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This report documents results of a study of differentfal item functfoning (also known as item bfas) for the
eight nonspeeded subtests of the form of the Armed Services Vocational Aptitude Battery currently used in the
Department of Defense Student Testing Program. Twenty-seven different indices were calculated for each of the 200
items on the efght subtests for comparisons of ftem functfoning for White and Black examinees, White and Hispanic {
examinees, and male and female examinees. Based on theoretical considerations and empirical results from this and ::
previous research, three indices were emphasized. Items that were consistently classified as favoring one group (N
in comparison to another group after controlling for overall performance were reviewed. None of the {tems on the H
two quantitative subtests was {dentified as functioning differently. On the other subtests, some f{tems were
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SUMMARY

The results of analyses of responses of over 40,000 high school students
to test items on the form of the Armed Services Vocational Aptitude Battery
(ASVAB) that is currently used for the Department of Defense Student Testing
Program are reported. The primary focus of the analyses was to identify
items that function differently for men and women or for White, Black, and
Hispanic examinees. A total of 27 different indices of differential item
functioning for each of the 200 items on the eight non-speeded ASVAB subtests
were obtained and compared for purposes of identifying items that may provide
an advantage or a disadvantage to examinees on the basis of racial/ethnic
group or gender.

Relatively few items were consistently identified as functioning
differently for White examinees in comparison to Black examinees, White
examinees in comparison to Hispanic examinees, or men in comparison to
women. Correlations between pairs of indices and the agreement in the
categorization of items as having high or low degrees of differential
functioning were quite variable. Some pairs of indices, especially ones that
are based on similar rationales, showed a high degree of consistency, with
correlations of .90 or higher. Other pairs of indices showed little, if any,

consistency.

The Shepard, Camilli, and Williams (1984) modified sum of squared
differences between item response curves and the Mantel-Haenszel odds ratio
(Holland & Thayer, 1986) were emphasized for purposes of interpretation.
Both indices have strong theoretical and empirical justifications from
previous work and were found to yield relatively consistent results in the
present study. Since they are based on different analytical approaches, the
agreement cannot be attributed to analytical artifacts.

There was essentially no indication of differential item functioning for
either of the quantitative subtests (Arithmetic Reasoning and Mathematical
Knowledge). However, a few items were consistently identified as functioning
differently for White and Black examinees, White and Hispanic examinees, or
men and women on the other six non-speeded subtests. Relatively few
generalizations regarding the substantive characteristics of items could be
used to guide future test development, however.

The results for the General Science subtest suggest that differential
item functioning is associated with the distinction between physical and life
science content. This result underscores the importance of maintaining a
consistent balance among the content domains that are covered by the General
Science subtest. On the Word Knowledge subtest, and to a lesser extent the
Mechanical Comprehension and Electronics Information subtests, there was an
indication that differential item functioning most often was associated with
vocabulary that students are likely to encounter in science, shop, or math

textbooks.

As has been found in previous studies, the direction of the differences
between groups for items showing differential item functioning varied from
item to item in each group comparison. It was just as common for an item to
be easier for Black, Hispanic, or female examinees than for White or male
examinees after controlling for overall performance as it was for the
converse to be true. Thus, for the total subtest scores there is a tendency
for the differential item functioning effects to be partially balanced.
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PREFACE

This technical report was completed as part of the High School Equity:
Item Level Approaches Study (Task 14 under Contract F41689-84-D-002). This
contract is documented under Air Force Human Resources Laboratory (AFHRL)
Work Unit 77191840, This study represents the continuing effort of the AFHRL

to fulfill its research and development (R&D) responsibilities by examining

internal test equity using state-of-the-art methodologies for the continued
improvement of the Armed Services Vocational Aptitude Battery (ASVAB).
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Q: Armed Services Vocational Aptitude Battery: >
o Differential Item Functioning on the High School Form )
g N
W )
I. INTRODUCTION -
;" ” )
:ﬂ Questions of possible bias are of central concern for any testing i}:
" program. The term "bias," however, is both ambiguous and controversial. It YO
" has a wide variety of technical and nontechnical meanings (see, for example, N
N Cole, 1981; Flaugher, 1978). As a consequence, debates about "test bias" and 2
) the biased use of tests often suffer from the lack of a common use of terms R
5 and the confusion of technical and social policy issues. Because of this gh
h. ambiguity, we have chosen to follow the recent lead of Holland and Thayer P
s (1986) and use the more descriptive term "differential item functioning," Mﬁj
iﬁ rather than the more traditional "item bias," to describe the analyses N v
i reported below. Differential item functioning more accurately reflects the 2
limited, albeit important, scope of the study and, hopefully, will have less
Q; surplus meaning than the more emotionally laden item bias label.
S'Q
:s Item analysis has long been a familiar and useful tool in the test
K development process. When properly used, item analysis results can help ;
) identify items that do not function as intended, enhance reliability, and sl
A contribute to the accumulation of content and construct related evidence of .
y validity. Although traditional item analysis procedures were not originally ‘ﬁ
h designed to deal with questions of group differences in performance, the A
by inclusion of such information is a logical extension of the concept of item kﬁ'
) analysis. Studies of differential item functioning for groups that are known !
- to differ in terms of their average performance on the test, their k}
. educational or cultural backgrounds, or other defining characteristics that ?ﬁ
~ are expected to have differential impact on test performance can contribute f:‘
-2 to the construct related evidence of validity. Construct validity can be N
o enhanced by identifying and minimizing sources of difficulty on test items g&
K- that are irrelevant to the construct that the test is designed to measure. . ‘
This study has three major purposes: (1) to identify items on the form of éﬁ
" the Armed Services Vocational Aptitude Battery (ASVAB) that is currently used Y
1 for the Department of Defense (DoD) Student Testing Program that function Y
(T differently for men and women or for Black, Hispanic, and White students; "l
, (2) to evaluate the utility of a wide variety of procedures that have been N
proposed for the investigation of differential item functioning; and (3) to >
) suggest principles and analytical procedures that could be used in the P
»: development of future versions of the ASVAB. ::
[ 1
II. BACKGROUND :E g
N 0y
. The DoD has offered the ASVAB for administration in high schools and ;
¥ postsecondary schools since 1966. Form 14 of the ASVAB has been administered T
) annually to some 1.3 million students at approximately 14,000 schools a
N throughout the nation over the past few years (DoD, 1984). The DoD Student .:d
Q Testing Program is intended to serve two purposes: to provide test results wa
, that are useful for educational and career counseling and to provide the o

military services with results that can be used "to identify students who
i potentially qualify for entry into the military and for assignment to
military occupational training programs' (DoD, 1984, p. 2). Given the




potential importance of both of these intended uses of the ASVAB and its
widespread use, it is essential that the test and associated interpretive
materials meet high standards of techmnical quality.

The ASVAB consists of the 10 subtests listed in Table 1. Brief
descriptions of the test contents, the time limits, and the number of items
on each subtest are also provided in Table 1. As can be seen in Table 1, two
of the subtests, Numerical Operations and Coding Speed, are highly speeded.
The remaining eight subtests allow enough time for almost all students to
complete the subtests and are reasonably classified as power tests.

The subtests form a variety of composite measures for use by the
different services and for use in the Student Testing Program. The
definitions of the Verbal (VE) composite, the Armed Forces Qualification Test
(AFQT) composite, the three academic composites used in the Student Testing
Program, and the four occupational composites are provided in Table 2. The
VE and AFQT composites are sums of raw scores, while the academic and
occupational composites are sums of standard scores.

I11. METHOD
Data Set

The data for this study were provided by the Air Force Human Resources
Laboratory (AFHRL) from operational administrations of Form 14 of the ASVAB
to students in grades 10, 11, and 12, The data tape provided by AFHRL
contained slightly over 42,000 records. In addition to responses to the
items on the 10 subtests of the ASVAB, each record included the examinee's
self reported grade level (10, 11, or 12), gender, and ethnicity (Black,
White, or Hispanic). The total number of examinees and number in each group
are listed in Table 3 for the General Science subtest of the ASVAB. Due to
missing data on some subtests, the precise number of examinees available for
analysis varied from a low of 41,341 for EI to a high of 42,341 for AR. The
proportion of examinees in each group was relatively constant from one

subtest to another, however. Thus, the number of examinees for a within-
group analysis was never less than 2,000,

Descriptive Statistics

Frequency destributions, means, standard deviations, indices of skew, and
indices of kurtosis were computed for each of the 10 ASVAB subtests and the
ASVAB composites listed in Table 2, Matrices of intercorrelations among
subtests and composites were computed., Coefficient alpha estimates of
internal consistency reliability were also computed for each of the eight
non-speeded subtests. All of the descriptive statistics were obtained for
each of the eight groups listed in Table 3 and for the total sample. The
following item statistics were also computed for each of the eight groups and
the total sample: proportion correct, item deltas (i. e., a normal deviate
transformation of proportion correct with a mean of 13 and a standard
deviation of 4, which is used by Educational Testing Service), point-
biserial correlations of items with subtest total score, and biserial
correlations of items with subtest total score.
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Table 1. Subtests of the Armed Services Vocational Aptitude Battery

Number Time in
Subtest Code of items minutes Contents
General Science GS 25 11 High school level physical,
life, and earth sciences
Arithmetic AR 30 36 Arithmetic word problems
Reasoning
Word Knowledge WK 35 11 Identification of synonyms
and the best meaning of
words in context
Paragraph PC 15 13 Questions regarding the
Comprehension information in written
passages
Numerical NO 50 3 Speeded numerical
Operations calculations
Coding Speed cs 84 7 Speeded use of a key
assigning code numbers to
words
Auto and Shop AS 25 11 Automobile, tools, and
Information shop terminology and
practices
Mathematics MK 25 24 High school mathematics,
Knowledge including algebra and
geometry
Mechanical MC 25 19 Use of mechanical and
Comprehension physical principles to
visualize how illustrated
objects work
Electronics EX 20 9 Electricity and
Information electronics, including

circuits, inductance,
capacitance, and devices
such as batteries,
generators, amplifiers,
and test instruments
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Table 2.

Definitions of Selected ASVAB Composites

Composite

Subtest composition

Verbal (VE)

Armed Forces Qualification Test (AFQT)

Verbal
Math
Academic Abiliry

Mechanical and Crafts
Busines: and Clerical

Academic Composites

Occupational Composites

Electronics and Electrical

Health/Social/Technology

WK + PC

AR + WK + PC + ,5NO

WK + PC + GS
AR + MK
WK + PC + AR

AR + AS + MC + EI
VE + CS + MK
GS + AR + MK + EI
AR + VE + MC

Table 3. Number and Percent of Examinees for the General Science

Subtesgt by Group

WU ARG AU LA LY AN,

Group Number Percent
l. Black 5,140 12,23
2. Hispanic 2,215 5.27
3. White 34,677 82.50
Total Groups 1, 2, & 3 42,032 100,00
4, Male 22,202 52,45
5. Female 20,127 47.55
Total Groups 4 & 5 42,329 100,00
6. Grade 10 8,047 19.01
7. Grade 11 21,017 49,65
8. Grade 12 13,266 31.34
Total Groups 6, 7, & 8 42,330 100.00
Total Respondents to GS 42,334
4
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Indices of Differential Item Functioning

A total of 27 indices of differential item functioning were computed and
compared for each of the eight non-speeded subtests of the ASVAB, Each of
these indices was computed for a total of five pairs of groups (Black and
white, Hispanic and White, male and female, grades 10 and 11, and grades 11
and 12). Thus, in all, 27,000 (27 indices times 200 items on the 8 subtests
times 5 pairs of groups) differential item functioning indices were computed.

Table 4 provides a brief description of the 27 indices, along with a
reference to previous work with a given index. The first 10 indices rely on
traditional test theory approaches. That is, they involve classical item
statistics and conventional number right scores. Indices 11 through 27, on
the other hand, are all based on item response theory (IRT). For the latter
group of indices, item parameter estimates for the three-parameter logistic
model were obtained separately for each of the eight groups listed in
Table 3, using the BILOG computer prograr (Mislevy & Bock, 1984).

DELTA. Delta is an item statistic that has been used by Educational
Testing Service for some time. It is simply a transformation of p, the
proportion correct for an item, based on the normal distribution. A standard
score, z, corresponding to a given p is obtained by finding the standard
normal deviate that divides the area under the normal distribution such that
the proportion of the curve above z equals p. Delta is obtained by a linear

transformation of z; in particular, delta = 13 + 4z,

The delta differential item functioning index is based on the plot of
deltas for one group against those of another. The magnitude of the
deviation of the point corresponding to the pair of group deltas for an item
from the major axis of the scatterplot of item deltas is used as the index of
differential item performance (Angoff, 1982; Angoff & Ford, 1973). Delta is
an improvement over indices based on a comparison of p values (e.g., Cardall &
Coffman, 1964; Cleary & Hilton, 1968) because the transformation spreads out
differences at the extremes (e.ge., p<.l or p>.9). However, the delta index
of differential item performance can be faulted on both theoretical grounds
(e.g., Hunter, 1975) and empirical grounds (e.g., Shepard, Camilli, &
Williams, 1985). It was included in the present analyses primarily for
comparative purposes since it has been used in a number of previous studies.

RESID. A major limitation of the delta index is that the magnitude of
the between-group difference in delta is confounded with the discrimination -

power of an item. The residual delta index was developed and investigated by :::%
Shepard, Camilli, and Williams (1985) in response to this limitation of the N
delta index. The RESID index is obtained by regressing item deltas on the ::‘:
combined-group point-biserial correlations and computing the residual between R
the observed and predicted delta. Shepard, Camilli, and Williams, (1985) AR
found the RESID index to work almost as well as Camilli's (1979) full F'g":i
chi=square or Linn and Harnisch's (1981) z-score approach for small samples. ﬁjﬁy
J:".-‘j

PTBIS, ZPTBIS, RRPTB, and ZRRPTB, The difference between the point= "_':'::"
biserial correlations of an item and the total subtest score for two groups ’:}E

has been used in several investigations of differential item performance
(e.ge, Rudner, Getson, & Knight, 1980). This index and three variations of
it were included in the present study. PTIBIS is the simple difference in the
point-biserial correlations for two groups. ZPTBIS is the difference between
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Table 4.

Indices of Differential Item Functioning

Brief description

References

Designation
1. DELTA
2, RESID
3. PTBIS
4, ZPTBIS
5. RRPTB
6. ZRRPTB
7. FCHISQ
8. SFCHISQ
9. MHCHISQ

10. MHODDS

11. LCHISQ

12. BHA

13. WBHA

14. BLA

15. WBLA

16. AREA

17. WAREA

OO0 SOOI

Transformed item difficulties based
on normal distribution

Residual delta based on regression
of delta on combined-group
point-biserial

Point-biserial correlation of item
with subtest total by group

Z-tranformation of point-biserials

Point-biserials corrected for range
restriction

Z-transformation of corrected
point-biserial correlations

Full chi-square based on five score
intervals

Signed full chi-square based on five
score intervals

Mantel-Haenszel chi-square statistic
Mantel-Haenszel common odds ratio
Chi-square statistic for difference
in IRT parameters a and b

Bagse-high area - area where base
group item response curve is above
comparison group item response curve
Weighted base-high area

Base-low area

Weighted base-low area

Total area between item response curves

Weighted total area

-

Angoff & Ford, 1973;
Angoff, 1982

Shepard, Camilli, &
Williams, 1985

Rudner, Getson, &
Knight, 1980; Green
& Draper, 1972

Camilli, 1979
Shepard, Camilli, &
Averill, 1981

Holland & Thayer,
1986; Holland, 1985

Holland & Thayer,
1986; Holland, 1985

Lord, 1980

Linn, Levine,
Hastings, &
Wardrop, 1981
Linn, et al., 1981
Linn, et al., 1981
Linn, et al., 1981
Linon, et al., 1981

Linn, et al., 1981
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W Table 4 (concluded) o
" "
s Designation Brief description Reference \a:
’.' ﬂt‘
18. SOs Sum of squared differences between Linn, et al,, 1981 )
K item response curves o
s,
. . . ),
" 19, WSOS Weighted sum of squares Linn, et al., 1981 %Q,
0 |':'n'
. 20. MSOS Modified sum of squares Shepard, Camilli, & ol
. Williams, 1984 -
W
R 0) .|
:& 21. WMSOS Weighted modified sum of squares Shepard, et al., 1984 )
l.. ﬁ,-'
s' 22, 8SOS Signed modified sum of squares Shepard, et al., 1984 “;
R
. 23, WSSOS Weighted signed modified sum of squares  Shepard, et al., 1984 ';9
D) “i
" '
‘S 24, TSOS Target group sum of squares '&
: ¢
Y ‘h,
:ﬁ 25. WISOs Weighted target group sum of squares gg
. [ 5
3 26, STSOS Signed target group sum of squares ;]5
‘. ‘\-‘_
}
o 27. WSTSOS Weighted signed target group sum of squares i?
Y g
) the Fisher's z-transformations of the two correlations. To allow for 'jg
differences in the within-group standard deviations, the item=-test g
6 correlations were also adjusted for range restriction. That is, the e
g correlation in group 2 was adjusted by setting the subgroup standard 0
" deviation on the total subtest score equal to the standard deviation for !
" group 1. RRPIB is the difference between the adjusted point-biserial s
v correlations, and ZRRPTB is the difference between the Fisher ﬁ:
N z-transformations of the adjusted correlations. On
» b'\
o FCHISQ and SFCHISQ. Several techniques for computing chi-square-like $ﬁf
5 statistics based on a comparison of groups divided into discrete intervals on ﬁ'
' the basis of total test scores have been proposed (Camilli, 1979; Ironson, °
I 1982; Scheuneman, 1979). Scheuneman's chi-square method focuses only on a ¥
z: comparison of proportion correct for two groups within selected total score b{
" intervals. Due to limitations of this approach (see, for example, Baker, P;
o 1981; Camilli, 1979; Shepard, Camilli, & Averill, 1981), the "full" o
P chi-square approach described by Camilli was used in the present study. -{
. For the full chi-square statistic, the total subtest score range was TR
! divided into five categories. The use of five categories, rather than some [,
other number, is consistent with most previous work with the chi-square 2:.
‘: statistic. Within each score category, the expected values were computed for : )
e the 2 X 2 contingency table formed by group (e.g., male-female) and item 24
response (correct-incorrect), and the conventional chi-square statistic for a °
) 2 X 2 table was computed. The full chi-square (FCHISQ) was then calculated TR
3 by summing across the five score categories. @




Shepard, Camilli, and Averill (1981) referred to the above chi-square as
the "unsigned" chi-square. They also used a "signed" value which is obtained
by multiplying signed differences times the corresponding absolute values,
rather than squaring differences as in the usual chi-square. The latter
value was also computed using five score categories in the present study and
is denoted by SFCHISQ.

MHCHISQ and MHODDS. The last two indices based on traditional item and
test statistics were recently proposed by Holland and Thayer (1986) and have
been the subject of extensive study by researchers at Educational Testing
Service (ETS) during the past year and a half (e.g., McPeek & Wild, 1986).
The Mantel-Haenszel differential item functioning statistics suggested by
Holland and Thayer are based on the formation of K 2 X 2 contingency tables
for each item, where K is the number of observed total correct scores on the
test. The 2 X 2 tables are defined in the same way as in Camilli's full
chi-square, but rather than using a fixed number of score intervals, a 2 X 2
table is defined for each total test score that is obtained by one or more
test-takers in either group being compared. A "Reference" and a "Focal"
group are identified, and items are scored 1 for correct and 0 for incorrect.

For the ith item and a given total correct score of j on the subtest, a
2 X 2 contingency table with the following entries is comstructed:

Score on the ith item

1 0

Reference Aj

Focal

Total

The Mantel-Haenszel chi-square (MHCHISQ), which has one degree of freedom,
and the Mantel-Haenszel common odds ratio (MHODDS) are defined by the
following equations.

14 -gap1-9

MHCHISQ = =

)ng(A,-)
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The MHODDS values can range from zero to infinity. A value of 1.0
indicates that there is no differential item performance for the two groups
being compared. Values less than 1.0 indicate that the item is relatively
easier for the focal group (e.g., women) than the reference group (e.g., men)
after controlling for total score. The converse is true for MHODDS values
greater than 1.0. As was noted by Holland and Thayer (1986), the MHODDS can
be converted to the ETS delta metric by the following transformation:

Delta difference = (-2.35)1n(MHODDS).

Thus, MHODDS values of approximately .6534 or 1.5304 correspond to group
differences in delta of 1.0 after controlling for total test score.

As was previously indicated, indices 11 through 27 in Table 4 are all
based on item response theory. The first step in the computation of all ot
the IRT indices was the estimation of the item parameters for each of the
eight groups of test-takers (Black, White, Hispanic, male, female, grade 10,
grade 11, and grade 12). Estimates of item discrimination, a, item
difficulty, b, and lower asymptote, c, parameters for the three-parameter
logistic model were obtained separately for each of the eight groups on each
of the eight ASVAB subtests using the BILOG computer program (Mislevy & Bock,
1984). The expectation a posteriori (EAP - Bayes) estimation procedure was
used starting with the default normal priors for person ability, threshold,
and log (slope). The default beta prior was used for the c parameter. The
quadrature points and posterior weights were generated in phase 2 during item
parameter estimation.

Before computing indices of differential item performance for a given
pair of groups, it was necessary to equate the IRT scales for the two
groups. This was done by transforming the estimates of person ability, item
difficulty, and item discrimination of one group, labeled the comparison
group, to the scale of the other group, labeled the base group. Following
Linn, Levine, Hastings, and Wardrop (1981), the transformation was obtained
by finding the linear equating constants such that after conversion, the
weighted mean and variance of the b's were the same for both groups being
compared (see Linn et al., 1981, for a detailed description of the procedures
used to transform the parameters for the comparison group to the scale of the
base group). Once the parameter estimates for each pair of groups were
placed on a common scale, the calculation of the differential item
functioning indices proceeded as described below.

LCHISQ. The chi-square statistic described by Lord (1980), which
provides a simultaneous test of the between=group differences in the a and b
parameters, was computed for each item. The chi=-square statistics may be
compared to a chi-square distribution with two degrees of freedom.
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Areas Between Item Response Curves. Linn, Levine, Hastings, and Wardrop
(1981) investigated a total of six area measures as indices of differential
item functioning. These six indices all involve the calculation of item
response curves for the two groups being compared and the calculation of
areas or weighted areas between the curves over a range of theta from -3.0 to
+3.0. The three unweighted areas are defined as follows:

BHA = the area between the curves where the probability of a correct

response is higher for the base group (e.g., men) than the corresponding
probability for the comparison group (e.g., women),

BLA = the area between the curves where the probability of a correct
response is lower for the base group than the corresponding probability for
the comparison group, and

AREA = BHA + BLA.

The three weighted area indices (WBHA, WBLA, and WAREA) have parallel
definitions, but the differences between the curves for the two groups are
weighted by the inverse of the estimated sampling variance of the difference
between the probability of a correct response for the two groups at each

theta value. Formulas for computing the weights are given by Linn et al.
(1981).

S0S and WSOS. 1Indices 18 and 19 are the sum of squared differences
between the item response curves and the weighted sum of squared
differences. Like the area indices, these indices were first proposed by
Linn, Levine, Hastings, and Wardrop (1981) and were computed over a range of
theta values from -3.0 to +3,0,

Modified Sum of Squares. Shepard, Camilli, and Williams (1984) proposed
and used modifications of the Linn et al. sum of squares indices. The
modiried sums of squares are computed for estimated values of theta for the
sample, rather than over a prespecified range of -3.0 to +3.0. Specifically,
the four indices that were computed are defined as follows:
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where Ny is the number of cases in group 1, Wj is the estimated sampling
variance of the difference between the estimated item response curves at a
given theta, and Dj is the difference between the probability of a correct
response based on the item response curves for the two groups at a given
theta.

Target Group Sum of Squares. One rationale for the Shepard et al. (1984)
modified sum of squares indices is that they are "self-weighting." That is,

unlike the procedure originally proposed by Linn et al,, the focus is only on
values of theta that are estimated for individuals in the two samples. This
logic can be taken one step further by noting that the major concern is often
for differences in the item response curves at values of theta that are
estimated for a particular group. For example, in a comparison of the
performance of Black and White examinees on an item, the primary concern may
be with the difference in the probability of a correct response based on the
two sets of item parameters for the theta values observed for the Black test-
takers. Therefore, four additional indices were computed parallel to the
four Shepard et al. indices, by summing only over estimated theta values for
the "target" or comparison group. For example,

_1 ¥
TSOS-.Nq)glb;

The remaining three indices (WTISOS, STSOS, and WSTSOS) are defined as the
analogous counterparts of WMSOS, SSOS, and WSSOS, respectively.

Summaries and Comparisons of Indices

Distributions of indices were inspected to aid interpretation. The
distributions of indices for the grade 10 versus grade 11 comparisons and the
grade 11 versus grade 12 comparisons provided a means of defining unusually
large values of each index. Some empirical basis for defining values of the
indices that are large enough to be considered of practical importance was
necessary for those indices lacking known distributional characteristics, but
was also considered useful for those such as the Mantel-Haenszel chi-square
statistics due to the large number of significant differences that could be
anticipated even for small differences because of the sample sizes and the

number of statistical tests.

Correlations among the various indices were computed for each pair of
groups on each of the eight subtests. 2 X 2 contingency tables with items
classified as having large or small indices according to two differeat
methods were also obtained for selected pairs of unsigned indices. 3 X 3
contingency tables were used in & similar manner for selected pairs of signed
indices with items classified as having & large index in favor of the target
group, a large index in favor of the comparison group, or a small index,

11

?YI‘"
e

;;;ilf?

oy

R AN
by Y

RS

!

PR X

Ve N
5 S ALK N S

"' ey "
Sun]® 7,

[

Ne ;:.r'f')

ey
NN

2

SRR,

Z

o

1@
4\

x
[3

"“ g
»

w
WY RN L (Ve w v
LY IS IR VAR AAY




mmwmmv.wwwnnnn-".m.-._._. - -

"IV. RESULTS

; Descriptive Statistics

Descriptive statistics for the total sample based on the number correct
scores on each of the 10 ASVAB subtests are presented in Table 5. As can be
seen, the distributions are negatively skewed for five of the subtests (GS,
WK, PC, NO, and CS) and positively skewed for the other five subtests. The
degree of skewness is most extreme for NO. Twenty-eight percent of the total
sample answered 90% or more of the NO items correctly. On the other two most
negatively skewed subtests, WK and PC, 13.1% and 10.6%, respectively, of the
test~takers answered 90% cr more of the items correctly. In comparison to a
normal distribution, all of ihe non-speeded tests are somewhat platykurtic,
whereas the twce speeded subtests are slightly leptokurtic. Complete
frequency distributions and descriptive statistics for each group and the
total sample have been provided to AFHRL on computer tape and will not be
presented here due to their volume.

Subgroup means and standard deviations on the 10 ASVAB subtests are
presented in Table 6. As can be seen, there are substantial differences in
average test performance among the three racial/ethnic groups. It should be
emphasized, however, that the score distributions for the three groups
overlap substantially. For example, 12.3% of the Black test-takers scored
above the median for White test-takers on AR. Females had higher mean scores
than did males on PC and the two speeded subtests (NO and CS), while the
converse was true on the other subtests. Mean differences by grade were
relatively small, especially between grades 1l and 12. The means for grade
10 students, however, were lower than the means for grade 11 or grade 12 on
all subtests, The patterns of differences in means for racial/ethnic groups

o HET

and for gender were generally consistent with expectations based on ﬁ;&l
previously published results for the ASVAB and other multiple aptitude test yti
batteries (see, for example, Profile of American Youth: 1980 Nationwide ﬁu,.
Administration of the Armed Services Vocational Aptitude Battery, Office of }ﬁa

the Assistant Secretary of Defense, 1982).

Internal consistency estimates of reliability (coefficient alpha) are
listed in Table 7 for each of the eight non-speeded subtests by group and for
the total sample. For the total sample, the alphas range from .67 for EI to
.88 for WK. The alphas for grade 10 are slightly lower than the corres-
ponding values for grades 11 and 12, but there are no marked discrepancies
between grades. Alphas for women are generally lower than the corresponding .

b
I"{

values for men, substantially so for three subtests (AS, .56 vs .81; MC, .6l {5$
vs .81; and EI, .40 vs .72). On each subtest, the alpha for White examinees ?Qf
is higher than the alpha for Hispanic examinees, which, in turn, is higher §§$'
than the one for Black examinees. For the five subtests that are most N7
"academic" in nature (GS, AR, WK, PC, and MK), the Black-White differences in o
alpha coefficients were smallest -- ranging from .03 to .13. Larger jiﬁf
differences, between .16 and .20, were obtained on the three other subtests. -
Thus, it is the three subtests (AS, MC, and EI) with content that is least :{éi
similiar to the content of a traditional academic high school program that 3)%5
have the largest gender and race/ethnicity group differences in internal A
consistency. ®
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;“:' Table 5. ASVAB Subtest Descriptive Statistics Based on Number Correct ?{
:.', Scores for the Total Sample {_:
;'.‘ Ly
8 Subtestd N Mean SD Skewness Kurtosis ey

®
M GS 42,334 14.68 4.75 -.16 =.59 Wy
rx AR 42,341 17.13 6.50 o11 -.95 v
R WK 42,309 23,72 6.72 =45 =.35 o
xb PC 42,214 9.53 3.29 =40 -.68 W
! NO 42,234 37.40 9.04 =77 .09 W
cs 42,169 45,45 13.69 -.04 «26
e AS 42, 121 12.90 5.04 025 "075 N
ol MK 42,074 12.53 5.17 .37 -.61 o
1 MC 41,738 12.74 4.84 24 -.67 o
% EI 41,341 9.66 3.47 27 =.26 gl‘
4 See Table 1 for subtest titles and definitions. =
3 i
¢
::: Table 6. Group Means and Standard Deviations (in parentheses) Ay
B on the ASVAB Subtests X
'\
K At
A Grade Gender Race/Ethnicity Total D
" Subtest3 10 11 12 M F W B H sample )
™ 4
:, GS 14,17 15.00 14.69 15.33 13.98 15.52 10.69 10.66 14.68 j::
(4.56) (4.68) (4.84) (5.06) (4.26) (4.42) (4.06) (4.35) (4.75) ::
R ’
AR 15.98 17.41 17.40 17.71 16.49 18.11 12.47 12.55 17.13 9
» (6.13) (6.47) (6.60) (6.72) (6.18) (6.33) (4.90) (5.60) (6.50) o
- .’\
'y WK 22.64 24,04 23,94 23.82 23.62 24,92 18.34 17.20 23,72 E:
) (6.33) (6.53) (6,94) (7.05) (6.35) (6.12) (6.29) (6.93) (6.72) o
v vy
. PC 9.04 9.71 9.61 9.47 9.60 10,04 7.15 6.97 9,53 9
g (3.23) (3.23) (3.32) (3.44) (3.10) (3.11) (2.90) (3.19) (3.29) A
N o~y
. ~
’i NO 35.87 37.67 37.81 36.00 38.94 37.96 34,52 34.99 37.40 }i(
{ (9.20) (8.81) (9.06) (9.35) (8.41) (8.75) (9.91) (9.79) (9.04) gf
Cs 42.20 45,59 46.61 41.87 49.40 46.47 39.84 42.14 45.45 !ﬂ
(12.9) (13.4) (14.0) (13.3) (13.0) (13.3) (14.4) (14.6)  (13.69) o
..\
= AS 11.87 13.04 13,20 15.53 10.00 13.68 9,01 9,66 12,90 Jff
M (4.52) (4.93) (5.25) (4.85) (3.40) (4.93) (3.57) (4.28) (5.04) oy
-l '.\-
MK 11.75 12,87 12.61 12.61 12.44 13.13 9.66 9.59 12,53 _‘
. (4.58) (5.17) (5.36) (5.35) (4.97) (5.18) (3.98) (4.09) (5.17) ﬂ;;
o) e
MC 12.05 13.01 12,82 14.36 10.95 13.47 9,01 9.70 12.74 i:’
ﬂ (4.62) (4.82) (4.98) (5.01) (3.93) (4.73) (3.46) (4.07) (4.84) f:t
n EI 9.05 9.69 9.87 10.94 8.25 10.09 7.60 7.70 9.66 .~,
\ (3.22) (3.40) (3.57) (3.66) (2.60) (3.42) (2.87) (3.04)  (3.47) N
\(] SO,
-
2 4 See Table 1 for subtest titles and descriptions. : )
\ 13 ;it
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Table 7. Non-Speeded ASVAB Subtest Coefficient Alpha Internal
Consistency Estimates of Reliability by Group and Total Sample

A, YN

b

T
-

Grade Gender Race/Ethnicity
Subtest? 10 11 12 M F W B H

GS .78 .81 .80 .83 .76 .78 .71 o75
AR .85 .88 .87 .89 .85 .87 .76 .82
WK .86 .89 .88 .90 .87 .87 .84 .86
PC 74 77 .76 .78 74 <75 «65 .71
AS .76 .83 .80 .81 «26 .81 62 .73
MK o77 .84 .82 .83 .81 .82 «69 .71
MC .73 .80 .78 .81 .61 77 57 «69
EI .61 .69 «66 .72 <40 .67 .51 «55

4 See Table 1 for subtest titles and descriptions.

The subtest intercorrelations for the total sample are presented below
the main diagonal of the correlation matrix in Table 8. For comparative
purposes, correlations based on the 1980 national sample of 9,173 youths
between the ages of 18 and 23 (Office of the Assistant Secretary of Defense,
1982) are provided above the diagonal of the correlation matrix in the same
table. As would be expected, the correlations are, with one exception (MC
correlated with PC), smaller for the more homogeneous, younger, in-school
sample in the present study than for the nationally representative sample of
youth, in and out of school, from the Profile of American Youth study.

-

i

WU
| M
..'" p

The patterns of correlations for the high school and Profile samples are
generally similar. For example, GS has correlations of .79 with WK and .68
with PC in the high school sample, and the corresponding Profile figures are
.80 and .69, respectively. However, the correlations of three of the
subtests (NO, CS, and EI) with the other seven subtests are noticeably lower
for the high school sample than they are for the Profile sample.
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The subtest intercorrelation matrices for grades 10, 11, and 12 are
presented in Tables 9 and 10; those for men and women, in Table l1; and those
for Black, White, and Hispanic test-takers, in Tables 12 and 13. The
patterns of correlations are similar for all these groups. Differences
between groups in the magnitude of the correlations are generally consisteat
with expectations based on the group's variability (see Table 6 for subtest
standard deviations) and the reliability estimates of the subtests for the
different groups (see Table 7). However, the within-sex correlations of the
two speeded subtests with the non-speeded subtests tend to be higher than the
corresponding correlations for the combined sex groups. The latter result
reflects the fact that women have higher means than men on the two speeded
subtests, while the converse is true for all but one of the non-speeded
subtests,
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The intercorrelations of the nine ASVAB composites (VE, AFQT, the three
high school composites, and the four occupational composites) are presented
in Table 14 for the total sample. As can be seen, some pairs of composites
are virtually indistinguishable, For example, VE correlates .98 with the
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;:: high school Verbal composite and the Health/Social/Technology composite )
:.: correlates .98 with the high school Academic Ability composite, These high Mo
e correlations are hardly surprising, however, given the overlap of subtests .
:u: that define these composites (e.g., VE = WK + PC and the high school Verbal <
e composite = WK + PC + GS). "'
Y y
X Composite score intercorrelation matrices were also computed for each of »
Y the eight groups. As would be expected, given the subtest intercorrelations :.
8 and the overlapping definitions of the composites, similar patterns of 3
* correlations, albeit lower in some cases due to the smaller within-group \
! variability, were obtained for all of the groups. -
hely
R [
:' Table 8. ASVAB Subtest Intercorrelations for the Total High School Py,
3 Sample (below the diagonal) and for the Profile of American Youth Sample Qj
W (above the diagonal)® oy
, ASVAB SubtestP o
hr¢ X
"4 GS AR WK PC NO cs AS MK MC EI )
o ¢
' N GS - .72 .80 .69 .52 045 064 069 . 70 076 ...‘
A AR 065 - o71 067 .63 .51 053 083 068 .66 .,,
3% WK .79 .67 - 080 060 -55 052 .67 059 .68 .!-
ol PC .68 .67 .76 - .60 .56 o42 . 64 «52 «57 N
o NO .34 046 40 041 - .70 29 .62 <40 4l :’- )
{ CS .29 .40 .37 .39 .63 -- .22 52 .33 .34 =3
': AS '55 045 .48 .42 010 003 - 041 07(‘ 075 t;'
MK .60 .76 062 062 .45 040 .34 - .60 058 L -l
v MC .61 .61 57 «55 .23 .20 .65 .56 - .74 =4
N EI .58 .48 53 .48 .17 .14 .66 W42 .62 - o
) N
’ r
) 8 From the Profile of American Youth, Office of the Assistant Secretary NG
of Defense, 1982, p. 65, (n = 9,17/3).
o, b See Table 1 for subtest titles and descriptions. P
I Y
A :.’.
‘ Table 9. ASVAB Subtest Intercorrelations for the Grade 10 Examinees ‘::
gk (below the diagonal) and for the Grade 11 Examinees (above the diagonal) -~
®
< ASVAB Subtest :
) &
a GS AR WK PC NO cs AS MK MC EI e
-'~ I~
. GS - .64 .78 .68 .32 .27 54 .60 .61 .57 R
AR .60 - 066 066 045 039 -43 077 062 048
K WK .73 «63 - .75 +39 .35 46 .62 .60 .52 -"‘)'-,l
- PC 064 u65 .73 - 040 .36 040 063 055 01‘8 ...‘;
".v\ NO .32 045 040 '41 - 062 008 .46 022 .16 ,':..‘
: CS .28 039 037 041 065 - .00 .39 019 .11 "(
- AS .49 .39 .43 .36 .06 .00 -- 32 .64 .65
MK 055 072 059 .60 -44 .41 .30 - 056 0“1
" MC 055 ¢57 053 052 .22 019 059 .53 - 062 "
d EI .53 .43 .50 .44 .16 .14 .59 .39 .55 - <
) *‘
D .g:
l' +
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Table 10. ASVAB Subtest Intercorrelations for Grade 12 Examinees
ASVAB Subtest
GS AR WK PC NO cS AS MK MC EI
GS -
AR 067 —
WK .80 «69 -
PC «70 +68 o77 -
NO 035 47 <40 41 -
CS 030 040 037 .39 -63 -
AS .57 047 050 |44 012 .03 -
MK 061 77 062 -63 45 «40 035 -
MC 062 «62 057 o55 24 .20 068 57 -
EI 060 049 053 049 .18 .13 068 043 '64 -
Table 11. ASVAB Subtest Intercorrelations for Men (below the diagonal)
and for Women (above the diagonal)
ASVAB Subtest
GS AR WK PC NO CS AS MK MC EI
GS g .62 077 -67 035 030 .53 059 «53 47
AR «66 - .66 «66 44 40 46 .76 .58 o4l
WK .81 .68 - «75 .38 o34 «53 «62 o 54 47
PC «71 .69 .77 - .37 +35 49 «61 54 44
NO -39 «52 43 044 - «60 «21 043 26 .21
CS .38 049 043 .44 -64 - .20 -37 -27 u21
AS 59 .49 «58 53 «25 25 - 42 47 42
MK «61 077 «62 063 049 .47 039 et 057 039
MC 065 066 064 063 .35 037 065 Q62 - .40
EI 063 054 «62 059 030 .32 .65 049 065 -
Table 12. ASVAB Subtest Intercorrelations for White Examinees
(below the diagonal) and Black Examinees (above the diagonal)
ASVAB Subtest
GS AR WK PC NO CsS AS MK MC EI
GS - 50 72 .60 29 21 <43 48 42 «43
AR .61 - 056 056 036 «29 035 .62 42 34
WK 075 -63 - 068 .34 029 042 052 042 045
PC .64 0610 073 bl 033 30 .35 51 40 039
NO 32 46 «39 .40 - .60 .08 «36 .13 .14
CS 025 .39 035 037 .63 - .00 027 011 012
AS 49 .38 .39 .33 .05 -.04 -- +26 41 47
MK 057 .76 560 060 46 .40 028 - ol‘l 032
MC 057 .58 051 050 021 016 62 l53 - AN
El1 055 .1‘4 .“8 043 014 008 064 .38 «60 bt
16
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Table 13. ASVAB Subtest Intercorrelations for Hispanic Examinees
ASVAB Subtest
GS AR WK PC NO cs AS MK MC EI

GS --
AR .63 -
WK 075 067 -
PC .66 .64 u75 -
NO c32 .39 037 .33 -
CSs .28 .30 32 .31 «36 --
AS 053 050 055 0[‘9 016 009 -
MK 054 069 .56 053 038 029 038 -
MC 57 .61 «58 54 23 .19 .61 #51 -
EI 53 48 52 47 .21 .19 59 .40 «55 -

Table 14. Intercorrelations of the ASVAB Composites for the Total Sample

Composite
VE AFQT vV M AA MC BC EE HST

VE -
V 098 .90 -
M .73 .88 .74 --
AA 095 097 094 088 -
MC 071 077 .75 179 o81 -
BC 080 .86 078 076 081 061 -
EE 081 090 .86 .94 .92 089 076 -
HST .92 095 093 .88 098 089 079 093 -
Note. Correlations not corrected for spurious overlape.

VE = Verbal Subtest.
Composites:

AFQT = Armed Forces Qualification Test.

V = Verbal.

M = Math,
AA = Academic Ability.

MC = Mechanical and Crafts.
BC = Business and Clerical.

EE =

Electronics and Electrical.

HST = Health/Social/Technology.

Differential Item Functioning

Since a total of 27 differential item functioning indices were computed
for each of five pairs of groups on each of the 200 items on the eight
non-speeded subtests, a listing of all 27,000 indices is not practical.
Complete files of the indices, as well as the intermediate statistics such as
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the IRT parameter estimates and the constants computed for converting
parameter estimates for one group to the scale of the group to which it was

compared, have been provided to AFHRL on computer tapes, but only summary
information is included in this report.

Considerable effort was put into reviewing distributions of indices and
their interrelationships. The distributions of indices for the grade 10 vs
grade 11 and the grade 11 vs grade 12 comparisons provided a benchmark for
identifying items with large indices in the other group comparisons.
Theoretical considerations and the results of previous empirical and
simulation studies were used--together with the Pearson product-moment
correlations, Spearman rank-order correlations, and agreement of the
classification of the items having large or small differential functioning
indices for the gender and racial/ethnic group comparisons~-to select a
subset of indices that are emphasized in this report. These steps are
illustrated in detail for the GS subtest; then, summary results for all
subtests are presented.

The means and standard deviations of the 27 differential item functioning
indices for the GS subtest are listed in Table 15 for each of the pairs of
groups that were compared. With the exception of the four chi-square
indices, the means and standard deviations have all been multiplied by 100.
As can be seen, the means and standard deviations for the comparisons of
grades 10 and 11 are very similar to those for the comparisons of grades 11
and 12. The standard deviations for the gender and racial/ethnic group
comparisons, on the other hand, are generally substantially larger than the
corresponding figures for the grade comparisons. Furthermore, for indices
that are unsigned (e.g., the chi-square indices and the sum of squares
indices), the means are also substantially larger for the gender and
racial/ethnic group comparisons than they are for the grade comparisons.

An inspection of the intercorrelations for the five pairs of groups
revezled several clusters of indices. Some of these clusters of indices
consist primarily of those indices with similar definitions. For example,
the four indices based on the point-biserial correlations (PTBIS, ZPTBIS,
RRPTB, and ZRRPTB) were highly interrelated (r's >.95) with each other for
all eight subtests and all five pairs of groups, but showed very little
relationship to the other indices. The various sum of squares indices were
also highly interrelated, but they also had generally high correlations with
some of the other indices, particularly the full chi-square (FCHISQ) and the
Mantel-Haenszel chi-square (MHCHISQ).

Table 16 lists all of the pairs of indices that had Spearman rank-order
correlations of .50 or higher for all three comparisons involving gender or
racial/ethnic groups for the GS subtest, From an inspection of Table 16, it
can be seen that, in most cases, high correlations occur where indices are
based on similar definitions. For example, the correlations of FCHISQ and
MHCHISQ range from .79 for the White-Black comparison to .97 for the male-
female comparison. The three correlations between MSOS and TSOS are all .95
or higher, and the three between AREA and SOS are all .94 or higher. Close
correspondence between similarly defined indices is to be expected and was
found,
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Table 15.

L Rl Sl B4 %

Means and Standard Deviatfons (in parentheses) of the
Differential Item Functioning Indices for the General Scfence Subtest

2.
3.
4.
3.
6.
7.
8.

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20,
2.
22.
23.
24,
25,
26.
27,

Groups Camparedd

IndexP 11~10 11-12 M=F w-B w-H
DELTA 0 (26) 0 (23) 0 (90) 0 (74) 0 Q04)
RESID 0 (24) 0 (23) 0 (89) 0 (54) 0 (97
PIBIS 2 (2 -1 (2 1 ¢ 7) 5 ( 8) 3 (12)
ZPTBIS 2 (2) -2 (2) 8 (7) 3 ( 13) 5 ( 9
RRPTB 1 (2) 0 (2) 0 ( 8) 2 ( 8 2 (12)
ZRRPTB 1 (2 0 (2 6 ( 6) 2 (10) 2 (14)
FGHISQ 22 (19) 27 (35) 378 (43D) 150 (174) 88  (118)
SFCHISQ 0.7 ( 7.4) 0.8 (9.4) 24 (68 20 (108) 23 (101)
MICHISQ 16  (18) 20 (30) 269 (342) 88  (163) 63  (106)
MHODDS 101  (14) 100 (12) 108 ( 45) 108  (41) 110 (55)
LCHISQ 4.6 ( 6) 3.7 (5.3) 11 (13) 7.4 (1D 9.7 ( 8.5)
BHA 10 (10) 7 (8 20 (19) 29 (33 20 (25
WBHA 4 (7) 4 (7 13 (172) 13 ( 20) 10 (15
BLA 8  (10) 10 QD 15 (19) 9 (21) 18 (21)
WELA 5 (8) 7 Q10) 4 (D 4 (100 12 (19
AREA 18 (11) 17 1) 35 (17) 3 (32 338 (25)
WAREA 0 Qo) 11 2 17 (1) 17 (21 22 (21
S0S 1 (2) 1 (1 5 (5 7 (13) 6 (9
WS0S 1 (1 1 (D 1 (1) 2 ( & 2 ( 4)
MS0S 0 ( 0.5) 0 ( 0.3) 1 (D 1 ( 2 1 ( 2)
WMSOS 0 (0.4) 0 (0,20 0 ( 0.4) 1 (D 1 (D
SS0S 0 ( 0,5) 0 ( 0.3) 1 (D 1 ( 2) 1 ( 2)
WSS0S 0 ( 0.4) 0 ( 0.3) 1 ( 0.4) 1 (D 1 (D
TS0S 0 ( 0.5) 0 ( 0.3) 1 (1) 1 ( 3) 2 ( 2)
WISOS 0 (0.5) 0 (0.2 1 ( 0.6) 1 (2 1 (D
STSO0S o (0.5 0 (03 1 (D 13 2 (2
WSTSOS 0 (0.4) 0 (0.2 0 ( 0.6) 1 (2 1 (D

2 The first group listed is the base or reference group and the second group is the
comparison or focal group.

b A1l indices, with the exception of the chi=square indices (i. e., FCHISQ,

SFCHISQ, MICHISQ, and LCHISQ), have been multiplied by 100.

Of greater interest are the cases where indices based on distinctly
In this

different methodologies have consistently high relationships.

regard, the relationships between FCHISQ and MHCHISQ and the IRT-based sum of
squares indices are especially noteworthy.

entries in Table 16, FCHISQ

By the .50 criterion used for the
and MHCHISQ are related to AREA, S0S, MSOS,

S$S0S, TS0S, and STSOS (i.e.,, all of the unweighted sum of squares indices).
It should also be noted that the weighted IRT-based indices generally show
less agreement with other indices than do the unweighted indices.
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" Table 16. Pairs of Indices with Spearman Rank-Order Correlations Greater o,

than .50 for the Three Gender or Racial/Ethnic Group Comparisons on
General Science Subtest

Rank=-Order correlations

Corrected
0 Index indices W-B W-H M-F
§ 1. DELTA 2. RESID .59 .85 .57
\ 10. MHODDS .73 .85 .78
4 12. BHA .52 .59 .69
: 2. RESID 1. DELTA 59 .85 .97
o 10. MHODDS .85 .95 .81
" 12. BHA .80 .61 .75
e 14, BLA -.63 -.76 -.69
i
3. PTBIS None other than the other indices based on the point-
> 4. ZPTBIS biserial correlations, which by definition must have
& 5. RRPTB perfect or nearly perfect rank-order correlations with
¢ 6. ZRRPTB each other.
R)
b 7. FCHISQ 9. MHCHISQ .79 .86 .97
16. AREA .60 .60 .75 <
[ 18. S0S .56 .67 .73 g
! 20. MSOS .84 .71 .84 ?-
; 22. SSOS .82 .73 .86 o
b 24. TSOS .84 .69 .76 3
s 26. STSOS .82 « 69 79 ;.‘
8. SFCHISQ None o
] :.’:.
W 9. MHCHISQ 7. FCHISQ .79 .86 .97 A
. 16. AREA .61 57 .72 o
- 18. SOS .54 .64 .70 3
20. MSOS T4 .60 .79 iy
4 22. SS0S .71 .66 .83 ;k_.;:
: 24, TSOS .72 .60 .72 NN
26. STSOS .68 .67 .76 o
. N
’ 10. MHODDS 1. DELTA .73 .85 .75 P
2. RESID .85 .95 .81 =73
, 12. BHA .84 .72 <93 -
: 14. BLA -.77 -.86 -.83 AN
N 15. WBLA -.78 -.69 -.59 o
~ ;_:.
y 11. LCHISQ 16. AREA .55 .68 .63
% 20. MSOS .66 .79 .75 =N
b 22, SSOS .63 .71 .63
5 24, TSOS .68 .73 .65 N
A 26. STSOS .65 .64 .61 o
.':,,-
12, BHA 1. DELTA .52 .59 .69 °
2. RESID .80 .61 .75 N
) 10. MHODDS .84 .72 .93 PN
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Table 16 (Continued)
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Correlated Rank=Order correlations
indices W-B W-H M=-F
13. WBHA 59 .80 .66
14. BLA -.75 -.72 ~.76
12. BHA «59 .80 .66
19. WSO0S .63 .56 .60
2. RESID -.63 -.76 .69
10. MHODDS -.77 -.86 .83
12. BHA -.75 -.72 -.76
15. WBLA .91. .66 .78
10. MHODDS -.78 -.69 .59
14. BLA .91 .66 .78
7. FCHISQ .60 .60 .75
9. MHCHISQ .61 57 72
11. LCHISQ «55 .68 .63
18, SOS «95 .96 .94
20. MSO0S .85 .90 .89
21. WMSOS 79 79 .73
22. SSOS .87 .86 .73
23. WSSO0S .83 .74 .75
24, TSO0S .80 .82 .79
25. WTSOS .81 .74 .73
26, STSOS .80 .78 .72
27. WSTSOS .83 .68 )
19. WSO0S .91 .91 .94
21. WMSOS .76 T .67
23. WSSOS .71 .56 «55
27. WSTSOS .71 .56 35
7. FCHISQ 56 .67 .73
9. MHCHISQ .54 .64 .70
16. AREA .95 .96 .94
20. MSOS .80 «95 .92
21. WMSOS .61 .71 .53
22. S80S .83 .94 .79
23. WS8SO0S .69 .68 .58
24. TSOS .76 .88 .82
25. WTSOS .69 W72 .60
26. STSOS .77 .84 77
27. WSTSOS .73 .67 .64
13. WBHA .63 .56 .60
17. WAREA .91 .91 .94
21. WMSOS .93 .73 .82
23, WSSO0S .88 72 71
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Table 16 (Continued) :"'C:,';v
u‘. ) .
Correlated Rank-Order correlations :-‘"'q;."'
Index indices W-B W-H M-F S0
=
20. MSOS 7. FCHISQ 84 .71 .84 o
9. MHCHISQ .74 .60 .79 : *,'.:}k
11. LCHISQ .66 .79 .75 e
16. AREA .85 .90 .89 gtk
18. SOS .80 .95 .92 bt
21. WMSOS .79 .70 .66 -
22, SSO0S .99 .96 .90 oy
23, WSSOS .83 .64 .69 Bosy
24, TSOS .97 .95 .95 PRI
25. WISOS .88 .77 .77 N
26. STSOS .96 .90 1 sh
27. WSTSOS .86 .71 .79
'4'\::
21. WMSOS 16. AREA .79 .79 .73 Sy
17. WAREA .76 .54 .67 Ry
18. SOS .61 .71 .53 e
19. Wsos .93 .73 .82 iy,
20. MSOS .79 .70 .66 o
22. SS0S .76 .64 .51 ot
23. WSSO0S <94 <94 Y4 Kby
24, TSOS .80 .72 .67 i
25. WISOS .93 .89 .95 ;{3‘2
26. STSOS .77 .67 .58 KLAYY
27. WSTSOS .87 .85 .91 N
- Y
22. S80S 7. FCHISQ .82 .73 .86 Ve
9. MHCHISQ .71 .66 .53 R
11. LCHISQ .63 .71 .63 r‘:-rt;
16. AREA .87 .86 .73 [2Ar,
18. SOS .83 .94 .79 .l
20. MSOS .99 .96 .90 pQIAN
21. WMSOS .76 .64 .51 i
23. WSSOS .84 .58 .61 A
24. TSOS .94 .91 .88 22
25. WTSOS .85 .68 .64 " S
26. STSOS .95 91 .96 T
27. WSTSOS .86 .63 .71 aj‘.\:t:
23. WSSOS 16. AREA .83 4 .75 3':::"
17. WAREA .71 .56 35 oo
18. SOS .69 .68 .58 )
19. WSO0S .88 .72 .71
20. MSOS .83 .64 .69
21. WMSOS .94 ‘Y4 .94
22. SSOS .84 .58 .61
24, TSOS .82 .66 .70
25. WTSOS .91 .86 .91
26. STSOS .83 .64 .64
27. WSTSOS .93 .87 .95
22
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Table 16 (Concluded)

Correlated Rank=Order correlations
Index indices W-B W=-H M-F
24, TSOS 7. FCHISQ .84 .69 .76
9, MHCHISQ 72 «60 72
11. LCHISQ .68 .73 65
16. AREA «80 .82 «79
18. SOS .76 .88 .82
20. MSO0S 97 «95 .95
21, WMSOS .80 072 .67
22, SSOS <94 .91 .88
23. WSSO0S «82 .66 .70
25. WISOS .92 .88 .81
26. STSOS .99 «95 «96
27. WSTSO0S .90 .83 -84
25, WTSOS 13. WBHA .63 56 .60
16. AREA .81 74 .73
18. SOS .69 72 .60
20, MSOS .88 .77 77
21. WMSOS .93 -89 95
22. SSOS .85 .68 64
23, WSSO0S .91 .86 91
24, TSOS .92 .88 .81
26. STSOS .90 <80 .72
27. WSTSOS 93 <97 «97
26. STSOS 7. FCHISQ «82 «69 <79
9. MHCHISQ .68 .67 .76
11. LCHISQ «65 «64 .61
16. AREA .80 .78 72
18. SOS o717 «84 .77
20. MSOS .96 .90 .91
21, WMSOS 77 «67 «58
22, 880S .95 .91 .96
23. WSSO0S .83 « 64 A
24, TSOS .99 «95 .96
25, WTSO0S .90 80 72
27. WSTSOS .91 .78 77
27. WSTSOS 16. AREA .83 .68 75
17. WAREA .71 56 55
18. SOS .73 «67 .64
20. MSOS .86 71 79
21, WMSOS «87 .85 .91
22. SSOS .86 «63 71
23, WSSO0S .93 .87 95
24, TSOS .90 .83 .84
25. WISOS .93 «97 <97
26. STSOS .91 .78 77
23
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Given the redundancy of the IRT-based indices and earlier results
(Shepard, Camilli, and Williams, 1984; 1985) suggesting that MSOS or its
signed counterpart, SSOS, are among the best indices, we have chosen to focus
heavily on these two indices. Among the non-IRT indices, emphasis will be
given to FCHISQ and MHCHISQ. The latter indices were selected based, in
part, on the previous findings of Shepard et al., and inspection of the
interrelationships among the indices such as those shown in Table 16.

Based on the above considerations, five unsigned indices and four signed,
or directional, indices were selected for primary focus. Two of the selected
unsigned indices, FCHISQ and MHCHISQ, are based on observed scores, whereas
the other three, LCHISQ, AREA, and MS0S, are based on IRT results. The
selected directional indices consist of RESID, SFCHISQ, MHODDS, and BHA.

LR

PARAN

The Spearman rank-order correlations among the selected signed indices
are presented in Table 17 for each of the three gender and racial/ethnic
group comparisons on each of the eight non-speeded subtests, Median
correlations for each pair of indices are reported separately for each group
comparison, and the median correlation between each pair of indices over all
24 coefficients is provided at the bottom of the table. As might be
expected, the correlations between the FCHISQ and MHCHISQ indices and those
between AREA and MSOS are generally above .80. Correlations of IRT-based
indices with non~IRT-based indices, while typically positive, are
considerably lower. The median of the 24 correlations between MSOS and
MHCHISQ, for example, is only .42.

‘g.’,'l" }

For most of the subtests, the correlations between the IRT- and non-IRT
based indices are higher for the male-female and White-Black comparisons than
for the White-Hispanic comparison. The poor agreement between these two
categories of indices for the White-Hispanic comparison is most notable for
AS and EI, where several of the correlations are negative.
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Table 18 lists the correlations and median Spearman rank-order
correlations among the selected signed, or directional, indices. Given its
simplicity, the RESID index correlates well with the other three directional
indices, a result that is in agreement with earlier findings for smaller
samples by Shepard, Camilli, and Williams (1985). All of the correlations in
Table 18 are positive, with the overall median correlations between pairs of
indices ranging from a low of .58 to a high of .92.
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Distributions of indices for the grade-to-grade comparisons were
inspected and used as the basis for defining high and low values of the
indices. As before, this is first illustrated for the GS subtest; then,
summary results are presented for all subtests.

Stem-and-leaf plots of the MHCHISQ indices for the grade comparisons om
GS are shown in Table 19. With one degree of freedom, chi-square values
greater than 3.84 are significant at the .05 level, while those greater than t
10.83 are significant at the .001 level. For grade 10 vs grade 11, 18 of the -

25 items have MHCHISQ values that are significant at the .05 level and 11 are A
significant at the .00l level. The corresponding figures for the grade 11 vs Qf‘,u=
grade 12 comparison are 14 at the .05 level and 10 at the .001 level. °
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Table 17. Spearman Rank-Order Correlations Among Selected Unsigned
Differential Item Functioning Indices by Group Comparison and Subtest

FCHISQ MHCHISQ LCHISY
with with with

Groups Test MHCHISQ LCHISQ AREA MSOS LCHISQ AREA MSOS AREA  MSOS

W-B GS 79 .51 .60 .84 .73 .61 74 «35 «66
AR .92 +56 .38 .50 «37 42 .55 51 .73
WK 74 «52 «65 .69 48 «+61 .65 .88 .87
PC +95 54 .80 .70 .57 76 .73 .81 .82
AS «92 «59 .31 .47 o351 .17 .40 .56 .71
MK .81 o4l .32 .60 «37 22 .41 .71 .71
MC .67 «37 «37 .43 o4l <30 .35 .78 .87
EI .93 .66 .31 .79 «35 42 .65 .58 77
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W=B MEdian .86 053 044 064 .53 .42 « 60 .64 .75

-5

W-=H GS .37 60 .71 «37
AR 27 .12 .09 .37 .21
WK e32 .23 .25 27
PC .30 o45 .11 «46
AS 02 =.21 -.08
MK o4l « 26 <05
MC e25 .01 .05
EI 12 =.34 =.21

AN
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'
-

W-H Median 028 n17 013 .65

)
-\*

M=F GS e75
AR «60 .69 .78
WK W4l
PC 51
AS 27 «20 47
MK <37
MC «50
EI o43 .06 .61 W24 =.21 .62

Yy
~

5

3

A ar—~—w
A y i ""’s’

M-F Median 088 -57 045 064 043 «34 .63 081

o

Overall Median .87 .39 .55 .39 28 .63 «75

It is obvious that with large sample sizes, even small differences can be
statistically significant. Thus, it is mandatory to consider the magnitude
of the differences as well as the statistical significance of the results for
a given item. Practical importance cannot be sacrificed to statistical
significance. The MHODDS statistic and the transformation of the odds ratio
to differences in the delta scale metric are useful for this purpose. The
five largest MHCHISQ values from Table 19 and the corresponding values of
MHODDS and the transformation of MHODDS to a Delta difference, DD = (-2.35)
1n (MHODDS), are as follows: (a) MHCHISQ = 123,0, MHODDS = ,75, DD = ,68;

(b) MHCHISQ = 76.0, MHODDS = .80, DD = =-.,52; (c) MHCHISQ = 69.3, MHODDS = .76,
DD = .64; (d) MHCHISQ = 56,2, MHODDS = 1,29, DD = -,60; and (e) MHCHISQ
= 52,3, MHODDS = .84, DD = .41. None of the other items has more extreme

aE A
1 PAA A et L)

3

.

25

@

)
(AN
»
-

]
|
!’,".\.... -.\ .’_.‘ » .. " - , ' ‘ . III-_I’b LIPS --,. -'-.. .' . o * .. .‘ ._‘_- .-..‘_v~.-.-.-.-’\ -

5
v
2 e




AT A N T W VY

T R
L - -’.'....dﬂ.’lu -

Groups Subtest

SFCHISQ MHODDS

BHA

MHODDS

BHA

i Table 18. Spearman Rank-Order Correlations Among Selected Directional

? Differential Item Functioning Indices by Group Comparison and Subtest

'

,’3 RESID SFCHISQ MHODDS
with with with

BHA

W-B GS .83 .85 .80 .96 .81 .84
3 AR .70 .74 .34 .97 <64 .57
R WK .61 .57 .55 <94 .61 .67
. PC .89 .84 .71 .90 .64 .71
' AS .84 .85 A .99 .65 .61
& MK .77 .80 <60 .91 .63 49
" MC .79 .80 57 97 .58 .53
Q EI .33 .35 .61 .96 .37 .30
'L
_ W-B Median .78 .80 .66 .96 .62 .59
N
;3 W-H GS .91 .95 .61 .98 .70 .72
W AR .84 .91 .31 .89 .30 .15
.z WK .66 .84 .72 .86 .54 .60
v PC .66 .70 .53 .93 .52 .46
X AS .86 .87 .69 <99 .59 .60
’, MK .87 .88 .50 .95 «35 .23
- MC .91 .89 .68 .98 .61 .60
ﬁ EI .67 .70 W49 .98 .38 A
i W-H Median .85 .87 .57 .97 .53 .53
n M~F Gs .04 .81 .75 .13 .20 .93
Y AR .50 W72 .61 .37 .51 .66
,a WK .58 .82 .53 .85 .77 .74
. PC 47 .82 .59 .78 .70 .66
- AS .32 .87 .74 «25 .28 .78
o MK .82 A .63 .91 .71 .63
| MC .31 50 .78 .31 W42 .63
;' EI o264 .95 .78 .29 .02 .70
{R M-F Median .39 .82 .68 .34 46 .68

Overall Median «69 .83 «61 .92 .58 .62
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odds ratios or delta differences than those listed.
larger to flag items that show group differences large enough to be of
practical importance (Holland, personnal communication, 1986).
the highly significant MHCHISQ values for the grade-to~grade comparisons are
associated with between-group differences that are less than the 1.0
criterion of practical importance on the delta scale,

LA IR A A

" .{-

ETS uses a DD of 1.0 or

Thus, even

Based on these results, the MHCHISQ values were divided into four
ranges: (a) low (less than 10), (b) moderate (between 10 and 160), (c) high
b (between 100 and 200), and (d) extreme (greater than 200).
‘o) of the MHCHISQ values in these ranges are shown in Table 20 for all eight
subtests and each of the five pairs of groups that were compared.
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seen, none of the 200 items on the eight subtests had MHCHISQ values in the
"extreme" range for either of the grade-to-grade comparisons, and only &
items (1 for the grades 10 vs 11, and 3 for the grades 11 vs 12) had MHCHISQ
values in the "high" range.

The number of items in the high or extreme ranges was substantially
higher for each of the racial/ethnic group comparisons and for the gender
comparison than for the two grade-to-grade comparisons. The difference is
most notable for the gender comparison, where 52 of the 200 items had MHCHISQ
values in the extreme range and another 29 items were in the high range. The
corresponding figures for the White~Black comparison were 14 extreme and 22
high; and for the White-Hispanic comparison, there were 6 extreme and 9 high.

It should be noted that the large number of high and extreme values in
the male-female comparison is, at least partially, a function of the great
power of the chi-square test. Recall that there are slightly over 20,000
individuals in each group for the male-female comparison. The grade-to-grade
comparisons are also quite powerful, however. There are approximately 8,000,
21,000, and 13,000 individuals in grades 10, 11, and 12, respectively. It
should also be noted that the racial/ethnic group comparisons, which have a
substantial number of items with indices in the high or extreme ranges, are
less powerful than the grade-to-grade comparisons because there are fewer
Black (approximately 5,000) and Hispanic (slightly over 2,000) examinees in
the total sample than there are examinees in any of the three grade-level
samples.

Table 19. Stem—and-Leaf Plots of MHCHISQ Statistics for the
Grade Comparisons on the GS Subtest

Grade 10 vs Grade 11 Grade 11 vs Grade 12

Leaf Stem Leaf
(units digit) (tens) (units digit)
[ 12 | 3
fo* |
|71 6
I 7|
9 | 6|
I 6 |
| 5| 6
1 I 5 | 2
I 4 |
2 | 4 |
9 | 31 5
2 | 3] 2
76 |2 |
3 2] 0
55 I 1] 8
30 | 1! 224
877775 | o | 89
3221100 | ol 000011222334
27
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Table 20. Distributions of MHCHISQ Values by Subtest

.
and Total Across Subtests :&
) A
. - \
: Range3 GS AR WK PC As MK MC EI Total %]
Grade 10 and Grade 11 \
. Low 14 28 31 12 14 18 22 17 156 ::
Moderate 11 2 3 3 11 7 3 3 43 \':.
b High - - 1 - - - - - 1 g
i) o,
oy Extreme - - - - - - - - 0

"‘ Grade 11 and Grade 12 T
«

" .';';,\.
Vs Low 14 26 23 14 12 14 24 17 144 2
i Moderate 10 3 11 1 13 11 1 3 53 S
i High 1 1 1 - - - - - 3 '

Extreme - - - - - - - - 0

c"' o
. o White=Black R
'::f\'
A \
" Low 8 11 14 6 7 12 15 7 80 N
' Moderate 13 14 14 7 6 12 10 8 84 HCs-t
) High 1 4 2 2 8 1 - 4 22 D
- Extreme 3 1 5 - 4 - - 1 14 e
e -
J . . . “-\
White-Hispanic o
ey
" Low 9 23 11 9 9 18 11 5 95 a
Moderate 11 7 21 5 13 7 14 12 90 oy

'_‘d: High 2 - 1 1 3 - - 2 9 o
:; Extreme 3 - 2 - - - - 1 6 _'::."
.9 :-: .
! Male -Female -
Eh Fa)
\ Low 3 4 7 - 2 6 8 2 32
; Moderate 7 15 17 7 7 15 9 10 87 :.‘*
High 4 6 5 3 6 1 2 2 29 "
\ Extreme 11 5 6 5 10 3 6 6 52 :\:.
i roA
Sl 3,9 ¢
a a Low: MHCHISQ < 10. ?
" Moderate: 10 = MHCHISQ < 100. gy
; High: 100 < MHCHISQ < 200. oy
o Fxtreme: 200 =< MHCHISQ. o
"n_I 'i:"
v Similar comparisons among distributions were made for the other .
L differential item functioning indices. For reasons of space, however, ;-::
v distributions for only two other indices are presented here. Table 21 ;::.r
! reports the distributions of the MSOS indices, and Table 22 presents the :"_
o distributions of the MHODDS indices. The latter index takes the direction of .y
the difference into account and thereby provides additional descriptive °
%) information to go along with the unsigned MHCHISQ and MSOS indices. Unlike 1:.
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MHCHISQ (Table 20), the MSOS and MHODDS indices are descriptive statistics
that do not depend directly on the number of individuals involved in a
comparison.
0
As can be seen in Table 21, none of the 200 items on the eight subtests -%59
has an MSOS value greater than .02 for the grade 11 vs grade 12 comparison, SN
and only 1 item has an MSOS value greater than .02 in the grade 10 vs grade ¢¢1
11 comparison. On the other hand, 16, 18, and 23 items have MSOS values i y
greater than .02 in the White-Black, the White-Hispanic, and the male-female .1¢$ﬁ
comparisons, respectively. Furthermore, there are 7 items in the White-Black ‘ Jpﬂ
comparison, 3 in the White-Hispanic comparison, and 7 in the male-female
comparison that have extreme MSOS values of .04 or higher. yﬁ}\
LN
There were two subtests, Arithmetic Keasoning and Mathematics Knowledge, 45:2:
that did not have any items with MSOS values greater than .02 for either of jﬁﬁ}‘
the racial/ethnic group comparisons. General Science, on the other hand, had ;?_ﬁ
three items with extreme MSOS values for both the White~Black and the White- k4
Hispanic comparisons. :éz‘ﬁ
The MHODDS results in Table 22 divide the items into three categories: \tiﬁ*
items that favor the reference group (i.e., grade 11, White, or male N .4
examinees), items for which the likelihood of getting an item right is P
similar for the two groups after controlling for total score, and items that ‘le‘
favor the focal group (i.e., grade 10, grade 12, Black, Hispanic, or female \:\:‘
examinees). The cutting points used correspond to delta scale differences of RN
roughly 1.,0. Thus, when an item is classified as "Ref. Foc.," the }jkk,
performance of examinees in the reference group is approximately one delta 3¥£ '
unit or more higher than that of examinees in the focal group, after matching hPyth
on total test score. : 4!;
In terms of number of items classified as "approximately equal" using the ?h:&E
MHODDS values, there is a close correspondence with the numbers that would be . f‘
considered essentially equivalent using an MSOS cutoff of .0l. That 1is, Q?\;ﬂ
98.0% of the grade 10 vs grade 11 MSOS values are less than .01, and 99.5% of My
the items are classified as having approximately equal MHODDS for these two e
groups. The corresponding percentages for the other four comparisons are: ::f}>
grades 11 and 12, 99.5% and 99.5%; White-Black, 82.0% and 83.0%; White- ?k,:
Hispanic, 79.0% and 84.5%; and male-female, 77.5% and 76.5%. ;?:“.
The agreement between the MSOS and MHODDS for classifying specific items el
is far from perfect., However, for the White-Black and the male-female :?gL
comparisons, items with MSOS values of .02 or higher also have low (less hﬁij
than .7) or high (greater than 1.5) odds ratios. Fourteen of the 16 items ﬁ;:,
(87.5%) with MSOS values greater than .02 in the White-Black comparison have o
low or high MHODDS values, and 19 of the 23 items (82.6%) of the MSOS values r]
greater than .02 in the male-female comparison have low or high MHODDS values Foe
according to the above criteria. These figures can be compared to base rates AR
of 17X and 23.5% for the White~Black and male-female comparisons, :ﬁkﬁ\
respectively. On the other hand, only 7 of the 18 items (38.9%4) with MSOS 5dhj'
values greater than .02 in the White-Hispanic comparisons have MHODDS values e
less than .7 or greater than 1.5, which is only slightly better than the base 3;\$
rate of 31 out of 200 items (15.5%) that have low or high MHODDS values. ~ ;
o
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Table 21. Distributions of the MSOS Values by Subtest
and Total Across Subtests

Range? GS AR WK PC AS MK MC ElL Total
Grade 11 - Grade 10
Low 23 30 34 15 25 25 25 19 196
Moderate 1 - 1 - - - - 1 3
High 1 - - - - - - - 1
Extreme - - - - - - - - 0
Grade 11 - Grade 12
Low 25 30 35 15 24 25 25 20 199
Moderate - - - - 1 - - - 1
High - - - - - - - - 0
Extreme - - - - - - - - 0
White~Black
Low 20 27 29 13 16 23 22 14 164
Moderate 1 3 2 1 3 2 2 6 20
High 1 - 2 - 5 - 1 - 9
Extreme 3 - 2 1 1 - - - 7
White-Hispanic
Low 18 30 31 14 21 24 9 11 158
Moderate 2 - 1 - 2 1 12 6 24
High 2 - 3 1 2 - 4 3 15
Extreme 3 - - - - - - - 3
Male~Female
Low 17 23 29 11 17 24 19 15 155
Moderate 4 5 4 3 1 - 3 2 22
High 3 1 2 1 5 1 2 1 16
Extreme 1 1 2 - 1 2 7

2 Low: MS0S< .01, ,
Moderate: .01 << MSO0S < .02,
High: .02 =< MSOS<C .04.
Extreme: .04 =< MSOS.

Interpretation of MSOS and MHODDS by Subtest

General Science. Four GS items had MSOS values greater than .02 in the

Black-White comparison. The direction and magnitude of the difference

were

evaluated by using the MHODDS ratios. An item that is flagged by an MSOS

value greater than .02 and has an MHODDS ratio greater than 1.5 favors

examinees in the base or reference group in the sense that their odds of

30
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Table 22. Distributions of MHODDS by Subtest and Total Across Subtests

Rangea GS AR WK PC AS MK MC EI Total
Grade 11 - Grade 10
Refo > Foc. ] - -

Approx Eq. 34 15 25
Foc. ) Ref. - - -

Grade 11-Grade 12

Ref. > Foc. -
Approx Eq. 14 25
Foc. ) Ref. - -

White=Black

Ref. > Foc.
Approx Eq.
Foc. D Ref,

{?‘."II:“ ) i

"
]

Ref. ) Foc.
Approx Eq.
Foc. ) Ref.

2

.

»'

Je

Ref. ) Foc.
Approx Eq.
Foc. D Ref.

555

K v

a8 Reference ) Focal: MHODDS ==1,5.
Approximately Equal: .7 { MHODDS { 1.5.
Focal ) Reference: MHODDS < ,7

AR RA IR
L R R

getting the item right are at least 1.5 times as great as their matched
counterparts in the comparison or focal group. On the other hand, items with
MHODDS values less than .7 favor examinees in the comparison or focal group.
Three of the four GS items with MSOS values greater than .02 in the
Black-White comparison were found to favor White examinees according to their
MHODDS values (greater than 1.5), while the fourth item favored Black
test-takers (MHODDS ratio less than .7). For reasons of test security, the
specific items cannot be presented here. However, these items were reviewed
and compared to the test specifications for GS.
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Recall that the GS subtest covers three general content domains, physical
science, life science, and earth science, All three items favoring Whites
according to the above criteria were in the physical science category, while
the item favoring Blacks was a life science item. The means and standard
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deviations of the MHODDS for all GS items within each content category are as
follows: physical science, mean = 1,31, SD = .49; life science, mean = .89,
SD = .31; and earth science, mean = ,99, SD = ,13,

Similar results were obtained for the GS subtest in the White-Hispanic
comparison. Of the five items with MSOS values greater than .02, three items
had MHODDS values greater than 1.5, and the other two had MHODDS values less
than .7. The means and standard deviations of the MHODDS values for all
items within the three content areas are: physical science, mean = 1.36,
8D = .71; life science, mean = .82, SD = ,27; and earth science, mean = 1.12,
SD = .34.

On average, the odds of a White examinee giving the correct answer on a
physical science item are about 1.3 times as great as for a Black or Hispanic
examinee with the same overall performance on the test. On the other hand,
the odds that a Black or Hispanic examinee will answer a life science item
correctly are about 1.1 to 1.2 (the reciprocals of .89 and .82) times as great as
for a matched White examinee. As indicated by the standard deviations,
however, there is substantial variability of the MHODDS values within each
content category.

In the male-female comparison, the four items with MSOS values greater
than .02 are again all associated with items that have either high or low
MHODDS values. The distinction of items favoring men and those favoring
women by content category, however, is less clear than in the racial/ethnic
comparisons. Two of the items with MSOS values greater than .02 favor men
(MHODDS greater than 1.5) and two favor women (MHODDS less than .7). One of
the two items favoring men is from the physical science area, and the other
from the earth science area. Of the two favoring women, one is a life
science item, but the other is a physical science item. The means and
standard deviations of the MHODDS values by content area are: physical
science, mean = 1.20, SD = .41; life science, mean = .98, SD = ,41; and earth
science, mean = 1,05, SD = ,61. Thus, though there may be some indication
that men are more likely to do better than women on physical science items
after matching on total score, the tendency is, at best, weak; and there is
considerable variability from item to item within a content area.

Arithmetic Reasoning. None of the 30 items on AR had MSOS values greater
than .02 for either of the racial/ethnic group comparisons, and only two
items had MSOS values greater than .02 for the male-female comparison. Both
of the items so identified in the male-female comparison had low MHODDS
values (less than .7). However, no obvious interpretations were forthcoming
from a review of the items, One of the items involved the calculation of the
area of a rectangle, and the other item was a time/rate problem. Since the
MHODDS values for the time/rate problems r.nged from a low of .62 (the
identified item) to a high of 1.44 and had a mean of .95, it seems unwise to
attempt any generalizations about the characteristics of AR items that may
favor men or women relative to their matched counterparts.

Word Knowledge. Four WK items had MSOS values greater than .02 in the
White-Black comparison. Three of these favored Whites (MHODDS greater than
1.5) and the other item favored Blacks (MHODDS less than .7). Of the three
items with MSOS values greater than .02 in the White-Hispanic comparison, two
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' favored Whites; and the third had an intermediate MHODDS value of .78, which

S

is only slightly above the lower cutoff of .7 for an item to be classified as
favoring Hispanics.,

o’

s

Two item types are used to assess knowledge of synonyms on the WK
, subtest. The stem of the item is either of the form " most nearly
™ means ....'' Oor the stem presents a complete sentence with one word underlined
: (DoD, 1985, p. 60). There was no distinction, however, among items favoring
Whites and those favoring Blacks or Hispanics in terms of item type,

A review of the words that were identified as functioning differently for

;- Whites and Blacks or for Whites and Hispanics did not lead to any clear rules
’ that would help identify such items in advance. However, two of the three
1§: words that favored Whites over Blacks, one of which was also one of the two
;h words that favored Whites over Hispanics, are words that are most likely to
be encountered in science classes. Support for this conclusion comes from
ex’ the Carroll, Davies, and Richman (1971) word frequency study, in which
) 5,088,721 words of running text from 1,045 publications were analyzed.
.~ Carroll et al. broke the frequency of occurrence counts down by subject
j— matter of the source publication. One of the two words mentioned above
-5 occurred 21 times in the Carroll et al. (1971) study: 14 times in science
texts, 6 times in library reference materials, and once in art texts, It
Fos never occurred in any of the other 14 categories of text. The second word
>~ occurred a total of 6 times: 3 times in science texts and 3 times in library
K. reference materials. None of the other words in the WK subtest was so
3 clearly associated with a particular subject matter.
~
In the male-female comparison, both words with MSOS values greater than
N +02 had MHODDS values greater than 1.5 (i.e., they favored men). One of
’ﬁ those items involves the more frequent of the science-related words described
< above. The other item involves a sentence concerning the use of a shop tool,
~ though the target word may be used in a variety of other contexts.
"
Paragraph Comprehension. A single item was identified on the PC subtest
5 in all three racial/ethnic group and gender comparisons. The MHODDS values
fQ indicated that the item favored Blacks and Hispanics over Whites and men over
. women after controlling for overall performance on the PC subtest. The item
.ﬁl consists of a 25-word stem which contains one complete sentence and a second
N partial sentence that is to be completed by the appropriate choice of a
phrase from among the four options. Since the other items involving this
:ﬂ "complete-the-sentence" format did not show consistent between-group
o differences, there is no basis for concluding that this format produced the
o differences observed for the single PC item.
4.'
‘}: Auto and Shop Information. Six items on the AS subtest had MSOS values
greater than .02 for the White-Black comparison: Two of these favored
': Whites; three favored Blacks; and the other item was in the intermediate
o category according to the MHODDS criteria, though the MHODDS value of 1.46
Jﬂ for the item fell just below the cutting point. All three items favoring
W Whites (including the one with MHODDS = 1.46) are in the automotive
o information domain. Two of the three items favoring Blacks, on the other
. hand, are concerned with the proper use of hand tools for particular purposes
A in the shop. This division by content area is violated, however, by the
fk remaining item favoring Black examinees. Furthermore, a comparison of the
n
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MHODDS ratios for all automotive items with those for shop items provides no
support for an hypothesis that differential item functioning is explained by
this content categorization. The mean MHODDS for the automotive items is
l.11, while the mean for shop items is 1.02.

Only two AS items had MSOS values greater than .02 for the White-Hispanic
comparison. Neither of these items had high or low MHODDS values according
to the criteria used. Furthermore, there were no apparent consistent content
differences for the items with high or low MHODDS values. Hence, no
interpretation of the differential functioning indices for the White-Hispanic
comparison is suggested.

Five of the seven AS items with high MSOS values in the male-female
comparison also had MHODDS values above 1.5 (i.e.,, favored men). The
remaining two items identified by the MSOS criterion had MHODDS values of
1.45 and 1.18. Thus, men are more likely to answer all seven identified
items correctly than are women with equal overall performance on the AS
subtest. Five of the seven identified items deal with the proper use of shop
tools. The remaining two items deal with lubrication, albeit in the
automotive context.

Mathematical Knowledge. None of the MK items had MSOS values greater
than .02 for either of the racial/ethnic group comparisons, and only one item
met this criterion in the male-female comparison. The MHODDS indicated that
the latter item favored women. A single item provides no basis for
generalization, and none will be attempted.

Mechanical Comprehension. The single item on the MC subtest with an MSOS
value greater than .02 for the White-Black comparison had an intermediate
MHODDS value of 1.41. Similarly, all four of the items that satisfied the
MSOS criterion for the White-Hispanic comparison had intermediate MHODDS
values. However, all four of the latter had similar MHODDS values (.76, .76,
+79 and .84), suggesting that the identified items all were somewhat easier
for Hispanic examinees (i.e., they favored Hispanics) than for White
examinees with comparable overall perfcrmance on the MC subtest. Since the
four items varied considerably in terms of content (spring, valves, levers,
and gears), no interpretation of the apparent difference is evident.

In the male-female comparison, three MC items exceeded the MSOS
criterion. One of these items had an extremely large MHODDS value (2.70),
while the other two had MHODDS values of .7 or less. The item that men were
2,7 times as likely as women with comparable overall performance on the MC to
answer correctly contained two technical words, one of which did not occur in
over 5,000,000 words analyzed by Carroll, Davies, and Richman (1971); and the
other one occurred only in the science, shop, and magazine categories. The
two items favoring women dealt with a piston and a pump, but no basis for
generalization was apparent.

Electronics Information. None of the EI items had MSOS values greater
than .02 in the comparison of White and Black examinees. Although there were
three items that satisfied this criterion in the White-Hispanic comparison,
none of the three was categorized as high or low according to the MHODLS
criteria.
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Two of the three items on the Bl subtest with MSOS values greater than
«02 for the male-female comparison had MHODDS values greater than 1.5. Both
of these items involved the definit:.on of a word. According to the Carroll,
Davies, and Richman (1971) study, one of these words occurred only in science
(7 times), math (2 times), and library reference (1 time) texts. The other
word occurred most frequently in shop (7 times), followed by science (5
times), reading (5 times), and library reference (1 time) texts. Neither of
these words was found in any of the other content area texts.

V. DISCUSSION AND CONCLUSIONS

A total of 27 differential item functioning indices were computed for
each of the 200 items on the eight non-speeded tests of the ASVAB for each of
5 group comparisons (grade 10 with grade 11 students, grade 11 with grade 12
students, White with Black students, White with Hispanic students, and male
with female students). Greater variability in the magnitude of all 27
indices was observed when the comparison involved gender or racial/ethnic
groups than for either of the grade-to-grade comparisons. Higher means were
also found in the gender and racial/ethnic group comparisons for the unsigned
(i.e., nondirectional indices such as the chi-square or sum of squares
indices). In other words, regardless of the index used, some items are apt
to be flagged as functioning differently for Black than White, for Hispanic
than White, or for women than men.

The relationships among the indices--whether judged in terms of Pearson
product-moment correlations, Spearman rank-order correlations, or agreement
on items flagged for differential functioning--are quite variable. A few
indices, such as the four that are based on the differences between groups in
the point=-biserials of an item with the total subtest score or some
transformation of the point-biserials, were found to be related to each other
but had little relationship with any of the other indices. In general, as
would be expected, similarly defined indices, such as the several types of
IRT-based sum of squared difference indices or the "full chi-square” and the
Mantel-Haenszel chi-square statistics, were found to be highly related, and
would, in most cases, lead to the identification of the same items in either
of the racial/ethnic group comparisons or the male~female comparison.

vIEC YR
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The Mantel-Haenszel chi-square and the Shepard, Camilli, and Williams
(1984) modified sum of squared differences between item response curves had
moderately high Spearman rank-order correlations for the White-Black (median
r = .,60) and the male-female (median r = .56) comparisons. The median
correlation across the eight subtests for the White-Hispanic comparison,
however, was only .23.
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Emphasis for interpretive purposes was given to two indices, one based on
observed scores and one based on IRT. By selecting indices based on
different rationales, but for which there are strong theoretical and
empirical justifications, it was reasoned that the likelihood would be
reduced that an item would be identified as one that functions differently
for different groups simply as the result of analytical artifacts. Based on
theoretical justifications, empirical results from previous research studies,
and the results of the present analyses, the MSOS and MHODDS indices were
selected as the combination that is most likely to lead to unambiguous
identification of items (Holland & Thayer, 1986; Shepard, Camilli, &
Williams, 1984).
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Two of the subtests, Arithmetic Reasoning and Mathematical Knowledge,
were found to have few, if any, items that function differently for White,
Black, or Hispanic examinees. There was also little, if any, indication that
items on these two tests function differently for men and women. On the
remaining six non-speeded subtests, however, there were some items on which
the performance of one group of examinees was clearly better than that of
another group, even after adjusting for differences in overall performance on
the subtest total score or the estimated latent ability from the item
response theory analyses.

It should be noted, however, that the direction of the difference on
items with large indices varied from item to item in each of the group
comparisons. In other words, some items with large indices favored one
group, whereas other items favored the other group. It is not the case that
such items always favored White examinees over Black or Hispanic examinees or
men over women. Consequently, there is, at least, some tendency for items
favoring one group to be balanced by items favoring the other group.

In trying to relate this finding to the results of the differential item
functioning analyses, relatively few general conclusions about the
characteristics of items that are apt to function differently for White and
Black test-takers, for White and Hispanic examinees, or for male and female
examinees appeared to be justified. Nonetheless, a few generalizations that
may be useful either as hypotheses for future analyses of the ASVAB (and
other multiple aptitude test batteries) or as considerations in future item
development and test construction seem worthy of consideration.

1. After control for overall performance on the General Science
subtest, White examinees tend to do better than Black or Hispanic examinees
on physical science items, while the converse is true for life science.
Although the reasons for this difference are unclear, it is possible that it
is the result of different course-taking patterns in high school. In any
event, the result underscores the importance of maintaining balance among the
content domains covered by the General Science subtest, which, according to
the Technical Supplement to the Counselor's Manual for the ASVAB, Form 14
(DoD, 1985, p. 59), include "approximate weightings ... [of] 45%, 45%, and
10%" for physical science, life science, and earth science, respectively.

2. On the Word Knowledge subtest, there was some indication that
words found in science textbooks--but not in other texts that students are
likely to encounter in school--favor White examinees over Black or Hispanic
examinees with comparable overall performance on the subtest. To a lesser
extent, such words may also favor men over women. Consideration of the
distributional characteristics provided by Carroll, Davies, and Richman
(1971) in the selection of vocabulary words for future editions of the Word
Knowledge subtest may be desirable,

3. On both the Mechanical Comprehension and the Electronics
Information subtests, the items that most clearly favored men over women with
comparable overall performance on the subtests required knowledge of
vocabulary that is most likely found in science, shop, or math texts. The
extent to which specialized vocabulary is an essential part of the constructs
that these subtests are intended to measure deserves consideration.
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Although generalizations from this and previous investigations of
differential item functioning are limited and provide relatively little
practical guidance for test construction, the importance of the isgue demands
continued attention. The incorporation of results of differential item
functioning analyses as part of the routine item analysis performed in test
construction appears desirable. In this way, it may be possible to
accumulate a large enough collection of flagged items to make generalizations
possible. It could also provide a means of avoiding the use of items with
unusually large differences and instead using available alternative items
that better satisfy the operational test specifications.
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