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AIR FORCE OFFICER QUALIFYING TEST (AFOQT): FORMS Q DEVELOPMENT,
PRELIMINARY EQUATING AND OPERATIONAL EQUATING

INTRODUCTION

The Air Force Officer Qualifying Test (AFOQT) prdvides aptitude measures for the Air
Force’s officer selection system. The AFOQT is used to select individuals for Officer Training
School, to select Reserve Officer Training Corps (ROTC) cadets for the Professional Officers
Training Course and scholarships, and to select students for Undergrad-uate Pilot Training and
Undergraduate Navigator Training. Air Force Academy applicants are not required to take the
AFOQT prior to entry.

The forerunners of the AFOQT wére the Aviation Cadet Qualifying Examination (ACQE);
a general abilities screening test that was later replaced by the Aviation Cadet Qualifying Test
(ACQT), and the Aircrew Classification Battery (ACB), used to screen and classify potential
aircrew members. A preliminary version of the AFOQT was developed by 1952 and the AFOQT
Form A replaced the previous test batteries by 1955. A more comprehensive account of the
history and development of the AFOQT testing program was authored by Rogers, Roach and
Short, 1986. Since the initial Form A, the AFOQT has been updated periodically to ensure
currency, security and predictive validity. Forms Q are the seventeenth versions of the AFOQT.

The periodic updates of the AFOQT have historically been.the responsibility of the Air

Force Human Resources Laboratory (AFHRL) now the Human Resources Directorate of the Air

Force’s Armstrong Laboratory. Updating the AFOQT currently begins




with a test development of parallel test forms that are equivalent to previous AFOQT test forms
on item specifications such as statistics and content. In addition to the test development process,
updating the AFOQT involves a provisional equating and operational equating.

The purpose of this report is to describe the construction of the AFOQT Forms Q1 and
Q2 and the subsequent equating of these forms to the previous Forms P. The first section
discusses jtem selection and the procedures involved in constructing F oﬁns Q. The second section
covers the item, subtest and composite level statistics, and equating statistics of the 1993 data
collection used for the preliminary equating analyses. The third section provides this information
for the 1995 data used in the operational equating analyses. These equating analyses are integral

in linking the new forms of the AFOQT to previous forms to ensure equivalence of measurement.

DEVELOPMENT OF FORMS Q
This test development project began in January of 1991 with the objective of developing
two new AFOQT forms, Q1 and Q2, that would be equivalent with previous Forms O, P1 and P2.
In maintaining continuity in the testing program, Forms Q were developed to be as similar as
possible to previous forms in terms overall test content, test length, item difficulty, item
discrimination, subject matter, and stylistic features. Based on prior analyses, the item difficulties
of the Form P1 subtests were considered to be more similar to Forms O than P2 item difficulties

and P1 was thus chosen as the target test to be replicated.




Test Content
The test content, length, subtests, composite composition and testing time of Forms P
remained the same in Forms Q. The AFOQT has 380 items comprising 16 subtests which are
combined to create five composite scores. The subtest names, the number of items in each subtest
and their categorization into the five composites are presented in Table 1. Total testing time,
including administrative procedures, is approximately 270 minutes. A mofe detailed description of
the subtest content can be found in the AFOQT Forms P Test Manual (Berger, Gupta, Berger, &

Skinner, 1990).

Table 1. Description of AFOQT Forms Q Subtests and Composition of Aptitude Composites

Composites
Subtest Number  Testing Pilot Nav- Acad. Verbal Quant.
of items time Tech  Apt.
(minutes)
Verbal Analogies (VA) 25 8 X X X
Arithmetic Reasoning (AR) 25 29 X X X
Reading Comprehension RO) 25 18 X X
Data Interpretation (DI 25 24 X X X
Word Knowledge (WK) 25 5 X X
Math Knowledge (MK) 25 22 X X X
Mechanical Comprehension 1% (0] 20 22 X X
Electrical Maze (EM) 20 10 X X
Scale Reading (SR) 40 15 X X
Instrument Comprehension 1o 20 6 X
Block Counting B0) 20 3 X X
Table Reading (TR) 40 7 X X
Aviation Information (AD 20 8 X
Rotated Blocks RB) 15 13 X
General Science (GS) 20 10 X
Hidden Figures (HF) 15 8 X
Total 380 208°

Note. ® This testing time is for minutes actually spent on the test items. Total test time including administrative
activities is 270 minutes.

One particularly noteworthy feature of later AFOQT forms is their continuity, which is

maintained by the inclusion of anchor or common items in the test forms. The more recent




AFOQT tests have a certain proportion of their items, usually near one-half, that are taken from
the previous version, some of which were taken from the version previous to that, and so on.
Thus, a subset of the items remains consistent until they are cycled out.
Item Selection

In selecting items for use, comparability was sought between Form P1 and Forms Q in
terms of the distributions and mean estimated (or expected) item difficulty for each subtest, the
distribution of item content and style, and difficulty associated with the item’s position in the
subtest. In addition, all item biserial correlations were desired to be positive and high (above .40)
for the correct alternative and negative for incorrect alternatives. Both common items and new
items were selected to maximize these desired characteristics.
New and Common Items

New items were selected for Forms Q from the same experimental item bank that was
used to construct Forms P (Berger, Gupta, Berger, & Skinner, 1988). AFHRL had contracted
with Psychometrics, Inc., to create this item bank from which items were to be selected for two
new parallel tests, Forms P. The Forms P test development effort marked the first time two
equivalent forms of the AFOQT were to be created. After the Forms P test development effort, a
sufficient number of items remained in the pool to create Forms Q. Now however, the item bank
is depleted and cannot be used for subsequent test construction.

In addition to the new items, approximately half of the items on Forms Q subtests came
from Forms P. About half the items in Forms P were also in Form O. Thus, approximately one-

quarter of the items are common to all three forms. The same set of common items are in both

Forms Q1 and Q2.




Item difficulty and discrimination

The goal of item selection in constructing Forms Q was to match as closely as possible the
item difficulties of Form P1, while maintaining the ability to discriminate well between differing
levels of ability. The classical item analyses statistics of item difficulty and item discrimination
were used to make item selection decisions. For selection of the common items, item statistics
from operational use of Forms O and P were used. For selection of the new items, item statistics
were obtained from an administration of experimental items from the test bank to a sample that
included airmen basic trainees, Reserve Officer Training Corps (ROTC) cadets, and cadets
attending Officer Training School (OTS).

The information about items contained in the test bank was based on the experimental test
administration to airmen and cadets. The problems of comparing these item statistics from airmen
and cadets with those of officer candidates was addressed during the Forms P test development.
Multiple regression analyses were conducted to derive weights that could be used to estimate
'difﬁculties that would be obtained if items were administered to actual officer candidates. These
procedures are discussed in Steuck, Watson, and Skinner (1988).

In development of Forms Q, these same item difficulty estimating techniques were also
applied with some exceptions. For all but three subtests, comparisons between the estimated
difficulty values for new items selected for Forms P and actual item difficulties obtained during
operational use of Forms P produced differences of less than .10 and allowed for the use of item
difficulties for Forms P without adjustment. Differences larger than .10 were found on the Data
Interpretation, Instrument Comprehension, and Block Counting subtests, for which additional

computational adjustments were made to arrive at the expected value. These item difficulty




expected values were obtained with a regression formula which replaced P1 item difficulties with
P1 item difficulties reduced by the difference between the mean estimated item difficulty and the
mean obtained item diﬂicultj These adjustments ensured that items selected for Forms Q on
these three subtests were approximate to those of Forms P in terms of item difficulty.

Indices of item discrimination, as assessed by the biserial correlation between the item and
subtest total were computed for each item. Items were selected in an effort to approximate the
distribution of item discrimination values of Form P1. Utilizing the same criteria for construction
of previous test forms, items were selected when the correct alternative had a high positive
biserial correlation (above .40) and all incorrect alternatives had negative biserial correlations.
Subject Matter

Items from eight of the sixteen subtests are able to be classified according to content
categories. The distribution of items within these content categories was to remain consistent
across test forms. These content categories were initially constructed in an attempt to match the
content of Forms P to that of Forms O. These same classification categories were used for the
development of Forms Q with one exception; the Arithmetic Reasoning subtest content categories
were modified from the original categories to provide a more empirical framework. Most subtests
were categorized on the basis of thematic concerns, others were categorized based on structural
or graphic considerations. Content classification strategies were used for the Verbal Analogies,
Arithmetic Reasoning, Reading Comprehension, Word Knowledge, Math Knowledge, Scale
Reading, Aviation Information and General Science subtests. The remaining subtests were not

content classified, generally because all items were essentially the same in content.




Stylistic Features

Stylistic features of Forms O, including format, appearance on a page, type size, type face,
illustrations and legend characteristics, consistency of spelling and mathematical notations, were
closely matched in Forms P. These same stylistic features were to be replicated as closely as
possible in Forms Q, with one exception. The Bodoni typeface of previoﬁs AFOQT test forms, a
rarely used font, was replaced with the Times Roman font in Forms Q for purposes of printed
copy clarity and familiarity.

Following item selection, the subtests were submitted to the monitoring agency to be
checked for accuracy, spelling errors, typographical errors, inter-item cluéing, distribution of
common items, overall presentation, etc. Adjustments were made and replacement items selected
where appropriate.

Results and Discussion

The overall results indicate that Forms Q1 and Q2 were closely equivalent with Form P1
and with one another with respect to the item selection criteria. Item difficulty analyses (using
estimates of difficulty for officer candidates) suggest that Forms Q1 and Q2 were nearly identical;
mean subtest item difficulty values differed by less than .003. In addition, the distributions of item
difficulties on both Forms Q1 and Q2 were quite close for most of the subtests, as is evident in
Table 2. Comparisons between subtest mean item difficulty of Forms Q and Form P1 further
attest to the comparability of forms with respect to item difficulty, as these discrepancies were less
than .01 for ten subtests. For the Reading Comprehension, Data Interpretation, Mechanical
Comprehension and Block Counting subtests, these discrepancies in subtest mean item difficulty

were still small, between .02 and .03.




Item biserial statistics similarly showed a well developed test, with all subtests having
mean biserial correlations well over .50. These mean biserial correlations for Forms Q1 and Q2
subtests were similar to one another, as well as to Form P1 subtests, and had no systematic
pattern of being higher or lower in one test form. Table 3 shows the similarity of the distributions
of biserial correlations for Forms Q1 and Q2. In some selection decisions, item content concerns
took precedence over item biserial correlations in order to reduce item redundancy and improve
subtest content quality. Some of these lower mean biserial correlations and discrepancies in the
distributions for test Forms Q can be traced to substituting items with lower biserial correlations

on the basis of content concerns.

Table 2. Distribution of Item Difficulties for Forms Q1 and Q2 at Test Construction Stage

Subtest Item Difficulties Forms Q1 (Q2)
.10-19  .20-29  .30-.39  .40-49 .50-.59 .60-69 .70-79 .80-.89 .90-.99

Verbal Analogies 0 1 2 5 3 4 4 3 3
Arithmetic Reasoning 0 0 6 3 2 6 4 4 0
Reading

Comprehension 0 0 3 2 4 6 8 2 0
Data Interpretation 0 1 1 3(2) 6(9) 7(5) 7 (6) o 0
Word Knowledge 0 0 3 5 5 5 4 3 0
Math Knowledge 0 0 0 2 7 8 6 2 0
Mechanical

Comprehension 0 0 4 8 5 3 0 0 0
Electrical Maze 6 3 2 2 3 4 0 0 0
Scale Reading
Instrument

Comprehension 0 0 4 2 6 6 2 0 0
Block Counting 1(0) 0 34 2 3 4(3) 4 (6) 2(D 1
Table Reading
Aviation Information 0 5 5 ) 2 2 1 0 0
Rotated Blocks 0 2 2 5 1 2 0 3 0
General Science 0 2 4 5 4 4 1 0 0
Hidden Figures 0 0 2 3 2 2 2 2 2

Note. * Reported values are for Forms Q1 and Q2 except where a parentheses surround the value for Form Q2
indicating a discrepancy.




Table 3. Distribution of Biserial Correlations for Forms Q1 and Q2 at Test Construction Stage

Subtest Biserial Correlations Forms Q1 (Q2)

20-29  .30-39 .40-49 .50-59 .60-69 .70-79  .80-89  .90-99
Verbal Analogies o) 0 6(2) 12(14) 6 1(2) 0 0
Arithmetic Reasoning 0 0 1(3) 89 13 (9) 34 0 0
Reading

Comprehension 0 0 6 (7) 10 (9) 7 2 0 0
Data Interpretation 0 1 8 (6) 9(12) 6 1(0) 0 0
Word Knowledge 0 1 3(D) 6(9 11Q0) 4 0 0
Math Knowledge 0 0 3 8 (10) 6(5 7 (6) 1 0
Mechanical .

Comprehension 0 1 4(2) 6 (5) 89 13) 0 0
Electrical Maze 0 2 3 54) 8(5 2 (6) 0 0
Scale Reading 0 0(Q) 210 1311 5(6) 1 0 0
Instrument

Comprehension 0 0 0 6 (5) 5 6 34) 0
Block Counting 0 0 4(2) 3(5) 5 5 (6) 32 0
Table Reading 0 3(0) 4(7) 7 (5) 9 9 (11) 6(7) 2(1)
Aviation Information 0 0 3(2) 4 10 (8) 2(4) 1(2) 0
Rotated Blocks 0 2(1) 0(2) 7(8) 4(2) 2 0 0
General Science 0 0 7(5) 9 (10) 4 0 0 0
Hidden Figures 0 0 0 2 4 (5) 7 2(D) 0

Note. ® Reported values are for Forms Q1 and Q2 except where a parentheses surround the value for Form Q2

indicating a discrepancy.




Subject matter comparability between Forms P and Q was achieved to a satisfactory
degree. Comparisons between the frequency counts of content categories within a subtest indicate
that forms Q1 and Q2 were quite similar; four of the subtests had differing numbers of items per
category, none of which were more than two items per category differences. While content
category frequency differences were more numerous in comparisons of Forms P with Forms Q
than comparing the two Forms Q, the differences overall were still moderate in size.

The stylistic features and format of Forms Q1 and Q2 are equivalent and closely compére
to Forms P in most respects, despite'the antecedent considerations for item selection. Forms Q
correct response options were well balanced across all possible response choices. In some
instances, rearrangement of item responses, where rearrangement was not expected to have an
impact on examinee performance (some subtests use rules for arranging item options, such as
smallest number for option a, next smallest number for option b, etc. and a change would give a
clue to the examinee) was necessary to achieve this objective.

In summary, the Forms Q test development effort seems to have achieved the objective of
creating two parallel forms that are comparable to Form P1 in terms of item difficulty, item
discrimination, subtest content and stylistic considerations. The products of these efforts, the
Forms Q1 and Q2, were used in the subsequent test evaluation phase in which preliminary and
operational equating tables were developed. These first of these phases, concerned with

developing preliminary equatings is discussed next.
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PRELIMINARY EQUATING STUDY
Subjects

Subject samples for the preliminary equating study were selected on availability but also to
have a broad range of ability. For this purpose, examinees selected were from samples of the Air
Force Academy sophomore and junior class, Air Force ROTC cadets, and airmen from the Basic
Military Training School. Hereafter these samples will be referred to as AFA, ROTC, and BMTS
respectively. ROTC and BMTS examinees were tested from mid-June to mid-August in 1992.
The AFA examinees were tested during the end of the school year in 1993,

Demographic information is presented for the total sample and these three subsamples in
Table 4. Subjects were predominately male, Caucasian, high school graduates and had attained
approximately fourteen or fifteen years of education.

Administration

The AFOQT data for the equating study were collected during four and one-half hour
testing sessions during which the standardized test procedures were observed as closely as
possible. The standardized procedures for administration are provided in the AFOQT Manual For
Administration for Forms Q1 and Q2, a document issued by Air Force Personnel Center (AFPC)
that explicates standard test conditions, test material preparation, the use of proctors, and the
protocol for conducting the testing session. Testing occurred at Lackland Air Force Base for the

examinees from the ROTC and BMTS samples and at the Air Force Academy for AFA

examinees.
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Data Analysis

The data analysis procedures for both the 1993 Preliminary Equating Study and the 1995
Operational Equating Study were nearly identical. Therefore, the data analysis section will be
presented only once for the 1993 Preliminary Equating Study, but will serve for the 1995
Operational Equating Study as well. Variations on this data analysis procedure will be noted
where appropriate, however, the major difference is that analyses will be -presented for the
subgroups of AFA, ROTC, and BMTS (in Appendix A) so that future equating efforts will have
the opportunity to inform its data collection from previous efforts.

The subtests and composite formation used in these analyses are as defined previously in
Table 1, with two exceptions. After Forms P operational test booklets were printed, two items on
test form P1 were determined to be problematic and were not used in subtest scoring; one item
from Aviation Information and one item from General Science were omitted. Therefore, the
number of items for these two subtests for Form P1 differs by one from those for the

corresponding subtests of Forms Q1 and Q2.

Based on item omitting rates and omit patterns, it was determined that two subtests, Scale
Reading and Table Reading, should be analyzed as speeded subtests. For these two subtests, the
speeded computational formulas for item statistics were used. The remaining subtests were
analyzed as power subtests, even though many have a slight speeded component and would
probably be correctly classified as mixed-model subtests.

Classical Item Analysis
Item level data were computed using true score theory (Gulliksen, 1950) item statistics

such as item difficulties and item discrimination. Item difficulties (p) are defined as the proportion
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of examinees who respond correctly to an item. Item difficulties can range from 0.0 to 1.00. Items
with difficulties between 0.0 and .30 have a low proportion of respondents answering cbrrectly
and are considered hard items. Items with difficulties between .70 and 1.00 have a high proportion
of respondents answering correctly and are considered easy items. The reader should note that the
term item difficulty is a technical term and seems contradictory to the lay person’s definition of
difficulty. An item with a low item difficulty is not an item of low difﬁculiy, but rather a very
difficult item.

Biserial correlations (rbis), the correlation between the dichotomously scored item and the
continuously distributed subtest score, were computed as measures of item discrimination. Items
with discrimination values above .80 are typically viewed as having high discriminatory power;
items with discrimination values below .20 are typically viewed as having poor discriminatory

power.

Computational formulas for these statistics differ according to whether the subtest is
analyzed as a speeded or a power subtest. For a power subtest, item difficulty is calculated using
all examinees taking the test, under the assumption that all examinees will have an opportunity to
consider every subtest item. For a speeded subtest, difficulty is calculated using only examinees
who respond to the item or a subsequent item of the subtest. Examinees who do not attempt items
are not considered in these speeded analyses.

Subtest and Composite Analysis
Means, standard deviations, skew, kurtosis, reliability and proportion correct are

presented for each subtest. For composite analyses, means, standard deviations, skew and kurtosis
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values were calculated. Intercorrelation matrices are provided for the subtests and for the
composites.

In addition to these subtest analyses using all test items, subtest statistics were calculated
using only the common items for each subtest. These analyses check on the assumption of
randomly equivalent samples.

Equating Analysis

Equating enables two forms of a test that are intended to be parallel, which are never
precisely equivalent in level and range of difficulty, to be rendered interchangeable by converting
the score units of one test to the score units of another. Statistical equating methods establish a
relationship between raw scores on two test forms so that the score on one form can be used to
express the score on the other form. In the current study, composite scores of Forms Q1 and Q2
were linked to the normative group using linear and equipercentile equating to Forms P scores
(see Angoff, 1971 for further explanation of equating).

In linear equating, two raw scores are equated if their z-score values are equivalent,
resulting in a smooth straight line. In equipercentile equating, two raw scores are equated if their
percentile ranks are equivalent. Because equipercentile equating may result in irregular equating
curves, three types of polynomial smoothing (linear, quadratic and cubic) are used, resulting in
four possible equatings. The linear and equipercentile equating methods coincide when the score
distributions are the same. In choosing from among the four possible equatings, the z-score linear
equating and three polynomial smoothings, the sample descriptive statistics and size are among
the characteristics to be considered. When the means, standard deviations, skew, and kurtosis of

the two randomly equivalent equating samples are nearly identical on both tests being equated, the
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z-score linear equating is to be preferred. Linear equating uses two parameters, the mean and
standard deviation, per test form. When the z-score linear equating is not appropriate, then one of
the three smoothings of equipercentile equatings is chosen. These polynomial smoothings are
based upon two parameters for the linear smoothing, three parameters for the quadratic and four
parameters for the cubic smoothings. The cubic smoothing of the polynomial equating fits the raw
equipercentile data more closely than the quadratic, which fits more closely than the linear. When
sample sizes and the range of scores on a test are large, the parameters of the cubic equating are
stable and thus, cubic smoothed equipercentile equating should be considered.
Results and Discussion

Item Difficulty Analysis Results

For purposes of summation, item difficulty values are presented in a frequency distribution
with five categories. The categories used are arbitrary and use of alternative categories would
have changed the distribution. These categories have been used for similar purposes in reports of
previous tests and are therefore retained for this report. The nature of the categories allow item
difficulties within one category to be further apart than item difficulties between two categories.
For example, an item difficulty of .41 is in the same category as a difficulty of .59, yet a different
category than a difficulty of .39.

Because item difficulties are sample specific, distributions of item difficulties of the
subtests are provided for each of the three subsamples as well as the total sample. However, we
will focus our discussion on the distribution of item difficulties for the total sample presented in

Table 5. Table 6 provides the summary statistics (mean, median, minimum and maximum) for the
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item difficulty values for the total sample. Item difficulties of the subsamples across test forms are
presented in Appendix A.

As is evident from Table 5, the majority of items in P1 have difficulties ranging from .20 to
.80. Electrical Maze is the only subtest that includes items with difficulties below .20. Thirteen of
the subtests have at least one item with a difficulty above .80. Approximately half of the items in
the Table Reading subtest have item difficulties above .80, suggesting thaf Table Reading is a
relatively easy subtest. Table 6 shows that all sixteen subtests have mean item difficulties between
.40 and .60.

Form Q1 subtests have similar item difficulty characteristics as subtests in Form P1.
Again, item difficulties tend to range from .20 to .80. Two subtests, Electrical Maze and Table
Reading have items with item difﬁcultigs below 20 Thirteen subtests have at least one item with
a difficulty value above .80. Table Reading is a relatively easy subtest; half of the items have
difficulty values above .80. Fifteen subtests have a mean level of item difficulty between .40 and
.60.

Item difficulties for test Form Q2 are predominantly in the .20 to .80 range. Three
subtests, Verbal Analogies, Mechanical Comprehension and Electrical Maze, include items with
item difficulties below .20. Twelve subtests include items with difficulty value greater than .80. As
in P1 and Q2, the majority of items form the Table Reading subtests have difficulties above .80.

Fifteen subtests have mean levels of item difficulty between .40 and .60.
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There are fluctuations in the frequency distributions of the item difficulties on Forms P1, Q1
and Q2. When easier items are defined as those with difficulties greater than .60 then Q2 had two or
more easier items than Q1 in Verbal Analogies, Arithmetic Reasoning, Reading Comprehension and
Math Knowledge and Q1 had two or more easier items than Q2 in Block Counting. There are no
substantial differences in the mean item difficulty of a subtest across the three test forms. The
maximum difference in subtest mean item difficulty values among any two of the three test forms
ranged from .004 to .026. Only four subtests, Arithmetic Reasoning, Reading Comprehension, Scale
reading and Hidden Figures, had a largest pairwise difference greater than .020.

Item Discrimination Analysis Results

For purposes of summation, item discrimination values are presented in a frequency
distribution with five categories. As is the case with the item difficulty distributions, the categories
used are arbitrary and use of alternative categories would alter the distribution. These categories
have been used for similar purposes in reports of previous tests and are therefore retained for this
report. The nature of the categories allow item discriminations within one category to be further
apart than item discrimination between two categories. For example, an item discrimination of .41 is
in the same category as a discrimination of .59, yet a different category than a discrimination of .39.

Because item discriminations are sample specific, distributions of item discriminations are
provided for each of the three subsamples as well as the total sample. However, we will focus our
discussion on the frequency distribution of the total sample presented in Table 7. Readers who wish
to compare item discriminations of the subsamples across test forms should refer to Appendix A.

Table 8 provides the summary statistics for the item discrimination values for the total sample.
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The items on all three test forms, P1, Q1 and Q2, show acceptable biserial correlations.
The frequency distribution of biserial correlations in Table 7 shows that almost all are above .40
and the majority fall in the .60 to .80 range. The subtest mean biserial correlations in Table 8 are
generally between .50 and .70 with the minimum mean biserial correlation values of .546, .516.
and .536 for Forms P1, Q1, and Q2 respectively. These biserial correlations indicate that the
dichotomous item responses correlate well with the subtest score and discriminate well among the
examinees.

In comparing the subtest discrimination indices of P1, Q1, and Q2 it is evident that there
are ﬂuctuatidns in the frequency distributions of the biserial correlations. When item
discriminations of greater than .60 are taken to be good discrimination then Q1 had five more
such items in Word Knowledge than Q2 and three more in Block Counting, while Q2 had three
more than Q1 in Electrical Maze. The maximum difference in subtest mean biserial correlation
values for any two of the three test forms, P1, Q1, and Q2, ranged from .011 to .090. Q1 and Q2
had reasonably higher mean discrimination than P1 on Data Interpretation, Rotated Blocks and
Scale Reading and lower discrimination than P1 on Block Counting. In comparing Forms Q1 and
Q2, a difference in the subtest mean biserial correlations range from .000 to .057.

Subtests Analysis Results

Descriptive statistics for the subtests are provided for the total sample as well as the AFA,

ROTC and BMTS subsamples. Table 9 provides the summary statistics for the subtests for the

total sample. Readers who wish to compare subtests statistics of the subsamples across test forms

should refer to Appendix A.
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In general, the descriptive statistics of the subtests are similar across test forms. Subtest
mean scores generally differed by less than one unit. Exceptions to this pattern, or subtest
differences greater than one unit were observed between Forms P1 and Q1 on Scale Reading,
between Forms P1 and Q2 on Reading Comprehension, Scale Reading and Aviation Information
and between Forms Q1 and Q2 on Arithmetic Reasoning. The negligible magnitude of these
differences provide support for the parallelism of these measures.

The skew and kurtosis values for the subtests are quite similar across test forms. The
majority of the subtests are negatively skewed and none have skew values less than -1.00 or
greater than +1.00. Kurtosis values are similar across test forms with a few values around -1 .00, a
value which indicates a slightly flatter score distribution. Thus, the subtest score distributions are
relatively symmetric and tend toward normality.

Kuder-Richardson 20 reliability estimates provide evidence of generally high internal
consistency and are approximately equivalent across test forms. The majority of the reliability
values are greater than .80, and the lowest estimate is .721. Reliability estimates are not
appropriate for subtests scored as speeded tests and thus are not provided for the Scale Reading
and Table Reading subtests.

The subtest intercorrelation matrix is presented for Forms P1, Q1 and Q2 in Table 10. The
data for all three forms are presented in one table to facilitate comparisons of subtest correlations
across forms. The subtest intercorrelations are among the subtests within one form, not among
subtests of different forms. The maximum correlation among subtests is .83, and represents the
correlation between Arithmetic Reasoning and Data Interpretation subtests on Formi Q2. The

minimum correlation is .33 and occurs between the Word Knowledge and Electrical Maze
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subtests on Form P1 and the Block Counting and Aviatién Information subtests on Form Q1. The
subtest intercorrelations show similar patterns across the three forms. The maximal difference
between any of the three subtest correlations in the 120 triads is greater than .10 in only four
cases; in these instances the correlation is either .10 or .11. Thus, there is a high degree of
similarity among the correlation matrices across the three test forms. |

The means of the common items on the subtests for Forms Q1 and Q2 are generally
similar to one another and to those of Form P1. Table 1 in Appendix B presents the common item
subtest means and standard deviations for forms P1, Q1 and Q2. The subtest means on Forms Q1
and Q2 tend to be slightly higher than the corresponding subtest meé.ns of Form P1, however
twenty-seven out of thirty-two means are within one-tenth of a standard deviation of the P1
subtest means. The discrepancies occur for one of the comparisons between P1 and Q1 and for
four of the comparisons between P1 and Q2. In general, the common item means across test
forms are approximately equivalent.
Composite Analysis Results

The composite level statistics for Forms P1, Q1 and Q2 are reported for the total sample
in Table 11. As would be expected given the similarity in the subtest characteristics, the
composite scores are similar across test forms. Composite means for Forms Q1 and Q2 are
generally closer than means of P1 with either of the Forms Q. The composite mean scores suggest
that Forms Q1 and Q2 are slightly easier than P1, except for the Quantitative composite. Form Q2
has higher mean composite scores than Q1 on the Navigator-Technical, Academic Aptitude, and
Quantitative composites while Form Q1 has higher mean composite scores on the Pilot and

Verbal composites. However, there should be no significant differences in mean composite scores

for Forms Q after the equating.
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Table 10. Intercorrelations of Subtests for Preliminary Equating Study

Subtest AR RC DI WK MK MC EM SR IC BC TR Al RB GS HF
VA Pl 70 76 68 .16 .12 57 42 60 59 52 46 57 53 69 55
Q1 64 78 67 11 67 57 40 58 52 44 43 46 46 66 .48
Q 65 75 67 T4 67 54 40 57 52 46 43 53 48 65 52
AR Pl 67 80 63 8 61 44 75 55 56 58 .58 58 68 .51
Q! 67 80 62 78 64 45 72 55 53 55 51 54 69 48
Q2 71 8 60 8 59 50 78 56 .58 60 53 .58 .68 .52
RC Pl 68 78 69 51 38 59 54 46 49 54 42 67 49
Ql 68 79 68 .57 39 58 50 .44 45 50 .46 69 45
Q2 77 78 71 58 44 62 53 48 49 59 49 71 47
DI. Pl 60 77 56 45 71 56 56 60 55 52 61 .49
Q1 62 71 64 44 73 56 56 .58 54 .58 67 .50
Q2 67 8 61 51 76 57 57 59 59 39 72 .54
WK Pl 68 48 33 52 50 42 41 57 41 66 46
Ql 63 58 35 52 50 40 41 53 44 69 42
Q2 64 54 37 50 47 40 39 56 42 68 43
MK Pl 55 41 71 59 55 59 57 54 69 .53
Q1 63 44 72 58 52 57 52 55 73 .52
Q2 55 46 71 57 54 60 .58 58 70 .56
MC PI 47 51 58 48 41 63 .60 67 .51
Ql 47 57 64 46 38 62 62 69 .51
Q2 49 51 60 47 36 63 54 69 47
EM PI 49 52 52 42 38 46 44 46
Ql 46 48 43 41 36 41 42 42
Q2 52 48 53 39 38 45 .46 45
SR Pl 59 64 64 53 56 .56 .51
Q1 59 62 63 .50 55 61 .50
Q2 5 61 61 48 55 59 .52
IC Pl 55 47 61 .56 60 .54
Q1 51 46 62 .58 .59 56
Q2 55 45 59 56 .59 .57
BC Pl 58 42 55 47 55
Q1 57 33 53 45 50
Q2 57 39 52 47 .53
TR Pl 42 44 40 .43
Q1 37 44 44 42
Q2 41 49 45 44
Al Pl 50 62 .43
Q1 45 59 40
Q 49 66 42
RB Pl 54 56
Ql 52 58
Q2 56 .59
GS Pl 54
Q1 49
Q2 53
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The skew and kurtosis values for the composites are quite similar across the three test
forms. The skew values range from -.38 to -.70; kurtosis values range from -.36 to -.97. These
skew and kurtosis values indicate the composite score distributions are relatively symmetric and
tend toward normality.

The composite intercorrelation matrix for Forms P1, Q1 and Q2 is presented in Table 12.
The data for all three forms are presented in one table to facilitate comparisons of composite
correlations across forms. The composite intercorrelations are among the composite within one
form, not among composites of different forms. The maximum correlation among composites is
.96 and results from the correlation between the Pilot and Navigator-Technical composites on all
three forms. The minimum correlation is .75 and occurs between the Verbal and Pilot composites
and Verbal and Navigator-Technical composites on Form Q1. The composite intercorrelations are
almost identical across test forms; the maximum difference between any of the three composite
correlations in a triads is .03. Thus, there is a high degree of similarity among the composite

intercorrelation matrices across the three test forms.

Table 12. Intercorrelations of Composites for Preliminary Equating Study

Test Academic
Composite form Nav-tech Aptitude Verbal Quantitative
Pilot Pl .96 .85 .76 .84
Q1 .96 .85 75 .85
Q2 96 86 77 86
Navigator-Technical ~ P1 .90 77 .93
Ql .90 75 93
, Q2 91 77 94
Academic Aptitude Pl .94 .95
Q1 93 94
Q2 .93 .95
Verbal P1 .78
Q1 76
Q2 .79
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Equating Analysis Results

Four possible equatings, the z-score linear, linear smoothed equipercentile, quadratic
smoothed equipercentile and cubic smoothed equipercentile, were developed and compared for
each composite on Q1 and Q2. The lack of nearly identical moments (skew and kurtosis) for the
score distributions ruled out the z-score linear equating method and given that sample sizes were
large enough to ensure stability, the cubic smoothing equipercentile equaﬁngs were selected for
each of the five composites on each test form. Using this equipercentile equating with cubic
smoothing, preliminary conversion tables were developed and are presented in Appendix C.

OPERATIONAL EQUATING STUDY
Subjects

Subject samples for the operational equating study were actual examinees taking the
AFOQT Forms P1, Q1, and Q2 for purposes of officer selection decisions, either into ROTC or
into Air Force commissioning for those with college degrees. Their operational scores were
provided by the preliminary conversion tables. These examinees were tested over a period from
September of 1994 through June of 1995. On July 1, 1995, Forms Q1 and Q2 were pulled from
the field while new equatings were accomplished using applicant scores.

Demographic information is presented for the total sample in Table 13. Based on the most
frequent response within a demographic categorization, subjects were predominately male,
Caucasian, with twelve or sixteen years of education and a high school degree or Bachelor’s

degree as the highest educational credential earned.
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Table 13. Demographic Percentages of Total Sample for Operational Equating Study

P1 Q1 Q
n=4697 n=3387 n=300
Gender Male 73.4 74.8 76.1
Female 26.3 25.0 23.7
Missing 03 03 0.2
Race American 0.8 0.6 0.9
Indian
Asian 5.1 54 4.5
Black 12.9 13.4 12.8
Hispanic 6.7 6.1 6.6
Caucasian 74.1 74.2 74.7
Missing 03 0.4 0.4
Years of 12 24.0 274 30.0
education 13 13.6 14.5 14.7
14 124 114 11.1
15 ‘ 13.6 14.4 13.0
16 273 242 234
17 52 43 4.4
18 2.2 2.5 22
19 0.7 0.5 0.7
20 0.3 0.1 0.1
21 0.0 0.2 0.1
Missing 0.6 0.5 0.3
Highest High School 58.3 63.0 65.0
degree
earned Associates 9.6 82 7.7
Bachelors 29.8 26.5 24.7
Masters 1.5 1.5 1.6
Doctorate 02 02 02
Missing 0.6 0.6 0.7
Administration

The AFOQT data for the operational equating study were collected from operational
testing sessions at the Military Processing Stations (MEPS) and their outlying sites, Mobile

Examining Team Sites (METS). Examiners followed the usual testing procedures for applicants,
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with the exception that they were to cycle through Forms P1, Q1 and Q2 in that order to all
examinees as they came in for testing.
Data Analysis

As mentioned previously, the data analysis section for both the preliminary and operational
equating studies are similar. The main difference in the two analysis procedures and resultant
output is that the preliminary analysis was comprised of total and subsarﬂple analyses, whereas the
operational analyses involved no subgroup aﬁalyses. In addition, the second set of equating
analyses, the operational equatings, allowed for comparisons between the preliminary and
operational equatings based on the evaluation of critical selection cut areas.

Results and Discussion
Item Difficulty Analysis Results

As in the Preliminary Equating section, item difficulty values are presented in a frequency
distribution with five categories. Distributions of item difficulties are provided in Table 14. Table
15 presents the summary statistics for the item difficulty values for the sample.

Table 14 shows the majority of items in P1 have difficulties ranging from .20 to .80.
Electrical Maze and Table Reading are the only subtests that include items with difficulties Below
.20. Thirteen of the subtests have at least one item with a difficulty above .80. One-half of the
items in the Table Reading subtest have item difficulties above .80, suggesting that Table Reading
is a relatively easy subtest. The mean level of item difficulty for the subtests, shown in Table 15, is

between .40 and .60 for all sixteen subtests.
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The item difficulty distributions of subtests Form Q1 are similar to the item difficulty
distributions of Form P1. Again, item difficulties tend to range from .20 to .80. Five subtests,
Mechanical Comprehension, Electrical Maze, Table Reading, Aviation Information and General
Science have items with item difficulties below .20. Twelve subtests have at least one item with a
difficulty value above .80. Table Reading is a relatively easy subtest; half of the items have
difficulty values above .80. All sixteen subtests have a mean level of item difficulty between .40
and .60.

Item difficulties for test Form Q2 occur predon;inantly in the .20 to .80 range. Six
subtests, Verbal Analogies, Mechanical Comprehension, Electrical Maze, Table Reading, Aviation
Information and General Science, include items with item difficulties below .20. Eleven subtests
include items with difficulty value greater than .80. As in P1 and Q2, the majority of items from
the Table Reading subtests have difficulties above .80. Fifteen subtests had mean level of item
difficulty between .40 and .60.

The subtest difficulties of P1, Q1, and Q2 show fluctuations in the frequency distributions
of the item difficulties. Consideration of items with difficulty greater than .60 gave the same
results as found in the preliminary equating data. Q2 had two or more easier items than Q1 for
Verbal Analogies, Arithmetic Reasoning, Reading Comprehension and Math Knowledge and Q1
had two or more easier items than Q2 on Block counting. There do not appear to be any
substantial or systematic differences iﬁ the mean item difficulty of a subtest across the three test
forms. The maximum difference in subtest mean item difficulty among any two of the three test
forms ranged from .002 to .034. Only four subtests, Arithmetic Reasoning, Reading

Comprehension, Scale Reading and Hidden Figures, had a largest pairwise difference above .020.
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Item Discrimination Analysis Results

As in the Preliminary Equating section, biserial_ correlations are presented in a
frequency distribution with five categories. Distributions of biserial correlations are provided in
Table 16. Table 17 presents the summary statistics for the biserial correlation values for the
sample.

The items on all three test forms, P1, Q1 and Q2, show acceptable biserial correlations.
The frequency distribution of biserial correlations in Table 7 shows that the majority of the
item biserial correlations fall in the .40 to .80 range. The subtest mean biserial correlations in
Table 8 are generally between .50 and .70 with the minimum mean biserial correlation values of
:511, .490. and .523 for Forms P1, Q1, and Q2 respectively. These biserial correlations
indicate that the dichotomous item responses correlate well with the subtest score and
discriminate well among the examinees.

Comparisons of the subtest discrimination indices of P1, Q1, and Q2 show that there
are fluctuations in the frequency distributions of the biserial correlations. Investigation of
items with discrimination greater than .60 showed different results than those found in the
preliminary equating data. Q1 had five more such items than Q2 on Scale Reading and
Instrument Comprehension and three more on Work Knowledge and Table Reading. Q2 had
three more good discriminating items than Q1 on Data Interpretation. The maximum
difference in subtest mean biserial correlation values for any two of the three test forms, P1,
Q1, and Q2, ranged from .016 to .068. Data Interpretation, Mechanical Comprehension, and
Aviation Information had reasonably higher mean biserials on Q1 and Q2 than on P1 and lower
mean biserials on Block Counting than on P1. These results are somewhat similar to those
found in the preliminary equating data. In comparing Forms Q1 and Q2, the difference in

subtest mean biserial correlations range from .001 to .046.
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Subtests Analysis Results

Table 18 provides the summary statistics for the subtests for the total sample. In general,
the descriptive statistics of the subtests are similar across test forms. Subtest mean scores
generally differed by less than one unit. Exceptions to this pattern, or subtest differences greater
than one unit were observed between Forms P1 and Q1 on Scale Reading, between Forms P1 and
Q2 on Reading Comprehension, Scale Reading and General Science and.between Forms Q1 and
Q2 on Arithmetic Reasoning and Scale Reading. The negligible magnitude of these differences
provide support for the parallelism of these measures.

The skew and kurtosis values for the subtests are quite similar across test forms. The
majority of the subtests are negatively skewed and none have skew values less than -1.00 or
greater than +1.00. Kurtosis values are similar across test forms with a few values around -1.00, a
value which indicates a slightly flatter score distribution. Thus, the subtest score distributions are
relatively symmetric and tend toward normality.

Kuder-Richardson 20 reliability estimates provide evidence of generally high internal
consistency and are quite similar across test forms. The majority of the reliability values are
greater than .80, and the lowest estimate is .685. In general, these reliability values are lower than
those obtained in the preliminary equating study. Reliability estimates are not appropriate for
subtests scored as speeded tests and thus are not provided for the Scale Reading and Table
Reading subtests.

The subtest intercorrelation matrix is presented for Forms P1, Q1 and Q2 in Table 19. The
data for all three forms are presented in one table to facilitate comparisons of subtest correlations

across forms. Again, the subtest intercorrelations are among the subtests within one form, not
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among subtests of different forms. The maximum correlation among subtests is .76, the
correlation between Arithmetic Reasoning and Data Interpretation subtests on Form Q2. The
minimum correlation is .20 and occurs between the Word Knowledge and Electrical Maze
subtests on Form P1. The subtest intercorrelations show similar patterns across the three forms.
The maximal difference between any of the three subtest correlations in the 120 triads is greater
than .10 in only two cases; in these instances the correlations are .10 and .11. Thus, there is a
high degree of similarity among the correlation matrices across the three test forms.

The analyses of the common items on the subtests for Forms Q1 and Q2 indicate that the
means are generally similar to one another and to those of Form P1. Table 2 in Appendix B
presents the common item subtest means and standard deviations for forms P1, Q1 and Q2. The
subtest means on Forms Q1 and Q2 tend to be slightly higher than the corresponding subtest
means of Form P1, however twenty-six out of thirty-two means are within one-tenth of a standard
deviation of the P1 subtest means. The discrepancies occur for one of the cdmparisons between
P1 and Q1 and for five of the comparisons betWeen P1 and Q2. In general, the common item

means across test forms are approximately equivalent.

40




TLL 89L° 9LL” 69 LS E€b- SI- 100 6T- 8TE 9TE 0OTE IS6 T8 6L6. SS9 SO9 €89 S9In31, USpPIH
ISL” 0SL” €SL 8S- S¥-  0S- 11" 61" T 86'C L8E 98€ S66 IL6 LS8 86V 16V LoV 20U [BIUID)
9SL  vLL® OLL" 69 €L L9- 1T~ IT- €0- 6TE€ OVE TEE 108 6£8 LLL E¥YS  L9S  OfES s)00[g PRIy
1€8° 9¢8° 98L 100 10- 1T 98 S8 06 65V 99F 10V L¥y8S LIS LSL 0¥ OV 86€ UORULIOJU]
UONBIAY
€ LY €9 IS-  SP- 9S- €69 10L 61'L SLT 9TLT 1TLT SEL 1T OTL Suipey d|qeL
108" L0 Iv8 Ob- 0T- 8€- TE€- OF- 8¥- LIV 60F vy HITI TOTL OLTL TT9 6V9 €59 Sununo) yoorg
GL8" 088 TL8 OI'T- S8I'I- €I'l- OI' 60 80  0€S TES LTS TSOI 0801 IL01 LTS €vS 9¢s  uomsudyardwo)
JUAUIISU]
LE- €€~ €T- 1€~ TE- SI- 6IL SYL T69 V9ST 66VT 6TET TYY TYY 66§ 3uipeay 9re0s
€TL $89° VIL SO SI- €0 Iy S€ ¥ 09C IPE SSE T6L €€L €£L I8 TSE  ISE 9ZBIN [BOHOS[H
L6L OI8 SSL 69- 16- 09- 1€ ST € TEV Svv LOY 868 L88 T8S vy Ovy  Obp  uoisudyardwo)
[edtueyd3N
€88 LL8 888 TL- S8- 06- 8y~ I€- 9€- 99 19C L6S STLL 8991 €S9 SOL €89 TLY a3pajmous] YN
S€8 €98 OL8 vL- 8L- 68 I1- 1T- SI- 80S 9'S €96 ¥8VI 6€£ST IT'ST 909 679 LIY adpamout] prom
SI8"  8I8 OLL 99- T9- I¥~ 6T- LT- ST- V6V v6v 8y 16'ST LSST +8ST 8v9  €£9° 6v9  uoneididui eeg
078 LT8 €¢8 €9~ €L- 99~ 0€- 61 9I- 16V II'S OIS SE91 SvST 6L¥I L99 LT 109  uomsudyardwo)
Juipesy
S9%8° IL8 LL8 98- 06 88- TI- €0 80- L¥S ELS €LS ¥9SI €PvI LSYI Ov9  S8S 609 duruoseay
UEDESHCA\
yLL I8L° 6LL° €0~ 9¢-  LE€- IS-  TE- 0€- 0TV 8TV HEY IL9T 6V9T 9L'ST 969 S69° 099 so1dojeuy JeqIdA
00 10 ud 70 10 Id 0 10 1d 00 10 U 70 10 Id 00 10 1ud 159190
Anpiqery sisounyy ANQ UOIRIASD pIepuelS UBON 1901309 uorodorg

Apmyg Sunenbg reuoneisdQ 10§ s1s2)qng Jo sonsnelg aAnduosa( ‘g1 S[qeL

41




Table 19. Intercorrelations of Subtests for Operational Equating Study

Subtest AR RC DI WK MK MC EM SR IC BC TR Al RB GS HF
VA P1 59 68 .57 65 .51 .49 32 44 40 40 26 36 43 55 39
QL 55 71 60 72 46 51 28 43 36 36 26 32 37 53 37
Q 56 68 .58 68 44 46 31 42 37 37 29 32 36 52 32
AR PI 58 72 47 70 54 42 66 43 50 38 37 51 55 42
Q1 57 75 48 69 59 41 66 44 45 40 35 47 57 A4l
Q2 56 76 45 71 54 42 67 43 51 43 35 46 58 41
RC Pl 59 71 48 41 28 44 34 38 31 33 34 51 32
Q1 64 72 47 49 29 46 35 36 32 34 30 54 34
Q2 62 70 45 48 31 43 37 36 32 37 30 .56 .29
DI Pl 46 58 49 40 64 43 51 44 37 47 48 42
Q1 53 64 58 40 65 46 49 44 38 47 56 44
Q2 50 62 58 44 64 46 50 44 40 48 59 41
WK PI 36 38 20 32 27 27 21 33 26 49 25
Q1 36 48 21 37 31 27 23 36 28 54 28
Q2 34 46 23 32 31 26 21 35 26 .54 23
MK Pi 44 36 55 35 43 37 26 46 53 4l
Q1 48 36 54 37 38 34 24 43 56 41
Q2 42 35 51 33 41 35 25 40 55 39
MC Pl 47 46 53 44 27 50 56 62 43
Q1 50 54 61 46 33 56 59 68 49
Q2 48 48 57 45 29 53 55 67 43
EM PI1 48 48 46 34 32 45 39 40
Q1 44 47 43 34 32 44 40 4]
Q2 47 46 51 34 33 43 41 40
SR Pl 50 60 .54 36 50 43 47
Q1 48 57 56 37 48 48 45
Q2 45 58 54 36 46 47 44
IC Pl 50 36 52 53 45 44
Q1 46 37 57 55 50 45
Q2 50 34 55 50 .50 .44
BC PI 52 29 53 36 48
Q1 55 27 52 36 46
Q2 50 30 .50 .38 49
TR PI 25 33 22 36
Q1 27 35 30 .34
Q2 27 31 25 32
Al Pl 35 46 28
Q1 38 48 .29
Q2 31 49 26
RB Pl 50 .52
Q1 47 54
Q2 45 50
GS Pl 38
Q1 42
Q2 39
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Composite Analysis Results

The composite level statistics for Forms P1, Q1 and Q2 are reported for the total sample
in Table 20. As would be expected given the similarity in the subtest characteristics, the
composite scores are similar across test forms. Composite means for Forms Q1 and Q2 are
generally closer than means of P1 with either Form Q1 or Q2. The composite mean scores
suggest that Forms Q1 and Q2 are slightly easier than P1, except for the Quantitative composite.
Form Q2 has higher mean composite scores than Q1 on all composites, however, there should be
no significant differences in mean composite scores for Forms Q after the equating.

The skew and kurtosis values for the composites are quite similar across the three test
forms. The skew values range from -.14 to -.28; kurtosis values range from -.10 to -.80. These
skew and kurtosis values indicate the composite score distributions are relatively symmetric and
tend toward normality.

The composite intercorrelation matrix for Forms P1, Q1 and Q2 is presented in Table 21.
The data for all three forms are presented in one table to facilitate comparisons of composite
correlations across forms. The composite intercorrelations are among the composite within one
form, not among composites of different forms. The maximum correlation among composites is
.93 and results from the correlation between the Pilot and Navigator-Technical composites on all
three Forms. The minimum correlation is .60 and occurs between the Pilot and Verbal composites
on Form P1. The composite intercorrelations are nearly identical across test forms; the maximum
difference between any of the three composite correlations in a triads is .02. Thus, there is a high

degree of similarity among the composite intercorrelation matrices across the three test forms.
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Table 21. Intercorrelations of Composites for Operational Equating Study

Composite Test Nav-tech Academic Verbal Quantitative
Form Aptitude

Pilot P1 .93 74 .60 74
Q1 .93 75 62 73
Q2 93 75 .62 73

Navigator Technical Pl .83 .62 .89
Q1 .84 62 : .88
Q2 .84 .61 .89

Academic Aptitude Pi .90 91
Q1 .89 91
Q2 .88 . 91

Verbal Pl .64
Q1 .64
Q2 .62

Equating Analysis Results

Four possible equatings, the z-score linear, linear smoothed equipercentile, quadratic
smoothed equipercentile and cubic smoothed equipercentile, were developed and compared for
each composite on Q1 and Q2. As was the case in the preliminary equating study, the evaluations
of the equatings ruled out the z-score linear equating and given that sample sizes were large

enough to ensure stability, the cubic smoothing equipercentile equatings were selected for each of

the five composites on each test form. Using this equipercentile equating with cubic smoothing,
preliminary conversion tables were developed and'are presented in Appendix D.
IMPLEMENTATION EFFECTS OF INSTITUTING THE OPERATIONAL
CONVERSION TABLES
The preliminary conversion tables were used during the selection and classification of
officer commissioning applicants during the data collection for the operational equating study.

The data from the operational equating study were used to develop the operational equating
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tables, which were not identical to the preliminary conversion tables. Minor discrepancies in the
conversion tables were expected due to the differences in the samples used for the preliminary and
operational equatings and to the differences in external motivation for testing. The sample of
officer commissioning applicants used in the operational equating was larger, took the test to get
in the Air Force instead of experimentally, and took the test under the actual MEPS
administration conditions instead of a large group adnﬁnistration, and thus equatings developed
on this sample were preferable. However, it was important to determine if the introduction of the
operational tables would cause significant changes in qualification rates for officer positions.
Qualification is determined by minimum cut-off values on some or all AFOQT composites for
occupational categories such as pilot, navigator, missile, technical and non-line officers depending
on the commissioning source of AFROTC, OTS, or the Airmen Enlisted Commissioning .Program
(AECP).

To examine the effects of the operational conversion tables, the various minimum cut-off
values for officer categories and commissioning sources were identified and the raw score
conversions to percentiles for both the preliminary and operational conversion tables were listed
for a range of percentiles about those minima. The two conversion tables were very close except
for the Navigator-Technical composite on Form Q2 at the tenth percentile. ROTC pilot
qualification requires a minimum percentile of 50 on the Pilot composite and a 10 on the
Navigator-Technical composite for applicants without a pilot’s license and requires a minimum
percentile of 25 on the Pilot composite with a 10 on the Navigator-Technical composite for
applicants with a pilot’s license. A distribution of applicants in the operational equating sample

with Pilot Composite scores of 50 through 59 (n=367) showed none with a Navigator-Technical
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score anywhere as low as the tenth percentile. A distribution of applicants in the operational
equating sample with Pilot composite scores of 25 through 34 (n=352) found only three cases
with a Navigator-Technical percentile less than 10 and only 8 cases with a Navigator-Technical
percentile less than 15. Therefore, the tenth percentile minimum is basically an irrelevant
minimum, so there will be no noticeable operational effect in switching from the preliminary
conversion tables to the operational conversion tables. |
CONCLUSIONS AND RECOMMENDATIONS

The AFOQT Forms Q1 and Q2 dpe;rational conversion tables based on the operational
equating study should be implemented for use in making officer selection decisions. The
operational conversion tables are more acceptable than the preliminary conversion tables because
they were based on the responses of the larger, more appropriate sample used in the operational
equating study. In the operational equating study the subjects were actual applicants for officer

commissioning who were motivated to do well, thus the operational conversions tables developed

on this sample are preferable.
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APPENDIX A: RESULTS OF ANALYSES FOR AFA, ROTC, AND BMTS SUBSAMPLES FOR
PRELIMINARY EQUATING STUDY
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Table C-1. Forms Q1 and Q2 Preliminary Conversion Table for Pilot Composite

Raw Raw Raw Raw
score Percentile score Percentile score Percentile score Percentile
Ql Q2 QI Q2 Ql Q2 Ql Q2

0-41 1 1 83 15 16 124 48 51 165 94 92
42 2 1 84 16 17 125 50 52 166 94 94
43 2 1 85 17 17 126 51 53 167 95 94
44 2 2 86 17 18 127 52 54 168 96 95
45 2 2 87 17 19 128 53 55 169 96 95
46 2 2 88 18 20 129 54 56 170 97 96
47 2 2 89 19 20 130 55 57 171 97 96
48 2 2 90 20 20 131 56 58 172 97 96
49 3 2 91 20 20 132 57 60 173 97 97
50 3 3 92 20 21 133 58 61 174 98 97
51 3 3 93 21 22 134 - 60 62 175 98 97
52 3 3 94 22 23 135 61 63 176 98 97
53 3 3 95 23 24 136 62 63 177 98 98
54 3 3 96 24 24 137 63 64 178 99 98
55 3 3 97 24 25 138 63 65 179 99 98
56 4 4 98 25 26 139 64 66 180 99 98
57 4 4 99 26 27 140 65 67 181 99 98
58 4 4 100 27 28 141 66 69 182 99 99
59 4 4 101 27 28 142 67 70 183 99 99
60 5 5 102 28 29 143 69 71 184 99 99
61. 5 5 103 28 30 144 70- 73 185 99 99
62 6 6 104 29 31 145 73 74 186 99 99
63 6 6 105 30 32 146 74 75 187 99 99
64 6 6 106 31 33 147 75 76 188 99 99
65 6 6 107 32 34 148 76 77 189 99 99
66 7 7 108 33 35 149 77 78 190 99 99
67 7 7 109 34 36 150 78 79 191 99 99
68 7 7 110 35 37 151 79 80 192 99 99
69 8 8 111 36 38 152 80 81 193 99 99
70 8 8 112 37 39 153 81 82 194 99 99
71 8 8 113 38 41 154 83 83 195 99 99
72 9 9 114 39 42 155 84 84 196 99 99
73 10 10 115 41 42 156 84 84 197 99 99
74 10 10 116 41 43 157 85 85 198 99 99
75 11 11 117 42 43 158 86 86 199 99 99
76 11 11 118 42 44 159 86 86 200 99 99
77 12 12 119 43 45 160 88 87 201 99 99
78 12 13 120 44 46 161 89 88 202 99 99
79 13 13 121 45 47 162 90 89 203 99 99
30 13 13 122 46 48 163 91 90 204 99 99
81 13 14 123 47 50 164 93 91 205 99 99
82 14 15
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Table C-2. Forms Q1 and Q2 Preliminary Conversion Table for Navigator-Technical Composite

Raw Raw Raw ) Raw Raw
score Percentile score Percentile score Percentile score Percentile score Percentile
Ql Q2 Q1 Q2 Ql Q2 Q1 Q2 Q1 Q2
0-56 1 1 98 11 11 140 32 32 182 65 64 224 96 94
57 2 2 99 11 11 141 33 33 183 66 65 225 9 95
58 2 2 100 12 12 142 34 34 184 67 65 226 9% 95
59 2 2 101 12 12 143 35 35 185 68 66 227 97 95
60 2 2 102 12 12 144 36 36 186 69 67 228 97 96
61 2 2 103 13 13 145 36 36 187 70 68 229 97 96
62 2 2 104 13 13 146 37 36 188 71 69 230 97 96
63 2 2 105 14 14 147 38 37 189 72 70 231 98 96
64 2 2 106 14 14 148 38 38 190 73 71 232° 98 97
65 2 2 107 14 14 1499 39 38 191 74 72 233 99 97
66 2 2 108 15 15 150 40 39 192 74 73 234 99 97
67 2 2 109 15 15 151 41 40 193 75 73 235 99 97
68 2 2 110 15 15 152 41 41 194 76 74 236 99 98
69 3 3 111 16 16 153 42 42 195 77 74 237 99 98
70 3 3 112 16 16 154 43 43 196 78 75 238 99 98
71 3 3 113 17 17 155 43 43 197 79 76 239 99 99
72 3 3 114 17 17 156 43 43 198 79 77 240 99 99
73 3 3 115 18 18 157 44 43 199 80 78 241 99 99
74 3 3 116 18 18 158 45 44 200 81 79 242 99 99
75 4 4 117 18 18 159 46 45 201 81 79 243 99 99
76 4 4 118 19 18 160 47 46 202 82 80 244 99 99 .
77 4 4 119 19 19 161 48 47 203 83 81 245 99 99
78 4 4 120 20 20 162 49 48 204 84 81 246 99 99
79 5 5 121 20 20 163 50 49 205 85 82 247 99 - 99
80 5 5 122 21 21 164 51 50 206 86 83 248 99 99
81 5 5 123 21 21 165 52 50 207 8 84 249 99 99
82 5 5 124 22 22 166 52 51 208 87 85 250 99 99
83 6 6 125 23 23 167 53 52 209 87 86 251 99 99
84 6 6 126 23 23 168 53 52 .210 88 86 252 99 99
85 7 7 127 24 23 169 54 53 211 89 87 253 99 99
86 7 7 128 25 24 170 55 54 212 8 87 254 99 99
87 7 7 129 25 25 171 56 55 213 9 88 255 99 99
88 7 8 130 25 25 172 57 56 214 90 88 256 99 99
89 8 8 131 26 26 173 58 57 215 91 89 257 99 99
90 8 8 132 27 27 174 359 58 216 92 89 258 99 99
91 8 8 133 28 28 175 60 59 217 93 90 259 99 99
92 9 9 134 29 29 176 61 60 218 93 91 260 99 99
93 9 9 135 29 29 177 62 61 219 94 91 261 99 99
94 9 9 136 30 29 178 63 62 220 94 92 262 99 99
95 9 9 137 30 30 179 63 63 221 95 93 263 99 99
9% 10 10 1383 31 30 - 180 64 63 222 95 93 264 99 99
97 10 10 139 32 31 181 65 63 223 96 94 265 99 99

65




Table C-3. Forms QI and Q2 Preliminary Conversion Table for Academic Aptitude Composite

Raw Raw . Raw
score Percentile Percentile score Percentile Percentile score Percentile Percentile
Ql Q2 Ql Q2 Ql Q2

0-24 1 1 67 16 16 109 63 61
25 1 2 68 16 16 110 65 62
26 1 2 69 17 16 111 67 63
27 1 2 70 18 17 112 68 65
28 1 2 71 18 18 113 69 67
29 2 2 72 19 18 114 70 68
30 2 2 73 20 18 115 71 69
31 2 2 74 21 19 116 72 70
32 2 2 75 21 20 117 76 71
33 2 3 76 22 21 118 78 72
34 2 3 77 23 21 119 79 75
35 2 3 78 24 22 120 80 76
36 3 3 79 25 23 121 81 78
37 3 3 80 26 24 122 82 79
38 3 3 81 27 25 123 83 81
39 3 4 82 28 26 124 84 82
40 3 4 83 28 27 125 85 83
41 4 4 84 29 28 126 86 84
42 4 5 85 31 28 127 87 85
43 5 5 86 33 29 128 88 86
44 5 5 87 34 31 129 89 87
45 5 5 88 36 33 130 90 88
46 5 5 89 37 34 131 91 89
47 5 6 90 38 35 132 92 90
48 6 6 91 38 36 133 93 91
49 6 6 92 40 37 134 93 92
50 6 7 93 41 38 135 94 93
51 7 7 94 43 38 136 95 93
52 7 7 95 44 40 137 95 95
53 8 8 96 45 41 138 96 - 95
54 9 9 97 47 43 139 96 96
55 9 9 98 49 44 140 97 96
56 9 9 99 50 45 141 97 97
57 9 9 100 51 47 142 98 97
58 10 10 101 52 49 143 98 98
59 10 10 102 53 50 144 99 98
60 11 10 103 54 51 145 99 99
61 11 11 104 54 52 146 99 99
62 12 11 105 57 53 147 99 99
63 13 12 106 59 54 148 99 99
64 14 13 107 61 57 149 99 99
65 15 14 108 62 59 150 99 99
66 16 15
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Table C-4. Forms Q1 and Q2 Preliminary Conversion Table for Verbal Composite

Raw score Raw score
Percentile Percentile Percentile Percentile
Q1 Q2 Q1 Q2
0-15 1 1 46 41 41
16 1 2 47 44 44
17 2 3 48 46 46
18 3 3 49 48 48
19 3 4 50 50 50
20 4 5 51 53 53
<21 5 5 52 55 55
22 6 6 53 57 57
23 7 7 54 60 62
24 8 8 55 62 64
25 9 9 56 67 67
26 10 10 57 69 69
27 11 11 58 72 72
28 12 11 59 74 74
29 13 12 60 77 77
30 14 13 61 78 78
31 15 14 62 81 81
32 17 15 63 84 86
33 18 17 64 - 86 87
34 19 18 65 87 90
35 21 19 . 66 90 92",
36 23 21 67 92 93
37 24 23 68 93 96
38 26 24 69 96 97
39 27 26 70 97 98
40 30 27 71 98 99
41 32 30 72 99 99
42 33 32 73 99 99
43 36 33 74 99 99
44 38 38 75 99 99
45 40 40
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Table C-5. Forms Q1 and Q2 Preliminary Conversion Table for Quantitative Composite

Raw score Raw score
Percentile Percentile Percentile Percentile
Q1 Q2 Ql Q2
0-12 1 1 44 38 33
13 1 2 45 41 34
14 2 2 46 43 34
15 2 3 47 43 38
16 3 3 48 45 41
17 3 3 49 48 43
18 3 4 50 T 48 43
19 4 5 51 52 45
20 5 6 52 52 48
21 6 6 53 54 52
22 8 8 54 ) 57 52
23 8 8 55 59 54
24 9 9 » 56 61 57
25 10 10 57 64 59
26 11 11 58 66 61
27 11 11 59 69 64
28 14 14 60 71 66
29 15 15 61 75 69
30 17 15 62 76 71
31 17 17 63 ' 78 75
32 19 17 - 64 80 76 -
33 21 19 65 85 78
34 21 21 66 86 80
35 24 21 67 90 82
36 26 24 68 91 85
37 26 24 69 92 90
38 28 26 70 94 91
39 31 26 71 95 92
40 31 28 72 97 94
41 33 31 73 98 97
42 34 31 74 99 98
43 34 33 75 99 99
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Table D-1. Forms Q1 and Q2 Opefational Conversion Table for Pilot Composite

Raw Raw Raw Raw
score Percentile score Percentile score Percentile score Percentile
Q1 Q2 Ql Q2 Ql Q2 Q1 Q2

0-43 1 1 84 17 14 125 55 54 166 94 93
44 2 1 85 17 15 126 55 55 167 94 94
45 2 1 86 18 17 127 56 56 168 95 94
46 2 1 87 19 17 128 57 57 169 95 95
47 2 1 88 20 18 - 129 58 58 170 95 95
48 2 2 89 20 19 130 60 60 171 96 96
49 3 2 90 20 20 131 61 61 172 96 96
50 3 2 91 21 20 132 62 62 173 96 96
51 3 2 92 22 20 133 63 63 174 97 96
52 3 2 93 23 21 134 63 63 175 97 97
53 3 3 94 24 22 135 64 64 - 176 97 97
54 3 3 95 24 23 136 . 65 65 177 97 97
55 3 3 96 25 24 - 137 66 66 178 97 97
56 4 3 97 26 24 138 67 67 179 98 97
57 4 3 98 27 25 139 69 69 180 98 97
58 4 3 99 28 26 140 70 70 181 98 98
59 4 3 100 28 28 141 71 71 182 98 98
60 5 4 101 29 28 142 73 73 183 98 98
61 5 4 102 30 29 143 74 74 184 98 98
62 6 4 103 32 30 144 75 74 185 98 98
63 6 5 104 33 31 145 76- 75 186 99 98
64 6 5 105 34 32 146 77 76 187 99 98
65 6 6 106 35 33 Y 78 77 188 99 99
66 7 6 107 36 34 148 79 78 189 99 99
67 7 6 108 37 35 149 80 79 190 99 99
68 7 6 109 38 36 150 81 80 - 191 99 99
69 8 7 110 39 . 37 151 82 81 192 99 99
70 8 7 111 41 38 152 83 82 193 99 99
71 8 7 112 42 39 153 84 83 194 99 99
72 10 8 113 42 41 154 84 84 195 99 99
73 10 8 114 43 42 155 84 84 196 99 99
74 11 9 115 44 42 156 85 85 197 99 99
75 11 10 116 45 43 157 86 86 198 99 99
76 12 10 117 46 44 158- 86 86 199 99 99
77 12 11 118 47 45 159 87 87 200 99 99
78 13 11 119 48 46 160 88 88 201 99 99
79 13 12 120 50 47 161 89 89 202 99 99
80 13 12 121 51 50 162 90 89 203 99 ' 99
81 14 13 122 52 51 163 91 90 204 99 99
82 15 13 123 53 52 164 92 91 205 99 99
83 16 13 124 54 53 165 93 92
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Table D-2. Forms Q1 and Q2 Operational Conversion Table for Navigator-Technical Composite

Raw Raw Raw Raw Raw
score Percentile  score - Percentile score Percentile score Percentile score Percentile
Ql Q2 Q1 Q2 Ql Q2 Q1 Q2 QI Q2

0-62 1 1 103 12 11 144 38 36 185 73 69 226 96 95
63 2 1 104 12 11 145 38 36 186 73 70 227 9% 95
64 2 1 105 13 12 146 39 37 187 74 71 228 96 96
65 2 1 106 13 12 147 40 38 188 74 72 229 96 9
66 2 2 107 14 12 148 41 38 189 75 73 230 96 96
67 2 2 108 14 13 149 42 39 190 76 73 231 97 96
68 2 2 109 15 13 150 43 40 191 77 74 232 97 96
69 2 2 110 15 14 151 43 41 192 78 74 233 97 97
70 2 2 111 15 14 152 43 42 193 79 75 234 97 97
71 2 2 112 16 15 153 44 43 194 79 76 235 97 97
72 2 2 113 16 15 154 45 43 195 80 77 236 97 97
73 2 2 114 17 15 155 46 43 196 81 78 237 98 97
74 3 2 115 17 16 156 47 44 197 81 179 238 98 98
75 3 2 116 18 16 157 49 45 198 82 79 239 98 98
76 3 2 117 18 17 158 50 45 199 83 80 240 98 98
77 3 3 118 18 17 159 51 46 200 83 81 241 99 98
78 3 3 119 19 18 160 52 47 201 84 81 242 99 99
79 4 3 120 20 18 161 52 48 202 85 82 243 99 99
80 4 3 121 21 18 162 53 49 203 8 83 244 99 99
81 4 3 122 21 19 163 54 50 204 86 83 245 99 99
82 4 3 123 22 20 164 55 51 205 87 84 246 99 99
83 5 4 124 23 20 165 56 52 206 87 85 247 99 99
84 5 4 125 23 21 166 57 52 207 88 86 248 99 99
85 5 4 126 24 21 167 58 53 208 88 86 249 99 99
86 5 5 127 25 22 168 59 54 209 88 87 250 99 99
87 6 5 128 25 23 169 60 55 210 89 87 251 99 99
88 6 5 129 26 23 170 61 56 211 89 88 252 99 99
89 7 5 130 27 24 171 62 57 212 90 88 253 99 99
90 7 6 131 28 25 172 63 58 213 90 89 254 99 99
91 7 6 132 29 26 173 63 59 214 91 89 255 99 99
92 8 7 133 29 27 174 64 60 215 91 90 256 99 99
93 8 7 134 30 - 28 175 65 61 216 92 90 257 99 99
94 8 7 135 30 29 176 65 62 217 93 91 258 99 99
95 9 8 136 31 29 177 65 63 218 93 91 259 99 99
96 9 8 137 32 30 178 66 63 219 94 92 260 99 99
97 9 8 138 33 30 179 67 64 220 94 93 261 99 99
98 9 9 139 34 31 180 68 65 221 94 93 262 99 99
99 10 9 140 35 32 181 69 65 222 95 94 263 99 99
100 11 9 141 36 33 182 70 66 223 95 94 264 99 99
101 11 10 142 36 34 183 71 67 224 95 94 265 99 99
102 12 10 143 37 35 184 72 68 225 95 95
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Table D-3. Forms QI and Q2 Operational Conversion Table for Academic Aptitude Composite

’

Raw Raw ‘ Raw
score Percentile Percentile Score Percentile Percentile score Percentile Percentile
Q1 Q2 Ql Q2 Ql Q2
0-28 1 1 69 18 16 110 67 62
29 2 1 70 19 17 111 68 63
30 2 1 71 20 18 112 69 65
31 2 1 72 21 18 113 70 67
32 2 2 73 21 19 114 71 68
33 2 2 74 22 20 115 72 69
34 2 2 75 23 21 116 75 70
35 3 2 76 24 21 117 76 71
36 3 2 77 25 22 118 76 72
37 3 2 78 26 23 119 78 75
38 3 2 79 27 24 120° 79 76
39 3 3 80 28 25 121 80 78
40 4 3 81 28 26 122 81 79
41 4 3 82 29 27 123 82 80
42 5 3 83 31 28 124 83 81
43 5 3 84 33 28 125 84 82
44 5 4 85 34 29 126 85 83
45 5 4 86 35 31 127 86 84
46 6 5 87 36 33 128 87 85
47 6 5 88 37 34 129 88 86
48 6 5 89 38 35 - 130 89 87
49 7 5 90 38 36 131 90 88
50 7 6 91 40 37 132 91 90
51 8 6 92 41 38 133 92 91
52 9 7 93 43 38 134 93 92
53 9 7 94 44 40 135 93 93
- 54 9 8 95 45 41 136 94 93
55 9 9 96 47 . 43 137 95 94
56 10 9 97 49 44 138 95 95
57 10 9 98 50 45 139 96 95
58 11 9 99 51 47 140 96 96
59 11 10 100 52 49 141 97 97
60 12 10 101 53 50 142 97 97
61 13 11 102 54 51 143 98 98
62 14 11 103 54 52 144 98 98
63 15 12 104 57 53 145 99 99
64 16 13 105 59 54 146 99 99
65 16 14 106 61 54 147 99 99
66 16 15 107 62 57 148 29 99
67 17 16 108 63 59 149 99 99
68 18 16 109 65 61 150 99 99
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Table D-4. Forms Q1 and Q2 Operational Conversion Table for Verbal Composite

Raw score Percentile Percentile Raw score Percentile Percentile
Ql Q2 Ql Q2
0-15 1 1 46 44 41
16 2 1 47 46 44
17 3 2 48 48 46
18 3 3 49 50 48
19 4 3 50 50 50
20 5 4 51 53 53
21 6 5 52 55 55
22 7 6 53 57 57
23 8 7 54 60 60
24 9 8 55 62 62
25 10 9 56 64 64
26 11 10 57 ) 67 67
27 12 11 58 72 69
28 13 12 59 74 74
29 14 13 60 77 71
30 15 14 61 78 78
31 17 15 62 81 81
32 18 15 63 84 84
33 19 17 64 86 86
34 21 18 65 87 87
35 23 19 66 90 90
36 24 23 - 67 92 92
37 26 24 68 93 93
38 27 26 69 96 97
39 30 27 70 97 98
40 32 30 71 98 99
41 33 32 72 99 99
42 36 33 73 99 99
43 38 36 74 99 99
44 40 38 75 99 99
45 4] 40
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Table D-5. Forms Q1 and Q2 Operational Conversion Table for Quantitative Composite

Raw score Percentile Percentile Raw score Percentile Percentile
: Q1 Q2 Ql Q2
0-13 1 1 45 41 34

14 2 1 46 43 38
15 2 1 47 43 41
16 3 2 48 45 43
17 3 2 49 48 43
18 3 3 50 52 43
19 4 3 51 52 45
20 5 3 52 T 54 48
21 6 4 53 57 52
22 8 5 54 59 52
23 8 6 55 61 54
24 9 8 56 ; 64 57
25 10 8 57 66 59
26 11 9 58 69 61
27 11 11 59 71 64
28 14 11 60 75 66
29 15 14 61 76 69
30 17 15 62 78 71
31 17 17 63 80 75
32 19 17 64 82 76
33 21 19 65 82 78
34 21 19 . 66 85 80 .
35 24 21 67 86 85
36 26 21 68 90 86
37 26 24 69 91 90
38 28 26 70 92 91
39 31 26 71 94 92
40 31 28 72 ‘ 95 95
41 33 31 73 97 97
42 .- 34 31 74 98 98
43 34 33 75 99 99
44 38 34
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