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SUMMARY AND CONCLUSIONS 

PURPOSE OF THE STUDY 

This report describes psychometric analyse~ of the responses 

of the National Longitudinal Study (NLS) panel to the Armed Ser­

vices Vocational Aptitude Battery (ASVAB). These data were col­

lected for the purpose of constructing national norms for the 

aptitudes of the national youth population, ages 16 to 23. The 

analyses reported herein concern several aspects of the suit­

ability of the data for this purpose. 

The central question we address is this: To what extent do 

the scores of the subjects accurately reflect their abilities? To 

answer it, we examine the data for possible sources of invalidity: 

random responses, carelessness, inappropriate levels of test 

.difficulty, ambiguous wording of questio~s, and cultural bias, 

among others. 

RESULTS 

Subtest reliabilities (the degree to which ·items within a 

subtest cooperate to measure the content a~ea) fall within the 

range of reliabilities of commercially-published aptitude 

tests. Measurement is of acceptable precision across the range of 

abilities of the subjects, with all tests most precise in the 

region from the 25-th to the 75-th percentile. 



The incidence of "unexpected" responses (low-scorers answer­

lng hard questions correctly and high-scorers answering easy 

questions incorrectly) was lower than might be expected on 

multiple-choice tests like the ASVAB subtests. Random guessing 

was rare in the more technical subtests, more frequent (but still 

low in absolute terms) in the more academic tests. Little evi­

dence of carelessness on the part of high-scoring subjects was 

observed, with the notable exception of the final item in the 

Paragraph Comprehension test. Because of its position in the test 

booklet, it was inadvertantly omitted by more than a third of the 

subjects. 

The extent of guessing can be quantified by saying that even 

the lowest-scoring subjects answered the hardest items correctly 

with about one-in~ten 'chances. This level is significantly lower 

than the one-in-four chances that would result from random guess­

ing among the choices offered, indicating that subjects were on 

the, whole taking the care to interact meaningfully with the items. 

In this respect th~ derived norms will be'of higher quality at the 

lower ends of the ability distribution than might be expected with 

tests of this kind. 

Levels of guessing were slightly but inconsequentially lower' 

for males than for females. Levels of guessing were also consist­

ent across racial/ethnic groups, given the ability levels of 

subjects. 

Test question bias (some questions being relatively easier 

for members of one cultural group than another),was not apparent, 
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with two minor exceptions. (1) The single score reported in 

General Science tends to over-estimate the Health Science abil­

ities of males but under-estimate their Physical Science abil­

ities, while the reverse is true for females. (2) The single score 

reported for Word Knowledge tends to over-estimate Hispanic and 

Black familiarity with "literary" words but under-estimate famil­

iarity with words in popular usage, while the reverse is true for 

Whites. Otherwise, it may be concluded that ASVAB scores have 

essentially the same meaning across sex and racial/ethnic groups. 

Violations of test administration standards, as'defined at 

'the level of NORC area supervisors, were not apparent. 

CONCLUSIONS 

Data from responses to the ASVAB are free from major defects 

such as high levels of guessing or carelessness, inappropriate 

levels of difficulty, and cultural test-question bias. Accord­

ingly, the level of reliability of the resulting scores from the 

NLS panel can be expected to equal or surpass that of comparable 

commercially-published. tests of aptitude and achievement. 
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STATEMENT OF PURPOSE AND METHODS 

This paper is the final report of data-quality analyses of 

the responses of the National Longitudinal Study panel to the 

Armed Services vocational Aptitude Battery (ASVAB), Form BA. The 

analyses and our comments address the suitability of these data 

for the construction of national norms for the current youth 

population, ages 16 through 23. 

One important aspect of data quality is the degree to which 

the distributions of number-right scores derived from these data 

approximate those which would be obtained by testing every member 

of the youth population. This question is addressed in reports on 

the sampling design (Frankel, 1981) and on test admininistration 

procedures (McWilliams, 1980), and by the sampling-theoretic 

standard errors for percentile points of the final distributions 

(Frankel, 1981). 

Number-right distributions are of interest, however, only 

insofar as they reflect the abilities of the subjects. A second 

and separate aspect of data quality is ~he degree to which test 

scores are reliable and accurate measures of ability for subjects 

in the youth population. This question is addressed in the pres­

ent report, a psychometric analysis of the ASVAB subtests with 

regard to the responses of the National Longitudinal Study panel. 
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To this end, a model~fitting approach is taken. Data from 

each of the ASVAB subtests are fit to an item response curve (IRe) 

model which quantifies expected patterns of subject/item inter­

action. The parameters of the models summarize the operating 

characteristics of the tests: departures from the models highlight 

disturbances and anomalies in the data. These features of the 

data are discussed, with particular attention to their implica­

tions for the construction, the interpretation, and the eventual 

use of number-right norms for the youth population. 
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PART I 

DATA-QUALITY ANALYSIS WITH ITEM RESPONSE CURVE MODELS 

In order to discover and describe the manner in which each of 

the ten ASVAB subtests operates to,measura subject abilities, each 

subtest has been fit separately to an item response curve (IRe) 

psychometric model. This part of our report briefly describes the 

IRe models that are used: a 3-parameter logistic model for the 

power (unspeeded) tests and a Poisson model for the speeded 

subtests. 

ITEM RESPONSE CURVE MODELS AND DATA ANALYSIS 

The use of item response curve (IRC) psychometric models has 

long been supported and developed by the armed services, beginning 

in the 1960's with the work of Allan Birnbaum and continuing in 

the present with the work of Fumiko Samejima, James McBride, and 

others. The principal advantages of these models in selection and 

classification stem from the fact that subject abilities are 

estimated conditionally on the items the subject has been pres­

ented. Tailored testing and linking of test forms, difficult 

problems for the methods of classical test theory, become quite 

tractible. 
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Our choice of IRC models for the analysis of the ASVAB has 

been motivated from a different point of view. In parameterizing 

the expected patterns of subject/item interactions, IRe models are 

excellent vehicles for data analysis of mental test data. To the 

extent that an IRe explains the data, it expresses the operations 

of the test and of the items as measuring devices. The amount of 

information provided about subjects at various levels of ability, 

by individual items and by the test as a whole, are easily ob­

tairied. Departures from the model highlight disturbances and 

anomalies in the data, such as ambiguities in test items or random 

guessing behavior of subjects. 

Eight of the ten ASVAB subtests are power tests, in which 

performance depends mainly on subjects' knowledge or reasoning 

abilities rather than time limitations. To these tests, a Birn­

baum 3-parameter logistic IRe (Birnbaum, 1968) was fit with the 

BILOG computer program (Bock & Mislevy, 1980), using the fixed­

effects algorithm outlined in Appendix A. 

The remaining two subtests are speeded tests, in which per­

formance depends mainly on subjects' speed and accuracy at simple 

tasks in a limited amount of time. To both of these tests, a 

Poisson IRC for speeded tests (Rasch, 1960) was fit. 

The following sections review these models in turn. 
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A 3-PARAMETER LOGISTIC MODEL FOR POWER SUBTESTS 

An un speeded (power) mental test demands knowledge or reason­

ing ability from a subject. Although time limits are set and 

observed, it is assumed that subjects would answer few additional. 

items correctly under more generous time limits. Eight of the ten 

ASVAB subtests are un speeded tests: (1) General Science, (2) 

Arithmetic Reasoning, (3) Word Knowledge, (4) Paragraph Comprehen­

sion, (5) Auto & Shop Information, (6) Mathematics Knowledge, (7) 

Mechanical Comprehension, and (8) Electronics Information. 

The mod~l used to analyze the eight power subtests of the 

'I ASVAB is based on Birnbaum's 3-parameter logistic item response 
I 

curve (IRC) model. The IRC provides a statistical model for the 

probability of a given subject responding correctly to a given 

test item. Included in this model is the subject's scale score 

and pa~ameters that characterize the difficulty and reliability of 

the item. When the model is fitted to the data, it is capable of 

accounting for the facts that--

(1) Some subjects perform better than others on the items in 

the sUbtest. 

(2) Some items in the subtest are easier than others. 

(3) Some items measure the underlying ability more precisely 

than others. 

(4) Because the test items are multiple choice, subjects can 
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occasionally answer any item correctly by guessing. 

The scale of ability along which persons are measured is 

defined explicitly by the locations of the items: 

The ability, or scale score, of Subject i (6i ) is his loca­

tion along the scale. 

The location of Item j on the scale is called its threshold 

(bj)' Items' thresholds indicate their relative probabilities of 

being answered correctly by a person drawn at random from the 

target population. A subject located at the threshold of Item) 

would have a 50-50 chance of answering Item j correctly. 

The dispersion parameter of Item j (Sj) is inversely related 

to the reliability with which item j measures ability. 

Finally, the lower asymptote of Item j (Cj) is the proba­

bility of a correct response from even the subjects of lowest 

ability. Lower asymptotes may be useful during the estimation of 

item parameters, freeing threshold and dispersion estimates from 

the effects of random guessing. Becaus~ guessing behavior differs 

from one subject to another, however, final estimates of subject 

ability are instead based on a a robust procedure that does not 

use the lower asymptotes (see Appendix B). 

The exact value of the probability of a correct response to 

Item j from Subject i is given by the following function of 6il 

bj , Sj' and Cj: 

Pij = Cj + (l-Cj) exp(Zij) / [1.0 + exp(Zij»)' 

where 
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Z •. :: (e. -b. )/5. 
1J 1 J J 

and exp(x) denotes the raising of the base of the natural loaa-

rithms to the xth power. 

The origin' and scale of the ability variable may be chosen 

arbitrarily. In our analyses, the scale has been set so that the 

mean of subject abilities in the youth population is zero and the 

v.riance is one, after correction for measurement error variation. 

The amount of information that Item j provides about subjects 

at various levels of ability is given by its information curve, 

which for the logistic item response model is the derivative of 

the IRe (i.e., the slope of the curve at each point on the scale). 

The information provided by Item j for ability level a is given by 

-1 2 -1 
Ij<a) :: {{l+exp(ZSj)] /(Sj) }(l-cj}{(l+exp(Zej- In(cj)] } 

where 

Zej :: (a-b j ) IS j . 

It may be inferred that an item provides most information 

about subjects whose abilities lie in the neighborhood of its thresh­

old. It may also be inferred that, at their most informative 

points, items with large dispersions provide less information than 

items with small dispersions. 

The total amount of information provided by a collection of 

items is given by the sum of their individual item information 

curves, i.e., the test information curve. When the method of 

maximum likelihood is used to estimate subjects' abilities from 

their responses to items with known parameters, the standard error 
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of estimation will be the square root of the reciprocal of the 

total test information at the estimated ability. An examination 

of a test's information curve, then, may be used to examine the 

levels of measurement precision that are attained at various 

paints along the ability scale. Such analyses will be performed 

for the power tests of the ASVAB. 

We note in passing that simpler item-response models with 

constant item dispersions and/or lower asymptotes of zero have 

also been proposed (see Lord & Novick, 1968, and Andersen, 1980). 

These models offer considerable conceptual and technical advan­

tages in applied settings, and are worthwhile goals during test 

construction. Preliminary analyses of the data from the ASVAB 

subtests indicated that these simpler models fit the data poorly, 

however. The 3-parameter model has been adopted as better suited 

to the task at hand, namely, data analysis of responses to exist­

ing tests. 

A POISSON MODEL FOR SPEEDED SUBTESTS 

The items of the speeded subtests of the ASVAB, Numerical 

Operations and Coding Speed, require little knowledge or reasoning 

ability. If time were not restricted so severely, almost every 

subject would answer almost every item correctly. Performance in 

these subtests, then, places a premium on subjects' speed and 

accuracy. 
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The model used to analyze these subtests is based on Rasch's 

(1960) model for speeded tests. Two assumptions are necessary. 

First, item content within a test is considered to be homogeneous 

--an assumption fairly well satisfied f~r Numerical Operations and 

almost perfectly satisfied for Coding Speed. Second, a subtest is 

treated as if it were infinitely long--an assumption also well­

satisfied in both tests, as time restrictions are sufficiently 

strict to prevent all but a few subjects from reaching the end of 

either subtest. 

Briefly, the justification of the model is as fOllows: It is 

supposed that (1) the probability of Subject i responding cor­

rectly to an item during any small time .interva1 6 t depends only 

on the length of the interval, and that (2) as At approaches zero 

the possible outcomes are essentially either ~ correct response, 

with probability Pi' or zero correct responses, with probability 

(I-Pi)' Then the probability that Subject i will correctly answer 

Ri items over the course of Ni time intervals is approximated by 

the following Poisson model: 

R. 
~ (N. P.) 

prob(RiINi ) = --~--~--- exp(-N i Pi)' 
R. ! 

1 

where (Ni Pi) may be interpreted as the expected number of correct 

responses. 

Rasch's original model expressed Pi as the product of a term 

for subject ability and a term for test difficulty, which is 

essential for the comparison or linking of multiple tests. 
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Because our attention is focused on only one subtest at a time, 

this separation is not necessary. Furthermore, because every 

subject is allotted the same amount of time, Ni may be absorbed 
-

with Pi into a single parameter ei' the ability of Subject i with 

respect to the given subtest and standard time limitations. 

Under the assumptions outlined above, the maximum likelihood 

estimate of 6 i is simply Ri and its standard error of estimation 

is the square root of Ri . It is customary to analyze the logs of 

number-correct scores of speeded tests, and for this reason we 

have approximated 6i by (Ri + 0.5). Subsequent analyses of score 

distributions revealed that the number-correct scores have approx­

imately normal distributions in the youth popUlation, as do the 

ability estimates from the power tests, while the logs of the 

number-right scores do not. The number-right metric has been 

retained, then, so that score units may be more comparable for the 

power subtests and the speeded subtests. Like the power tests, 

the speeded tests have been standardized so that the mean of the 

population is zero and the variance is one, after correction for 

measurement error variance. 

A facsimile of a test information curve is obtained by plot­

ting the squared reciprocals of standard errors against ability 

estimates. While the form of the model dictates decreasing in­

formation with increasing ability, it is useful to examine the 

test information curve in relation to the population distibution 

of ability. Moreover, it will be possible to derive statements 

about local and overall test re1iabilities. 
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PART II 

OVERALL FIT OF IRe MODELS TO ASVAB POWER SUBTESTS 

The 3-parameter logistic model used to analyze the ASVAB 

power subtests characterizes each item individually, in terms of 

its difficulty, its reliability, and the level of random guessing 

it provokes. These parameters attempt to express the item's 

relationship to the underlying ability variable. The success of 

this characterization can be examined by the d~gree to which 

subjects at various levels of ability respond in accord with the 

modelled patterns. 

The BILOG computer program provides an overall Chi-square 

value for subtest fit, the sum of the Chi7squares for item fit; 

The total fit Chi-square may be considered as a summary statistic 

of the fit of the IRe model to the data. (More useful for diag­

nosis and quality control are indices of fit for individual items 

and for individual subjects. These analyses are discussed in Part 

IV and Part V respectively.) The total fit values are shown as 

Table 1. 

It may be seen that for each power subtest, the Chi-square is 

about twice the number of degrees of freedom. This fit of IRC 

models to data from attainment/achievement tests is typical in our 
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TABLE 1 
FIT CHI-SQUARES OF IRC MODEL TO POWER SUBTESTS 

===========================================::======== 
DEGREES OF 

SUBTEST CHI-SQUARE FREEDOM RATIO 
-----------------------------~-----------------------
GENERAL SCIENCE 
ARITHMETIC REASONING 
WORD KNOWLEDGE 
PARAGRAPH COMPREHENSION 
AUTO & SHOP INFORMATION 
MATHEMATICS KNOWLEDGE 
MECHANICAL COMPREHENSION 
ELECTRONICS INFORMATION 

315.97 
476.45 
499.87 
173.92 
360.56 
418.00 
360.78 
244.90 

171.00 
208.00 
220.00 

79.00 
172.00 
173.00 
178.00 
135.00 

1.85 
2.29 
2.27 
2.20 
2.10 
2.42 
2.03 
1. 81 

===================================================== 

NOTE: DESIGN EFFECT OF ABOUT 2.0 NOT ACCOUNTED FOR. 



experience. These Chi-squares cannot be taken strictl~ at face 

value, however, because the NLS panel lS not a simple random 

sample from the youth population; it is a stratified sample, 

including oversampling in certain groups with low average abil­

ities. If it is appropriate to adjust the subtest fit indices in 

accordance with calculated design effects (and it is not clear as 

yet whether this is so), then the fit of the IRC models is ex­

tremely good; design effects for the ASVAB scores in the NLS study 

are about 2.0 (Frankel, 1981). At any rate, the fit is certainly 

good enough to justify interpretation of parameter estimates. 

CONCLUSIONS 

The fit of the items in the ASVAB power tests is comparable 

to that of other testJ of educational a~hievement or aptitude in 

our experience. The interpretation of item parameters and state­

ments derived from them is justifiable. 
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PART III 

SUBTEST INFORMATION AND RELIABILITY 

The concern of Part III is the extent to which the ASVAB 

subtests provide accurate measures for subjects at various levels 

of ability. The test information curve for each ASVAB subtest 

indicates the precision of measurement which the subtest can bring 

to bear at any given point along the ability scale. The square 

root of the reciprocal of the information at that ability is the 

standard error of.~stimation. A test information curve can reveal 

whether the focus of measuring power of a test is consistent with 

its intended use. 

METHODOLOGY 

Unlike the classical' test theory concept of reliability,'test 

information need not refer to the distribution of ability in a 

particular population of subjects. However, when the distribution 

of a target population is known or can be estimated, as is the 

case with the national youth population with regard to the ASVAB 

subtests, statements about test reliabilities can be derived from 

the information curves. In addition to traditional population 
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reliability coefficients, it is possible to determine the relative 

precision of measure~ent at various points of the ability 

distribution. 

Reliability is typically defined as the ratio of "true" 

variation in a population to the sum of "true" and measurement 

error variation. An estimate of population reliability may be 

obtained by first integrating the error variation over the pop­

ulation ability distribution to obtain an average value, then 

computing the ratio of true-score to true-score plus average error 

variation. 

The relative precision of measurement of a subtest can be 

determined for any point along the ability scale by dividing the 

standard error of estimation for the point at which measurement is 

most precise by the standard error of estimation at the point in 

question. The reciprocal of this quotient is interpretable as 

well, as the mUltiple by which confidence intervals around the 

point in question are longer than confidence intervals with the 

same level of probability around the point of greatest precision. 

RESULTS 

The test information curves and associated standard error 

curves for-each of the ten ASVAB subtests are present,ed in Appen­

dix C. These curves were computed under the assumptions of the 

models described in Part I. In particular, it should be recalled 

that the ability estimates within each test were set to have a 
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population mean of zero and a true-score variance of one (Note:' 

these values take into account the subject weights from the NLS 

sampling design). Subsequent analyses of the ability distrib­

utions reveal them to be approximately normal in shape, so that 

the precision of measurement available at percentile points of 

interest may be approximated from the information curves, using 

the transformation of normal deviates to percentage points. 

Table 2 presents standard errors of estimation associated 

with abilities of minus two, minus one, zero, plus one, and plus 

two standard deviations from the population mean in each of the 

ASVAB subtests, along with the corresponding averages over the 

population distributions. Under the assumption that the ability 

distributions are normal, population test reliabilities have been 

computed using a ten-point Gauss-Hermite quadrature. 

Both test information and reliability increase as the number 

of items in a test increases. Higher reliabilities are to be 
. . 

expected, therefore, from longer tests like Word Knowledge than 

from shorter tests like Paragraph Comprehension. Population 

average reliabilities, however, are not neceassarily the most 

relevant indices for evaluating a test. 

Paragraph Comprehension, as a first example, is a very short 

and therefore less informative test. Population reliability 

appears .to be low (.68) but measurement precision at one standard 

deviation below the mean is surprisingly high; Paragraph Comp­

rehension is just as precise in this region as Arithmetic Reason­

ing, which has twice as many items! 
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TABLE 2 
SUBTEST RELlABILITIES AND STANDARD ERRORS OF MEASUREMENT 

===~=.======~=:=====S~====.==:~====~====~===~~===:=======;~==~c======a~==;===~~======== 

STANDARD ERRORS OF MEASUREMENT 

TEST NAME ITEMS -2 SO -1 SO MEAN +1 SO +2 SO AVERAGE RELIABILITY 

GENERAL SCIENCE 25 .59 .31 .33 .39 .67 .40 .86 
ARITHMETIC REASONING 30 .83 .33 .23 .31 .59 .39 .87 
WORD KNOWLEDGE 35 .31 .20 .23 .44 .94 .40 .86 
PARAGRAPH COMPREHENSION 15 .69 .33 .45 .78 1. 56 .69 .68 
NUMERICAL OPERATIDNS* 50 .39 .52 .64 .73 .77 .64 .71 
CODING SPEED· 84 .25 .37 .47 .56 .61 .47 .82 
AUTO & SHOP KNOWLEDGE 25 .96 .50 .25 .31 .72 .45 .83 
MATHEMATICS KNOWLEDGE 25 .89 .20 .25 .29 .61 .44 .84 
MECHANICAL COMPREHENSION 25 .82 .42 .33 .42 .6~ .45 .83 
ELECTRONICS INFORMATION 20 .94 .42 .35 .47 .75 .50 .80 
•• _._._~.azzv.~~ ••••• a.==~c=.:~~== •• ~=~ ••• a~~~==.~K~=Z~~K~~~=~=~~E==== •• ~==~~~:C~==C=:~ 
NOTES: • INDICATES SPEEDED SUBTESTS. 

TRUE-SCORE VARIANCE IS 1.0 IN ALL SUBTESTS. 



A typical item at this point along the Paragraph Comprehen­

sion ab~lity scale (see, for instance, Item 4 or 13) requires a 

subject to identify the main idea of a short written passage. 

This means that Paragraph Comprehension scores can provide a 

precise answer to the specific question of whether a subject can 

or cannot acquire information from written material at the target 

level; they reliably distinguish readers from non-readers. They 

are less useful for comparing the abilities of readers who are 

above, say, one standard deviation above the mean. The Paragraph 

Comprehension subtest would seem well-suited for initial selection 

of subjects but poorly suited for placement of selected subjects 

into advanced training programs. 

Auto ,& Shop Information, as a second example, focuses its 

measuring power a quarter of a standard deviation above the pop­

ulation mean. A typical item in this region of the scale, Item 

20, concerns the fact that a vacuum line must be operated by 

either the carburetor or the intake manifold--clearly a higher 

level of performance than required by the Paragraph Comprehension 

items described above. Auto & Shop Informatiori would seem better 

suited for placement of selected subjects into training programs 

than for initial selection. 

AS dictated by the form and the scaling of the IRC used for 

the speeded tests, both Numerical Operations and Coding Speed are 

most informative for the subjects of lowest abilities. It may be 
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seen that the level of information does not drop rapidly in either 

test, so that measurement precision even two standard deviations 

above the populations means are satisfactory--standard errors of 

measurement of .77 and .61 respectively, in the same range of 

magnitude as corresponding values for the power subtests. 

The most informative regions of each of the ASVAB power 

subtests are described below: 

General Science provides most information in the region 

three-quarters of a standard deviation below the mean, at about 

the ~5th pe~centile. An item in this region is Item 7; the sub­

ject must recognize that mushrooms, as opposed to three va~ieties 

of green plants, lack chlorophyll. The items in General Science 

cover a broad range of difficulty. As a result, the peak of the 

information curve is not as sharp as those of other tests, and 

quite reliable measures are obtained from about 1.5 standard 

deviations below the mean up to 2 standa~d deviations above the 

mean. 

Arithmetic Reasoning provides most information in the region 

one quarter of a standard deviation below the mean, about the 40th 

percentile. Item 13, with a threshold in this region, tells the 

subject that a hunting trip yielded 3 rabbits, 9 fish, and 4 

squirrels, then asks what fraction of the total catch the squir­

rels represent. Adequately reliable measurement is obtained from 

1.5 standard deviations below the mean to 2.0 standard deviations 

above. 
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Word Knowledge, the longest ASVAB power test, provides most 

precise information three-quarters of a standard deviation below 

the mean, about the 25th percentile. An item in this region is 

Item 14, asking the meaning of lIgouged. 1I Information becomes less 

reliable above 1.S standard deviations above the mean. 

Paragraph Comprehension, the shortest power test, is most 

informative a full standard deviation below the mean, about the 

16th percentile. As noted above, items in this region of the 

scale require the subject to identify the main idea of a short 

written passage. Information peaks here quite steeply, and falls 

off rapidly. Paragraph Comprehension scores may indicate that a 

given sUbject can acquire information from a written passage of 

the type presented, .but they may not be able to tell how much 

better or worse he is than another subject who has also scored 

well on the test. 

Auto , Shop Information provides most information in the 

region a quarter of a standard deviation above the mean, about the 

60th percentile. A typical item from this region, as noted above, 

concerns the operation of vacuum lines. Information peaks fairly 

sharply; Auto & Shop Information scores are quite reliable for 

persons within one standard deviation from the mean. 

Mathematics Knowledge provides most information in the region 

a half standard deviation above the mean, about the 70th percen­

tile. One item in this region, Item 17, requires the subject to 

solve for a specified variable an algebraic expression involving 
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algebraic division but not exponentiation. The test is not very 

informative for subjects with abilities more than one standard 

deviation below the mean. 

Mechanical Comprehension provides most information in the 

region a quarter of a standard deviation below the mean, about the 

40th percentile. An item in this region, Item 7, concerns the 

direction of operation of a simple cam. The information peak is 

not sharp, and of all the power tests, Mechanical Comprehension 

spreads its measuring power most widely across the ability 

distribution. 

Electronics Information also provides most information in the 

region a quarter of a standard deviation below the mean, about the 

40th percentile. Item 6, located in this region, requires the 

subject to identify "capacitor" as a term directly related to 

electrical systems, as opposed to "lubricator", "gimbal", o~ 

"hypoid." This test is less informative about subjects more than 

1.5 standard deviations below the mean. 

COMPARISON WITH A COMMERCIAL APTITUDE BATTERY 

For a rough comparison of the reliability of the ASVAB sub­

tests with commercially-published vocational aptitude tests, Table 

3 presents the reliability coefficients of the ASVAB subtests and 

of the Differential Aptitude Tests (OAT). The OAT reliabilities 

are for a target popUlation of the battery, namely, male high­

school seniors. Because test lengths differ for the two bat-
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TABLE 3 
ASVAB AND DIFFERENTIAL APTITUDE TEST RELIABI~I7IES 

================================================================= 
RELIABILITY 

SUBTEST NAME # ITEMS OVERALL SINGLE ITEM 

ASVAB GENERAL SCIENCE 25 .86 .20 
ARITHMETIC REASONING 30 .87 .17 
WORD KNOWLEDGE 35 .86 .15 
PARAGRAPH COMPREHENSION 15 .68 .12 
AUTO , SHOP INFORMATION 25 .83 .16 
MATHEMATICS KNOWLEDGE 25 .84 .17 
MECHANICAL COMPREHENSION 25 .83 .16 
ELECTRONICS INFORMATION 20 .80 .17 

OAT VERBAL ABILITY 50 .95 .28 
NUMERICAL ABILITY 40 .93 .25 
MECHANICAL ABILITY 70 .91 .13 
SPATIAL ABILITY 60 .95 .24 
SPELLING 100 .96 .19 
LANGUAGE USAGE 60 .91 .14 

================================================================= 

* DENOTES SPEEDED TEST 



teries, all reliability coefficients are also reduced to single­

item level by the Spearman-Brown formula. These calculations are 

not designed for use with speeded tests. Reliability coefficients 

for speeded tests are typically computed for parallel forms of a 

given test. Parallel forms were available for the DAT, but not 

for the ASVAB. For this reason, no comparisons of reliabilities 

are reported here for the speeded subtests. 

The are a number of reasons that these two sets of reliabil­

ity coefficients are not directly comparable: (1) The two test 

batteries are designed for different populations. (2) Even sub­

tests with similar names may be measuring different abilities. 

(3) Reliability coefficients have been estimated in different ways 

for the two batteries--the ASVAB with our IRe methods, the DAT 

with split-half and alternate-form methods. (4) Different samples 

from different populations provided data for the estimation of 

reliability coefficients. (5) The DAT coefficients relate to the 

bounded scale of number-correct scores, while the ASVAB coeffic­

ients relate to an unbounded logistic scale. 

It is apparent nevertheless that item for item, the ASVAB is 

about as reliable for the national youth population as the DAT 

is for its target popUlation. 

CONCLUSIONS 

The levels of reliability in the ASVAB tests, with respect 
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to the youth population ages 16 to 23, are comparable to those of 

commercial batteries of vocational aptitude. The items in each of 

the power subtests are well-targeted for abilities between, say, 

two standard deviations below the population mean to two standard 

deviations above the mean. 

Targetting varies from one subtest to another: The shortest 

test, Paragraph Comprehension, provides precise information at a 

level about one standard deviation below the mean, but not as much 

information for subjects very far above the mean. Mathematics 

Knowledge, on the other hand, is more informative about subjects 

above the mean than below. 

Subtests with relatively high precision for subjects with 

low abilities include General Science, Word Knowledge, Paragraph 

Comprehension, Numerical Operations, and Coding Speed. These 

subtests would be particularly well-suited for initial selection 

decisions. Subtests with particularly. high precision for subje~ts 

with high abilities include General Science, Arithmetic Reasoning, 

Word Knowledge, Auto & Shop Information, Mathematical Knowledge, 

Mechanical Comprehension, and Electronics Information. These 

subtests would be especially well-suited for placement decisions 

for subjects who have already been selected. 
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?ART IV 

ITEM OPERATING CHARACTERISTICS IN THE ASVAB POWER SUBTESTS 

The 3-parameter logistic models for ASVAB power tests identify 

each item individually in terms of its relationship to the under­

lying ability variable. This part of the report discusses high­

lights from these item-level analyses. 

The item parameters are defined as follows: Item threshold 

parameters indicate the point along the scale that a sUbject would 

have a 50-50 chance of answering correctly. Dispersion parameters 

are inversely related to the reliabilty with which items measure 

the ability. Lower asymptotes (guessing parameters) indicate the 

minimum probabilities of correct response, from even the lowest " 

ability subjects to the hardest items. 

Appendix D presents all item parameter estimates and fit 

indices. Included in these tables are the traditional indices of 

item analysis: item proportions-correct and item reliabilities. 

An item proportion-correct estimates the proportion of subjects in 

the national youth sample who would have "answered the item cor­

rectly: an item reliability estimates the correlation between the 

ability measured by that item and the ability measured by the 

subtest as a whole. Appendix E illustrates the variable effec­

tively measured by each subtest in terms of the item thresholds. 
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Indices of item fit indicate items for which the item para­

meters may not provide a complete summary of the interactions of 

subjects with the item. Fitted and observed response curves were 

compared for ,items with fit probabilities less than .02. Dis­

crepancies were minor, attributable in most cases to the large 

size of the calibration sample. One type of systematic departure 

did emerge, however; an analysis of guessing behavior on very 

difficult items follows. 

GUESSING BEHAVIOR 

The ASVAB subtests consist of multiple-choice items, which 

any subject can answer correctly on occasion with a lucky guess. 

The inference of ability from correct responses must therefore 

take into account the nature and the level of guessing behavior. 

This section discusses guessing in the NLS responses to the ASVAB, 

considering test directions, subjects' comments in a follow-up 

telephone survey, and evidence from the responses themselves. 

Test directions emphasized to subjects that their perform­

ances must reflect their abilities as accurately as possible, 

to be useful to the government in learning about the abilities of 

young people and to be useful to the subjects themselves for 

vocational guidance. The directions a~so.told them that if they 

were not sure of an answer, then "make the best guess you can." 

Haphazard responses and mechanical guessing were in this way 

discouraged, although subjects were to infer that a good guess to 
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a question they were unsure of would better reflect their ability 

than a blank. 

In a follow-up telephone survey of 1003 subjects, Question 8 

asked respondents to select the one of three statements that best 

described how they handled items they were not sure of. Of those 

responding, 71 percent chose the response saying they almost always 

made a guess: 24 percent chose the response saying they sometimes 

guessed and sometimes left the question blank; 5 percent chose 

the response saying they almost always left the question blank. 

Subjects' comments, then, suggest that guessing behavior was in 

accordance with test directions. We now consider the conse­

quences of such behavior as revealed by patterns in the data. 

The three-parameter IRe we have chosen for data analysis 

includes a lower asymptote parameter to account for guessing. The 

probability that a subject will respond correctly to a particular 

item is modelled as the sum of the probability that he will re­

spond correctly as a ~esult of his ability, plus the probability 

that he will respond correctly by guessing even if he cannot 

answer by virtue of ability; i.e., the lower asymptote of the 

item. (Because guessing behavior varies from one subject to 

another, these lower asymptotes were not included in the final 

estimation of subject abilities. Instead, the "guessing­

resistent" biweight estimator described in Appendix B was 

used. Lower asymptotes do, how~ver, indicate average levels 

across the population.) 
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It will be noted that the lower asymptotes of all items were 

set to .10 during the estimation of item thresholds and disper­

sions. This value was indicated by analyses of pretest data, 

collected under conditions identical to those of the present 

data. This lower asymptote is substantially lower 

than .25, the probability of answering an item correctly by 

selecting a distractor at random from the four offered. Two 

reasons explain this result. First, most subjects were not prone 

to random guessing. Second, subjects of low ability will have a 

lower chance of answering an item correctly when they try their 

best than when they guess, if the distractors have been con­

structed well. 

Certain misfitting items were found to depart from this 

pattern. such an item is shown as Figure 1. The dotted line 

is the theoretical item response curve, and the XiS represent 

groups of about 100 subjects each at various points along the 

ability scale. When an item fits well, the XiS lie near the 

theoretical curve; the model does a good job predicting the prob­

abilities of correct response at all points along the scale. The 

pictured item departs from theory at the lower end of the scale, 

where the proportions of correct response actually begin to in­

crease .s ability decreases. 

What has happened is this: Subjects of moderately low abil­

ity are just able enough to be deceived by well-written item dis­

tractors. They respond correctly with probabiliti~s around, say, 
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ITEM 24 

SCIENCE 
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.10. Subjects of very low ability are not sufficiently able to be 

tempted rationally by any of the distractors; some of these sub­

jects guess, and a fourth of them guess correctly. 

This pattern, peculiar to multiple-choice items, is modelled 

explicitly in the approach of Samejima (1980). This model has not 

been utilized due to its inability to account for omitted respon­

ses and to a lack of a time-tested algorithm for parameter estima­

tion. (The marginal maximum likelihood methods introduced by Bock 

and Aitken (1981) would be applicable.) Fortunately, the pattern 

appears only for difficult ASVAB items, and then only for a few. 

The General Science subtest, for example, has two items that show 

this pattern; Arithmetic Reasoning has three. 

HIGHLIGHTS OF ITEM-LEVEL RESULTS 

Among the items in General Science which best discriminate 

high from low ~bility subjects are Item.6 (the use of insulin), 

Item 18 (a prism refracts light), and Item 24 (definition of 

absolute zero). The poorest discriminating items are Item 12 (ohm 

is a unit of resistance) and Item 15 (the lighest metal used for 

cooking utensils). Among the items which appear to provoke guess­

ing from subjects of low ability are 18, 24, and 25. The content 

matter and the distractors of such items may be all so unfamiliar 

to a low ability subject that he is not interacting meaningfully 

with the item. 
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The single most discriminating item in Arithmetic Reasoning, 

which may be taken as the best representative of the variable 

being measured, is Item 11: "A truck and its load of boxes weighs 

9000 pounds. The truck alone weighs 7950 pounds. Each bo~ weighs 

15 pounds. How many boxes were in the truck?" Among those which 

discriminate poorly are 1 and 7. Items which appeared to provoke 

guessing from low-ability subjects were 1B, 24, and 30. 

Word Knowledge is measured particularly well by an easy 

vocabulary word, a moderately difficult word, and a relatively 

hard word: "ignited," "confine," and "inkling." Words which did 

not discriminate well included "antidote," "credible," "incanta­

tion," and lI endorse." Guessing seemed to be provoked by the words 

"inaccessible,"" "initial," and "divulge." (It must be recalled 

that these item characteristics depend inextricibly upon the 

alternatives offered for the definition. The same vocabulary word 

may become an easy item if the incorrect alternatives are far from 

its meaning, or a difficult item if the" incorrect alternatives 

differ only slightly.) 

Paragraph Comprehension is measured most accurately by Item 

3, which asks the subject to recognize the metaphor on which a 

short written passage is based. Other items with low dispersion 

(high reliability) are I~ems 5, 9, 10, and 13. The content of 

these items suggests that in general, items addressing the main 

idea of a passage are more informative than those addressing 

specifics or details. 
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The last item in the test has a very high dispersion, sug­

gesting that it is not discriminating high from low ability sub­

jects. Unexpectedly often, subjects who otherwise perform well 

miss Item 15. This may be traced to the placement of Item 15 in 

the test booklet: on a nearly blank page by itself, after all the 

rest of the items, after another item referring to the same pas­

sage. Based on the proportion of high ability subjects who missed 

this item, it seems that forty percent of the subjects were simply 

not aware that Paragraph Comprehension even had an Item 15. 

Auto' Shop Inform~tion is measured most accurately by Items 

6 (knowing the definition of "power train") and Item 23 (use of a 

sleeve in auto mechanics). It is not as well measured by Item 8 

(purpose of shock absorbers) and Item 9 (properties contrib-

uting to the strength of plywood)~ It may be inferred that by and 

large, the subtest generally indicates direct experience in the 

shop; the more esoteric items are better indicators, while items 

answered by general knowledge or reasoning ability are not as 

informative. 

Mathematics Knowledge is particularly well measured by Item 

13 [(0.2)(2.0 + 0.2 + 0.22)=?], Item 18 (if a=2 and b=5, then 

4ab 2=?] and Item 22 (a simple quadratic expansion). It is not as 

well measured by Item 5 (a protractor is used to measure an angle) 

or Item 15 (definitions of complementary and supplementary 

angles). It would appear that the simplest applications of the 

algebraic rules presented in higher-level high school math classes 

are most informative here. 
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· Mechanical Comprehension is best measured by Item 2 (rollers 

reduce friction), :tem 8 (center of gravity), and Item 10 (rela­

tive speeds of different sized pulleys). Less informative are 

Item 6 (a cam and rod in a rather complicated diagram), Item 11 

(which asks which of four wheels is best suited for rough terain), 

and Item 19 (rpm's of wheels on a shaft). Guessing seems preva­

lent on Items 18, 19, and 21, all relatively hard and all with 

complex illustrations. 

Electronics Information is measured almost equally well by 

all items except three: Item 11 (differences between fuses and 

circuit breakers), Item 14 (what does the color of a light swith 

mean?), and Item 17 (the purpose of an output transformer). For 

one reason or another, even subjects who generally performed well 

on other items had a particularly hard time with Item 17. 

CONCLUSIONS 

The overall level of guessing behavior was about 10-percent; 

that is, even the lowest ability subjects answered the hardest 

items correctly about one time of every ten, probably with a lucky 

guess. This level is substantially lower than the 25-percent 

level of correct responses that these subjects would obtain by 

always guessing. It may be inferred that subjects were, on the 

whole, interacting meaningfully with the content of the items. 

With less noise from guessing than typical in multiple-choice 

tests, the ASVAB results will provide more reliable measures of 
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ability than might be ordinarily expected at the lower ends of the 

distribution. 

A detailed analysis of item parameter estimates and item fit 

statistics revealed only one badly flawed item, the final item on 

the Paragraph Comprehension test which, because of its location. 1n 

the test booklet, was carelessly omitted by nearly half of the 

subjects. 

RECOMMENDATIONS 

Final versions of test forms should avoid "widowed" items, 

i.e., items at the end of a test appearing on a page by 

themselves. 

Writers pf Paragraph Comprehension items should concentrate 

on questions addressing main ideas and generalizations rather than 

details. 

Technical subtests such as Auto & Shop Information, Elec~ 

tronics Information, and Mathematics Knowledge should stress 

applications of basic principles in the field. 
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PART V 

ANALYSIS OF SUBJECT FIT 

The IRe models represent an ideal of the interaction between 

subjects and test items. Indices of subject fit indicate the 

degree to which the response pattern of a particular subject is in 

accord with the ideal. Atypical patterns of response signal 

carelessness, random response, inattentiveness, or malingering. 

This part of the report is an analysis of indices of subject 

:: fit. When possible, observed distributions of subject fit indices ,>,1 

, ' 
, . 
, . 
" 

, . 
! 

are compared with a theoretical standard. In all cases, distrib­

utions are compared across sex and racial/ethnic subgroups. 

POWER SUBTESTS 

METHODOLOGY 

Two indices of subject fit are examined for the power sub­

tests of the ASVAB. The first is a count of "unexpected" re­

sponses; that ·is, correct responses to hard items from low-ability 

subjects, and incorrect responses to easy items from high-ability 

subjects •. For this index, responses are compared to an ideal that 

assumes the absence of guessing behavior. The proportions of 
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responses that are attributable to lucky guesses can be estimated 

with this index, and compared across subtests and demographic 

subgroups. The second index is a modified Wright-Mead Z-statistic 

(Mead, 1976; Wright, 1977). For this index, the ideal assumes a 

constant level of guessing probabilities of .10, then evaluates 

the likelihood of a subject's response pattern in terms of an 

approximate standard normal deviate. This index allows a com­

parison across subgroups of the relative quality of the data~ 

given the population average of guessing behavior. The two 

indices are defined as follows: 

Counts of unexpected responses model the probability that 

Subject i will answer Item j correctly as 

Pij = exp{(ei-bj)/Sj]/{l + exp[ei-bj)/Sj]}' 

The observed response Xij is counted as unexpected if its modelled 

probability is less than .01. This occurs when either a low­

ability subject answers a difficult item correctly (probably by 

guessing) or when a high-ability subject answers an easy item 

incorrectly (probably through carelessness). 

C0ntrary to appearances, the theoretical proportion of 

unexpected responses is not necessarily .01, because an unexpected 

response can occur only when a low-ability subject is presented a 

difficult item or a high-ability subject is presented an easy 

item. The theoretical expectation would be a co~plicated function 

of the distributions of subject ability, item thresholds, and item 

dispe~sions. The .01 level does represent an upper limit of the 

expectation, however. 
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Our modified Wright-Mead Z index models the probability that 

Subject i will answer Item j correctly as 

Pij = .10 + .90 exp[(8i -bj )/sj}/(l + exp[6i-bj)/Sj]}' 

The observed reponse Xij is assigned the value 1 if it is correct 

and 0 if it is not. The observed response is compared with its 

modelled probability through a psuedo-Chi-square statistic: 

2 
V .. = (X .. -p .. ) /[p .. (l-p .. )]. 
~J ~J ~J ~J ~J 

Such values are summed for Subject i 'over all the items in a 

subtest to provide an approximate Chi-square statistic, with 

degrees of freedom equal to the number of items minus one. For 

convenience of comparisons across subtests, these values have been 

converted to standard normal deviates via Fisher's transformation 

(see Bishop, Fienberg & Holland, 1975, page 527). The expected 

average Wright-Mead Z in any group of subjects, then, is zero 

and the expected standard deviation is one. 

RESULTS 

Table 4 presents the percentages of unexpected (p<.Ol) 

responses in each of the ASVAB power subtests; Table 5 presents 

average wright-Mead Z-statistics. In both tables, the classifica­

tions of low, medium, and high ability are based on a comparison 

to the overall distribution of ability estimates in the youth 

population: low abilities are -.75 and below, medium abilities 

range from -.75 to +.75, and high abilities are those above +.75. 
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TABLE 4 
PERCENTAGES OF UNEXPECTED RESPONSES IN POWER SUBTESTS* 

====:==========================:=========:======================== 
SCIE ARTH WORD PARA AUTO MATH MECH ELEe 

------------------------------------------------------------------
EXPECTATION** 

OVERALL 

MALES 
FEMALES 

LOW ABILITY 
MEDIUM ABILITY 
HIGH ABILITY 

LOW WHITE 
LOW BLACK 
LOW HISPANIC 

MEDIUM WHITE 
MEDIUM BLACK 
MEDIUM HISPANIC 

HIGH WHITE 
HIGH BLACK 
HIGH HISPANIC 

WHITE 
BLACK 
HISPANIC 

1. 00 

.28 

.31 

.25 

.90 

.10 

.12 

.66 

.86 
1.19 

.05 

.20 

.16 

.09 

.00 

.05 

.16 

.47 

.60 

1. 00 

.09 

.10 

.09 

.31 

.00 

.17 

.21 

.35 

.34 

.01 

.00 

.00 

1.00 

.23 

.30 

.16 

.36 

.05 

.48 

.45 

.2B 

.40 

.OB 

.02 

.03 

.18 .40 

.00 .63 

.00· 1.27 

.07 

.13 

.11 

.22 

.19 

.31 

1.00 1.00 

.05 .23 

.07 .25 

.03 .22 

.00 1.43 

.08 • DB 

.00 .19 

.00 1.20 

.00 1.65 

.00 1.14 

.06 .05 

.17 .11 

.07 .12 

.00 

.00 

.00 

.04 
• 0·9 
.04 

.02 

.00 

.00 

.09 

.52 

.30 

1. 00 

.45 

.46 

.44 

2.04 
.05 
.19 

1.59 
2.34 
2.29 

.,0 3 

.06 

.13 

.13 

.57 

.44 

.25 

.77 

.73 

1. 00 

.01 

.02 

.01 

.00 

.00 

.10 

.00 

.00 

.00 

.00 

.00 

.00 

.07 

.00 

.23 

.02 

.00 

.02 

1.00 

.02 

.03 

.01 

.05 

.00 

.05 

.00 

.11 

.00 

.00 

.00 

.00 

.04 

.00 

.22 

.01 

.03 

.03 
================================================================== 
* BASED ON A 10% RANDOM SAMPLE OF NLS PANEL SUBJECTS 

** UPPER LIMIT TO EXPECTATION IN ANY GROUP OF SUBJECTS 



TABI.E 5 
AVERAGE WRIGHT-MEAD Z-STATISTIC IN POWER SUBTESTS* 

=================================================::=============== 

EXPECTATION** 

OVERALL 

MALES 
FEMALES 

LOW ABILITY 
MEDIUM ABILITY 
HIGH ABILITY 

LOW WHITE 
LOW BLACK 
LOW HISPANIC 

MEDIUM WHITE 
MEDIUM BLACK 
MEDIUM HISPANIC 

HIGH WHITE 
HIGH BLACK 
HIGH HISPANIC 

WHITE 
BLACK 
HISPANIC 

SCIE ARTH WORD PARA AUTO MATH MECH ELEC 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

.47 .13 .40 .02 .02 .28 .13 .23 

.63 .43 .36 .20 -.02 .09 .12 .16 

.32 -.15 .44 -.15 .06 .45 .13 .30 

.41 

.50 

.44 

.00 

.21 

.01 

.22 .00 

.43 .05 

.55 -.10 

.26 

.82 
1.14 

.06 

.77 
4.41 

.21 

.65 
1.19 

.25 
-.03 

.45 

.04 

.54 
-.63 

.17 

.01 

.21 

.21 .19 -.10 
.17 

-.55 
.59 .43 
.19 -2.58 

.30 

.06 

.36 

.50 

.56 
1.01 

.24 .18 

.11 -.02 
~26 -.54 

.30 

.78 

.55 

.16 

.19 

.16 

-.20 -2.64 -.50 
1.01 -3.11 .22 
3.73 -1.48 -1.15 

.27 

.33 
1.01 

-.21 
.41 
.32 

.00 

.13 
-.09 

.01 

.36 

.28 

-.31 
.24 
.23 

-.03 
.31 
.18 

-.20 -.35 
.21 ·-.24 
.01 -.38 

-.06 
.06 

-.15 

.19 

.59 

.61 

-.35 
3.43 
4.05 

.01 

.61 

.78 

.22 

.24 

.30 

.32 

.25 

.39 

.20 .12 

.67 -.08 

.31 .81 

.16' .24 

.06 .17 

.09 .29 
=====================m_=========================================== 

* BASED ON A 10% RANDOM SAMPLE OF NLS PANEL SUBJECTS 
** VALUES BELOW ZERO INDICATE BETTER FIT THAN EXPECTED; 

VALUES ABOVE ZERO INDICATE WORSE FIT THAN EXPECTED. 



The divisions break the population into roughly the lowest quar­

tile) the middle half, and the highest quartile. 

The ASVAB power subtests show low proportions of unexpected 

responses. There are practically none in Mechanical Comprehension 

and Electronics Information, and few in Paragraph Comprehension 

and Arithmetic Reasoning. Somewhat higher (though still low in 

absolute terms) levels are found in General Science, Word Know­

ledge, and Auto & Shop Information. Of the eight ASVAB power 

subtests, Mathematical Knowledge shows the highest proportion of 

unexpected responses, about one-half of one percent. 

Females show slightly but consistently lower percentages of 

unexpected responses than males. The magnitude of this effect 

is inconsequential. 

From the table of percentages of unexpected responses, it can 

be seen that the bulk of unexpected responses are correct answers 

to hard items by otherwise low-scoring subjects •. Most of these 

responses are guesses, although some do represent actual ability. 

This may be particularly true in the Auto & Shop subtest, where a 

low-scoring subject may have experience with a particular concept 

or tool. 

An exception to the pattern is Word Knowledge, where more 

than half of the unexpected responses are incorrect responses to 

easy items from high-scoring subjects--often Black and Hispanic 

high-scoring subjects. (An explanation for these anomolies is 

suggested in Part VI, where a heterogeneity of item content with 
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respect to racial/ethnic groups is discovered.) In General Sci­

ence and Mathematics Knowledge also, high-scoring subjects from 

the Black and Hispanic subgroups show higher proportions of incor­

rect answers to easier items than high-scoring subjects from the 

white group. 

The classification of subjects into low, medium, and high 

ability strata can be considered a crude control for ability 

levels on the quality of data. with the exception noted above of 

high-scoring Black and Hispanic carelessness(?) in General Sci­

ence, Word Knowledge, and Mathematics Knowledge, the differences 

among racial/ethnic groups within ability stata are minimal. The 

proportions of unexpected responses are lowest among the subjects 

of medium ability in all racial/ethnic groups, next lowest among 

the subjects of high ability, then highest among subjects of low 

ability. Because the Black and Hispanic groups have more subjects 

of low ability, however, the combined data for these groups con­

tains proportionally more unexpected responses than the data for 

the White group. 

SPEEDED SUBTESTS 

METHODOLOGY 

Two indices of subject fit are also examined for the speeded 

tests of the ASVAB battery, Numerical Operations and Coding Speed. 

The first is a count of unexpected runs of incorrect responses 

before the subject's last non-omitted response. Included in such 
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· a count would be an instance of marking the wrong column in the 

answer sheet. The second index is a test of the equality of a 

subject's proportions of correct response in the first, middle, 

and final thirds of the test before his last non-omitted response. 

Instances of initial difficulties and of random guessing as the 

time limit neared would be flagged by this index. The indices are 

defined as follows: 

Counts of unexpected runs of incorrect responses are defined 

uniquely for each sUbject. Let Pi be the proportion of correct 

responses made by Subject i to items before and including his last 

non-omitted response. Let K. be the smallest integer such that 
1 

Ki 
(l-Pi) < .005. 

If the incorrect responses of Subject i were distributed 

randomly throughout his attempts, strings of Ki incorrect respon­

ses would appear about 5 times in 1000 strings of Ki responses. 

An occurance of such a string suggests that the subject may have 

had a problem with the test booklet or the answer sheet. 

Because the probability of observing a run of Ki incorrect 

responses varies from one subject to the next with their percent­

correct scores and their numbers-of-items attempted, no theor­

etical standard of comparison is available for this index. Lower 

counts are"better counts nonetheless, so comparisons can be made 

across sex and racial/ethnic groups. 

The serial-thirds Z-statistic expresses as a standard normal 

deviate the likelihood that a subject's probabability of respond-

-36-



, , 

ing correctly was tne same over the first, middle, and final 

thirds of the items he responded to. For its computation define 

the following quantities: 

Ni+ = number of items up to and including the last non­

omitted response of Subject i, 

Ri+ = number of correct responses by Subject i, 

N .. = number of items attempted by Subject i in his j-th 
~J 

third of attempts, and 

Rij = number of correct responses by Subject i in his j-th 

third of attempts. 

A Chi-square value testing the equality of the probability of 

a correct response in the serial thirds of Subject its responses 

is given by 

v· = ~ 

which has two degrees of freedom. These quantities have been 

converted to standard normal deviates by Fisher's transformation. 

A high value suggests that a subject may have had difficulties 

with instructions or response formats at the beginning of the 

test, or may have become careless or disinterested as the time 

limit neared. 

RESULTS 

Table 6 presents the average counts of unexpected runs of 

incorrect responses observed in Numerical Operations and Coding 

Speed; Table 7 presents average serial-thirds Z-statistics. 
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T~BLE 6 
AVERAGE NUMBERS OF UNEXPECTED RUNS OF INCORRECT RESPONSES. 

================================================================= 
NUMERICAL 
OPERATIONS 

CODING· 
SPEED 

-----------------------------------------------------------------
EXPECTATION N.A. N.A. 

OVERALL .31 .59 

MALES .31 .57 
FEMALES .31 .61 

LOW ABILITY .46 1.03 
MEDIUM ABILITY .29 .47 
HIGH ABILITY .16 .30 

LOW WHITE .43 1.07 
LOW BLACK .45 .97 
LOW HISPANIC .54 1.07 

MEDIUM WHITE .23 .47 
MEDIUM BLACK .42 .42 
MEDIUM HISPANIC .35 .50 

HIGH WHITE .14 .30 
HIGH BLACK .22 .26 
HIGH HISPANIC .26 .36 

WHITE .24 .53 
BLACK .42 .66 
HISPANIC .42 .66 
======================-==============================-=========== 
* BASED ON A 10% RANDOM SAMPLE OF NLS PANEL SUBJECTS 



TAcLE 7 
AVERAGE VALUES OF SERIAL-THIRDS Z-STATISTICS* 

============================================================:==== 

EXPECTATION** 

OVERALL 

MALES 
FEMALES 

LOW ABILITY 
MEDIUM ABILITY 
HIGH ABILITY 

LOW WHITE 
LOW BLACK 
LOW HISPANIC 

MIDDLE WHITE 
MIDDLE BLACK 
MIDDLE HISPANIC 

HIGH WHITE 
HIGH BLACK 
HIGH HISPANIC 

WHITE 
BLACK 
HISPANIC 

NUMERICAL 
OPERATIONS 

0.00 

-1. 28 

-1. 25 
-1. 31 

-0.99 
-1. 37 
-1.51 

-1. 05 
-0.95 
-0.96 

-1. 41 
-1. 28 
-1. 35 

-1. 52 
-1. 49 
-1. 47 

-1.37 
-1.12 
-1.19 

CODING 
SPEED 

0.00 

-1.11 

-1.11 
-1.11 

-0.57 
-1. 26 
-1.44 

-0.64 
-0.S3 
-0.51 

-1.28 
-1.30 
-LIS 

-1.45 
-1.45 
-1. 34 

-1. 21 
-0.96 
-0.97 

================= •• z=.=== •• ==========~=====.=====a==== =========== 
* BASED ON A 10% RANDOM SAMPLE OF NLS PANEL SUBJECTS 

** VALUES BELOW ZERO INDICATE BETTER FIT THAN EXPECTED: 
VALUES ABOVE ZERO INDICATE WORSE FIT THAN EXPECTED. 

r 



The counts of unexpected runs are higher for Coding Speed, 

which is to be expected because it is a longer test. In neither 

subtest do males differ from females. In both subtests, there are 

more runs of unexpected incorrect responses from low-scoring 

subjects. This pattern is consistent across racial/ethnic groups 

in Coding Speed, but favors Whites in Numerical Operations. 

The serial-thirds averages are excellent for both subtests 

and all subject groups. Any initial difficulties or final guess­

ing sprees that do exist would appear to be confined to the 

lowest-scoring groups, evenly across sex and racial/ethnic 

divisions. 

CONCLUSIONS 

The incidence of "unexpected" patterns of response in the 

ASVAB responses of the NLS panel was low, For the most part, the 

subjects of the NLS panel provide evidence of meaningful inter­

action with the test items, iather thart haphazard gue~sing, care­

lessness, or malingering. Given the limitations of their 

mulitiple-choice formats, the time available for testing, and the 

lengths of the subtests, the ASVAB· subtests have evoked responses 

of a quality equal to or surpassing that of typical measures of 

educ~tional achievement and aptitude. 

Evidence of guessing behavior, namely correct responses to 

hard items from low-scoring subjects, was almost nil in Elec­

tronics Information, Mechanical Comprehension, and Paragraph 
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Comprehension. It was higher, though still negligible, 1n Arith­

metic Reasoning and Word Knowledge. Of the ASVA3 power subtests, 

it was highest in General Science, Auto & Shop Information, and 

Mathematics Knowledge, where some 1- to 2-percent of the responses 

from subjects in the lowest quartile may have been correct 

guesses. Overall, it may be estimated that even the lowest­

ability subjects answered the hardest items correctly about one 

time out of ten with a correct guess. 

This level of chance success is substantially less than the 

25-percent level that would correspond to random guessing among 

the four response alternatives, a level often observed and occasionally 

encouraged in commercially-published tests of aptitude (see Same-

jima, 1980). Norms derived from the responses of the NLS panel, 

then, will be comparatively cleaner in this respect. To the 

extent that it does exist, guessing clouds precision at the lower 

ends of the norms. (This degradation of information is discussed 

in Part III, Subtest Information and Reltability.) While the 

degree of guessing is fairly consistent across racial/ethnic 

subgroups, those subgroups with lower average levels of ability 

will suffer more effect. 

The opposite kind of unexpected response, namely an incorrect 

answer to an easy item by a high-scoring subject, occurred more 

rar~ly. Particular problems surfaced in General Science, Word 

Knowledge, and Mathematics Knowledge, where high-scoring subjects 

from the Black and/or Hispanic groups were more likely to miss 
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easy items than high-scoring subjects from the White group. The 

worst case. is that of Word Knowledge, whe=e about l-percent of the 

responses of high-scoring Hispanics may be incorrect responses to 

easy items. Part VI below discusses the possiblility that these 

anomolous responses may be related systematically to item content. 
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PART VI 

INVESTIGATION OF CULTURAL ITEM BIAS 

Mental test scores are ambiguous and poorly-suited for the 

comparison of subjects if the test items have different meanings 

to subjects from different cultural backgrounds. Group-by-item 

interactions of this type may cause a uniform system of ability 

estimation to systematically over-estimate the abilities. of one 

group and under-estimate the abilities of another. 

This type of ~ultural item bias may be distinguished from 

another type of test bias, in which a particular use of a test 

score leads to the over- or under-prediction of some criterion 

variable. The relationship between these two types of bias, and 

the implications for the use of ASVABsubtest scores, are dis­

cussed in the final section of Part VI. Our primary concern, 

however, is whether a given score from an ASVAB power subtest 

has essentially the same meaning across sex and racial/ethnic 

groups •. 

Altogether, seven pairwise comparisons of demographic, sub­

groups have been made for each ASVAB power test, for both thresh­

olds and dispersions. These comparisons are the following: 
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(l) Males versus females 

( 2 ) Non-disadvantaged whites versus disadvantaged whites 

( 3 ) Non-disadvantaged whites versus Blacks 

( 4 ) Non-disadvantaged whites versus Hispanics 

( 5) Disadvantaged whites versus Blac k s 

( 6) Disadvantaged whites versus Hispanics 

(7) Blacks versus Hi span ic s 

METHODOLOGY 

The theory of item response curve models provides a method 

for defining and detecting cultural item bias (see Lord, 

1977; wright, 1977; Mislevy, 1981). The reasoning is as follows: 

If the items of a test are in fact measuring the same under­

lying variable for all subjects, then item parameters estimated 

from the responses of any subgroup of subjects will be statis­

tically equivalent. This should be true even when the subgroups 

are chosen according to, say, a suspect cultural background 

variable. 

Under the null hypothesis of equivalent item parameters, 

subjects from any subgroup are being measured on the same variable 

and comparisons across groups are justified. Under the altern­

ative hypothesis of non-equivalence, the test items are defining 

qualitatively different variables in different groups, and com­

parisons of subjects across group boundaries are less trustworthy. 
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In this latter case, item parameter estimates from the var­

ious groups are examined to determine which items appear to oper­

ate differently from one group to another. Certain items may be 

consistently easier for members of some groups than for others; 

certain items may distinguish higher- from lower-ability subjects 

better in some groups than in others. Such items offer clues for 

subsequent test revision, perhaps by their omission in future 

versions of the subtest or their expansion into new subtests. 

Our investigation of cultural bias in the power subtests of 

the ASVAB focuses on sex groups and racial/ethnic groups. The NLS 

sampling design identifies two sex groups (males and females) and 

four racial/ethnic groups (non-disadvantaged whites, disadvantaged 

whites, non-Hispanic Blacks, and Hispanics). Each power test was 

calibrated separately within each cell of the 2-by-4 design, based 

on the responses of a random sample of 500 subjects from that 

cell. 

Aside from a linear transformation, the sets of item para­

meter estimates from each 5ubpopulation should not differ by more 

than sampling error. A general linear model for testing such 

hypotheses was introduced by Mislevy (1980), with the matrix of 

standardized item parameter estimates expressed as the product of 

three matrices plus sampling error in the following manner: 

where 

o = K r T + E, 

nxl nxs sxr rxl nxl 

o is a matrix of item par.ameter estimates for the I items 
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K 

T 

r 

of a test, as calibrated in n subject groups, 

is a design matrix embodying s contrasts among groups, 

is a design matrix embodying r contrasts among items, 

is a matrix of parameters expressing interactions be-

tween salient features of groups and salient features 

of items, and 

E is a matrix of errors of estimation of item parameters. 

This model is particularly powerful for testing for the 

presence of suspected interactions between particular groups of 

subjects with particular groups of items. When item thresholds 

are the object of study, the parameter matrix r may be interpreted 

as the magnitudes by which subtest scores over- or under-estimate 

specific abilities of subjects in particular groups. For the 

subtests of the ASVAB, however, an a priori structuring of item 

content in a manner likely to produce item-by-group interactions 

was found only in the General Science subtest. An analysis of 

Sex-by-Content interactions is discussed in a following section. 

When no clear structure is proposed a priori, the Mislevy 

model simplifies to the tests for item bias suggested by Lord 

(1977) and others. In particular, a Chi-square test for the 

equality of item thresholds or dispersions the equality of item 

parameters across two subject groups is obtained as follows: 

Step 1 

Rescale the item parameter estimates within each cell to the 
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same metric, requiring the arithmetic mean of the threshold esti-

mates to be zero and the geometric mean ~f the dispersions to be 

one. 

Step 2 

Obtain parameter estimates for each margin by averaging 

corresponding cell estimates. Because the estimates within each 

cell are independent, the standard error of estimation of, say, 

the Males estimate of a particular item threshold is the square 

root of the sum of the squared standard errors of the estimates of 

that threshold in each of the racial/ethnic groups, divided by 

four. The resulting item parameters from this step are 

presented as Appendix F. 

Step 3 

To compare, say, the item threshold estimate of a particular 

item for males and females, a Chi-square index is obtained as the 

squared difference of the two estimates, divided by the sum of the 

squares of the corresponding standard errors; e.g., 

Step 4 

X 
b. 

J 

2 

Under.the riull hypot~esis of equivalent item parameters 

across two demographic groups, the sum of the item Chi-squ~res in 

a particular subtest will itself be a Chi-square, with degrees of 

freedom one less than the number of test items. 
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RESULTS 

The Chi-square values for the equality of thresholds across 

demographic groups are shown as Table a-A, and the values for 

dispersions, as Table 8-B. When these Chi-squares are con­

sidered in the light of a design effect of about two, few of 

these values cast doubt on the hypothesis of equality. It may be 
, 

concluded that except for the cases discussed in the following 

paragraphs, (1) item parameters are essentially equivalent across 

sex and racial/ethnic groups, and (2) comparisons of subjects 

across subgroups in terms of either number-right or latent trait 

scores are justifiable. 

The item thresholds in General Science are equivalent across 

racial/ethnic groups, but not across sex groups. Figure 2 

plots thresholds estimated from males against those estimated from 

females. Items dealing with physical sciences--chemistry and 

physic.--tend to be relatively easier for male~, while items 

dealing with health sciences--medicine and nutrition--tend to be 

relatively easier for females. Biology items favor neither sex. 

The magnitude of the effect may best be illustrated by an 

example. Consider a male and a female who perform at the same 

level in the General Science test. In a test of biology items 

only, both subjects would still perform at about the same level; 

if only one of them answered a particular item correctly, the odds 
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TABLE 8 
CHI-SQUARE STATISTICS FOR EQUALITY OF WITHIN-GROUP ITEM PARAMETERS 

~====~::.~~c=:===::~s~~=:==~=a~===::~~====~:=~~:=~~=======_:===~==~~======~:~~= 

A. THRESHOLDS 
. MALE V 

TEST OF FEMALE 

SCI E . 24 
ARTH 29 
WORD 34 
PARA 14 
AUTO 24 
MATH 24 
MECH 24 
ELEC 19 

406.773 
83.926 

360.663 
20.624 

355.838 
26.385 

129.099 
. 126.817 

B. DISPERSIONS 
MALE V 

TEST OF FEMALE 

SClf 24 
ARTH 29 
WORD 34 
PARA 14 
AUTO 24 
MATH 24 
MECH 24 
ELEC 19 

69.730 
79.975 

102.197 
60.709 

185.700 
50.034 
70.687 

100.984 

WHITE V 
POOR 

15.089 
25.472 
50.848 
5.829 

18.742 
34. 145 
21.758 
11. 637 

WHITE V 
POOR 

35.556 
58.375 
84.078 

123.608 
43.162 
45.773 
44.315 
15.652 

WHITE V WHITE V POOR V 
BLACK HISPANIC BLACK 

56.463 
40.679 

160.789 
43.651 
58.311 

118.124 
52.087 
33. 155 

56.215 
47.878 

299.997 
26.504 
42.777 
15.237 
30.458 
35.618 

50.830 
25.945 

101.654 
11 .525 
64.109 
85.910 
24.895 
30.103 

WHITE V WHITE V POOR V 
BLACK HISPANIC BLACK 

69.760 
97.554 

119.215 
34.333 
25.224 

102.440 
53.198 
28.916 

76.760 
67.970 
91.794 

105.228 
89.485 

144.993 
70.477 
53.970 

40.331 
108.145 
137.211 
59.310 
36.654 

112.233 
24.839 
14.478 

POOR V BLACK V 
HISPANIC HISPANIC 

52.352 
29.585 

205.937 
4.416 

43.184 
8.071 

21.648 
43.461 

32.271 
18.536 

118.465 
9.607 

28.910 
5.032 

21.390 
14.380 

POOR V BLACK V 
HISPANIC HISPANIC 

54.184 
34.387 
98.356 
15.160 
45.546 

108.061 
28.843 
32.051 

22.773 
84.421 
77.207 
39.911 
53.497 

246.146 
32.415 
30.375 

_.~:=.~~~=ma%~=m~:=_=Ezam.~~C.~~ •• =.~===2.==~2~~==ZC==:=.G==~~==~~=~sc==~:=~=== 

NOTE: SAMPLING DESIGN EFFECT OF ABOUT TWO SHOULD BE TAKEN INTO ACCOUNT. 
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FIGURE 2 
SCIENCE TEST THRESHOLDS: MALE VS FEMALE 



are 47:53 that was the male. In a test of health science items 

only, the female would probably perform better; if only one of 

them answered an item correctly, the odds that it was the male are 

only 22:78. Finally, a test of physical sciences items would 

favor the male,c with item-level odds of about 56:44. 

The thresholds of the items in Word Knowledge differ signif­

icantly between males and females, and between Hispanics and the 

other racial/ethnic groups. Figures 3 and 4 are plots of 

male versus female thresholds, and Hispanic versus White thresh­

olds. The differences are not as readily explained in terms of 

categories of items as were the differences in General Science. 

Post hoc explanations for male-female differences are available 

for certain words~ "blitz," a term used in football, is relatively 

easier for males. As for Hispanic-White differences, it has been 

hypothesized that the words relatively easier for Whites tend to 

be literary while the words relatively easier for Hispanics tend 

to be "media" words. This hypothesis suggests the distinction of 

literary vocabulary from media vocabulary; the direction of dif­

ference suggests that if a White and a Hispanic scored similarly 

on the Word Knowledge test, the White has more likely done better 

with literary words and the Hispanic, with media words. The 

magnitude o~ the difference is about 2:1 at the item level for 

the affected words. 

Auto & Shop Information is the final instance of threshold 

differences across groups. Male thresholds are plotted against 
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female thresholds 1n Figure 5. It appears that some items 

requiring general knowledge or reasoning ability rather than 

shop-specific knowledge are relatively easier for females, on the 

average. 

Differences among demographic groups as to item dispersion 

are not great. Figure 6 illustrates one of greatest differ­

ences, that of Blacks and Whites in Word Knowledge. Certain items 

appear relatively more informative about Whites (e.g., "credible" 

and "transmit") while other items appear relatively more informa­

tive about Blacks (e.g., "expand" and "antidote"). These differ­

ences do not merit detailed discussion in our opinion, for a 

number of reasons, including (1) dispersions vary considerably 

from one sample of subjects to the next, and (2) even wide varia­

tions in discrimination parameters have little effect on the 

estimation of subject abilities, assuming that knowing a word is 

always more suggestive of ability than not knowing it. 

CONCLUSIONS 

Test item cultural bias, with regard to sex and racial/ethnic 

groups, was not apparent in the ASVAB power subtests, with two 

minor exceptions: (1) The General Science subtest is a composite 

of three distinct variables, Physical Science, Health Science, and 

Biology. The use of a single General Science score tends to 

over-estimate the Health Science ability of males but under­

estimate their Physical Science abilities, while the reverse is 
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I, 

': : 
'. . 

true for females. (2) Word Knowledge shows certain items that are 

slightly but systematically easier for Whites, and others that are 

slightly but systematically easier for Blacks and Hispanics. The 

words that were relatively easier for Whites tended to be more 

"literary." As indicated by the analyses of subject-fit indices, 

the disturbances caused by these group-by-item interactions are 

not severe. 

RECOMMENDATIONS 

Whether the group-by-item interactions noted above will cause 

errors in selection or classification depends on the specific use 

of the scores. The determining factors will be the relationships 

between the criterion being predicted and the several abilities 

being collapsed into the subtest score in question. It is dif­

ficult to imagine a criterion for which the noted racial/ethnic 

group differences in Word Knowledge would matter, but certain uses 

of the General Science scores would merit a validation study: 

General Science scores would predict equally well the per­

formance of males and females in a training course that required 

some science aptitude but no particular experience. Howevet, they 

might lead to biased predictions of performance in a course that 

depended more heavily on one component 6f General Science. Per­

formance in training for medics, as an example, might be over-

predicted for males and under-predicted for females. 
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PART VII 

AREA SUPgRVISOR EFFECTS 

In order for norms derived from these data to be represent­

ative, it is necessary that test a~ministration closely adhere to 

standardized procedures. Systematic departures from standardized 

procedures could produce over- or under-estimates of the ability 

levels in the youth population. The purpose of Part VII is to 

examine the test data as grouped by test-administration area 

supervisors, seeking evidence of systematic measurement 

disturbances. 

It is clearly not appropriate simply to compare average 

scores across area supervisor groups. For any of a hundred r~­

asons, average scores would be expected to vary from one area to 

the next, even without the slightest departure from standardized 

conditions; one area 'may have more younger subjects than another, 

or more ~isadvantaged subjects, or more subjects with lower 

motivation. 

A~ ideal analysis would compare subjects' observed scores 

with their "true" scores, producing residuals that could be com­

pared across area supervisor groups. In the absence of systematic 

area-supervisor measurement disturbance~, theese residuals should 

average essentially zero in each group in each subtest. 
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This analysis ·(s not possible. As a proxy for "true" scores, 

we have substituted the scores predicted by a subject's standing 

on five demographic variables: (1) sex, (2) racial/ethnic group, 

(3) age, (4) region of the country at age 14, and (5) mother's 

education, as a rough indication of socio-economic status. 

As mentioned above, scores may differ across area supervisors 

for a hundred different valid reasons; we are able to account for 

five of them. The logic of the analysis, then, is extremely 

conservative. If no differences ih our residuals are found across 

area supervisors, then there are no significant area supervisor 

effects. If differences are found, then area supervisor effects 

are one of the possible explanations for them. 

METHODOLOGY 

Subject scores were computed for all subjects using the IRC 

methods described in Part I and Appendix B of this report. Using 

the MULTIVARIANCE computer program (Finn, 1977), we computed 

average scores in each subtest for the 480 cells of a five-way 

demographic classification scheme. The classificatory variables 

were as follows: 

(1) Sex (male and female) 

(2) Racial/ethnic group (Non-disadvantaged white, disadvant­

aged white, Black, Hispanic) 

(3) Age (under 18, 18 to 20, over 20) 

(4) Region of the country at age 14 (Southeast, West, Middle 
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West, Northeast) 

(5) Mother's Education, in years of schooling (l-a, 9··11, 

12, 13-15, 16+) 

For each subject, a vector of residuals from his cell means 

was computed. These residuals were gathered by area supervisors. 

Only the 32 area supervisors with more than 100 SUbjects were 

retained, to insure the stability of cell residual averages. The 

residuals were rescaled within each subtest, to make the pooled 

within-supervisor variance of the residuals one in each subtest. 

This standardization facilitates comparisons across subtests as 

well as across supervisors. 

The average residuals in each supervisor group in each sub­

test should be essentially zero if there are no supervisor effects 

and if there ate no effects other than those explicitly accounted 

for in the model which are correlated with area supervisor groups. 

(This would include all other demographic effects, psychological 

effects, and environmental effects.) The expected variance of the 

mean of the residuals of a given supervisor group is obtained 

simply after the standardization described above: if there are N 

subjects in a group, the expected variance of the mean of the 

residuals in that group is liN. By use of the Central Limit 

Theorom, it is possible to use the normal distribution to obtain 

the .01, .001, and .0001 points of the" expected distribution of 

the cell averages. 
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RESULTS 

Table 9 shows the average residuals of each area super-

visor group in each subtest. It may be seen that the average 

residuals over all these supervisor groups--those containing at 

least 100 subjects--are essentially zero, implying that there are 

no systematic effects differentiating the subjects in large super­

visor group from those in small supervisor groups. The variance 

of the supervisor-group residuals is about .02. In light of the 

standardization, we may conclude that about 2% of the variation 

among subjects not accounted for by the five demographic variables 

included in the analysis can be explained by supervisor effects or 

by effects correlated with supervisor groups. These effects 

cannot be separated with the available data. 

It may be noted in particular that the variation from one 

supervisor group to the next is not appreciably greater in Numer­

ical Operations and Coding Speed, the two speeded tests, than in 

the other subtests. Because test conditions and timing may be 
~ 

more critical in the speeded tests than in the power tests, this 

result tends to suggest that apparent differences are more likely 

explained.by u~specified. demographic and psychological effects 

than by test administration differences. 

Table 10 highlights the particular subtests in particular 

supervisor groups where residuals are not statistically zero. 
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TABLE 9 
AVERAGE RESIDUALS BY TEST ADMINISTRATION SUPERVISORS 

=:::;=~====~=========~:===~:3~~~~=~==============~==:c:===========:===:~=~=============== 

SUPERVISOR N seIE ARTH WORD PARA NUMR CODE AUTO MATH MEeH ELEe 
------------------------------------------------------ ------------------------------~---~ 

15262 297 -.218 -. 119 -.139 -.150 -.027 -.140 -.318 -.137 -.255 -.214 
70317 213 .280 .210 .208 .203 .020 . 123 -.010 .327 .106 .156 
70626 224 .011 -.031 - .031 .028 -.154 -.096 -.119 -.023 -.050 - .013 
75191 325 ,-.154 -.150 -.291 -.205 '-.307 -.240 -.142 -.061 -.137 -.205 
75299 514 -.083 -.060 -.084 -.095 .012 -.088 .154 -.152 - .025 -.051 
75435 250 .040 .029 -.015 .042 .040 .061 .030 .130 .059 - .062 
75499 381 -.152 -.126 -.176 -.161 -.147 -.214 -.095 -.048 -.156 -.147 
75876 283 .017 .022 .095 .023 -'.026 - .031 -.223 .066 -.119 -.042 
76111 222 -.043 -.130 -.095 -.155 -.099 .030 - .053 -.122 - .063 .000 
76208 525 -.060 -.072 -.124 -.045 -.049 - .082 -.042 -.064 -.005 -.076 
76657 506 - . 115 -.105 -.195 -. 161 - .075 - .093 - . 10 f -.086 -.135 -.132 
77132 504 -. 115 - .074 -.071 - .021 -.123 -. 1 1~ .051 -.099 .034 - .011 
78553 681 .129 .233 .113 .110 .250 .209 .105 .173 .219 . 112 
79135 207 -.042 .059 .058 .030 -.005 .079 -.334 .036 -.219 -.098 
79529 401 -.025 -.143 -.153 -.032 -.125 -.069 -.030 -.127 -.124 -.053 
79634 472 - .080 .003 -.024 .004 -.060 -.170 -.461 .099 -.248 - .089 
80106 136 -.046 -.213 -.079 - .057 .105 .036 -.253 - .073 -.353 -.042 
81831 204 .172 -.068 .123 .129 -.112 -.080 .399 -.061 .228 .185 
81883 242 .049 .035 .087 .032 .045 .022 .042 .132 .020 .089 
81919 327 -.068 -.071 .002 - .061 -.010 .021 .043 -.099 - .085 -.040 
82167 340 -.306 -.216 -.236 -.229 -.156 -.210 -.154 -.274 -.182 -.288 
82918 393 .069 .079 .053 - .053 -.001 -.067 .184 .016 .169 .073 
83523 385 -.015 .074 -.094 - .076 .105 .063 .016 .031 .000 .029 
87467 298 .025 -.014 .057 - .011 - .033 -.043 .184 - . 115 .133 - .087 
87607 328 .023 .002 -.097 - .085 -.013 -.021 -.051 .003 .011 -.038 
88103 519 .008 .147 .136 .042 .047 .095 -.196 .186 -.029 -.005 
89563 300 .220 .200 .173 .140 .167 . 141 .109 .170 .155 .172 
89778 369 -.032 .074 .021 .081 .004 -.046 - .012 .058 .000 .025 
89985 400 -.175 -.065 -.213 -.127 -.190 -.147 - . 1 11 - .082 -.122 - . 121 
90626 118 .137 - .006 .195 .044 .303 .135 . 119 -.038 .167 .076 
96208 124 .105 .076 .187 .208 .241 .302 . 11 1 .082 .058 .143 
99997 115 .088 -.042 .140 - .017 .390 .413 -.059 -.041 -.016 .098 

MEAN - .011 - .014 -.015 -.020 .001 -.007 -.038 -.006 -.030 - .020 
STD OEV .126 . 114 .138 . 11 1 .149 .147 .174 .124 , 144 .115 
VARIANCE .016 .013 .019 .012 .022 .022 .030 .015 .021 .013 

=====~c=================Z====ZE=32%~2======~~:~~===.c:::==~====~=======~~z=====~====~~=:~ 

NOTE: WITHIN-SUPERVISOR RESIDUALS HAVE A ROOLED VARIANCE OF ONE. 



TABLE 10 
SIGNIFICANT AVERAGE RESIDUALS BY TEST ADMINISTRATION SUPERVISORS 

======;~::=~~~~~==:========_.=~===~=;===~~=~~==.====~=c======~=====cc========~=~==~~a==== 

SUPERVISOR N SClf ARTH WORD PARA NUMR CODE AUTO MATH MECH fLEe 

15262 297 
70317 213 +++ ..- ..- ..- +..-+ 

70626 224 
15191 325 
75299 514 ++ 
75435 250 
15499 381 
75876 283 
16111 222 
76208 525 
76657 506 
77132 504 
18553 681 ++ +++ + + +++ +++ • +++ .+ .. + 
79135 207 
79529 401 
79634 472 
80106 136 
81831 204 +++ + + 

81883 242 
81919 327 
82161 340 
82918 393 ++ ++ 

83523 385 
87467 298 + 
87607 328 
88103 519 ++ .. +++ 
89563 300 ++ ..-+ + + + + + 
89718 369 
89985 400 
90626 118 ++ 

96208 124 + ++ 
99997 115 +++ +++ 

=:===Z~==~~============.~~===::=====_==~~==:~=Q=====.~~===.======:;=====:~=====~=====~=== 

NOTE: +++ OR DENOTES SIGNIFICANCE AT P<.OOOI IN INDICATED DIRECTION; 
++ OR DENOTES SIGNIFICANCE AT P<.OOI IN INDICATED DIRECTION; 
• OR - DENOTES SIGNIfiCANCE AT P<.OI IN INDICATED DIRECTION. 



. , 
I 

Most of the entries are blank. Of the non-blank entries, atten­

tion may be focused on two specific groups, ttose of supervisors 

78553 and 82167. 

Given the demographic characteristics of the subjects in the 

group of Supervisor 78553, scores are systematically higher than 

expected; for the subjects in the group of supervisor 82167, 

scores are lower than expected. Oepatures from standardized 

testing conditions are a possibility, but psychological effects 

are a stronger possibility. The area corresponding to Supervisor 

78553 is the heartland of the Middle West, containing all or parts 

of Minnesota, South Dakota, Iowa, Wisconsin, and Nebraska. The 

area corresponding to Supervisor 82167 is Los Angeles, including 

the inner city with oversampling of Blacks, Hispanics, and disad­

vantaged whites. It is likely that both motivation and famili­

arity with testing are higher for subjects from the heartland of 

the Middle West than from the barrios of the Far West. 

CONCLUSIONS 

A conservative test of area supervisor effects shows little 

evidence of variations from one test administration area to an-

other. Those differences that do exist are more plausibly ex­

plained by differences in motivation and demography than by depar­

tures from standard test conditions. 
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CALIBRATION OF POWER SUBTESTS 

The items in each ASVAB power subtest were calibrated with 

the BILOG computer program (Bock & Mislevy, 1981) using an adapt­

ation of the fixed-effects solution introduced in Bock (l976). 

Item parameter estimates were based on the responses of a lO-per­

cent random sample (1200 subjects) of the NLS data, excluding 

those subjects not tested under standard administration pro­

cedures. This appendix outlines the calibration algorithm. 

According to the assumptions of item response curve theory, 

item paramete~s are invariant across subjects and could be esti­

mated from any sample, regardless of its ability or demographic 

features. This assumption is never satisfied perfectly in prac­

tice, however, so precautions were taken to guard against biases 

in item parameter estima~es caused by the oversampling of disad­

vantaged subjects. Rather than weight each subject in the cal­

ibration sample equally, we have weighted them in proportion to 

their NLS sampling weights. The weights have been rescaled to 

make the sum of subject weights add to 1200, the actual number of 

subject.. The data from a given subject will be weighted in­

versely to his probability of being selected. In the following 

discussion, we use the following terms for a subject's item 

attempts and correct responses: 

A-I 



N, , = the weighted number of attempts by Subject 1 to Item J ~J 

= W '" and 
~J 

R, , = the weighted number of correct responses by Subject i 
~J 

to Item j 

= Wij if the response is correct and 0 otherwise." 

As a consequence of this weighting, the item-fit and test-fit 

Chi-square statistics will not be strictly correct. It may be 

appropriate to adjust them in accordance with a design effect, 

probabably a value around two lik~ the design effects for many 

other variables in the NLS survey. The resulting item parameter 

estimates will, however, correspond more closely to those that 

would be Obtained from the responses of a true, simple random 

sample of the youth population. 

CALIBRATION ALGORITHM 

Step 1 

An initial estimate of the ability of each subject in the 

calibration sample is obtained as the logit of correct response: 

6i = In ( E Rij/(.4 Nij -ERij) • 

If all the responses of Subject i are correct or all are incor­

rect, Wij is added to the number of attempts and Wij/2 to the 

number correct. 

Step 2 

Based on the provisional ability estimates, the calibration 

sample is partitioned into ten intervals as follows: The lowest 

and highest scoring five-percent of subjects are assigned to the 
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lowest and highes~ intervals, then the attainment scale between 

these extremes is divided into ten intervals of equal length, 

It is assumed that the abilities of subjects in each interval 

are sufficiently similar to be approximated by a single interval 

ability, Numbers-tried and numbers-correct of Interval £ are 

defined by 

Step 3 

N1j = the weighted number of attempts to Item J by sub- . 

jects in Interval 1, and 

R1j = the weighted numbe~ of correct responses to Item J 

by subjects in Interval 1. 

The probability of a correct response to Item j from a sub­

ject in Interval 1 is assumed to be given by the logistic ogive: 

where 

P 1j = .10 + .90 

Ztj = (81 - bj)/sj 

= (1. 0/ Sj) 81 

= aj 81 - Cj • 

The item parameters ~ and Sj are the item threshold and disper-

sion discussed above. The re-expression in terms of the item 

parameters aj and Cj' the item slope and intercept, simplifies 

computation. 

Assuming the local independence of responses to test items, 

the probability of observing R1j correct responses to Item j from 

the subjects in Interval 1 is given by 

P1j = prob(R9..j I N1j , 81 } 
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N R, . ! . : _______ J ____ ~_ 

RR,j! (NR,j -R1j ) ! 

and the probability of the entire calibration data matrix becomes 

p = 
10 n 

IT II 
1 j 

P1j 

Estimates of the aj's, Cj'S, and 81 'S are chosen to maximize 

this probability. The log likelihood function is 

10 n 
L = II II C + R1j In(P 1j ) + (NR,j-R 2j ) In(P 1 j)' 

1 j 

where C does not depend on the parameters. The likelihood equa­

tions for 1 = I, 2, ••• , 10 and j = I, 2, ... , n are. 

c .: . I: (R lj - N 2j P lj) = 0 
J 1 

a j: E (R lj -
I 

N lj P lj) 82 = 0 

e 9.,: I: (R lj - N 2j Ptj) a· "" 0 
j J 

In order to fix the size and origin of the provisional scale 

units, the highest and lowest intervals are assigned scores of 

plus one and minus one r.espectively. BILOG solves the reduced 

equations by means of Newton-Raphson iteration. 

Step 4 

From the provisional item parameters estimated in the pre­

ceding st~~, each subjec~ts scale score is estimated. The approp­

riate likelihood equation, under the assumption of local independ­

ence, is given by 

where 
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with 

Z··=a·e·-c·. 
~J J ~ J 

This equation has no solution if all of the responses of 

Subject i are correct or all are incorrect. In the former case, 

Wij is added to the number of attempts to the item with the high­

est threshold and Wij/2 is added to his number correct; in the 

latter case, the same procedure is applied to the item with the 

lowest threshold. 

Step 5 

Step 2 is repeated with the improved subject score estimates. 

Step 6 

Step 3 is repeated with the improved interval boundaries. 

Step 7 

Standard errors of estimation for the item parameters are 

obtained in the final Newton iteration of Step 6, as the square 

roots of the negative reciprocals of the second derivatives of the 

log likelihood at the final solution. 

Item fit is indicated by a Pearsonian chi-square over 

intervals: 

2 2 
X. = L (Rtj - Ntj Pij ) / [N ij Pij (l-Ptj )}· 

J 

If the expected number of either correct or incorrect 

ses to Item j in Interval t is less than 5, the Interval t 

respon-

is 

collapsed into an adjacent interval for the purpose of the item­

fit index. The number of degrees of freedom associated with the 

value is two less than the number of intervals after collapsing. 

Overall test fit is indicated by the sum of the item-fit 
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chi-squares, with degrees of freedom similarly summed but reduced 

by 8 to account for the estimation of interval scores. 

As noted above, it may be appropriate to divide the resulting 

item and test fit Chi-squares by two to account for the stratified 

sampling design. 
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BIWEIGHT ESTIMATES OF. LATENT ABILITY 

Maximum likelihood estimates of subjects' abilities in item 

response curve models are overly senstive to disturbances that are 

common in educational measurement, such as guessing and careless­

ness. The biweight solution described in this appendix, intro­

duced and illustrated in Mislevy and Bock (1980), is highly resist­

ent to these disturbances. It effectively discounts suspicious 

responses, and agrees with the maximum likelihood estimator when 

none are present. 

We first review the form of maximum likelihood estimation of 

latent ability. Our final estimates of subject abilities in the 

power subtests of the ASVAB employ two variations on this basic 

theme, namely, the use of a prior distribution and biweighting. 

MAXIMUM LIKELIHOOD ESTIMATES OF LATENT ABILITY 

Suppose that the item parameter of n test items are known. 

Let b j be the threshold of Item j and Sj be the dispersion. We 

observe the responses of Subject i to these items. Let Xij be one 

if the response to Item j is correct and zero if it is not. 

Under the assumptions of the 2-parameter logistic item re­

sponse curve model, the probability that Subject i will respond 

correctly to Item j is given by 
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where 

p .. 
~J 

Z .. = (6.-b.}/s. 
~J 1 ] J 

( B . 1 ) 

and 6 i denotes the ability of Subject i. Assuming the responses 

of Subject i are independent, given Si, the probability of his 

vector of responses is given by the product of expressions like 

(B.l) over all the items: 

p. = 1. 

n 
II 

j=1 

X.. I-X .. 
p .. 1.J (I-P .. ) 1.J 

l.J 1.J (B. 2 ) 

If the item parameters are known but the ability is not, then 

(B.2) is the likelihood function of 6i given the vector of re-
" sponses. The maximum likelihood estimate of the ability, Sil is 

the value which maximizes (B.2) with respect to the observed 

responses. 

In practice the log of the likelihood is maximized. The log 

likelihood is given by 

n 
In L = E C + Xij In(Pij) + (l-Xij) In(l-Pij)' 

j=l 

where C does not depend on the parameters. The first derivative 

of the log likelihood function is given by 

d/nL n 
---- = . El (Xij -Pij )/Sj' 

dSi J= 

and its second derivative, by 

d InL 
----- = -

dS' l. 

n 2 
I: p .. (I-p .. )/ 5

J
' • 

. 1 1. J 1J 
J= 

(B. 3 ) 

AS long as not all of the responses are correct and not all 

are incorrect, the is a unique and finite value for which the 
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first derivative is zero. Since the second derivative is always 

negative, the zero is a maximum of the log likelihood. A large­

sample standard error for the estimate may be obtained as the 

negative reciprocal of the square root of the second derivative of 

in L, evaluated at the maximum. 

BAYES MODAL ESTIMATES 

As noted in Part I of this report, the scale of the item 

parameters was fixed by requiring the mean of the youth population 

to be zero and the true-score variation to be one. Under the 

assumption that the u"nderlying distribution is normal, it 15 

possible to use Bayes Theorom to obtain estimates of subject 

abilities with lower mean-squared errors than maximum likelihood 

estimates. 

Under this scheme, the prior density of ai is Normal (0,1). 

The posterior density, F, is proportional to the prior density 

times the likelihood (B.2): 

n X' . I-X' . -1 2 
{ II 

~J ~J {-- exp( -ai !2)} F = p. , (l-p. ,) J x 
j=l 

~J ~J 2IT 

where P .. is as defined in (B.l) • The value of e· that minimizes 
~] 1 

'" this expression is the Bayes modal estimate of ai' the highest 

value with the highest posterior density. The log of F and its 

first and second derivatives are nearly'the same as those for 

L, except for additional terms: 

n 2 
E K + X, , In ( p, ,) + (1-X; J') In (1- P i J') - ei /2. 1J ~J ... 

j=l 
In F = 
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djnF n 
= e. + E (X .. -p .. )!s .. 

de ~ j=l' ~J ~J J 

d
2
/nF n 2 

- - -"2- = -1 - E p .. (I-p .. )/ s· . . 1 1J ~J J de J= 

It is typical to take as an indication of the precision of estima­

tion the negative reciprocal of the square root of the second 

derivative at the maximum; i.e., the curvature of the posterior 

distribution at its highest point. 

BIWEIGHT ESTIMATES 

In theory, a subject's responses to items with thresholds far 

above or far below his level of ability provide little information 

about his ability, In practice, they may provide misinformation. 

An incorrect response to an easy item from a subject who otherwise 

appears quite able is probably a careless error; a correct re­

sponse to a hard item from a subject who otherwise appears unable 

is probably a lucky guess. Inasmuch as a subject's responses 'to 

items far from his apparent ability contain least information and 

most potential for m~sinformation, it would be desirable to weight 

a subject's responses accordingly. The biweight estimator de­

scribed in this section does just that. 

Based on the principal of Tukey's biweight estimate of loca­

tion, ihe biweight estimate of ability responds sensitively to 

information from items in the neighborhood of the subject's appar­

ent ability, while effectively discounting responses to items far 

above or below this level. The response of Subject i to Item j is 
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assigned the weight Wij in accordance with the distance of the 

subject from the item, in units of the item's~ dispersion: 

with 

w· . 1J 

2 2 

{ 

(1 - u.· ) 
::: 1J 

o 

• b. - e· 
U 

- _J ____ ! .. -
1J 3 s. 

J 

if IUijl < 1 

otherwise 

o 
In this last expression, 6i represents the biweight estimate of 

the ability of Subject i. (The biweight estimate depends on the 

weights and the weights depend on the estimate: together they must 

be computed iteratively.) 

The fitting function used in the computation of the biweight 

estimate is a modification of (B.3), the likelihood equation: 

G' ::: 

AS an indication of the precision of estimation, one may use the 

negative reciprocal of the square root of a facsimile of a second 

derivative: 

n 2 
G' , ::: - E W .. p .. (I-p .. )/ sJ' • 

. 1 l.J l.J 1J 
J= 

This quantity would be the second derivative of a log likelihood 

if the weights Wij had Qeen specified in advance rather than in 

response to the data. 
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BIWEIGHTED BAYES ESTIMATES 

Pinal estimates of subject abilities in the ASVAB power tests 

use both the standard normal prior, to provide lower mean-squared 

errors, and biweighting, to trim potentially misleading responses 

to extreme items. The fitting function incorporates aspects of 

the Bayes and the biweight estimates: 

HI = 

where Wij is the biweight. As a standard error of estimation, we 

use the negative reciprocal of the square root of a facsimile of a 

a second derivative: 
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TEST INFORMATION CURVE AND STANDARD ERRORS 
TEST NAME: GENERAL SCIENCE 

S.L INFO 
+----------------------------------------------------------------------------------------------------+ 11.16 

1.02 

0.93 

0.84 

0.75 

0.66 

0.57 

0.48 

0.39 

0.30 

0.21 

SCALE SCORE 

: 111111 M 
11 II M 

I.: [] M 10.04 
II M 

I IllIllI S 
I M IIII S 8.93 

SIN· II 5 
S M 11 5 

I M I 5 7.81 
S I MilS 

S M II: S 
I M I I . S 6.69 

S I MIS 
S I MIS. 

S M I I S 5.58 
S. 1 MIS 

S I MIS 
· S I M I 5S 4.46 
· SS M IS 
· ISM SSII 
· I SS M 5S 1 3.35 
1 SS M SSSS I I 

II . S5 M SSSSS I 
I SSS M SSSSSSSS I I 2.23 

II SSSSSS'SSSSSSSSSSSSS5SSSS .111 
III S M III 

III M IIlII I 1. 12 
III II M 11111 

M 
. M 0.0 
+----------------------------------~-----------------------~-----------------------------------------+ 

-2.50 -2.00 -1.50 -1.00 -0.50 0.0 0.50 1.00 1.50 2.00 2.50 

EXPECTED NUMBER­
CORRECT SCORE 3.78 4.87 6.79 9.69 13.05 16.17 18.97 21.26 22.90 23.87 24.39 

-.~ 



TEST INFORMATION CURVE AND STANDARD ERRORS 
TEST NAME: ARITHMETIC REASONING 

S.E. INFO 
+-----------------------------------------~----------------------------------------------------------+ 19.45 

1.13 

1.02 

0.90 

0.19 

0.68 

0.56 

0.45 

0.34 

0.22 

0.11 

SCALE SCORE 

HIlI M 
II II 

MI 
I MIl 

SS I M II 
S M I 

S I M II 
SS I M I 

S MIS 
S. I M II S 

S MIS 
.5 I MIS 

S I M I 5 
S M I: 5 

SS : I MI. SS 
S I M :11 S 

S M ] SS. 
5 I: M J S 

SS ]: MISS 
5 I M I I 5SS 

SS M SS 
I S5: M SS5 II 

I 5S M' SSSS - II 
11 SSS M SSSS5SS: I I 

] I SSSSSSSS S5SSSSSSSSSSS I I . 
II S M III 

IIlII M 11111 
IIJIIIlIll1 M 111111 

1111 M III 
M 

+----------------------------------------------------- -----~----------~----------------~-------------+ 

-2.50 -2.00 -1.50 -1.00 -0.50 0.0 0.50 1.00 1.50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 4.48 5.25 6.55 8.96 12.98 17.88 22.29 25.68 27.83 28.99 29.54 

--....... 

17.51 

15.56 

13.62 

11.67 

9.73 

7.78 

5.84 

3.89 

1.95 

0.0 



TEST INFORMATION CURVE AND STANDARD ERRORS 
TEST NAME: WORD KNOWLEDGE 

S.E. INFO 
+----------------------------------------------------------------------------------------------------+ 23.04 

1.43 

1.28 

1.13 

0.91 

0.82 

0.66 

0.51 

0.36 

0.20 

0.05 

SCALE SCORE 

:11111111 M 
I I M 

I; II M 
I I N 
111M 5 

1 I M S 

I 
1 

I 

I I I 5S 
MI S 
M 1 5 
M I 5 
N I .5 
N I 5 

I M I 55. 
J N I S 

1 M I 55 
I N 1 S 

I MISS 
I M I 55 

. I M I 55 
55 I M I 5S 

SS5 I. M I SSS 
SSS. N SSS: 

II 5SSS N SS5S I 
II SSSS M SSSS$ : II 

II SSSSSSSSSSSS .SSSSSSSSSSSSSSSSS III 
II S N III 

IIII M IIII 
I N IIlllIlI 

N IIIIllIIIllIl 
N 

+-------------------~-~-~--------------~-------------- -----------------------------------------------+ 

-2.50 -2.00 -1.50 -1.00 -0.50 0.0 0.50 1.00 1.50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 5.82 8.00 11 .61 16.78 22.47 27.33 30.81 32.83 33.89 34.42 34.70 

20.74 

18.43 

16. 13 

13.83 

11.52 

9.22 

6.91 

4.61 

2.30 

0.0 



TEST INFORMATION CURVE AND STANDARD ERRORS 
TEST NAME: PARAGRAPH COMPREHENSION 

S.E. INFO 
.-------------------------------------------------------------------.---------------------------------+ 8.58 

2.29 

2.04 

1.80 

1.55 

1. 3 t 

1.07 

0.82 

0.58 

0.33 

0.09 

SCALE SCORE 

11111 M 
I I M 

I I M 
I M 

I I M 55 

I 

" 

I 
I 

I 

I M S 
I M S 
II M 5 

I M 5 
1M. 55 

1 M S 
11M S. 

1 SS 
MI 5 
N I I SS 
M I S5 
MISS 
M II SS 

SSS I M I S5 
5S I M I] SS5 

SSS. I M I SSS: 
55S M SSSS 

II . SSS M SSSSS I I : 
] I SSS SSSSSSS I I 

III SSSSSSSS SSSSSSSSSSSSS M :111 
III :5 M IIlI 

IIIlI N IIlI 
I N IIIIIIlII 

M lllIIIIIIIlII 
M 

.----------------------------------------------------- -------------------------------------~---------. 

-2.50 -2.00 - t. 50 -1.00 -0.50 0.0 0.50 t .00 1.50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 3.09 4.00 5.44 7.60 9.86 11.67 12.92 13.68 14 . 11 14.34 14.48 

7.72 

6.86 

6.01 

~. 15 

4.29 

3.43 

2.57 

1.72 

0.86 

0.0 



TEST INFORMATION CURVE AND STANDARD ERRORS 
TEST NAME: NUMERICAL OPERATIONS 

S. E. INFO 
+----------------------------------------------------------------------------------------------------+ 12.73 

0.81 

0.14 

0.68 

0.61 

0.54 

0.48 

0.41 

0.34 

0.28 

0.21 

SCALE SCORE 

M 
M 
M 
M 

I 
I 

M SSSSSS 

I 
I 

I 
I. 

I 
. I 

II 
I 
II 

M 55555S 
M SSSSS 
M SSSSS 
M 5SSSS 
M SS5SS 
M SSSSS 
M SSSS 

SS5SS 
SSSS M 

5SSS M 
SSS5 M 

I II 5SS M 
I55SS : M 

SSS 1111: M 
SSS III M 

SSS 11111 M 
55 IIIIIll M 

S5S. 11111111 
55 M IIIIIIlIIIII 

S5 M :IIIIIIIIIIIIIlIII 
5 M .11111111 

M 
M 
M 
M 

+---------------------~---~-------------------~--------------------------------------------~---------+ 

-2.50 -2.00 -1.50 - I .00 -0.50 0.0 0.50 1.00 1. 50 2.00 2.50 

EXPECTED NUMBER­
CORRECT SCORE 10.18 15.41 20.03 24.65 29.28 33.90 38.52 43.14 41.77 50.00+ 

11.46 

10.18 

8.91 

7.64 

6.36 

5.09 

3.82 

2.55 

1.27 

0.0 

.... 



TEST INfORMATION CURVE ANO STANDARD ERRORS 
TEST NAME: CODING SPEED 

S.E. INFO 
+----------------------------------------------------~-----------------------------------------------+ 101.90 

0.62 

0.55 

0.49 

0.42 

0.36 

0.29 

0.23 

0.16 

0.10 

0.03 

SCALE SCORE 

M 
M 
M 
M 
M 
M 
M 
M :S5S5S 

1M. SSSSSS 
M SSSSS 
M SSSSS 

SSSSS 
SSSSS M 

I SSSS M 
:SSSS M 

SSS M 
I SSS5 M 

SS5 M 
SSS M 

I 55 M 
15SS M 

SSI. M 
55 II M 
SlIM 

5 III M 
S IIIIU M 

111111111111 M 

SSSSSS 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIJIII]I 

SSSSS5S 
SSSSSSS 

M IllIIlllIIIlIIIII 
. M 
+----------------------------------------------------------------------------------------------------+ 

-2.50 -2.00 -1. SO -1.00 -0.50 0.0 0.50 1.00 1.50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 8.51 15.80 23.09 30.38 37.68 44.91 52.26 59.56 66.85 74.14 81.43 

91.11 

81.52 

71.33 

61. 14 

50.95 

40.76 

30.57 

20.38 

10.19 

0.0 



TEST INFORMATION CURVE AND STANDARD ERRORS 
TEST NAME: AUTO & SHOP INFORMATION 

S.L INFO 
~------------~------------------------------------------------------7--------------------------------+ 16.54 

MI I 1 III I I I I 
I 1 

1.22 1M 1 14.88 
I M I 

SS M 
1. 10 5 I M 1 13.23 

SS I M 
55 M 5 

0.98 5. 1 M 5 11.57 
55 M I: 5 

55 1 M S 
0.85 5 I MISS 9.92 

S5 M 5 
55 1M: I .5 

0.73 S 1 M I 55 8.27 
55 I Jot S 

5 M I 55 
0.61 S5 1 MISS 6.61 

55 I M I 5 
:55 I M I 55 

0.49 : 155 M S5 4.96 
:1 5S M 5S I 
I 55 M SS II 

0.36 II: S5SS M SSS II 3.31 
III SSSSSSSSS5SS SS5SSSS II 

IIII M 5 1111 
0.24 .111111 M IlIl 1.65 

1111111111111 M 1111111111 
1111 M 1 

0.12 M 0.0 
+----------------------------------------------------- ----------------------------------------------~. 

SCALE SCORE -2.50 -2.00 -1.50 -1.00 -0.50 0.0 0.50 1.00 1.50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 4.35 5.07 6.10 7.63 10.04 13.59 17.55 20.75 22.54 23.50 24.05 



r ~ -:-r:--'!!.!~~ !l ~r~ 

TEST INFORMATION CURVE AND STANDARO ERRORS 
TEST NAME; MATHEMATICS KNOWLEDGE 

:;,~r-d:'IJ'!iII. ........ oft .. ", .... -

S.f. INFO 
+----------------------------------------------------------------------------------------------------+ 17.37 

1.54 

1.31 

1. 21 

1.05 

0.89 

0.72 

0.56 

0.40 

0.23 

S 
S 

S 
5 

5 

I 
I 

Ml II II 
II II 

M I 
1 M I 

I M I 
I M II 

M I 
M ] 
M I 
M 1: 

1 M I 
S 1M: I 

S I M I 
S. 1 M I 

S ] M 1 
. S I M 1 

SS I M 1 
SliM I 

5S ; I M I 
SS II M I 

SSS 11 : M ] 55 
ISSSS: M SSS 

II S5SSS M 555S ] I 

55 

II SSSSS M SSSSS II 

.55 
S5 

]] SSSSSSSSS5 SSSS555SSSSSS; 11 

5 

II M 5 .III 

55 
S 

55 

III M 11]1 
11111. M IIlIIIII 

11111111]11 M 
0.07 M 

+----------------------------------------------------------------------------------------------------+ 
SCALE SCORE -2.50 -2.00 -1.50 -1.00 -0.50 0.0 0.50 1.00 1. 50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 3.15 3.71 4.18 6.60 9.33 13.15 17 .28 20.58 22.71 23.83 24.38 

15.63 

13.90 

12.16 

10.42 

8.68 

6.95 

5.21 

3.47 

1.74 

0.0 



TEST INFORMATION CURVE AND STANDARD ERRORS 
TEST NAME: MECHANICAL COMPREHENSION 

S.E. INFO 
+----------------------------------------------------------------------------------------------------+ 9.16 

1. 15 

S 
1'.05 S 

S 
5 

0.94 5 
5 

0.84 

0.74 

0.63 

0.53 

0.43 

HI 
0.33 IIIIII 

II III 

0.22 

S 
5S 

.S 
S 

S 

11111111 
II M I 

1 MIl 
I M II 

I M 1 
1 M I 

1 M II 
I M I 

[ M I 
I M II 

: I M I: 

S 
S5 

5 1 
SSI 
[ S5 

I 
I 

I 

I S5 

I 
I : 

I I 55: 

M I 
M :11 
M 1 
M I 
M II 55 
M I 5S. 
M II S5 
M ISS 
M SSS I 
M SS 11 
M SSSS II. 

5 

I I SSS M SSSS III 

55 

S 
S5 

5 

.11 SSS M SSSS5 II I 
III SSSSSSSSS SSSSS55SSSS III 

S M 1I1I] 
M I I I 
M 
M 
M 

+---~----------------------------------------------------------------------------------------------~-+ 

SCALE SCORE -2.50 -2.00 -1.50 -1.00 -0.50 0.0 0.50 1.00 1.50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 4.10 4.97 6.32 8.36 11. 19 14.45 17 .50 19.96 21.75 22.94 23.70 

8.25 

7.33 

6.41 

5.50 

4.58 

3.67 

2.75 

1.83 

0.92 

0.0 

"' 



TEST INFORMATION CURVE AND STANOARD ERRORS 
TEST NAME: ELECTRONICS INFORMATION 

S.E. INFO 
+----------------------------------------------------------------------------------------------------+ 8.91 

t. 45 

1.31 

1. 17 

'-03 

0.89 

0.75 

0.61 

0.47 

0.33 

I II I 
0.19 

S 
S 

S 

S 
S 

S 

III I 
11111] 

S 
S. 

5 
.S 

S 

.11 
III 

55 
S 

5 I 
551 
II55 

I 

1 
I 

I 

I SS 
I SS 

I 
I 

: I 

I 
I: 

II 5S5S 

IIIIlIl M 
11 I I 

I MI 
I M II 

I M I 
M I I 
M I 
M I 
M II 
M I 
M I 
M II 5 
M I 5S 
M 11 5 
M : I 55 
MI. SS 
M II 55 
M II SS 
M I S5 
M IS5S 
M SSS II 
M 55SS II 
M SSSS II 
M SSSSS5S III 

SSSSSSSS5 SSSSSSS5SSSS III 
S M 1111 

M 111111 
M I] 
M 
M 

+--------~----------~--------------------------------------------------~---~-------------------------. 

SCALE SCORE -2.50 -2.00 -1.50 -1.00 -0.50 0.0 0.50 1.00 1.50 2.00 2.50 

EXPECTED NUMBER-
CORRECT SCORE 2.83 3.43 4.49 6.27 8.82 11.61 14.05 15.96 17.30 18. 17 18.70 

8.02 

7.13 

6.24 

5.35 

4.46 

3.57 

2.67 

1.78 

0.89 

0.0 



APPENDIX D 
========== 



TABLE 0-1 
ITEM PARAMETER ESTIMATES FOR GENERAL SCIENCE 

TOTAL CHI-SQUARE· 315.97 WITH 171.00 OF 

a~=~=r~~~~~~:=~=:===~======~==ZDD~=~.=~~~~======~~~.~.====~=~=Z~============= 

ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21. 
22 
23 
24 
25 

PARAMETER ESTIMATES ITEM FIT STATISTICS 

THRESHOLD (S.E.) DISPERSION (S.E.) GUESSING CHI-sa O.F. PROS 

-1.48 
-1.03 
-0.81 
-0.85 
-1.00 
-0.92 
-0.13 
-1.56 
-0.93 
-0.93 
-0.10 
0.13 
0.05 

-0.53 
-0.92 
-0.72 
-0.56 
0.33 
0.25 
0.10 
0.12 
0.83 
0.91 
1. 12 
0.15 

( 0.11) 
( 0.10) 
( 0.09) 
( 0.10) 
( 0.11) 
( 0.09) 
( 0.10) 
( 0.14) 
( 0.10) 
( 0.10) 
C 0.09) 
( 0.09) 
( 0.07) 
( o. to) 
( 0.13) 
( O. 11.) 
( o. 10) 
( 0.01) 
( 0.08) 
( 0.08) 
( 0.08) 
( 0.09) 
( 0.09) 
( 0.06) 
( 0.01) 

0.42 
0.54 
0.36 
0.69 
0.63 
0.30 
0.63 
0.82 
0.53 
0.61 
0.55 
1..03 
0.45 
0.79 
1.05 
0.84 
0.93 
0.31 
0.15 
0.64 
0.72 
0.79 
0.80 
0.33 
0.53 

( 0.04) 
( 0.05) 
( 0.03) 
(0.06) 
( 0.(6) 
( 0.03) 
( 0.05) 
( 0.08) 
( 0.05) 
( 0.05) 
( 0.05) 
( 0.10) 
( 0.04) 
( 0.01) 
( 0.11) 
( 0.08) 
( 0.09) 
( 0.03) 
( 0.01) 
( 0.05) 
( 0.01) 
( 0.08) 
( 0.08) 
( 0.04) 
( 0.05) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

1.91 
5.64 
4.68 

16.46 
7.94 
1. 21 

19.42 
23.12 
6.70 
4.39 

13.74 
25.61 
17 .66 
8.47 
3.85 

30.94 
2.79 

25.64 
16.53 
5.95 
1.86 
3.06 
6.09 

18.84 
37.45 

4.80 0.844 
5.80 0.435 
4.80 0.429 
6.10 0.018 
6.70 0.311 
4.80 0.934 
6.70 0.006 
6.70 0.001 
5.80 0.324 
6.70 0.705 
6.10 0.049 
7.70 O.OOt 
6.70 0.011 
7.10 0.357 
7.70 0.849 
7.70 0.0 
1.70 0.936 
6.70 0.0 
7.70 0.030 
1.10 0.620 
7.70 0.414 
7.70 0.916 
7.70 0.604 
7.70 0.Oi3 
7.70 0.0 

=====~=====~=~~==:==a~=~=~5~E=~=~a==:======%~~=~~~=~====~:=~~&=~~c=======:==~ 

NOTES; GUESSING PARAMETERS FIXED DURING ESTIMATION. 
DESIGN EFFECT OF ABOUT 2.0 NOT ACCOUNTED FOR IN CHI-SQUARES. 

I' 



TABLE D-2 
lTEM PARAMETER ESTIMATES FOR ARITHMETIC REASONING 

TOTAL CHI-SQUARE ~ 476.45 WITH 208.00 DF 

========~=====~===~DE==3::C===~~~~====CC===&======:=~::~q.~~==~=~====:======= 

ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
.16 
17 
18 
19 
20 
21 . 
22 
23 
24 
25 
26 
27 
28 
29 
30 

PARAMETER ESTIMATES ITEM FIT STATISTICS 

THRESHOLD (S.E.) DISPERSION (S.E.) GUESSING CHI-SO D.F. PROS 

-2.74 
-2.28 
-0.79 
-0.64 
-0.41 
-0.69 
-1.41 
-0.79 
-0.65 
-0.50 
-0.35 
-0.18 
-0.25 
-0.18 
-0.31 
-0.18 
0.13 
0.21 

-0.05 
0.61 
0.51 
0.01 
0·13 
0.41 
0.34 
0.36 
0.53 
1.06 
1.16 
0.69 

( 0.30) 
( 0.'9) 
( 0.12) 
( 0.11) 
( 0.11) 
( 0.12) 
( 0.17) 
( 0.12) 
( 0.12) 
( 0.11) 
( O. 10) 
( 0.10) 
( 0.10 
( O. 10) 
( 0.10) 
( O. 10) 
( 0.09) 
( 0.09) 
( 0.10) 
( 0.08) 
( 0.08) 
( 0.09)· 
( 0.09) 
( 0.08) 
( 0.08) 
( 0.08) 
( 0.08) 
( 0.07) 
( 0.07) 
( 0.08) 

1.07 
0.77 
0.35 
0.33 
0.48 
0.57 
1. 16 
0.59 
0.56 
0.40 
0.23 
0.50 
0.69 
0.40 
0.41 
0.73 
0.70 
0.64 
0.69 
0.48 
0.50 
0.53 
0.70 
0.34 
0.52 
0.59 
0.44 
0.49 
0.51 
0.70 

( 0.14) 
( 0.08) 
( 0.03) 
( 0.03) 
( 0.04) 
( 0.05) 
( 0.12) 
( 0.05) 
( 0.05) 
( 0.04) 
( 0.02) 
( 0.04) 
( 0.06) 
( 0.04) 
( 0.04) 
( 0.06) 
( 0.06) 
( 0.05) 
( 0.06) 
( 0.04) 
( 0.04) 
( 0.05) 
( 0.06) 
( 0.03) 
( 0.04) 
( 0.05) 
( 0.04) 
( 0.05) 
( 0.05) 
( 0.06) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

7.04 
21.75 
4.98 
8.80 

10.88 
17.77 
6.08 

10.42 
12.30 
11.82 
11.32 
8.24 

12.80 
6.60 
7.6' 

16.05 
35.05 
49.56 
18.52 
26.36 
24.21 
9.01 

14.69 
34.82 
24.35 
9.45 

12.41 
10.39 
4.37 

28.78 

6.80 
4.80 
4.80 
4.80 
6.80 
6.80 
7.70 
6.80 
6.80 
5.80 
4.80 
6.80 
7.70 
6.80 
5.80 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
6.80 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 

0.399 
0.001 
0.396 
0.108 
0.130 
0.011 
0.611 
0.151 
0.082 
0.059 
0.041 
0.290 
0.107 
0.446 
0.249 
0.037 
0.0 
0.0 
0.015 
0.001 
0.002 
0.316 
0.058 
0.0 
0.002 
0.282 
0.120 
0.219 
0.802 
0.0 

z=.=~~=~=~===~c~==~==:%==~=======p~===:====~======~~~c£====~======QE====:==== 

NOTES: GUESSING PARAMETERS FIXED DURING ESTIMATION. 
DESIGN EFFECT OF ABOUT 2.0 NOT ACCOUNTED fOR IN CHI-SQUARES. 



TABLE 0-3 
ITEM PARAMETER ESTIMATES FOR WORD KNOWLEDGE 

TOTAL CHr-SOUARE E 499.81 WrTH 220.00 OF 

====;~=~:=========;=:=:~=====:====:=:====~~==:===c========~======~===~======= 

PARAMETER ESTIMATES ITEM FIT STATISTICS 
~-----~---------------------------------~---- -------~-----------

ITEM THRESHOLD (S.E.) DISPERSION (S.E.) GUESSING CHI-SO O.F. PROB 
---------~----------------------------------------------~-------------~------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 , 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

-2.04 
-2.05 
-1.57 
-1.95 
-1.96 
-1.21 
-1.6S 
-1. 14 
-0.64 
-1.63 
-0.91 
-1.49 
-1 .31 
-0.84 
-0.86 
-1.01 
-0.69 
-0.90 
-0.54 
-0.93 
-0.90 
-0.42 
-0.13 
-0.05 
-0.19 
-0.26 
-0. Hi 
-0.42 
0.39 
0.26 

-0.93 
0.38 
0.51 
0.04 
0.14 

( 0.12) 
( 0.12) 
( 0.09) 
( 0.15) 
( 0.11) 
( 0.08) 
C 0.12) 
( 0.08) 
( 0.08) 
( 0.09) 
( O.OS) 
C 0.11) 
( 0.09) 
( 0.08) 
( 0.07) 
( 0.09) 
( 0.07) 
( O.OS) 
( O.OS) 
( O.OS) 
( O.OS) 
( 0.07) 
( 0.06) 
( 0.08) 
( O.OS) 
( 0.01) 
( 0.08) 
C 0.08) 
( 0.08) 
( 0.07) 
( 0.08) 
( 0.08) 
( 0.06) 
( 0.07) 
( 0.06) 

0.54 
0.53 
0.43 
0 .. 86 
0.52 
0.32 
0.72 
0.32 
0.64 
0.42 
0.44 
0.71 
0.50 
0.48 
0.35 
0.62 
0.30 
0.48 
0.63 
0.36 
0.57 
0.35 
0.36 
0.83 
0.67 
0.35 
0.7:2 
0.59 
0.85 
0.62 
0.35 
0.90 
0.39 
0.53 
0.28 

( 0.05) 
( 0.05) 
( 0.04) 
( 0.08) 
( 0.05) 
( 0.03) 
( 0.06) 
( 0.03) 
( 0.05) 
( 0.04) 
( 0.04) 
( 0.06) 
( 0.04) 
( 0.04) 
( 0.03) 
( 0.05) 
( 0.02) 
( 0.04) 
( 0.05) 
( 0.03) 
( 0.05) 
( 0.03) 
( 0.03) 
( 0.07) 
( 0.05) 
( 0.03) 
( 0.06) 
( 0.05) 
( 0.07) 
( 0.05) 
( 0.03) 
( 0.08) 
( 0.03) 
( 0.04) 
( 0.02) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10· 

8.22 
8.14 
8.04 

12.49 
22.50 
4.55 
7.00 

15.33 
20.03 
16.76 
16.99 
10.92 
14.06 
8.94 
1. 20 

18.64 
5.62 
6.12 
9.24 
S.69 

21.01 
34.27 
28.04 
26.19 
13.50 
11.23 
14.06 
9.55 

10.77 
13.80 
4.13 

20.13 
46.62 
17 .68 
5.42 

·4.90 
4.90 
4.90 
6.80 
4.90 
3.90 
6.80 
4.90 
1.80 
3.90 
5.S0 
6.80 
5.80 
6.80 
5.80 
6.80 
5.80 
5.80 
7.80 
4.90 
6.80 
5.80 
6.80 
1.80 
7.80 
6.80 
7.80 
7.80 
7.80 
7.80 
4.90 
7.80 
6.80 
7.80 
5.S0 

0.135 
0.139 
0.144 
0.078 
0.0 
0.321 
0.407 
0.008 
0.009 
0.002 
0.008 
0.131 
0.0:26 
0.240 
0.973 
0.008 
0.446 
0.390 
0.302 
o. t 13 
0.003 
0.0 
0.0 
0.001 
0.087 
0.119 
0.073 
0.278 
0.199 
0.079 
0.511 
0.009 
0.0 
0.021 
0.470 

===c=%~=:~~~cc=~~==caE=~=~~====.=CE==~:~==~EC==~~~=.==a:==E=_~~=aE==~~~~~._:: 

NOTES: GUeSSING PARAMETERS FIXED DURING ESTIMATION. 
DESIGN EFFECT DF'ABOUT 2.0 NOT ACCOUNTED FOR IN CHI-SQUARES. 



TABLE 0-4 
ITEM PARAMETER ESTIMATES FOR PARAGRAPH COMPREHENSION 

TOTAL CHI-SQUARE = 173.92 WITH 79.00 OF 

~=:~=~~a~E~E=~~ __ ;~a.~_Z=3=========================~~=+~£~=~~====~========~=~ 

ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

PARAMETER ESTIMATES ITEM FIT STATISTICS 

THRESHOLD (S.E.) OISPERSION (S.E.) GUESSING CHI-SQ O.f. PROS 

-1.12 
-1.97 
-1. 11 
-1.00 
-0.68 
-0.90 
-0.99 
-1.45 
-0.87 
0.01 

-1.27 
-0.'20 
-0.94 
-0.45 

1. SO 

0.13) 
0.15) 
0.13) 
0.14) 
0.12) 

( 0.13) 
( ,0. 13) 
(0.15) 
( 0.13) 
( 0.12) 
( 0.17) 
( 0.12) 
( 0.13) 
( 0.12) 
( 0.36) 

0.63 
0.72 
0.25 
0.89 
0.45 
0.78 
0.79 
0.99 
0.48 
0.48 
1.24 
0.64 
0.51 
0.68 
3.60 

( 0.06) 
( 0.07) 
( 0.03) 
( 0.08) 
( 0.04) 
( 0.07) 
( 0.07) 
( 0.09) 
( 0.04) 
( O.OS) 
( 0.12) 
( 0.06) 
( O.OS) 
( 0.06) 
( 0.70) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

4.95 
15.61 
10.85 
12.33 
18.48 
5.69 
9.99 
3.69 

21.23 
8.25 

30.:23 
1.98 
6.92 

12.35 
11.38 

5.60 
4.70 
2.80 
5.60 
5.60 
5.60 
S.60 
5.60 
4.70 
5.60 
6.50 
5.60 
4.70 
5.60 
6.S0 

0.500 
0.006 
0.010 
0.044 
0.004 
0.411 
0.103 
0.672 
0.001 
0.188 
0.0 
0.898 
0.196 
0.044 
0.100 

=~=.==~=~~==C======D~&=a*~~~~= •• _~_=&cm=:==%.:====~cc~~===a~====~~ ••• ~:~m~~== 
NOTES: GUESSING PARAMETERS FIXEO DURING ESTIMATION. 

DESIGN EFFECT Of ABOUT 2.0 NOT ACCOUNTED FOR IN CHI-SQUARES. 



TABLE 0-5 
ITEM PARAMETER ESTIMATES FOR AUTO & SHOP INFORMATION 

TOTAL CHI-SQUARE = 360.56 WITH 172.00 OF 

=====~~~~.~~ •• =~._._~.~._a8~=:=R=C2=~~C~~=.=~~a&=23a=~==a==~~:~~~ •• ==~~:=~;== 

ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

PARAMETER ESTIMATES ITfM fIT STATISTICS 

THRESHOLD (S.E.) DISPERSION (S.E.) GUESSING CHI-SQ D.F. PROB 

- 1 .81 
-1.45 
-0.27 
-1.76 
-0.34 
0.00 
0.17 

-0.70 
-1.12 
-0.25 
-0.09 
-0.37 
-0.24 
-0.27 
0.14 
0.10 
0.44 
0.43 

-0.57 
0.17 
0.13 
0.46 
0.61 
L 13 
1.01 

( 0.26) 
( 0.18) 
( 0.12) 
( O. 19) 
( 0.12) 
( 0.11) 
( 0.11) 
( O. IS) 
( 0.22) 
( 0.13) 
( 0.13) 
( 0.15) 
( 0.12) 
( 0.12) 
( 0.11) 
( 0.11) 
( 0.10) 
( 0.10) 
( 0.15) 
( 0.,1) 
( 0.11) 
( 0.10) 
( 0.09) 
( 0.08) 
( 0.13) 

1.61 
0.83 
0.46· 
0.95 
0.32 
0.22 
0.53 
1.58 
1.90 
0.64 
1.03 
1.30 
0.58 
0.51 
0.54 
0.45 
0.36 
0.31 
0.96 
0.11 
0.85 

. 0.36 
0.21 
0.52 
1.20 

( 0.21) 
( 0.08) 
( 0.04) 
( 0.09) 
( 0.03) 
( 0.02) 
( 0.05) 
( 0.19) 
( 0.25) 
( 0.06) 
( 0.11) 
( 0.14) 
( 0.06) 
( 0.05) 
( 0.05) 
( 0.04) 
( 0.04) 
( 0.04) 
( 0.10) 
( 0.07) 
( 0.09) 
( 0.04) 
( O.OJ) 
( 0.05) 
( 0.14) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

21.72 
6.89 
6.35 
9.70 
5.11 
6.98 

19.38 
9.04 

20.52 
16.86 . 
14.20 
15.94 
27.14 
23.08 
10.89 
2.73 
5.41 

14.84 
26.97 
15.56 
25.49 
15.69 
14.89 
17.10 
7.50 

7.70 0.004 
6.70 0.410 
5.80 0.358 
6.70 0.186 
4.80 0.312 
4.80 0.203 
6.70 0.006 
7.70 0.310 
7.70 0.007 
6.70 0.016 
7.70 0.066 
7.70 0.037 
6.70 0.0 
6.70 0.001 
6.10 0.128 
6.70 0.893 
6.70 0.578 
6.]0 0.033 
7.70 0.001 
7.70 0.042 
7.10 0.001 
6.70 0.024 
6.70 0.032 
7.70 0.025 
7.70 0.451 

~=~.~&a====~== •• ===EE~3 ••• ~~=~~_= __ =~:=K=.==CE~~~~=~ •• ==:aB=.~===3Z~.R~~==~=Z 
NOTES: GUESSING PARAMETERS FIXED DURING ESTIMATION. 

DESIGN EFFECT OF ABOUT 2.0 NOT ACCOUNTED FOR IN CHI-SQUARES. 



TABLE 0-6 
ITEM PARAMETER ESTIMATES FOR MATHEMATICS KNOWLEDGE 

TOTAL CHI-SQUARE ~ 418.00 WITH 173.00 OF 

===:=~.=:==========ZD.~==~~:====:=::~~~~==~=:==============:=========~=~=:~~: 

PARAMETER ESTIMATES ITEM FIT STATISTICS 

ITEM' THRESHOLD ($.E.) DISPERSION (S.E.) GUESSING CHI-SO D.F. PROS 

1 
2 
3 
4 
5 
6-
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

-1.27 
-1.16 
-0.28 
-0.63 
-1.13 
-0.16 
-0.40 
-0.17 
-0.50 
-0.29 
-0.01 
0.21 

-0.01 
0.32 
0.87 
0.·02 
0.37 
0.17 

-0.03 
0.38 
0.70 
0.82 
0.97 
1.20 
0.96 

( 0.17) 
( O. 16) 
( 0.12) 
( 0.14) 
( 0.17) 
(. 0.12) 
( 0.13) 
( 0.12) 
( 0.13) 
( 0.13) 
( 0.12) 
( 0.10) 
( 0.11) 
( 0.10) 
( 0.12) 
( 0.11) 
( 0.09) 
( O. 10) 
( 0.12) 
( 0.10) 
( 0.10) 
( 0.08) 
( 0.07) 
( 0.08) 
( 0.07) 

0.37 
0.73 
0.51 
0.48 
0.99 
0.42 
0.42 
0.73 
0.55 
0.67 
0.97 
0.43 
0.25 
0.35 
1. 10 
0.50 
0.39 
0.31 
0.75 
0.76 
0.17 
0.36 
0.35 
0.61 
0.40 

( 0.04) 
( 0.07) 
( 0.05) 
( 0.05) 
( 0.10) 
( 0.04) 
( 0.04) 
( 0.07) 
( 0.05) 
( 0.06) 
( 0.09) 
( 0.04) 
( 0.02) 
( 0.04) 
( 0.12) 
( 0.05) 
( 0.04) 
( 0.03) 
( 0.07) 
( 0.07) 
( 0.07) 
( 0.04) 
( 0.04) 
( 0.06) 
( 0.04) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

9.86 
6.62 

29.29 
8.19 

11.36 
9.10 

16.93 
25.32 
4.83 

18.98 
13.32 
12.81 
18.83 

5."49 
14.15 
29.56 
25.25 
22.86 
26.84 
11.89 
39.30 
18.20 
16.05 
9.03 

13.93 

3.80 
6.70 
6.10 
5.80 
7.70 
5.80 
5.80 
7.10 
6.70 
1.70 
7.70 
6.70 
5.80 
6.70 
7.70 
7.10 
7.70 
5.80 
7.10 
7.10 
7.10 
1.70 
7.70 
1.10 
7.70 

0.038 
0.438 
0.0 
0.204 
0.162 
O. 151 
0.008 
0.001 
0.650 
0.012 
0.088 
0.061 
0.004 
0.569 
0.068 
0.0 
0.001 
0.001 
0.001 
0.138 
0.0 
0.017 
0.035 
0.310 
0.072 

~~~~~~=~~:~~~~~~=~~E=2~CE~=====a2E.=_~a.2.~m~E~~==~cm~==P:=C~==;=~CE:===Z~=== 

NOTES: GUESSING PARAMETERS FIXED DURING ESTIMATION. 
DESIGN EFFECT OF ABOUT 2.0 NOT ACCOUNTED FOR IN CHI-SQUARES. 

, 



TABLE 0-7 
ITEM PARAMETER ESTIMATES FOR MECHANICAL COMPREHENSION 

TOTAL CHI-SQUARE ~ 360.78 WITH 178.00 OF 

Z=:.==========~4====Z==~=====~:==:=~=C==;=;===&:=====:======================= 

HEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

PARAMETER ESTIMATES IT~M FIT STATISTICS 

THRESHOLD (S.E.) DISPERSION (S.E.) GUESSING CHI-SO D.F. PROB 

-2.18 
-0.91 
-1.24 
0.67 

-0.18 
-0.38 
-0.20 
-0.43 
-0.73 
-0.25 
-0.81 
-0.18 
-0.44 
-0.18 
-0.13 
-0.25 
0.20 
0.20 
1.00 
0.13 
0.49 
1.06 
0.76 
0.71 
0.84 

( 0.20) 
( 0.10) 
( 0.12) 
( 0.09) 
( 0.09) 
( 0.13) 
( 0.10) 
( 0.09) 
( 0.12) 
C 0.09) 
( 0.13) 
( 0.09) 
( 0.09) 
( 0.09) 
( 0.09) 
( ·0.11) 
( 0.10) 
( 0.09) 
( 0.15) 
( 0.10) 
( 0.09) 
( 0.12) 
( 0.08) 
( 0.10) 
( 0.08) 

0.96 
0.49 
0.78 
0.84 
0.69 
1.49 
0.76 
0.45 
1.03 
0.39 
1.29 
0.56 
0.57 
0.56 
0.65 
1.05 
0.90 
0.65 
1. 51 
0.89 
0.70 

. 1 . 17 
0.55 
0.89 
0.60 

( 0.11) 
( 0.04) 
( 0.07) 
( 0.07) 
( 0.06) 
( 0.16) 
( 0.06) 
C 0.04) 
( 0.10) 
( 0.03) 
( 0.13) 
( O.OS) 
( 0.05) 
( 0.05) 
( 0.05) 
( 0.10) 
( 0.08) 
( 0.05) 
( O. 17) 
( 0.08) 
( 0.06) 
( 0.12) 
( 0.05) 
( 0.08) 
( 0.05) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

·0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

3.06 
13. 13 
5.58 
3.75 

16.26 
16.22 
10.26 
27.11 
20.51" 
18.85 
6:83 
9.44 
9.47 
6.37 

17 .35 
11.24 
23.80 
21. 12 
45.57 
13.S3 
17.26 
17.08 
4.S5 

15.64 
6.78 

5.80 
4.80 
5.80 
7.70 
7.70 
7.70 
7.70 
5.80 
7.70 
S.80 
7.70 
6.70 
6.70 
6.70 
7.70 
7.70 
7.70 
7:70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 

0.777 
0.019 
0.442 
0.859 
0.033 
0.033 
0.223 
0.0 
0.007 
0.004 
0.521 
0.201 
0.199 
0.466 
0.022 
0.168 
0.002 
0.006 
0.0 
0.083 
0.023 
0.025 
0.778 
0.041 
0.526 

===z=cr:=:~~C=====R=: ••• E~==~C~~.=&======~E~~======~.~~==~.%=z==~~=~.z=~c=a~= 
NOTES: GUESSING PARAMETERS FIXED DURING ESTIMATION. 

DESIGN EFFECT OF ABOUT 2.0 NOT ACCOUNTED FOR IN CHI-SQUARES. 



TABLE 0-8 
ITEM PARAMETER ESTIMATES FOR ELECTRONICS INFORMATION 

TOTAL CHI-SQUARE = 244.90 WITH 135.00 OF 

==~==~=E~=E~:===~=~=~~===~=====~~=~~=_~===~~~=~C2C===C=========~=;===~=====~~ 

ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

PARAMETER ESTIMATES ITEM FIT STATISTICS 

THRESHOLD (S.E.) DISPERSION (S.E.) GUESSING CHI-SQ D.F. PROS 

-1.24 
-0.69 
-0.57 
-0.59 
-1.03 
-0.45 
-0.55 
-0.51 
-0.83 
-0.08 
0.56 
0.24 
0.48 
0.31 
0.37 
0.53 
3.76 
0.55 
0.44 
1.10 

( 0.16) 
( O. 14) 
( 0.14) 
( 0.14) 
( 0.16) 
( 0.13) 
( 0.14) 
( 0.14) 
( 0.16) 
( 0.12) 
( 0.13) 
( 0.11) 
( 0.11) 
( 0.15) 
( 0.11) 
( 0.11) 
( 0.80) 
( 0.11) 
( 0.11) 
( 0.09) . 

0.68 
0.50 
0.40 
0.41 
0.68 
0.40 
0.58 
0.69 
0.96 
0.63 
1. 14 
0.53 
0.66 
1 .71 
0.50 
0.81 
2.46 
0.80 
0.68 
0.58 

( 0.06) 
( 0.05) 
( 0.04) 
( 0.04) 
( 0.06) 
( 0.04) 
( 0.05) 
( 0.06) 
( 0.09) 
( 0.06) 
( 0.12) 
( 0.05) 
( 0.06) 
( 0.21) 
( 0.05) 
( 0.08) 
( 0.56) 
( 0.08) 
( 0.06) 
( 0.06) 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
O. to 
O. to 
O. to 
0.10 
0.10 
0.10 
0.10 
0.10 
O. to 
O.tO 
O. to 
O. to 
O. to 
0.10 

4.37 
13.79 
2.90 
8.29 
2.65 
3.25 

t 1 .52 
t t .24 
15.84 
16.06 
17 .97 
7.53 

12.48 
28.19 
9.15 

18.5t 
12.65 
17 .94 
9.45 

21. 13 

5.70 0.590 
5.70 0.027 
5.70 0.794 
5.70 0.193 
5.70 0.826 
5.70 0.745 
6.60 0.101 
6.60 0.110 
7.60 0.037 
6.60 0.020 
7.60 0.017 
6.60 0.340 
7.60 0.112 
7.60 0.0 
6.60 0.214 
7.60 0.014 
7.60 0.106 
7.60 0.017 
7.60 0.271 
7.60 0.005 

====~~==================c======c==a====:=~===~==;:=~K~=~=~~~:===:~=a&=~~==~c= 

NOTES: GUESSING PARAMETERS FIXED DURING ESTIMATION. 
OESIGN EFFECT OF ABOUT 2.0 NOT ACCOUNTED FOR IN CHI-SQUARES. 

, 



APPENDIX E 
========== 



FIGURE E-1 
ITEM THRESHOLDS FOR GENERAL SCIENCE 

POPULATION DISTRIBUTION ITEMS 
----------------------------------
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FIGURE E-2 
ITEM THRESHOLDS FOR ARITHMETIC REASONING 

POPULATION DISTRIBUTION ITEMS 
----------------------------------
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FIGURE E-3 
ITE:-'1 THRESHOLDS FOR WORD KNOWLEDGE 

POPULATION DISTRIBUTION ITEMS 
----------------------------------
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FIGURE E-4 
ITEM THRESHOLDS FOR PARAGRAPH COMPREHENSiON 
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FIGURE E-S 
ITEM THRESHOLDS FOR AUTO & SnOP INFORMATION 

POPULATION DISTRIBUTION ITEMS 
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FIGURE E-6 
I TEM THRESHOLDS FOR 1·1ATHEHA71CS KNOWLEDGE 
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FIGURE B-7 
ITEM THRESHOLDS FOR MECHANICAL COMPREHENSION 
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FIGURE E-8 
I TE~" THRESHOLDS FOR ELECTRON! CS INFORMATION 

POPULATION DISTRIBUTION ITEMS 

* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* .. 
* 

* 
* 

* 
* 

* 
* 
* 

* 
* 

* 

* +2.5 
* 
* 

* +2.0 

* +1.5 

20 

+1.0 

11 
13 16 18 

+0.5 15 19 
14 
12 

0.0 10 

-0.5 

-1.0 

6 
7 8 
3 4 
2 
9 

5 

1 

* -1.5 
* 
* 
* 
* 
* -2.0 
* 
* 
* 
* * -2.5 



APPENDIX F 
=========== 



TABLE F-l 
WITHIN-GROUP ITEM PARAMETER ESTIMATES FOR GENERAL SCIENCE 

:=~c~.=~==~K~=.=E=~C~=~~~:~am~~=====~~=~_~aa._~&==R_=====~3a •• K_.c.=_.~=~==~=~m~=~._~c~=====~~~======~~=== 
THRESHOLDS DISPERSIONS 

--------------------------------~----------- --------------------------~----------~------
ITEM MALE FEMALE WHITE POOR BLACK HISP MALE FEMALE WHITE POOR BLACK HISP 
----------------------------~-----------~------------- ----------------------------------------------------

1 -1.75 -2.12 -1.99 -2.21 -1.95 -1.60 0.88 0.80 0.69 0.91 0.81 0.96 
2 -1.50 -1.10 -1.56 -1.56 -0.94 -1. 16 0.94 0.84 0.S4 1.06 0.82 0.74 
3 -1.52 -0.83 -1.44 -1.47 -0.95 -0.84 0.81 0.80 0.92 0.90 0.73 0.67 
4 - 1. 13 -0.69 -0.97 - 1. 01 -0.59 -1.07 1.25 1.20 1.46 1. 26 1. 18 1.00 
5 -1. 16 -1.14 -1.64 -1.27 -0.95 -0.75 0.90 1. 41 1.64 1. 14 0.88 0.95 
6 -0.74 -1.79 -1.49 -1.13 -1.46 -0.98 0.80 0.72 0.78 0.63 0.11 0.92 
7 -0.41 -0.73 -0.49 -0.44 -0.77 -0.59 0.91 0.84 0.83 0.87 0.95 0.84 
8 -0.97 - j. 88 -1.20 -1.46 -1.67 -1.39 1.07 0.91 0.89 0.85 1.07 1. 16 
9 -1~.08 -1.13 -1.09 -1.05 -1. 14 -1. 15 0.94 0.93 1.08 0.96 0.88 0.82 

10 -1. 12 -0.74 -1. 15 -1.01 -0.S7 -0.59 1.09 1. 24 1. 19 1.29 1.04 1. 14 
11 -0.44 -0.71 -0.41 -0.51 -0.76 -0.63 0.91 0.84 0.89 0.86 0.82 0.92 
12 -0.04 2.00 0.91 1.45 1. 15 0.41 1.58 2.44 1.34 2.20 2.59 1.91 
13 0.05 1. 23 0.45 0.46 1.31 0.35 0.94 1. 16 0.83 0.88 1.43 1.06 
14 -0.36 0.09 -0.12 -0.09 -0.07 -0.27 1.03 1. 38 1.09 1. 16 1 .31 1.24 
IS -0.59 -1 . 11 -0.69 -0.65 -1.12 -0.94 1. 19 1. 31 1.31 1. 18 1.21 1. 30 
16 0.18 -1.13 -0.34 -0.64 -0.47 -0.44 1.05 0.93 1.06 1.00 0.90 1.02 
17 0.40 -0.78 -0.02 -O.OS -0.41 -0.23 1. 12 0.93 0.86 0.98 1.32 0.S4 
18 1.07 0.84 0.94 1.02 0.88 0.97 0.69 0.50 0.59. 0.55 0.67 0.56 
19 1.00 0.56 1.01 0.84 0.75 0.53 1.48 1.25 \.05 1. 15 1.62 1.63 
20 0.98 0.41 0.74 0.66 0.73 0.65 1 . 14 1.01 1.24 1.27 0.93 0.87 
21 1.45 1.73 1. 56 1.59 1.46 1.75 0.99 1. 31 0.93 1. 13 1.42 1. 14 
22 \.95 1.39 1.89 1.70 1.20 1.90 1.08 1 . 11 0.98 1. 11 1.06 1.23 
23 1. 39 4.05 2.65 2.40 3.24 2.60 1. 22 2.02 1.66 1.27 1. 53 2.02 
24 2.47 2.29 2.68 2.52 2.13 2.17 0.61 0.43 0.70 0.55 0.41 0.44 
25 1.89 1. 31 1.77 1.92 1. 39 1.31 1. 15 1. 17 1. 10 1.07 1. 27 f. 19 
2ma===~~=~~=s.~cz=Q~~==~====~.~=.=g~ •• G=~=~.=a-~===~~D==~~~=~=~~=z:~=~~====~:~~.z==~~~=~=====~:==~~==~==== 
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TABLE F-2 
WITHIN-GROUP ITEM PARAMETER ESTIMATES FOR ARITHMETIC REASONING 

==:~:====:~:==============~:=~===~~q~a=========z:=z_.~========~~~q.=;=================cm===~=~~;~~:~~=::~= 

THRESHOLDS DISPERSIONS 
---------~---------------------------------- --------------------------------------------

ITEM MALE FEMALE WHITE POOR BLACK HISP MALE FEMALE WHITE POOR SLACK HISP 
-----------------------------------------~---------------------------------~------------------------------

1 -4.03 -4.53 -5.70 -4.44 -3.43 -3.56 1.57 1. 71 2.42 1.84 1. as 1.24 
2 -3.19 -3.56 -3.65 -3.41 -3.41 -3.03 1.09 t. 17 1.32 1. 12 1. 07 1.01 
3 -1.35 -1.09 -1.23 -1.26 -1.47 -0.90 0.88 0.76 0.80 0.85 0.71 0.91 
4 -0.80 -0.81 -0.74 -0.85 -0.71 -0.87 0.59 0.61 0.58 0.69 0.48 a 65 
5 -0.56 -0.67 -0.49 -0.64 -0.60 -0.74 1.06 0.89 1.06 1. iO 0.78 0.97 
6 -0.69 -1.23 -0.73 -0.79 -1. 19 - 1 . 13 1.07 0.76 1. 19 0.82 0.70 0.96 
7 -1.61 -1.86 -2.09 -1.64 -1.73 -1.50 1.27 1.63 1.61 1.29 1.35 1.55 
8 -1.35 -1.07 -1.44 -1.09 -1. 18 -1.13 1.00 1.05 1. 19 0.88 0.90 1.13 
9 -0.63 -0.73 -0.58 -0.49 -0.75 -0.90 0.88 0.17 0.86 0.94 0.71 0.78 

10 -0.62 -0.49 -0.44 -0.52 -0.70 -0.56 0.61 0.63 0.64 0.60 0.62 0.64 
11 -0.20 -0.55 -0.30 -0.29 -0.40 -0.52 0.54 0.56 0.59 0.57 0.52 0.52 
12 -0.33 -0.19 -0.18 -0.15 -0.33 -0.38 1.00 0.93 1.04 0.98 0.94 0.89 
13 -0.12 -0.25 0.03 -0.13 -0.26 -0.40 0.96 1.29 1.04 1.01 1.45 0.99 
14 0.12 -0.09 0.13 0.07 -0.07 -0.08 0.84 0.75 0.75 0.84 0.71 0.87 
15 -0.31 -0.45 -0.32 -0.32 -0.49 -0.49 0.99 0.80 1.00 0.92 0.82 0.84 
16 -0.05 -0.32 -0.04 -0.13 -0.34 -0.22 1. 19 1.38 1.17 1.29 1.36 1.34 
17 0.62 0.31 0.61 0.45 0.49 0.31 1.79 1.30 1. 41 1. 59 1.76 1.41 
18 0.74 0.84 1.06 0.71 0.62 0.72 1. 18 1. 29 0.93 1.05 1.55 1. 41 
19 0.16 0.20 0.27 0.31 0.14 -0.01 1.24 1. 19 1.29 1.41 1.04 1.12 
20 1. 29 2.00 1. 61 1.67 1.49 1. 79 0.87 0.92 0.82 0.96 0.87 0.94 
21 1. 18 1. 59 1.47 1. 10 1.75 1. 23 1. 26 1.39 0.86 1.07 1.95 1.41 
22 0.48 0.65 0.43 0.61 0.67 0.54 1.05 1.04 1.09 0.90 1 .21 0.98 
23 0.64 0.69 0.98 0.80 0.45 0.44 1. 12 t. 54 1.23 1.19 1.54 1.37 
24 0.92 1.17 1.25 0.96 1.01 0.96 0.88 1.16 0.70 0.90 1.47 t .01 
25 1.09 1. 24 1. 17 1.06 1.25 1. 17 0.92 0.88 0.84 0.90 1.02 0.84 
26 1.14 0.90 1.23 1.02 0.81 1.03 1 . 17 1.08 1.17 t .04 1.06 1.22 
27 1.22 1. 68 1.46 1.32 1.45 1. 56 0.89 0.79 0.97 1.00 0.61 0.18 
28 2.25 2.66 2.15 2.25 .3.05 2.37 1. 11 1. 02 0.83 1.12 1.39 0.92 
29 2.53 2.44 2.56 2.47 2.41 2.49 1.02 1.23 1.07 1.02 1.23 1. 19 
30 1. 51 1.54 1.50 1. 28 1.53 1. 80 1.30 1.23 1. 10 1. 32 1 .31 1.33 
=~z====:=:=~~~==~=~;~=====E= •• C~==_ ••• =.====c=========~=:==~;~;~~====m=~~======~z=.~==~=E~~===~~~========= 



TABLE F-3 
WITHIN-GROUP ITEM PARAMETER ESTIMATES FOR WORD KNOWLEDGE 

=~~.~======:~==============~==:=~========~=========;:===:=~:=c=~~=~===~======;a=:~~==c=====:=:~=====~==~== 

THRESHOLDS DISPERSIONS 
--------~---------~------------------------- ------------------------------------------~-

ITEM MALE FEMALE WHITE POOR BLACK tlISP MALE FEMALE WHITE POOR BLACK HISP 
----------------------------~----------------------~-- ----------------------------------------------------

1 -2.25 -2.52 -2.56 -2.24 -2.49 -2.25 0.88 0.93 0.95 0.99 0.84 0.85 
2 -2.43 -3.10 -4.31 -2.31 -2.16 -2.28 0.97 1. 12 1.67 0.96 0.64 0.91 
3 -1.37 -1. 71 -1.26 -1.59 -1.8 I - 1. 51 0.86 0.71 0.74 0.85 0.74 0.81 
4 -, .69 -2.90 -2.52 -2.62 -1.99 -2.04 0.99 1. 85 1.84 1.67 0.91 1. 27 
5 -1.75 -2.09 -2.37 -1.62 -1.86 -1.81 0.99 1.03 1.37 0.90 0.80 0.96 
6 -'.25 -0.36 -1.08 -1. 13 -0.46 -0.54 0.75 0.71 0.60 0.79 0.79 0.73 
7 - t. 74 -1.66 -0.95 -1.77 -2.32 - t. 76 1. 21 1.27 0.97 1. 43 1.53 1.04 
8 -0.87 -0.70 -0.60 -0.91 -0.90 -0.73 0.90 0.74 0.65 0.85 0.89 0.88 
9 -0.14 1.22 0.23 0.55 0.44 0.95 1.00 1.59 1.65 1. 16 1. 16 1.22-

10 -1.48 -1.35 -1.25 -1.48 -1.26 - •. 65 0.81 0.67 0.68 0.78 0.77 0.73 
11 -0.78 -0.19 -0.35 -0.51 -0.34 -0.75 0.91 0.79 0.81 0.87 0.86 0.85 
12 -0.92 -1.65 -2.32 -1.20 -0.88 -0.75 1. 15 1.44 1.84 1.17 1.21 0.97 
13 -1.02 -0.65 -0.95 -0.82 -0.72 -0.87 0.85 0.67 0.85 0.84 0.77 0.59 
14 -0.19 0.34 -0.29 -0.46 0.49' 0.56 1. 18 1.33 1.02 1.20 1.27 1.54 
15 -0.25 0.41 0.02 0.20 0.09 0.01 0.77 0.68 0.72 0.76 0.63 0.78 
16 -0.52 -0.74 -0.40 -0.45 -0.92 -0.75 1. 12 1. 03 1.10 0.92 1. 10 1. 17 
17 0.26 0.43 -0.08 0.02 0.46 0.97 0.73 0.72 0.73 0.72 0.76 0.69 
18 -0.41 -0.04 -0.03 -0.26 -0.35 -0.26 1.08 1.02 0.89 1.07 1.34 0.90 
19 -0.10 0.74 0.78 0.59 0.49 -0.57 1.24 1. 15 1. 12 1. 10 '.34 1 .21 
20 -0.24 -0.56 -0.02 -0.61 -0.56 -0.41 0.85 0.86 0.81 0.84 0.93 0.85 
21 0.02 -0.43 -0.54 -0.16 -0.35 0.24 1.22 1. 29 1. 19 1. 15 1.32 '.35 
22 0.62 0.74 0.63 0.69 0 .. 90 0.51 0.82 1.01 0.83 0.73 1. 14 0.95 
23 0.78 1.00 1. 21 1.07 0.54 0.74 1.03 0.95 0.78 0.97 1.04 1.17 
24 0.95 1.30 1.43 0.95 1.26 0.86 1.64 1.85 1. 31 1.86 :2.16 1.65 
25 1.75 1.70 1.46 1.41 1.57 2.45 1.49 1.24 1. 16 1. 16 1.53 1.60 
26 1.23 1.03 1.07 0.98 1.34 1. 13 0.86 0.76 0.77 0.66 0.91 0.89 
27 1.73 0.98 1.20 1. 23 1.25 1. 75 1.36 1.26 1. 55 1. 21 1.20 1.30 
28 0.84 0.30 0.88 0.47 0.42 0.51 1.02 1.24 1.29 1.28 1.05 0.90 
29 1.89 1.61 2.23 1.93 1.55 1.29 1.40 1.25 1.39 1.36 1.28 1.27 
30 1.38 I. 39 1.97 '-68 1.39 0.50 1. 21 1.28 1.05 1.43 1.28 1.35 
31 -0.19 -0.40 -0.13 -0.29 -0.34 -0.42 0.61 0.69 0.70 0.73 0.62 0.54 
32 2.01 2.75 2.94 2.82 1. 88 1.88 1.33 1. 66 1.45 1.53 1.34 1.67 
33 2.12 2.37 2.41 2.35 2.17 2.05 1.25 1. 14 1.00 1. 10 1.20 1.47 
34 1.80 1. 28 1.86 I. 91 1.46 0.94 0.98 0.93 1.09 1.02 0.84 0.87 
35 2.19 \.46 1.68 1.58 2.04 2.00 0.74 0.57 0.71 0.57 0.59 0.75 
;:=~=;=====~~===~~========~==~~a~===c===c~===a~======~~===:=====c=~=~==;~~=====~==:~====~~===:~=:=======~= 
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TABLE F-4 

WITHIN-GROUP ITEM PARAMETER ESTIMATES FOR PARAGRAPH COMPREHENSION 

~==~~=========~3====~~~==C=============~;~;====C====~==~~====::~~=~~~~===a=======c=;~:=:=~~~~=====~======= 

THRESHOLDS DISPERSIONS 
-----------------------------------------,--- -------------------~-----------------------~ 

ITEM MALE FEMALE WHITE POOR BLACK HISP MALE FEMALE WHITE POOR BLACK HISP 
----------------------------------------------------------------------------------------------------------

1 -0.52 -0.30 -0.34 -0.45 -0.26 -0.58 0.88 0.91 0.88 0.92 0.84 0.93 
2 -1.42 -1.23 -1.36 -1.25 -1.48 -1.21 0.98 0.88 0.87 0.79 1.06 1. 00 
3 -0.53 -0.58 -0.78 -0.48 -0.59 -0.38 0.62 0.60 0.64 0.57 0.67 0.56 
4 -0.25 -0.22 -0.06 -0.17 -0.40 -0.32 1. 15 1.08 1.07 1. 17 1.10 1. 13 
5 0.23 0.08 -0.02 0.08 0.27 0.27 0.71 0.87 0.74 0.85 0.81 0.75 
6 -0.16 -0.10 -0.51 -0.36 0.38 -0.03 1.41 1. 44 1. 27 1. 30 1. 62 1.50 
7 -0.34 0.18 -0.39 -0.05 0.23 -0.11 0.97 1.03 1.03 0.86 1.07 1.03 
8 -0.69 -0.81 -0.50 -0.73 -0.79 -0.98 1.42 1. 19 1.47 1.34 1.04 1. 38 
9 -0.11 -0.34 -0.11 -0.12 -0.41 -0.27 0.80 0.84 0.81 0.84 0.87 0.75 

10 1.38 1.60 1.46 1. 49 1.42 1.60 0.90 0.86 0.76 0.93 0.87 0.96 
1 1 -0.27 -0.84 -0.08 -0.71 -0.74 -0.69 1.23 1.39 1.35 1. 30 1.30 1.29 
12 0.73 1.06 0.68 0.90 0.99 1.02 1.23 0.98 1. 13 1.07 1.10 1. 12 
13 -0.23 -0.50 -0.33 -0.59 -0.22 -0.33 0.75 0.70 0.78 0.71 0.72 0.69 
14 0.70 0.76 0.61 0.80 0.69 0.83 0.89 0.85 0.96 0.89 0.79 0.85 
15 1.49 1. 24 1.72 1.66 0.91 1.\7 1.81 2.32 2.03 2.50 1.90 1.82 

=======~==.=~=;=2~a=z====D.==~=:~~=~.=====_~~B~~==~==:=;~====c======KC~~_=~=======:~==~~==============~~~= 
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TABLE F-5 
WITHIN-GROUP ITEM PARAMETER ESTIMATES FOR AUTO & SHOP INFORMATION 

====~~:::=:~===:~:==.=E===Z==c~~~=_a=~a==.=:~&~c=&=_~~a~ •• =:~==~~===E~~=~~~=~m~cz==~~==~a:====~~;~=====~~= 
THRESHOLDS DISPERSIONS 

----------------------------------------~~-- ----------~---------------------------------
ITEM MALE FEMALE WHITE POOR BLACK HISP MALE FEMALE WHITE POOR BLACK HISP 
-------------------------------------~--------------------------------------------------------------------

1 -0.91 -1.53 -0.95 -1.04 -1.10 -1.20 1.32 1.25 1. 41 1.02 1.39 1.34 
'2 -2.67 -1.95 -2.59 -2.14 -2.05 -1,87 1.29 1.44 1.47 1.64 f. 17 1.17 
3 -1.93 0.24 -0.72 -1.31 -0.46 -0,88 1. 18 1. 28 1. 15 1.41 1. 16 1. 19 
4 -1.72 -2.00 -1.89 -1.84 -1.69 -2'.01 1.03 1.05 1. 10 0.98 0.93 1. t 4 
5 -0.83 -0.31 -0.77 -0.89 -0.20 -0.41 0.87 1.00 0.86 0.78 1.04 1.04 
6 -0.37 0.35 -0.01 -0.00 -0.11 0.09 0.67 0.68 0.69 0.74 0.63 0.104 
7 0.30 0.70 0.48 0.56 0.58 0.38 1. 19 0.97 0.91 0.98 1.27 1.17 
8 -0.20 -1.24 -0.61 -0.69 -1.01 -0.56 1.47 1.09 1.48 1. 35 1.22 1.06 
9 -0.48 -0.94 -0.77 -0.76 -0.64 -0.67 1.48 1.17 1.28 1.41 1.34 1.27 

10 0.19 -0.15 -0.12 0.14 -0.0.1 0.07 0.89 1. 16 0.93 0.97 1. 31 0.89 
11 0.15 -0.47 -0.13 -0.01 -0.40 -0.09 1. 23 1.08 1.04 1. 01 1. 30 1.26 
12 0.00 -0.58 -0.42 -0.18 -0.04 -0.50 1.52 1.07 1.37 1. 23 1.09 1.48 
13 -0.46 -0.09 -0.15 -0.18 -0.31 -0.46 1.17 1.04 1.02 0.93 1. 23 1.23 
14 -0.17 -0,49 -0.29 -0.25 -0.43 -0.35 0.90 0.98 0.94 1,01 1.00 0.82 
15 0.36 0.42 0.48 0.43 0.38 0.27 0.90 0.88 0.91 0.95 0.88 0.83 
16 0.57 0.22 0.34 0,29 0.50 0.45 0.91 0.96 0.89 0.91 1 . 11 0.83 
17 0.64 0.77 0.82 0.88 0.80 0.32 0.66 0.76 0.70 0.80 0.69 0.65 
18 0.75 1.75 1 . 11 1.17 1 .31 1 .4 t 0.68 I. 12 0.73 0.90 0.92 1.05 
19 -0.16 -1.02 -1.13 -0.82 -0.21 -0.19 1. 33 0.94 1. 35 1. 02 1.01 1 .. 16 
20 0.48 0.03 0.33 0.27 0.18 0.25 0.95 1.06 t .04 1. 20 0.92 0.85 
21 1. 31 0.69 1.08 1.48 0.60 0.84 1. 35 1. 12 1.28 1 .41 1.04 1.22 
22 0.62 1. 13 1.11 0.96 0.67 0.70 0.77 0.80 0.81 0.B9 0.69 0.74 
23 1.30 1.47 1 .51 1. 12 1.68 1.23 0.68 0.79 0.60 0.53 0.96 0.85 
24 1.65 1.53 1. 80 1.79 1.30 1.45 0.78 0.85 1.01 0.81 0.60 0,83 
25 1. 59 1.44 1.44 1.62 1. 26 1. 74 1.00 1. 34 1.08 1. 12 1.08 1.42 
EC=C=~~:~~_Z=.2.~~~._.====.~ ••• =Ea.~.====c==~.~~== •• m.==.~:k~~C.A=~~= ••• E===.a=~E===~C==~========::E===~.: 
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TABLE F-6 

WITHIN-GROUP ITEM PARAMETER ESTIMATES fOR MATHEMATICS KNOWLEDGE 

=========:=~==~~===~================~==:=::~=:===:~==~=:~~~==~==========~=~=~============================= 

THRESHOLDS DISPERSIONS 
-------------------------------------------- ----------~--------------------------~---~--

ITEM MALE FEMALE WHITE POOR BLACK HISP MALE FEMALE WHITE POOR BLACK HISP 
-----~-----------------------~~-~-------------------------------------------------------------------------

1 -2.39 -2.01 -2.12 -2.42 -1.89 -1.90 0.88 0.80 0.86 0.87 0.79 0.86 
2 -1.93 -2.06 -2.33 -1.81 -2.13 -1.65 1.21 1.48 1.64 1. 14 1.45 1.27 
3 -0.67 -0.55 -0.99 -O.Bl -0.20 -0.45 1.00 0.79 1. 18 0.82 0.73 0.84 
4 -0.90 -1.53 -1.04 -1. 10 -1.58 -1. 12 0.90 1.09 0.88 1.04 1.03 1.03 
5 -2.37 -1.23 -3.36 -1.69 -1.04 - 1.10 1 .71 1. 41 2.44 1.51 1.14 1. 16 
6 -0.35 -0.48 -0.22 -0.37 -0.53 -0.53 0.79 0.83 0.81 0.89 0.87 0.68 
7 -0.82 - 1. 17 -0.88 -1.00 -: 1. 15 -0.94 0.93 1. 12 0.95 0.99 1.09 1.08 
8 -0.54 -0.35 -0.58 -0.46 -0.36 -0.39 1. lB 1. 13 1. 18 1.07 1.13 1.22 
9 -0.70 -1.09 -0.79 -0.85 -1.01 -0.93 1.04 1.06 1.03 1.00 1.00 I.Hi 

10 -0.49 -0.77 -0.72 -0.80 -0.66 -0.34 1. 16 1.19 1. 30 1.26 1.05 1.09 
11 0.23 -0.40 0.20 0.13 -0.31 -0.37 1.04 1.26 1. 20 1.37 0.98 1.04 
12 0.33 0.35 0.30 0.24 0.58 0.23 0.82 0.90 0.B4 0.86 1.01 0.74 
13 0.09 -0.27 0.10 -0.14 -0.07 -0.23 0.70 0.74 0.65 0.69 0.83 0.71 
14 0.41 0.80 0.60 0.27 1.10 0.45 0.76 0.74 0.78 0.88 0.71 0.64 
15 1.52 1.82 1.72 2.26 1.18 1.53 2.26 2.45 1.72 2.74 2.29 2.68 
16 0.01 0.01 0.22 -0.16 0.15 -0.18 1.07 1.04 1.01 0.99 1. 16 1.07 
17 0.65 0.43 0.59 0.41 0.49 0.60 0.70 0.75 0.76 0.68 0.75 0.69 
18 0.26 0.23 0.53 0.36 -0.02 O. 11 0.73 0.84 0.'72 0.83 0.75 0.83 
19 0.08 0.12 0.13 0.08 -0.01 0.20 1.05 1.83 1.20 1.30 1.52 1.74 
20 0.82 0.59 0.93 0.36 0.78 0.76 1 .47 1. 30 1.34 1.13 1.66 1.42 
21 0.88 1. 01 1.33 1.04 0.79 0.62 1.28 1.08 1. 10 1.27 , .29 1.06 
-2,2'-- . 1 . 14 1 . 11 1.64 1.57 0.52 0.77 0.84 0.81 0.71 0.85 0.86 0.89 
23 1. 34 1.81 1.57 1. 53 1. 56 1.63 0.76 0.61 0.59 0.64 0.68 0.82 
24 1.65 2.06 1.80 t .73 1.95 1.93 1. 11 0.87 1.05 1.05 0.83 1.02 
25 1.74 1.63 1.98 1.63 1.84 1.30 0.92 0.64 0.7 t 0.65 0.84 0.91 
=====~=====;~c~=;===================.:=c~==~c&~c=:c==========z=========c=======~================~========= 



TABLE F-7 
WITHIN-GROUP ITEM PARAMETER ESTIMATES FOR MECHANICAL COMPREHENSION 

======~~:~~:=:==z==:~====~=========~=:==z;=====~===~~=======~~===~======;===~=========~;=~=========~====== 

THRESHOLDS DISPERSIONS 
-------------------------------------------- ------------------~-------------------------

ITEM MALE FEMALE WHITE POOR BLACK HISP MALE FEMALE WHITE POOR BLACK HlSP 
----------~----------------------------------------~------------~-----------------------------------------

1 -2.92 -3.23 -2.65 -2.86 -3.55 -3.25 1. 14 • .68 1 .2' 1 . 18 •. 79 1 .45 
2 - •. 41 -1.32 -1.48 -'.42 -1. 18 -1.40 0.96 0.99 0.88 0.89 0.90 1.22 
3 -1.29 -1.41 -1.65 -1.36 -1.22 -'.21 1 . 13 0.93 •. 11 0.97 1.00 •. 03 
4 0.72 0.91 1.00 0.64 0.69 0.93 1.00 1.08 1.09 1 .• 3 0.98 0.95 
5 -0.34 -0.23 -0.24 -0.33 -0.25 -0.32 0.75 0.70 0.89 0.77 0.55 0.70 
6 -0.47 -0.44 -0.17 -0.53 -0.6.2 -0.50 1.47 1. 55 1.39 1. 77 1.37 1.50 
7 -0.06 0.09 -0.02 0.07 0.06 -0.01 0.93 1. 22 0.99 1.04 1.32 0.97 
8 -0.18 -0.38 -0.53 -0.39 -0. 11 -0.11 0.65 0.57 0.63 0.67 0.49 0.65 
9 -0.82 -0.54 -0.84 -0.55 -0.58 -0.14 1. 41 0.90 1. 58 1.06 0.92 1.07 

10 -0.22 -0. '5 -0.36 -0.25 0.03 -0.16· 0.60 0.54 0.51 0.55 0.50 0.66 
1 1 -0.63 -0.80 -0.55 -0.64 -1.08 -0.58 1.55 1.63 1.66 1.69 '.40 1.61 
12 -0.28 0.76 0.12 0.02 0.91 -0.10 0.76 1.32 0.73 0.98 1.59 0.86 
13 -0.51 -0.52 -0.69 -0.43 -0.43 -0.50 1.01 0.95 1.13 0.98 0.96 0.85 
14 0.04 -0.02 -0.03 -0.02 0.15 -0.05 0.79 0.69 0.69 0.70 0.71 0.80 
15 -0.00 0.15 0.01 0.13 0.17 -0.01 0.91 0.72 0.94 0.86 0.69 0.77 
16 -0.11 -0.11 -0.33 -0.19 -0.18 0.03 1.21 1.01 1.47 1.04 0.99 1.05 

. 17 0.48 0.75 0.55 0.28 0.64 0.98 •. 36 '.48 •. 32 •. 2' 1.66 1.48 
18 0.20 0.87 0.57 0.61 0.66 0.28 0.86 1.22 0.91 0.93 1. 30 1.03 
.9 1.2' 0.99 1.10 1.54 0.79 0.97 1.93 2.51 1.23 2.72 3.02 •. 9' 
20 0.17 0 .. 58 0.49 0.52 0.28 0.2' 0.94 • .22 1.09 1.22 1. 15 0.86 
2' 0.9' 1. 2. 0.95 1.04 1. 13 •. 11 0.94 1. 15 0.86 •. 04 1.05 1.24 
22 1.42 0.71 1.25 1.07 0.9' 1.03 1. 38 • .04 1. 17 1.05 •. 27 1. 36 
23 1.60 0.G8 1. 29 1. 13 0.97 1.17 0.79 0.60 0.76 0.73 0.68 0.60 
24 1. 15 0.71 1.05 0.88 0.74 •. 05 0.82 0.89 1.01 0.80 0.77 0.85 
25 1. 4. 0.81 1. 13 1.06 1.07 1.30 1.05 0.69 0.88 0.87 0.78 0.95 

=.=~~~==~~===:=~==~==.=====c •• a==D~.c~=~=~~:.~~~:~===.=====m2==.:z=~====.~===~;=====~~=~a~=====~======~=== 
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TABLE F-8 

WITHiN-GROUP ITEM PARAMETER ESTIMATES FOR ELECTRONIC INFORMATION 

c;=~~~===:=~~=~:~~~c=======c===~;_&====::==~~=~~=~~~~~~==~~============================~====;===~========= 

THRESHOLDS DISPERSIONS 
-------------------------------------------- --------~---~--~-~----------------------~---

ITEM MALE FEMALE WHITE POOR BLACK HISP MALE FEMALE WHITE POOR BLACK HISP 
---------------------------------------~-------------- ----------------------------------------------------

1 -1. 71 -1. 71 -1.66 -1.63 -1.71 -1.78 1.01 0.90 0.95 0.92 0.84 1. 11 
2 -1.10 -0.99 -1.12 -1.01 -1. 14 -0.91 0.84 1.03 0.82 0.89 1.05 0.98 
3 -1. 11 -0.66 -1. 12 -1.22 -0.58 -0.62 0.93 0.82 0.83 0.95 0.85 0.85 
4 -1.36 -0.81 -1. 14 -1.10 -1.17 -0.93 0.83 0.70 0.75 0.76 0.76 0.79 
5 -1.44 -1.37 -1.37 -1.25 -1.42 -1.58 1. 16 0.84 0.98 0.96 0.81 1.27 
6 -0.81 -0.76 -0.81 -0.72 -0.75 -0.85 0.67 0.72 0.63 0.73 0.77 0.66 
7 -1.23 -.0.68 -0.92 -0.64 -1. 12 -1.16 1.08 1.32 1.06 1. 12 1. 32 1.29 
8 -0.52 -0.83 -0.70 -0.72 -0.70 -0.58 .0.93 0.83 0.89 0.97 0.82 0.82 
9 -1.24 -0.89 -1.21 -1.07 -0.92 -1.07 1. 13 1.28 1. 13 1. 20 1. 16 1.34 

10 -0.22 -0.43 -0.23 -0.29 -0.45 -0.33 0.80 0.72 0.90 0.81 0.63 0.69 
1 1 0.84 0.37 0.66 0.53 0.58 0.64 1. 80 1.44 1.46 1.43 2.08 1. 51 
12 0.36 0.24 0.23 0.48 0.34 0.14 0.77 0.G9 0.81 0.74 0.76 0.60 
13 0.43 1.44 0.40 0.48 1.38 1.49 0.85 1.06 0.93 0.90 1.01 0.97 
14 1. 15 0.04 0.79 0.51 0.18 0.90 1.44 1.64 1.77 1.72 1.26 1.41 
15 0.12 0.55 0.34 0.40 0.33 0.27 0.74 0.91 0.79 0.82 0.85 0.83 
16 0.84 0.82 0.92 0.91 0.99 0.50 1.24 1. 32 1.36 1.38 1.37 1.00 
17 4.20 3.79 3.81 3.60 4.52 4.07 2.49 2.77 1.94. 2.32 3.56 2.72 
18 0.62 0.42 0.79 0.56 0.33 0.40 0.97 0.72 0.97 0.92 0.84 0.67 
19 0.88 0.34 0.76 0.88 0.37 0.42 0.97 0.93 1.07 0.89 0.87 0.96 
20 1. 31 1. 13 1.58 1.31 1.02 0.99 0.75 1.04 0.97 0.19 0.71 1.09 
:~:::::=~===~~==================:=:====:~=~~==c=========~======~=~~==~=~.=:======~=;~~;:=;~~~;=~~========= 
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