3 45 45
. 45 48.3 48.3 48 48
! a6 50.5 50.5 50 50
, 47 52.5 52.5 52 52
) 48 55.0 55.0 58 55
’ 49 57.5§ 57.5 57 58
t 50 60.0 60.0 60 61
\ 51 61.7 61.7 62 63
‘ 52 63.2 63.2 63 65
53 65.7 65.7 65 67
" 54 69.7 69.7 69 69
- 55 72.8 72.8 72 71
56 75.0 75.0 78 73
b 57 77.2 77.2 77 75
. S8 79.0 79.0 79 77
o 59 80.4 80.4 80 79
: 60 81.9 81.9 82 81
\' 61 83.3 83.3 83 83
62 85.0 85.0 8s 85
( 63 86.7 86.7 87 87
64 88.1 88.1 88 88
h 65 89.6 89.6 90 90
M v 66 91.2 91.2 91 91
' 67 93.0 93.0 93 93
A 68 95.3 95.3 9§ 95
i 69 96.3 96.3 97 97
ot - 70 99.0 99.0 99 99
4
Yy
“
f
)
L-7
3
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FIG. L-3: OFFICIAL CONVERSION TABLE FOR REFERENCE TEST AFQT 7A




removed the anomaly by the smoothing shown in column 5 of table L-5 -
and illustrated in fiqure L-2. The ancestry of the resultant curve

with its sharp break at the 20th percentile is apparent by

examining the conversion table for the reference test shown in

figure L-3.
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APPENDIX M

CONVERSION TABLES FOR COMPOSITES

To avoid bias from sample stratification, we used the unstratified
equipercentile equating technique to build composite conversion
tables. Each composite in raw score form was equated to the ASVAB
6/7 AFQT score. This procedure is possible because of the high
correlations between the AFQT score and the composite scores. The
definitions of the composites are given in appendix A. We used
sample 5 as the data set.

For purposes of this equating the ASVAB 6/7 AFQI score was ex-
pressed in percentiles (for Air Force composites) and Army Standard
Scores {for Army and Marine Corps composites). Traditional conver-
sion tables (annex M-1) were used to convert AFQT from percentile
form to Army Standard Score form.

The resulting conversion tables are given in tables -1 through
M-G-




i
i
TABLE M-1
ARMY AND MARINE CORPS ASVAB 6E/7E/6/7 CONVERSION
TABLES FOR COMPOSITES
Composite score
Raw score GT GM l_iia cL MM Raw _score
105-110 - - - - 135 105-110
104 132 104
103 132 103
102 131 102
101 . 130 101
100 - - - 135 129 100
99 135 128 99
98 135 127 98
97 135 126 97
96 135 126 96
95 - - - 135 125 95
94 135 124 94
93 135 123 93
92 135 122 92
91 135 121 91
90 - - 135 135 121 90
89 135 133 120 89
88 135 132 119 88
87 135 132 118 87
86 131 132 117 86
85 - - 130 131 116 85
84 129 130 115 84
83 128 130 114 83
82 128 129 113 82
81 127 128 113 81
80 . 126 127 112 80
79 125 126 111 79
78 135 124 125 110 78
. 77 132 124 128 109 77
' 76 131 123 124 108 76
4
' 75 - 131 122 123 107 75
t 74 130 121 122 106 74
73 128 120 120 105 73
" 72 . 128 119 119 104 72
71 127 118 117 103 71
) 70 - 126 117 117 102 70
) 69 126 117 11§ 101 69
[ . 68 125 116 114 100 68
; 67 124 115 113 99 67
66 123 114 111 98 66
S 65 - 22 113 110 97 65
P 64 120 113 109 96 64
i 63 119 112 108 95 63
! 62 118 111 107 94 62
[ X 61 17 110 105 93 61
' \Vt
}, *Marine Corps only.
ot
S

)
.
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TABLE M-1 (Cont'd)

Composite score

Raw_score GT &M &a cL MM Raw score
60 . 116 109 103 92 60
59 115 108 102 91 59
58 114 107 101 90 S8
57 113 106 99 89 $7
56 112 104 98 88 56
$S - 111 103 96 86 L]
S4 110 102 94 8s 54
53 109 101 92 84 S3
s2 108 100 90 82 52
sl 107 99 88 81 51
s0 13§ 106 98 86 81 50
49 131 104 97 84 80 49
48 126 103 95 82 79 48
47 124 102 94 81 78 47
46 123 101 92 79 77 46

45 121 99 91 78 76 45




;
TABLE M-2
4
ARMY AND MARINE CORPS ASVAB 6E/7E/6/7 CONVERSION ;
TABLE FOR COMPOSITES
Composite score
Raw _score SC <« FA OF ST Raw score
110-317 - 135 - - - 110-117
109 135 109
108 132 108
107 130 107
106 130 106
105 . 130 135 - - 105
104 129 135 104
103 129 135 103
102 129 138 102
101 128 135 101
100 - 128 135 - - 100
99 128 135 99
98 127 13§ 98
97 127 135 97
96 126 132 96
e 95 - 125 131 - - 95
94 124 130 94 ‘
93 123 130 93
82 122 129 92
91 121 128 91
90 135 120 127 - . 90
89 135 118 127 89
88 135 117 126 88
87 135 115 125 87
86 132 114 125 86
85 132 113 124 - . 85
84 130 112 123 84
83 128 111 122 83
82 127 110 122 82
. 81 126 109 121 81
' , 80 125 108 120 - - 80
' 79 124 106 119 79
: 78 123 105 118 78
77 122 104 117 77
76 121 102 116 76
. 75 120~ 100 115 - - 78
) 74 119 99 114 74
73 118 98 113 73
72 117 96 112 72
71 116 95 111 71
N 70 115 94 11t - - 70
: 69 113 93 110 69
68 112 91 109 c8
67 112 90 107 67
66 111 88 106 66
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TABLE M-2 (Cont'd)

Composite score

Raw score sC co EA OF ST Raw score
6S 110 86 105 - - 65
64 109 8s 103 64
63 108 83 102 63
62 107 82 101 62
61 106 82 100 61
60 105 79 99 - 135 60
59 103 78 98 135 59
S8 102 77 96 135 58
S7 101 76 95 131 57
$6 100 75 92 130 56
55 99 74 92 138 128 55
54 98 72 91 135 126 54
53 96 70 89 135 125 53
52 95 70 88 135 123 52
s1 94 68 86 134 122 51
50 92 66 84 133 121 50
49 91 66 83 133 120 49
48 89 65 82 132 119 48
47 87 64 81 132 118 47
, 46 85 63 79 130 116 46
. 4S 84 62 78 127 115 45
4 82 61 77 126 114 44
43 81 59 76 125 113 43
42 80 57 74 123 112 42
’ . 41 78 57 73 121 111 41
40 77 55 72 118 109 40
39 76 S5 71 115 108 39
38 75 53 69 114 107 38
37 73 53 67 112 105 37
36 72 $3 66 110 104 36
35 70 53 65 108 102 35
34 69 53 64 105 101 34
33 67 53 62 102 100 33
‘ 32 66 53 61 100 98 32
. 31 65 53 60 98 96 3
[)
‘ 30 64 53 58 95 9s 30
. 29 63 53 57 93 93 29
23 61 53 54 90 91 28
" 27 59 53 53 88 89 27
! 26 57 53 53 84 87 26
{ 25 55 53 53 82 84 25
) 24 54 53 S3 80 82 24
23 53 53 s3 78 80 23
22 53 53 53 76 78 22
21 53 $3 3 73 76 21
¥
\ 20 53 3 s3 71 75 20
{ 19 53 53 53 68 72 19
18 53 53 3 66 69 18
1 17 53 53 53 64 66 17
; 3 16 53 53 53 62 64 16
. 15 53 53 53 60 62 15§
. 14 $3 53 53 58 60 14
{ 13 53 53 53 55 58 13
4 . 12 53 53 53 53 54 12
11 53 3 $3 53 53 11
Y a0 5 &3 53 53 s3 0-10
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) TABLE M-3
) -»
ARMY ONLY CONVERSION TABLES FOR ASVAB 6E/7E/6/7 EL COMPOSITE
L
Raw_score EL Raw_score EL
103-110 135 64 100
102 134 63 99
101 133 62 98
100 132 61 97
99 132 60 96
98 129 59 9§
97 129 58 93
96 128 57 92
95 127 56 91
94 127 55 90
93 126 54 89
92 126 53 87
91 125 52 86
: 90 124 51 85 .
, 89 123 50 83
88 123 49 82
{ 87 122 48 81
86 121 47 80 .
85 120 46 78
84 119 45 77
83 118 44 76
82 117 43 75
81 116 42 74
80 116 41 73
‘ 79 115 40 72
: 78 114 39 70
‘ 77 113 38 69
! 76 112 37 68
75 112 36 66
v 74 111 35 65
. 73 110 34 64
72 109 33 62
) 71 108 32 61
l
| .
| 70 106 31 60
t 69 105 30 57
N 68 104 29 56
g 67 103 28 56
S 66 102 27 33
- 65 101 26 54 g
0-25 53
[
r -
K
g
&{ M-6
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Raw score

TABLE M-5

GCT

135
135
131
129
128

127
124
123
122
120

119
117
116
115
114

113
112
111
109
108

107
105
104
102
101

Raw score

45
44
43
42
41

MARINE CORPS ONLY ASVAB 6E/7E/6/7 CONVERSION

TABLE FOR GCT COMPOSITE
(expressed in Army Standard Score)
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ARMY ONLY CONVERSION TABLE FOR ASVAB 6/7/6E/7E WST?

Raw score

10
0 -9

TABLE M-6

Percentile

97
9§
91
89
86

84
82
79
77
74

72
69
67
64
61

58
54
51
48
45

8wST is GT cxpressed in percentile fornm.
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TABLE M-1-1

CONVERSION TABLE:

AFQT 1 OR AFQT 2

PERCENTILE SCORES TO ARMY STANDARD SCORES

Percentile

100
100
100
100

99

98
97
96
95
93

Standard score Percentile Standard score
164 28 86
157 27 8s
181 26 84
146 24 83
142 23 82
139 22 81
137 21 80
134 20 79
131 19 78
130 18 77
128 17 76
126 16 75
125 15 73
123 14 71
122 13 70
121 12 69
120 12 68
118 11 66
117 10 65
116 9 64
11§ 9 63
114 8 62
113 7 61
112 7 60
111 6 59
110 S s7
109 S 56
107 4 SS
106 4 53
105 3 $2
104 3 50
103 2 48
101 2 47
100 2 45

99 2 43
98 2 42
97 2 42
96 1 41
95 1 41
94 1 40
93 1 39
92 1 39
91 1 39
99 1 39
88 1 39
M~11
- - -~ H’ o - . ° . .
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APPENDIX N

STRATIFICATION ON ASVAB 6/7 PERCENTILE SCORE
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APPENDIX N

STRATIFICATION ON ASVAB 6/7 PERCENTILE SCORE

. We stratified sample 5 on ASVAB 6/7 AFQI percentiles by using the
weights calculated in table N-1. Subtests were normed from this
stratified sample.




T e
. VEPP A~

e— -

1

"i
)

ASVAB 6/7
AFQT Observed Expected ) a
percentile cases cases Weight
(1) (2) 3) (4)
0-5 20 110.4 5.520
6-10 61 110.4 1.810
11-15 138 110.4 . 800
16-20 141 110.4 .783
21-25 195 110.4 .566
26-30 128 110.4 .863
31-35 180 110.4 .613
36-40 144 110.4 .767
41-45 155 110.4 L712
46-50 172 110.4 .642
51-55 143 110.4 L772
56-60 64 110.4 1.725
61-05 163 110.4 .677
66-70 99 110.4 1.115
71-75 138 110.4 .800
76-80 69 110.4 1.600
81-85 89 110.4 1.240
86-90 66 110.4 1.673
91-95 37 110.4 2.984
96-100 6 110.4 18.400
Total 2,208
Acgtumn (3) divided by column (2).

EEETRenvsI e

TABLE N-1

CALCULATION OF WEIGHTS TO STRATIFY SAMPLE 5
ON ASVAB 6/7 AFQT SCORE
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APPENDIX O
CONVERSION TABLES FOR SUBTESTS

To build the subtest conversion tables, we chose ASVAB 6/7 (sample
5) as a representative sample of ASVAB 6E, 7E, and 6/7. Using the
weights developed in appendix N we simulated the mobilization popu-
lation and obtained mean and standard deviation statistics for all
subsets. These statistics are computed from_the following equation
for all possible scores (x) on each subtest:

10(x-x)

Ox

Navy Standard Score (x) = 50 +

The resultant conversion tables for all subtests are shown in
tables O-1 through 0-4.

1
X denotes mean value of y and o, denotes the standard

deviation.




TABLE 0-1
ASVAB 6E/7E/6/7 SUBTEST CONVERSION TABLES
{in Navy Standard Score)
Ceneral Numerical Attent inn Word
informat 1on operations to detail knpowledge
Raw Uore (G1) {NO) (AD) {(WK) Raw score

50 - 69 - - 50
49 [}:} 49
48 b7 48
47 65 47
46 64 16
} 45 - 63 - - 45
44 62 44
43 61 13

42 60 42
41 59 41
40 - 58 - - 40
39 57 39
38 56 38

37 55 37
. 36 54 36
3s - 53 - - 35

34 52 34
33 51 33

32 50 32

31 49 31

30 - 48 81 64 30

29 47 79 63 2

28 46 77 61 28

27 45 75 60 7

26 44 73 S8 26

25 - 43 71 57 25

24 42 68 S5 24

23 41 66 54 2

22 40 64 53 22

: 21 39 62 51 21
! 20 - 38 62 50 20
N 19 37 60 48 19
18 36 58 47 18

17 35 56 45 17

" 16 34 53 44 16
' 15 66 33 51 42 15
‘ 14 63 32 49 41 14
‘ 13 50 31 47 40 13
o 12 57 30 45 38 12
. 11 5S4 29 43 37 11
) 10 51 28 41 35 10
\ 9 48 27 38 34 9
{ 8 45 & 36 32 8
7 41 25 34 31 7

6 38 24 32 29 6

S 3s 23 30 28 )

4 32 22 28 27 4

3 29 21 26 25 3

2 26 20 23 24 2

1 23 19 19 22 1

0 20 18 17 21 0

0-2
’ - - - l’ - rh—.d. ’
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Raw score

30
29
28
27
26

25
24
23
22
21

20
19
18
17
16

15
14
13
12
11

10

o0 \O

QUQEeENWREN OO

TABLE 0-2

ASVAB 6E/7E/6/7 SUBTEST CONVERSION TABLES

(in Navy Standard Score)

Arithmetic Space Math Electric
reasoning perccption knowledge information
(AR} {SP) (MK) (EI) Raw score
- - - 69 30
67 29
66 28
64 27
62 26
- - - S
% 2
S8 23
56 22
54 21
66 64 68 53 20
64 62 66 51 19
62 60 64 50 18
60 58 62 48 17
58 56 60 46 16
55 53 58 45 15
53 51 56 43 14
51 49 54 42 13
49 47 52 40 12
47 45 50 38 11
45 42 48 37 10
53 40 46 35 9
41 38 44 34 8
39 36 42 32 7
37 34 40 30 6
35 32 38 29 5
33 29 36 27 4
30 27 34 26 3
28 25 32 24 2
26 23 30 22 1
24 21 27 21 0
0-3
. S T T ’
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Raw
score

20
19
18

b b et pe
T =t Ui © N
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TABLE 0-3

ASVAB 6E/7E/6/7 SUBTEST CONVERSION TABLES

(in Navy Standard Score)

Mechanical General Shop Automotive
comprehension science information information Raw
(MC) (GS) (S1) (AD) score
72 70 65 67 20
70 68 63 65 19
68 66 61 63 18
65 63 59 61 17
63 61 56 59 16
60 59 54 57 15
58 57 52 55 14
56 54 49 53 13
53 52 47 51 12
51 50 45 49 11
49 47 42 47 10
46 45 40 44 9
44 43 38 42 8
41 40 35 40 7
39 38 33 38 6
37 36 31 36 5
34 34 28 34 4
32 31 26 32 3
29 29 24 30 2
27 27 21 28 1
25 24 19 26 0

- ——”




Raw
score

27
26

OH=MNWRA AN W

TABLE 0-4

ASVAB 6E/7E /6/7 SUBTEST CONVERSION TABLES

Combat
Maintenance Attentiveness Electronics scale
scale (CM) scale (CA) scale (CE) (CC)
- - - 74
71
- - - 69
67
65
63
61
69 85 76 59
67 82 74 57
65 79 72 55
63 75 69 53
61 72 67 51
59 68 64 49
57 65 62 47
54 61 60 45
52 58 57 43
50 55 55 41
48 51 53 39
46 48 50 37
44 44 48 35
42 41 45 33
39 37 43 31
37 34 41 29
35 31 38 27
33 27 36 24
31 24 34 22
29 20 31 20
27 17 29 18

Raw
score
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. APPENDIX P
CORRELATIONS AND SAMPLE STATISTICS

From sample 5 stratified on ASVAB 6/7 AFQT percentile scores in
appendix M we calculated mean values, standard deviations, and
correlation coefficients of ASVAB subtests and composites, Statis-
tics for the subtests are shown in tables P-1 and P-2, Correcla-
tions for the composites are shown in table P-3. Refer to appendix
A for definitions of the subtests and composites.

TABLE P-1
MEAN VALUES AND STANDARD DEVIATIONS OF ASVAB 6/7 SUBTESTS

Variable Mean value Standard deviation
) GI 9.76 3.23
' NO 31.70 9.87
f AD 15.39 4,67
WK 20.07 6.97
AR 12.40 4.79
SP 13.55 4.64
MK 11.03 4.89
EI 18.31 6.26
MC 10.65 4.18
GS 11.16 4,35
SI 13.33 4.31
Al 11.72 4.85
CM 10.97 4.69
CA 9.68 2.91
CE 8.92 4.21
CcC 15.51 4.89
AFQT 7A 49.3 27.42
« ASVAB AFQT 50.4 28.84
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