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test information or precision would be equal. The result may be equal valid
ities for different subgroups and therefore a potential for reduction in 
unfairness. 

A third possible advantage of using adaptive testing would be in extending 
the principal of differential prediction to single test items. When conven
tional tests are used, differential prediction involves using separate within
group regression equations to predict the criterion performance of minority 
and majority subgroups. The logic behind this procedure is that the best 
prediction of criterion performance for a given subgroup is obtained by 
developing the prediction equation based only on data from the subgroup for 
which predictions are to be made. The logical extension of this procedure 
would be to predict criterion performance using test items which have been 
calibrated separately for each subgroup. Adaptive testing can accomplish this 
and, at the same time, adapt the difficulty of the test to the ability level 
of the examinee. 

The purpose of the present study was to compare the properties of one 
adaptive testing procedure, Owen's (1969) Bayesian adaptive method, with the 
conventional tests previously studied by Pine and Weiss (1976). Specifically, 
the investigation was concerned with (1) how item pools with varying item 
parameters and degrees of item bias would interact with the two test models to 
affect test fairness, (2) how the use of differential prediction within the 
context of each testing strategy affected test fairness, and (3) how the 
placement of the prior ability distribution and choice of a termination criter
ion affected fairness for the Bayesian strategy. 

Method 

Asswnptions 

The above questions were investigated in the context of the same selection 
situation assumed in the previous study (Pine & Weiss, 1976). The selection 
process was modeled by a monte carlo simulation; it consisted of administering 
a selection test to each hypothetical person and using the score from that test 
to predict an external criterion represented by generated values of the known 
latent trait, 8. The selection test was assumed to be completely described in 
terms of its latent trait parameters so that each of its items could be described 
in terms of its item discrimination (a), item difficulty (b), and probability 
of being answered correctly by chance guessing (c). Some of the items in the 
test, however, were assumed to be biased against the minority subgroup; and 
the degree of item bias was expressed in terms of the latent trait item parameters. 

A testee's true ability level on the underlying latent trait, 8, was 
represented by a number randomly generated from a standard normal distribution. 
The same 8 values were used for both the minority and majority subgroups. The 
only distinction between the subgroups was how item responses were simulated. 
For the testees in the "minority" subgroup, the degree of item bias (see Pine 
& Weiss, 1976, p. 8) was added to the item difficulty to reflect the fact that 
biased items are effectively more difficult for testees in minority subgroups. 
This had the effect of lowering the probability of a correct response on 
biased items for minority subgroup testees. 
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Tests 

Each simulated testee was administered 18 conventional and 9 Bayesian 
adaptive tests constructed from eighteen 100-item pools, described in Table 1. 
Table 1 gives the specifications of each pool in terms of its latent trait 
item parameters a and b (c was assumed to be .20 for all items). Each item 
in each pool was additionally assumed to have a given level of subgroup bias, 
which was defined as the difference between the item difficulty (b) parameters 
for a majority (maj) and minority (min) subgroup. In the case of the conven
tional tests, items were taken sequentially from all 18 pools; for the Bayesian 
adaptive tests, items were selected in accordance with Owen's (1969) Bayesian 
item search algorithm from only the 9 pools having a uniform distribution 
of difficulties. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Table 1 
Distributions of Item Difficulties, Levels of Item 
Discrimination (a), and Degree of Item Bias in the 

Simulated Item Pools 

Item Pool 
Difficulty Difficulty 

Distribution No. Distribution a (b 

Peaked 10 Uniform .30 
Peaked 11 Uniform .30 
Peaked 12 Uniform .30 
Peaked 13 Uniform .70 
Peaked 14 Uniform .70 
Peaked 15 Uniform . 70 
Peaked 16 Uniform 1.10 
Peaked 17 Uniform 1.10 
Peaked 18 Uniform 1.10 

Bias 
maj-b min) 

. 5 
1.0 
2.0 

. 5 
1.0 
2.0 

. 5 
1.0 
2.0 

Adaptive test. The Bayesian adaptive testing strategy (McBride & Weiss, 
1976; Owen, 1969; Urry, 1977) begins with an initial (prior) estimate of 8. 
In this study a normally distributed prior distribution having a mean of 0 and 
a standard deviation of 1.0 was used. The item to be administered to a testee, 
described by its latent trait item parameters, is the item that minimizes the 
expected error function (S-8) 2 , where § is the current estimate of ability and 
a function of the item parameters. Based on the current value of 8, the item 
parameters, and whether the response to the administered item was correct or 
incorrect, the current 8 estimate is updated. This new estimate then becomes 
the current estimate, and the cycle is repeated until a termination criterion 
is reached. In this study Bayesian adaptive testing was terminated when a 
fixed number of items was administered. Consequently, the standard error of 
the Bayesian ability estimate varied for testees of different 8 levels. The 
average standard errors of these ability estimates was an additional dependent 
variable studied for the Bayesian testing strategy; it was compared to 
the theoretical value based on the fixed number of items administered (Jensema, 
1974; Urry, 1977). 
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Criterion Prediction 

Each test was scored in two ways for predicting criterion performance on e. 
For the conventional tests, the regression equations for either the majority or 
minority subgroup were used to convert the total number correct score to the e 
metric; for the Bayesian adaptive tests, criterion performance was predicted 
using Bayesian scoring and either the majority or minority subgroup (i.e., 
biased) item parameters. When only the majority group regression equations or 
item parameters were used to estimate e, this was referred to as the majority 
prediction condition .. It was contrasted with the differential prediction 
condition, which used the appropriate subgroups' regression equation or item 
parameters to estimate 8. In addition, in order to study the effect of test 
length, each test was scored after 10, 30, and 50 items had been administered. 

Fairness 

Similar to the previous study (Pine & Weiss, 1976, pp. 9-12), selection 
fairness was evaluated by R, the correlation between the predicted and true 
ability on the latent ability; C, the difference between the mean ability levels 
of the minority and majority subgroups; and T, the difference between the 
proportion of· individuals exceeding the selection cutoff (set at the mean of 
the majority subgroup) in the two subgroups. In addition, a number of standard 
distributional statistics were also studied. These included the mean, standard 
deviation, skewness, and kurtosis of the ability estimates(S)and, for the 
adaptive testing strategy, the standard error of its ability estimates. 

RESULTS 

Distributions of Predicted Scores 

Means, standard deviations, skewness, and kurtosis indices of ability 
estimates as a function of the experimental conditions are given for 50-item 
tests in Table 2; results for tests with 10 and 30 items, which generally 
parallel those for 50 items, are given in Appendix Tables A and B. In these 
tables the statistics for the true ability distribution (8) are given in the 
first row of the table, listed under the "True" group heading. Only standard 
deviations are reported for conventional tests in the differential prediction 
condition, since the other distributional statistics are not affected by 
differential prediction. Table 2 also gives the results from the subcondition 
of Bayesian adaptive testing in which the mean of the assumed prior distribution 
used for the minority subgroup was varied. These conditions are based upon the 
a=l.l, bias=l.O condition; in these cases the mean of the prior distribution 
was set at 6=-1.0, -.25, or +1.0. 

Means 

As Table 2 shows, increasing item bias caused the mean of the minority sub
group to be underpredicted for all of the majority prediction conditions, 
regardless of the testing strategy employed. In the majority prediction situa
tion, this underprediction increased both with increasing item bias and with 
increasing item discriminations. For low item discriminations (a=.30) and for 
the first two levels of bias (0.5 and 1.0), adaptive testing led to a larger 



Table 2 
Mean and Standard Deviation of Ability Estimates for 50-Item Uniform (U) and Peaked (P) 

Conventional Tests and the Bayesian Adaptive Test (BAT) as a Function of Item 
Discrimination (a) and Degree of Item Bias, Using Majority and Differential Prediction, 

for Majority (maj) and Minority (min) SubgrouEs 
Mean Standard Deviation 

Majority Differential Majority Differential 
Prediction Prediction Prediction Prediction 

a Bias GrauE u p BAT BAT u p BAT u p BAT 

True -.07 -.07 -.07 -.07 1. 01 1. 01 1. 01 1. 01 1.01 1. 01 
.30 0.0 maj -.07 -.07 -.25 -.25 .80 .81 .80 .80, .81 .80 

0.5 min -.39 -.40 -.57 -.25 .82 .81 .77 .81 .82 .79 
1.0 min -. 71 -.74 -.86 -.24 .82 .82 .74 .81 .82 . 79 
2.0 min -1.34 -1.36 -1.43 -.23 .82 .80 . 72 .82 .82 .83 

.70 0.0 maj -.07 -.07 -.23 -.23 .94 .95 .93 . 94 .95 .93 
0.5 min -.50 -.54 -.64 -.22 .94 .94 .87 .94 . 95 .91 I 

\Jl 

1.0 min -.95 -.97 -1.04 -.22 . 93 .90 .83 .93 .94 . 91 I 

2.0 min -1.75 -1.71 -1.76 -.23 .82 .72 .71 .92 . 90 .92 

1.1 0.0 maj -.07 -.07 -.19 -.19 . 97 .96 .92 . 97 .96 .92 
0.5 min -.54 -.54 -.62 -. 20 .98 . 94 .86 . 97 . 96 . 93 
1.0 min -1.02 -.96 -1.02 -.20 . 95 .85 .78 .96 . 94 .90 
2.0 min -1.85 -1.57 -1.67 -. 20 .81 . 54 . 60 . 94 .84 .90 

Bayesian 
Priors 

1.1 -1.0 min -1.20 -.28 .90 . 98 
-.25 min -1.10 -.22 .84 . 93 

+1.0 min -. 74 -.02 .66 . 78 
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underprediction than did the conventional tests. When differential prediction 
was used, the adaptive test resulted in substantially less underprediction than 
did either of the conventional tests. Furthermore, under differential predic
tion, the degree of underprediction produced by the adaptive test decreased with 
increasing item discrimination (a) levels. 

The mean of the assumed prior ability distribution influenced the predicted 
mean ability levels in the adaptive test. This effect was substantially less 
when differential prediction was used. In the majority prediction situation, 
a prior of 8=1.0 increased the underprediction and a prior of +1.0 decreased it. 
The smallest degree of underprediction across all conditions was obtained when 
the prior was set at 8=+1.0; using differential prediction, underprediction 
was reduc·ed to nearly zero with this prior ability estimate. 

Standard Deviations 

The standard deviation of the ability distribution (1.01) was underpredict
ed both for the majority and minority subgroups in all testing conditions. The 
effect of item discrimination on the standard deviation is reflected by the 
values for the majority subgroup, where item bias=O. For the conventional tests, 
the standard deviations increased as the item discriminations were increased 
from a=.30 to a=l.l. For the adaptive test, there was no increase for levels of 
item discrimination beyond a=.70. Within each level of item discrimination 
beyond a=.70,the standard deviations decreased as the item bias was increased, 
for all testing conditions. The reduction in the standard deviations which 
resulted from increased item bias was more pronounced at the highest level of 
item discrimination. The uniform tests reflected this trend the least, and the 
peaked tests reflected it the most. 

The same general trends with respect to the influence of item discrimina
tion and bias on the standard deviations of the distributions of ability 
estimates occurred when differential prediction was used. However, the influence 
of item bias was much less in this condition, particularly under adaptive test
ing, where the overall size of the standard deviations increased relative to 
the values obtained in the majority prediction condition. For example, where 
a=l.l and item bias increased from .5 to 2.0, the adaptive test had standard 
deviations of .86, .78, and .60 in the majority prediction condition; with 
differential prediction, a corresponding increase in bias produced standard 
deviations of .93, .90, and .90. The placement of the prior distribution in 
the adaptive test influenced the size of the standard deviation in both the 
majority and differential prediction conditions. In both cases the +1.0 mean 
prior produced a smaller standard deviation than did the -1.0 mean prior. 

Skewness and Kurtosis 

For all testing conditions, the degrees of skewness and kurtosis tended to 
increase in a positive direction as both item discrimination and item bias 
increased (see Table 3). Positive values of skewness indicate that the mode of 
the distribution is lower than its arithmetic mean, while positive values of 
kurtosis indicate that the distribution is more peaked than a normal distribution. 
In the majority prediction condition, the adaptive test produced score distribu
tions that were always more positively skewed and peaked than any of the uniform 
conventional tests. Compared to the peaked tests, however, the adaptive test 
was more positively skewed and peaked only at the lower levels of item bias. In 
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the combined high item discrimination and high bias conditions, the peaked 
tests were considerably more leptokurtic than either the uniform conventional 
or the adaptive tests. 

Table 3 
Skewness and Kurtosis of Distribution of Ability Estimates for 50-Item Uniform 

and Peaked (P) Conventional Tests and the Bayesian Adaptive Test (BAT) as a 
(U) 

Function of Item Discrimination (a) and Degree of Item Bias, Using Majority and 
Differential Prediction, for Majority (maj) and Minority (min) SubgrouEs 

Skewness Kurtosis 
Majority Differential Majority Differential 

Item Prediction Prediction Prediction Prediction 
a Bias GrauE u p BAT BAT u p BAT BAT 

True -.01 -.01 -.01 -.01 .22 . 22 .22 .22 
.30 0.0 maj . 03 -.11 .30 .30 .00 -.06 . 06 . 06 

0.5 min . 04 . 01 .30 .24 -.09 .00 . 04 -.08 
1.0 min . 08 .10 .27 .22 -.06 -.02 .15 . 07 
2.0 min .28 .33 .34 .27 .10 .17 .14 .15 

.70 0.0 maj -.08 -.11 .31 .31 -.27 -.66 . 01 . 01 
0.5 min .10 .19 .29 .26 -.33 -.66 -.06 -.05 
1.0 min .31 .49 .40 .26 -.19 -.38 .10 -.02 
2.0 min . 57 1.13 . 70 .39 . 08 1. 08 .48 . 01 

1.1 0.0 maj -.03 -.10 .47 .47 -.25 -1.13 .29 .29 
0.5 min .20 .36 .51 .32 -.24 -.93 . 04 -.11 
1.0 min .30 .86 . 62 .34 -.33 -.07 . 05 -.19 
2.0 min .77 2.13 1.12 .49 .42 5.03 1. 66 . 07 

Bayesian 
Priors 

1.1 -1.0 min .34 .14 -.19 -.21 
-.25 min .46 .27 -.17 -.24 

+1. 0 min . 67 . 62 .23 • OS 

The same general trends with respect to the influence of item discrimina
tion and bias on skewness and kurtosis occurred when the differential prediction 
version of the adaptive test was used. However, as for all the other distribu
tional statistics, differential prediction greatly reduced the influence of 
item bias and discrimination on skewness and kurtosis. For example, using 
differential prediction the skewness and kurtosis of the distribution were 
always equal to or lower than those obtained in the majority prediction condi
tion. Comparing the influence of the +1.0 prior resulted in a more positively 
skewed distribution, as well as a more leptokurtic distribution, than did the 
-1.0 mean prior. 

VaZidit11 

Majority Prediction Condition 

Subgroup validities. The validity coefficients (i.e., the correlations 
between true and estimated ability levels) for the uniform and peaked convention
al tests and the adaptive tests, for all experimental conditions, are shown in 



Table 4 
Validity Correlations for Uniform (U) and Peaked (P) Conventional Tests and for the Bayesian 

Adaptive Test (BAT) as a Function of Item Discrimination (a) and Degree of Item Bias Using Hajority 
and Differential Prediction for Majority (maj) and Minority (min) Subgroups, and Differences (Diff) 

Between Subgroups at Test Lengths of 10, 30, and 50 Items 

Majority Prediction Differential Prediction 
Item 10 Items 30 Items 50 Items 10 Items 30 Items 50 Items 

a Bias Group u p BAT u p BAT u p BAT BAT BAT BAT 

.30 0.0 maj .493 .540 .501 .725 . 741 . 709 . 793 .802 .772 .501 . 709 .772 
0.5 min .492 .543 .526 . 741 .754 .724 .800 .814 .774 .494 . 701 .776 

Diff -.001 .003 .025 .016 .013 .014 .008 .013 .002 -.007 -.009 .005 
1.0 min .512 .554 .548 .743 .763 .724 .805 .817 .785 .400 . 676 .790 

Diff .019 .014 .047 .018 .022 .014 .012 .016 .013 -.051 -.033 .019 
2.0 min .523 .540 .570 .749 .759 .733 .810 .811 .797 .543 .721 .803 

Diff .030 -.001 .069 .024 .019 .024 .017 .009 .026 .042 .011 .032 

.70 0.0 maj . 745 .763 .797 .899 .912 .907 .935 .941 .939 .797 .907 .939 
0.5 min .744 .797 .791 .898 .918 .909 .934 .943 .940 .786 .905 .940 

Diff -.001 .014 -.006 -.000 .006 .001 -.001 .002 .000 -.010 --.003 .001 
1.0 min .764 .801 .806 .891 .918 .913 .928 .936 .940 .804 .917 .943 I 

CXl 

Diff .019 .018 .009 -.007 .006 .005 -.006 -.005 .000 .016 .003 .005 I 

2.0 min . 773 .756 • 788 .880 .861 .903 .915 .891 .928 .812 .911 .935 
Diff .027 -.026 -.009 -.014 -.051 -.005 -.020 -.050 -.011 .016 .003 -.005 

1.1 0.0 maj .820 .869 .881 .932 .940 .956 .961 .954 .968 .881 .956 .968 
0.5 min .829 .880 .865 .937 .941 .947 .959 .951 .961 .886 .951 .967 

Diff .009 .011 -.016 .004 .001 -.009 -.002 -.002 -.006 .005 -.005 -.001 
1.0 min .844 .853 .869 .932 .921 .947 .954 .931 .958 .880 .956 .966 

Diff .024 -.016 -.012 -.001 -.019 -.009 -.007 -.022 -.010 -.001 .000 -.002 
2.0 min .824 .753 .840 .915 .818 .929 .934 .831 .933 .877 .946 .955 

Diff .004 -.115 -.042 -.017 -.122 -.027 -.028 -.123 -.034 -.004 -.010 -.013 

Bayesian 
Priors 

1.1 -1.0 min .880 .956 .966 .862 .958 .969 
Diff -.001 .000 -.002 -.019 .002 .002 

- .25 min .884 .954 .963 .874 .956 .965 
Diff .003 -.002 -.005 -.007 -.000 -.002 

+1.0 min .857 .939 .956 .869 .947 .958 
Diff -.024 -.017 -.012 -.012 -.009 -.010 
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Table 4. The three rows in Table 4 labeled "maj" give the validities for the 
majority subgroup for each value of item discrimination (a). These results 
correspond to the case in which item bias is zero. The rows labeled "min" and 
"Diff" give, respectively, the validities for the minority subgroup and the 
difference between corresponding majority and minority values, for each 
combination of item discrimination and item bias. In the half of the table 
labeled "Differential Prediction," only the validity values from the adaptive 
tests are given. This is because differential prediction in the conventional 
testing condition amounts to a linear transformation of the test scores and 
therefore would not change the correlation coefficients. The last six rows of 
the table give the results from the subcondition of the adaptive test in 
which the mean of the assumed prior used for the minority subgroup was varied. 

The validities for adaptive tests increased with increasing test length and 
item discrimination. For instance, the lowest validity, r=.501, occurred for a 
10-item test with a=.30 and the highest, r=.968, was for a 50-item test with 
a=l.l. A comparison of corresponding validities between the adaptive test and 
either type of conventional test for 10-item tests showed that the validities 
of the adaptive tests were higher in almost all cases in which item discrimina
tion was .70or higher. For example, for a 10-item test with a=l.l and item 
bias of 0.0, the validity correlations were .869 for the peaked test, .820 for 
the uniform test, and .881 for the adaptive test. For 30- and 50-item tests, 
the adaptive test had a lower validity for many of the lower discriminating 
items; but at a=l.l the adaptive test produced consistently higher validities 
for all item pools. 

Differential validity. A major concern with respect to test fairness is 
not just how validity varies as a function of the test characteristics for 
a given subgroup but, more importantly, how validity varies differentially 
between subgroups. The reason for this is that if a difference in subgroup 
validities does exist, the predictions made on the basis of the test scores are 
not as accurate for one subgroup as for the other. Therefore, the effect of 
item bias on validity was studied by comparing the validities for both subgroups 
for all the item pools and test lengths. To facilitate this analysis, differ
ences between subgroup validities were determined. Differential validity was 
thus defined as 

pdiff = r . m1n 
p •• 

maJ [1] 

A negative value of differential validity indicates that the majority subgroup 
had a higher validity coefficient than the minority subgroup. These values 
appear in Table 4 in the rows designated "Diff." 

Table 4 shows that for the lowest a value (a=.3) as item bias increased, 
validity differences increased for the uniform and adaptive tests but decreased 
for the peaked test. Also, at a=.30 differential validity tended to be posi
tive (i.e., minority subgroup validities were higher for all test types), with 
the largest values tending to occur for the adaptive test. However, for item 
discriminations of a=. 70 and 1.1 for test lengths of 30 and 50, the direction 
of differential validity reversed, so that higher validity correlations were 
observed for the majority subgroup. As the degree of item bias and item 
discrimination increased, the size of the negative difference became substantial 
for the peaked test relative to the adaptive test, while the uniform tests 
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generally produced a slightly smaller negative validity difference than did the 
adaptive test. For example, the 50-item peaked test with a=l.l and bias of 
2.0 had a -.123 difference between the subgroup validities, compared to values 
of -. 028 for the uniform test and -. 034 for the adaptive test. 

The effect of choice of prior distribution on the validity of the adaptive 
procedure was that when priors other than the majority subgroup prior were 
used, validity tended to increase as the priors became higher in negative value. 
Since the priors were varied only for the minority subgroup, the effect on 
differential validity (i.e., the difference between majority and minority 
subgroup validity coefficients) was that the negative priors produced differen
tial validities closer to zero than in the positive prior case. 

Differential Prediction Condition 

Subgroup validities. At item discrimination levels beyond a=.70, the 
differential prediction version of the adaptive test produced higher validities 
than did the majority version of the adaptive test or either conventional test. 
This relative advantage increased as item bias increased. Typical are the 
values for a 50-item adaptive test with a=l.l and bias of 1.0, where r=.966 
under differential prediction and r=.958 under majority prediction; this can 
be compared with r=.954 and r=.931, respectively, for the uniform and peaked 
conventional tests. Under these same conditions, the validity for the adaptive 
test increased to r=.968 by using the -1.0 mean prior for the minority subgroup. 

Differential validity. Validity differences between subgroups were 
reduced by using the differential prediction version of the adaptive test. 
Unlike the majority prediction case,in which the uniform conventional tests 
often showed less differential validity than the adaptive test, in this 
condition the adaptive test generally had the smaller differential validity. 
Furthermore, the advantage of the adaptive test increased as item bias in
creased. The negative mean priors tended to increase differential validity for 
the 10-item test but had relatively little effect on the longer tests. The 
+1.0 mean prior, however, led to an increase in differential validity at all 
three test lengths. 

C-Fairness 

Majority Prediction 

The Cleary-type fairness measure, C, was defined as the mean of the predict-
A 

ed ability, 8, minus the mean of the true ability, 8 (Pine & Weiss, 1976, p. 10). 
Therefore, the C-index is in the same units as 8, which had a mean of 0 and a 
standard deviation of 1.0. 

In Figure 1 values of "Cdiff'" the subgroup differences in the C-indices 

(C - C .), are plotted against test length for the uniform, peaked conven-
min maJ 

tional, and adaptive tests for all levels of item discrimination in the majority 
prediction condition. (Numerical values of C by subgroup are given in Appendix 
Table C.) It can easily be seen by some simple algebraic manipulation ( sub-

stituting [§ . - 8 . ] for C . , [e . - 8 .] for C ., and subtracting) that 
m1n mln m1n maJ rna] rna] 
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c e - § . (recall that both subgroups had the same mean true ability 
diff min maJ 

level, S). Therefore, a negative value of Cdiff implies unfairness to the 

minority subgroup in the sense that their mean ability is underpredicted 
relative to the predicted mean ability of the majority subgroup. 

Figure 1 
Group Differences in C-Index (Cdiff) as a Function of Item 

Discrimination (a), Item Bias, and Test Length, Using Majority Prediction 
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The C-index indicated increased unfairness for the majority subgroup 
(higher negative values of Cdiff) as item bias was increased from .5 to 2.0. 

This trend increased as a negatively accelerating function of test length, with 
the rate of increase varying as a function of item discrimination and degree 
of item bias. For all tests,increasing item bias tended to be associated with 
higher levels of cdiff for longer tests within a level of item discrimination. 

This effect of test length decreased, however, as item discrimination increased. 

There were small differences between tests on Cdiff at the a=.30 level 

of item discrimination. For 30- and 50-item tests, the adaptive test generally 
had lower levels of Cdiff" However, at the higher levels of item discrimination 
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and item bias, the adaptive test showed substantial advantage over either 
conventional test in producing lower levels of Cdiff' For example, for a 

30-item test with a=l.l and item bias of 2.0, the adaptive test produced ability 
estimates one-third of a standard deviation less biased than those produced 
by the uniform conventional test. 

The choice of a prior distribution for the minority subgroups in the 
adaptive test directly affected the resulting values of Cdiff' The larger the 

mean of the prior ability distribution (in a positive direction), the lower the 
values of Cdiff' Increasing test length had the effect of reducing differences 

in Cdiff due to the different Bayesian prior ability estimates. 

Figure 2 

Group Differences in C-Index (Cdiff) as a Function of Item 

Discrimination (a), Item Bias, and Test Length, Using Differential 
Prediction with the Bayesian Adaptive Test 
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Values of Cdiff are plotted in Figure 2 against test length for the 

adaptive test for all levels of item discrimination in the differential 
prediction condition. (Only the results of the adaptive tests are plotted, 
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since by definition Cdiff is always equal to zero under differential prediction 

for conventional tests; see Pine & Weiss, 1976, pp. 10-11.) As Figure 2 
indicates, when differential prediction was employed with the adaptive test, 
differences in the degree of unfairness between subgroups were practically 
eliminated, especially at the high levels of item discrimination. For a=.30 
there was a tendency for the minority subgroup to be overpredicted (i.e~, 
positive values of Cdiff). This tendency, however, decreased as item discrimi-

nation increased (Figures 2b and 2c). At a=l.l all Cdiff values were practi

cally zero, the largest (which occurred at the shortest test length) being -.022. 

The relationship of Cdiff to test length when various priors were used was 

very similar to that found in the majority prediction case, except that values 
of Cdiff were closer together and shifted down to near the zero bias level. 

Because of this shift, the use of the +1.0 mean prior caused an overprediction 
of the minority subgroup. Once again, as test length was increased,values of 
Cdiff resulting from the differential priors were more similar. 

T-Fairness 

Majority Prediction 

Tdiff can be defined as the differences between the T-indices for the 

majority and minority subgroups and is equivalent to the difference between 
the percentage of minority and majority testees predicted to be above the 
majority group average (see Pine & Weiss, 1976, p. 11). A negative value of 
Tdiff indicates that the percent predicted to be above average was smaller for 

the minority than for the majority subgroup, i.e., the test was more unfair to 
the minority subgroup. Values of Tdiff for the conventional and adaptive tests 

are shown in Figure 3. The numerical values of T by subgroup for all tests are 
shown in Appendix Table D. 

As Figure 3 shows, Tdiff varied in a complex way as a function of item 

discrimination, degree of item bias, and test length. The adaptive test 
showed smaller effects due to increases in test length. Comparing the tests 
under different degrees of item bias and levels of item discrimination, the 
10-item uniform tests were usually fairest (i.e., had smallest values of Tdiff) 

when a=.30 and .70, regardless of level of item bias. In all other cases for 
a=.70 and 1.1, the adaptive test produced levels of Tdiff closest to zero. At 

the highest level of discrimination (a=l.l) and bias (2.0) for a 50-item test, 
Tdiff=37.6% for the adaptive test, 45.5% for the uniform conventional test, 

and 44.2% for the peaked conventional test. In terms of the percentage of 
examinees who would be judged above average, this implies a difference between 
the adaptive and uniform conventional tests of 7.8% in the number of minority, 
compared to majority,examinees. 

The effect of choosing a negative mean prior in the Bayesian adaptive test 
was to produce a negative bias against the minority subgroup. Holding test 
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Figure 3 
Group Differences in T-Index (Tdiff) as a Function of 

Item Discrimination (a), Item Bias, and Test Length, Using Majority Prediction 
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length constant and comparing Tdiff between levels of prior ability estimates, 

the differences were about 2% to 3% for 30- and 50-item tests and 9% to 12% 
for 10-item tests. However, these differences,due to choice of priors,were 
relatively small compared to the effect of varying item bias in the cases in 
which a prior equal to the true mean ability was used. 

Differential Prediction 

The results of using differential prediction in conjunction with the 
adaptive test on T-fairness are shown in Figure 4. (For simplicity, the results 
of differential prediction on conventional tests are not shown in Figure 4; but 
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their numerical values are given, along with those from the adaptive testing 
condition in Appendix Table D. A detailed discussion of the effects of 
differential prediction on conventional tests can be found in Pine & Weiss, 
1976.) Appendix Table D shows that the main effect of using differential 
prediction with any of the three testing strategies was that a much larger 
percentage of minority applicants was predicted to be above average than in the 
majority prediction condition. Consequently, the general level of unfairness 
was reduced using differential prediction. 

20 

10 

0 

Figure 4 
Group Differences in T-Index (Tdiff) as a Function of 

Item Discrimination (a), Item Bias, and Test Length, Using 
Differential Prediction with the Bayesian Adaptive Test 
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Figure 4 shows that with the differential prediction version of the 
adaptive test, the minority subgroup tended to have a greater percentage of 
examinees above the mean than did the majority subgroup. For example, at the 
a=.30 level of discrimination, a 10-item test having an average item bias of 
2.0 had 8.2% more of the minority subgroup above average than the majority 
subgroup. However, as item discrimination increased, this overprediction was 
red~ced to the point where at a=l.l, Tdiff values ranged between +2.6% to 
-.4%. 

This overprediction of the minority subgroup never occurred in the majority 
prediction case for any other of the test strategies (see Figure 3). However, 
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a similar result did occur when differential prediction was used in conjunction 
with the uniform conventional tests, but only at the shorter test lengths or at 
the lowest level of item discrimination. Overprediction of the minority 
subgroup almost never occurred with the peaked conventional test. 

'~hen differential prediction was used, Tdiff indicated that the adaptive 

test produced a fairer test than the conventional test in all but 6 cases (out 
of 18 possible) when discriminations were .30 and .70 (see Appendix Table D). 
At the high discrimination level (a=l.l), there was only one instance in which 
one of the conventional tests produced levels of Tdiff nearer zero than the 

adaptive test (i.e., a 30-item uniform test with bias of 1.0); and the 
difference there was small, 1.6% for the uniform test compared to 1.8% for the 
adaptive test. 

Contrary to what was found when majority prediction was used, the choice 
of priors in the adaptive test had a relatively large effect on Tdiff compared 

to item bias. As was the case with the C-index, differential prediction some
times resulted in a positive bias in favor of the minority subgroup; this 
occurred primdrily when the +1.0 prior was used. 

The Standard Error of Estimation in Bayesian Adaptive Testing 

The Bayesian adaptive testing procedure provides an estimate of the mean 
(e) and variance (s 2) of the estimated ability distribution after each test 

m 
item is administered. In the present study, s 2 (and its square root,s )varied m m 
across testees because a fixed test length termination criterion was employed. 
The average s 2 (the standard error of estimate) was computed for each experi-

m 
mental condition and compared to its actual value; the resulting ratios are 
plotted for majority and differential prediction conditions in Figures 5 and 6, 
respectively. 

Majority Prediction 

The average posterior standard deviation (s ) after m test items were m 
administered underestimated the theoretical value of the standard error of 
estimate (SEE) in all conditions (see Figure 5). This underestimation became 
progressively worse as item bias increased. For example, at a=l.l for a 50-
item test with bias of 2.0, the obtained ratio was .094. Little difference 
in the ratios resulted from use of the negative mean priors. The +1.00 prior, 
however, produced a larger ratio at each test length. 

Differential Prediction 

The ratios for the differential prediction case are plotted in Figure 6. 
In this condition, the effect of item bias on the size of the standard error 
ratios was greatly reduced. However, a small effect due to bias was still in 
evidence, particularly at the lower discrimination levels. The effect due to 
test length was also reduced, particularly at a=.30 (Figure 6a). There was 
still a systematic decrease in the ratios as a function of increasing discrimi-
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Figure 5 
Ratio of Estimated Standard Error of Estimate Based on 
Bayesian Posterior Variance to Predicted Standard Error 
of Estimate as a Function of Item Discrimination (a), 
Item Bias, and Test Length, Using Majority Prediction 
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nation. As in the majority prediction case, there was little difference due to 
use of negative mean prior ability estimates. The effect of using the +1.0 
prior, however, was a relatively larger decrease in the standard error ratio 
than occurred in the majority prediction case. 
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Figure 6 
Ratio of Estimated Standard Error of Estimate Based on 

Bayesian Posterior Variance to Predicted Standard Error 
of E~timate as a Function of Item Discrimination (a), 

Item B1as, and Test Length, Using Differential Prediction 
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DISCUSSION 

In a previous study (Pine & Weiss, 1976), it was shown that the fairness 
of a test when used as a selection instrument will depend on the item 
characteristics of the test items and on the way fairness is defined. The 
purpose of the present study was to extend these results by investigating the 
effects on fairness of varying the testing strategy as well as the characteris
tics of the test items. 

Shape of the Predicted Ability Distributions 

The shape of the test score distributions varied systematically as a 
function of the independent variables manipulated in this study. The effects 
of two of these---level of item discrimination and distribution of item diffi
culties--have been studied rather extensively in previous research (Cronbach 
& Warrington, 19S2; Lord & Novick, 1968; Pine & Weiss, 1976; Urry, 1969). 
However, the influence of type of testing strategy (i.e., conventional versus 
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adaptive) and use of differential prediction on the shape of score distributions 
has not received previous attention. 

Skewness and kurtosis. In general, the findings were that as the degree 
of item bias and item discrimination increased, the shape of the score distri
butions became increasingly positively skewed and flat relative to a normal 
distribution. These findings are consistent with Lord & Novick's (1968, chap. 
16) graphical demonstration that increasing test discrimination will tend to 
flatten the true score distribution, while increasing the difficulty of a test 
will cause positive skewness in the true score distribution. 

The shape of the ability score distributions was also a function of the 
testing strategy. The peaked conventional tests were more strongly influenced 
by the presence of item bias and by increasing item discrimination than were 
the other test types. At the highest degree of bias and discrimination, the 
score distributions for the peaked conventional tests became exceedingly flat 
and positively skewed. In contrast, the differential prediction version of 
the Bayesian adaptive test produced ability distributions relatively unchanged 
in shape across bias and discrimination conditons. 

Means and standard deviations. Both the means and standard deviations of 
the distributions tended to be underestimated. The underprediction of the 
standard deviations is the direct result of regression towards the mean. 
The effect of item bias on the mean of the score distributions was also in the 
predicted direction, since a direct inverse relationship would be expected 
between degree of bias in test items and test scores. In terms of the 
means and standard deviations, the uniform conventional tests showed the 
least underprediction of the standard deviations, and the peaked conventional 
tests generally resulted in the smallest underprediction of the means. How
ever, the condition in which values of the prior ability estimates of the adap
tive testing strategy were varied produced less underprediction of both the 
mean and standard deviation of the ability distribution. Furthermore, when 
the differential version of the adaptive test was employed, even lower levels 
of underprediction resulted. 

Validity Index 

The results of the validity data have several implications for the 
construction of tests and the interpretation of existing test data. First, as 
waspreviouslydiscussed (Pine & Weiss, 1976), the validity results offer a 
possible explanation for the often-reported but controversial phenomenon of 
differential validity. According to the model used in this study, the 
existence of subgroup validity differences (i.e., differential validity) is 
interpreted as an indication of the fairness of a selection instrument. The 
smaller the difference between validity coefficients, the fairer the selection 
instrument. 

Several researchers (i.e., Campbell, Crooks, Mahoney, & Rock, 1973; 
Schmidt, Berner, & Hunter, 1973) have presented arguments, based on various 
analyses of empirical data, that differential validity does not exist as a 
substantive phenomenon. The results of this study indicate that differential 
validity is real and, in fact, can be expected when test items are biased 
against one of the subgroups being tested. Furthermore, based on the present 
study, it can be seen that the properties of the testing strategy will also 
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influence differential validity. Both conventional and adaptive testing stra
tegies had a direct influence on the extent to which a given degree of item 
bias affected differential validity. 

Variations within each of these testing strategies also affected differen
tial validity. Within the conventional tests, the distribution of item 
difficulties (peaked or uniform) and item discrimination level had a differen
tial effect. For the adaptive tests, the influence of item bias on differential 
validity varied as a function of the level of item discrimination and choice 
of prior ability estimate, whether majority item parameters or subgroup parame
ters (i.e., the majority or differential prediction condition) were used. 

Conventional versus adaptive tests. Both the majority prediction version 
of the adaptive test and the uniform conventional tests tended to produce a 
smaller differential validity for a given degree of item bias than did the 
peaked conventional test at the longer test lengths and higher levels of item 
discrimination. The adaptive test and uniform conventional test produced very 
similar levels of differential validity when majority prediction and a zero 
prior ability estimate were used. However, the adaptive test produced higher 
minority subgroup validities and therefore a smaller differential validity when 
the prior ability estimate used for the minority subgroup was one standard 
deviation below the mean of the majority subgroup. 

The reason that using a negative prior led to higher minority subgroup 
validity was that in this condition the test items were biased by one standard 
deviation on the difficulty scale. This resulted in the minority testees 
responding as though they were one standard deviation below their true ability 
level. Therefore, the -1.00 prior ability estimate more closely matched their 
effective mean ability level. 

Item discrimination. The influence of item discrimination on differential 
validity also varied as a function of the testing strategy. In the majority 
prediction condition, the level of item discrimination which led to the small
est degree of differential validity appeared to be lower than might have been 
suspected for both conventional and adaptive tests. For the peaked conventional 
test, the lowest discrimination value led to the least differential validity. 
However, with both the majority prediction version of the adaptive test and the 
uniform conventional tests, the intermediate level of item discrimination led 
to the least differential validity. 

That differential validity was not directly related to level of item 
discrimination may seem surprising, since both in this study and in Urry's (1969) 
study, it was shown that validity increased with increased item discrimination 
for the difficulty levels examined. The essential factor, however, is that 
when validity is considered with regard to fairness (i.e., differential 
validity), the effect of item bias must be considered. The presence of item 
bias effectively increases the difficulty parameter (b) for the minority 
subgroup while leaving the b level unchanged for the majority testees. Since 
validity is a function of both band item discrimination (a), the reported 
effect in differential validity resulted. 

It appears that when the same prediction parameters are used in a conven
tional test for all subgroups, the usual practice of selecting items having the 
highest discriminations will generally have the effect of increasing subgroup 
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validity differences if test items are biased. The more biased the items are, 
the larger will be the difference in subgroup validities. A reduction in 
validity differences can be achieved by using intermediate levels of item 
discrimination; of course, then the reduction in differential validity will 
have been achieved at the cost of lowering the overall level of validity. In 
some situations, particularly if the majority subgroup validity is relatively 
high, such a tradeoff may be desirable. 

Differential prediction in the adaptive test. The differential prediction 
version of the adaptive test, however, provides a means of controlling the 
level of differential validity while maintaining a high level of validity. 
When this strategy uas used, it produced both the smallest differential 
validity and the highest overall validity for both subgroups. Apparently, in 
terms of validity, fairness is most readily attainable by adopting the testing 
strategy which has the greatest ability to adapt to the individual testee. 
Among the testing strategies investigated in this study, this was the differen
tial prediction version of the Bayesian adaptive test, in which test items were 
selected for a given testee on the basis of the item parameters derived for the 
testee's subgroup. 

Cther Indices of Selection Fairness 

In the context of this study, the C-index,based on Cleary's fairness 
model,gave the degree of statistical bias in the estimation of a known value 
of ability (8). The T-index, based on Thorndike's definition of fairness, 
reflected the meaning of these mis-estimations in terms of the percentage of 
applicants who were predicted to exceed some qualifying point of ability--in 
this case,the mean of the majority population. 

The Cleary view of fairness tends to optimize selection from the vantage 
point of the selecting institution, since it assures that the ablest candidates 
will be selected. The Thorndike model tends to be more liberal from the view
point of the minority subgroup. Even in situations in which the Cleary index 
indicates a perfectly fair test, it has been previously shown by Schmidt and 
Hunter (1974) that the Thorndike index may still indicate unfairness. This 
result was replicated both in the previous study (Pine & Weiss, 1976) and in 
the present study. 

From the previous study it was shown that even within conventional tests, 
the spread of item difficulties can have a strong effect on fairness at some 
levels of item discrimination and for some test lengths. For the levels of 
discrimination and test lengths most commonly found in practice, the general 
finding was that the peaked test was fairer in terms of the C-index and the 
uniform test was fairer in terms of the T-index, when majority prediction was 
employed. The differential prediction condition indicated the conservative 
nature of the C-index. By definition, in this condition all tests were perfectly 
fair by the Cleary model; yet the T-index indicated the presence of substantial 
unfairness, particularly for very short tests or for tests composed of highly 
discriminating items. Furthermore, with differential prediction of ability, 
the use of tests with uniform distributions of item difficulties was consis
tently more favorable to the minority subgroup. 

Conventional versus adaptive tests. In the present study Bayesian adap
tive tests were compared to the same conventional tests used in the previous 
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study (Pine & Weiss, 1976) in order to determine the effects of testing 
strategy on test fairness. For the levels of item discrimination and test 
lengths most commonly found in practice, the general finding was that the 
adaptive tests were fairer than either the peaked or uniform conventional tests 
in terms of both the C- and T-indices when majority prediction was employed. 
The advantage of the adaptive tests over conventional tests was increased 
further by adjusting the prior ability estimate used for the minority subgroup. 

In the differential prediction condition using the C-index, all conven
tional tests are perfectly fair by definition; therefore, they cannot be 
improved by adaptive testing. Yet, at high levels of item discrimination,the 
adaptive test approached this ideal level of performance. On the T-index, 
there was an even greater advantage in favor of the minority subgroup 
using adaptive tests,as compared to conventional tests,when differential 
prediction was used rather than majority prediction. 

Item discrimination. All testing strategies in the majority prediction 
condition showed an overall improvement in fairness on the T-index as item 
discrimination decreased. The C-index also displayed this relationship and 
proved to be less affected by increases in item bias at low levels of item 
discrimination. These findings are disturbing, since it does not seem logical 
that "poor'' items should have to be used in order to achieve fairness, particu
larly since their use reduces overall validity. 

However, this result is an artifact of using the majority prediction 
parameters for both subgrouns with either conventional or adaptive testing 
strategies. This can be seen in Figure 7. It is obvious from Figure 7 that 
since the minority subgroup mean is predicted through the majority prediction 
line, the mean predicted ability level of the minority subgroup will be highest 
when the slope of the regression line (and therefore r) is lowest. Since the 
levels of item discrimination examined in this report were directly proportional 
tor (the correlation of observed and estimated ability levels), it follows that 
the predicted mean ability levels of the minority subgroup will increase as 
item discrimination decreases. Both the C- and T-indices indicated increased 
fairness as the mean of the minority subgroup increased. Therefore, it follows 
that fairness as measured by both the C- and T-indices should improve as item 
discrimination is decreased. 

Advantages of differential prediction. Another problem which occurs with 
the use of majority prediction is that the test items which are optimal with 
respect to reducing differential validity are not the same items that are 
optimal with respect to the C- and T-indices of fairness. This dilemma can be 
resolved with the adaptive testing model by using differential prediction. 
Overall fairness was optimized in this case in a logical, consistent manner for 
all three of the fairness indices. With differential prediction, fairness as 
measured by the R-, C-, and T-indices was dramatically increased for all levels 
of item discrimination and item bias. Furthermore, adaptive testing displayed 
decreased sensitivity to increasing item bias with respect to each of the fair
ness indices as item discrimination was increased. 

The effect of differential prediction within the context of the conventional 
test model could be observed only on the T-index, since the R-index was un
changed and C=O, by definition. Both the uniform and peaked tests showed a 
marked improvement in fairness under differential prediction, although not as 
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much as was found with the adaptive test. However, even when differential 
prediction was employed, the peaked test still was most robust to increasing 
item bias and fairness overall at the lowest level of item discrimination. 
Consequently, it would appear that when using conventional tests, a high degree 
of fairness can be obtained (both with respect to the T-index and differential 
validity) by peaking item difficulties and using items with a relatively-low 
level of discrimination. This policy, however, would decrease the overall 
level of test validity. 

Figure 7 
Linear Prediction of Minority Mean 

Ability Using Majority Prediction Line 
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The uniform conventional tests produced results which were much more similar 
to those foun~ with the adaptive tests. Differential prediction improved 
fairness at h1gher levels of discrimination. This similarity between the uni
fo:m and adaptive tests may have resulted from both types of tests having a 
un1form spread of item difficulties. 



-24-

Prior ability distributions. The prior ability distribution chosen to 
begin the Bayesian ability estimation process also appeared to affect the 
fairness of each test. Prior ability estimates which underestimated the true 
ability caused an increased underprediction of the mean, compounding the degree 
of underprediction caused by item bias. This underprediction was directly 
reflected in the C- and T-fairness indices. 

The choice of a prior ability estimate did not influence differential 
validity in the same way as it did the C and T measures. For the Rdiff index 

(assuming the presence of item bias), prior ability estimates below the true 
population ability levels actually improved fairness (i.e., reduced differential 
validity). This was a result of the fact that the presence of item bias made 
it appear as though the minority subgroup's mean ability level was lower than 
it really was; consequently, the low prior ability estimate was effectively more 
appropriate, producing a higher validity for tha~ subgroup. 

The conflicting results of the effect of prior ability estimates on test 
fairness were not alleviated by using differential prediction. In the differen
tial prediction condition, prior ability estimates higher than true ability 
levels led to estimation bias, this time in favor of the minority subgroup. 
The higher priors still, however, led to a less favorable result with respect 
to differential validity. 

There is a need for more research on the best procedures to follow in 
choosing subgroup prior ability estimates in Bayesian adaptive testing. The 
problem is that if different priors are used for each subgroup, based on avail
able ability data, certain minority subgroups may be unfairly affected. This 
might occur for subgroups that have tended to score lower on past tests--which 
may have been biased. Lower mean prior ability estimates would be used for 
members of these subgroups which would then lead to lower levels of estimated 
ability with the Bayesian adaptive testing method. On the other hand, if 
identical prior ability estimates are used for all subgroups and there is a 
true ability level difference between the subgroups, those subgroups that are 
overestimated will be given an unfair advantage. Furthermore, this advantage 
will be much larger than the disadvantage in fairness that results from using 
a prior ability estimate which underpredicts true ability. However, data from 
the current study suggest that both of these undesirable outcomes can be 
minimized by increasing test length. 

The Bayesian Error of Estimate 

In the present study the adaptive testing termination criterion was always 
based on test length. However, the observed posterior standard deviation (s ), 
which can be thought of as an estimate of the standard error of the final m 
ability estimate (SEE), has also been suggested as a test termination criterion 
in the Bayesian adaptive test (Jensema, 1974; Urry, 1977). Therefore, it was 
of interest to determine how test fairness is influenced under this alternative 
method of test termination. 

One apparent advantage of using sm is that it would seem to provide a means 

of reducing differential validity, since all subgroups would simply be tested 
to the same estimated error level. Since validity bears an inverse relationship 
to the standard error of estimate (Urry, 1977), all subgroups should attain 
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The crucial factor, then, is how well s reflects m 
the actual standard error of estimate. For example, if it understates the 
actual SEE, testing will be prematurely terminated, resulting in lower test 
validity. The results of the present study indicate that this is exactly what 
happens. 

Even \vhen the test items were unbiased, the ratio of the average s to 
m 

the theoretical SEE decreased with increasing test length and levels of item 
discrimination. When item bias was introduced, the ratio decreased with increas
ing item bias. Consequently, the more biased the test items are, the more 
likely it is that differential validity will occur when Bayesian adaptive tests 
are terminated using the observed s . The data also suggest that differential 

m 
validity can be expected to increase the longer the testing process is allowed 
to continue. 

In using the Bayesian adaptive testing strategy to reduce unfairness, it 
might be possible to compensate for the reduction in validity by differentially 
setting s for each subgroup. Appropriate levels for s could be estimated m m 
from the data shown in Figures 5 or 6. One problem in devising such a compen
satory method is that it could lead to a substantial difference in the average 
number of test items taken by each subgroup; it has been shown both in the 
present study and in previous studies that test length affects the other 
fairness indices. 

Advantages of differential prediction. When differential prediction was 
used, the average s became a much better estimator of the theoretical value m 
and was not nearly as adversely influenced by item bias. At a=l.l it was 
quite robust with respect to increasing item bias; and even though the under
prediction of error increased as item discrimination increased, the use of 
items with high discriminations is likely to lead to comparable degrees of 
underprediction for all subgroups. Moreover, with differential prediction, 
all three of the fairness indices gave convergent implications for the fairness 
of the adaptive test. Therefore, if Bayesian adaptive testing is terminated 
on the basis of observed values of s , it should be employed within the m 
differential prediction model studied here, in which items are sequentially 
selected for administration on the basis of subgroup item parameter values. 

CONCLUSIONS 

All current interpretations of the fairness of a selection procedure depend 
on the distribution of predicted criterion scores. Both in the present study 
and in the previous study by Pine and Weiss (1976), it has been shown that the 
distribution of predicted scores will vary as a function of item characteristics 
and testing strategy, i.e., adaptive versus conventional. Therefore, even 
assuming that a selection test is totally free of items biased against a 
particular subgroup, measured "fairness" will vary as a function of the item 
characteristics and strategy for selecting items and scoring a test. Thus, the 
fairness of a test--and consequently a selection program using that test--can 
vary even if it contains no biased items. 
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If, in addition, a selection test contains some degree of bias in its 
items, the situation is compounded. The results of these studies have shown 
that the extent to which biased items influence selection fairness depends 
on the testing strategy. Some strategies are more sensitive to the presence 
of item bias than are others. 

In comparing the Bayesian adaptive testing strategy to conventional 
tests, it was found that the adaptive test was consistently fairer than the 
conventional tests for tests of 30 or more items with discrimination levels of 
a=.70 and higher. Furthermore, the differential prediction version of the 
adaptive test produced almost perfectly fair performance on all fairness 
indices at high levels of item discrimination. Within the Bayesian strategy 
it was found that the choice of subgroup prior ability estimates affected 
test fairness. These effects were minimized by using differential prediction 
and by increasing test length. Finally, the use of observed values of the 
Bayesian posterior error of estimate to terminate the Bayesian adaptive test 
does not assure the reduction of differential validity and can lead to increased 
unfairness. 

One point of caution which needs to be made concerning the use of the 
Bayesian adaptive testing model is that great care must be taken in choosing an 
appropriate prior ability distribution for each subgroup. There are essen
tially two policies which can be followed for each subgroup: (1) using different 
priors or (2) using identical priors. However, both of these options can 
result in unfairness--against the minority subgroup in the fo.rmer case and 
against the majority subgroup in the latter. Obviously, a dilemma exists. 
Until this dilemma can be resolved through further research, the use of 
equivalent prior ability estimates for the majority and minority subgroups is 
probably advisable, since this will result in the minimum adverse impact on 
minority subgroups. 

Future research efforts on the reduction of test unfairness should be 
concerned with the problem of prior selection in population subgroups. In 
addition, other versions of the adaptive approach to testing should be examined 
to determine their effects on test fairness. There is also a need to 
determine the kinds and extent of intergroup differences in test item diffi
culties and discriminations that occur in live-testing situations. These 
differences should then be incorporated into future simulation studies to 
determine their interactions with testing strategies and their effects on 
test fairness. Fin~lly, it is most important that the findings based on theo
retical and simulation studiesbeverified in a live-testing situation. 
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APPENDIX: SUPPLEMENTARY TABLES 

Table A 
Score Distribution Characteristics for Conventional Tests ~: Length 10, as a 
Fun~tion of Discrimipation (a), Bias, and Group, for Uniform and Peaked Tests 

Test Len th 
10 30 so 70 100 

a Bias GrouE u p u p u p u p u p 

.30 
0.0 maj 38.4 56.8 45.4 47.4 41.6 43.8 44.0 46.2 44.0 49.8 

.5 min 30.4 46.2 31.8 33.8 28.0 28.2 29.6 30.2 30.6 30.8 
diff -8.0 -10.6 -13.6 -13.6 -13.6 -15.6 -14.4 -16.0 -13.4 -19.0 

1.0 min 21.6 37.4 20.4 21.4 18.0 17.2 18.2 19.0 17.2 19.2 
diff -16.8 -19.4 -25.0 -26.0 -23.6 -26.6 -25.8 -27.2 -26.8 -30.6 

2.0 min 10.0 20.2 7.8 7.2 4.4 3.6 4.4 4.6 4.6 4.6 
diff -28.4 -36.6 -37.6 -40.2 -37.2 -40.2 -39.6 -41.6 -39.4 -45.2 

• 70 
o.o maj 40.6 53.0 50.2 45.0 46.2 49.4 48.0 49.8 48.2 49.2 
.s min 26.6 35.4 34.4 29.2 28.4 30.4 32.0 29.8 31.0 29.2 

diff -14.0 -17.6 -15.8 -15.8 -17.8 -19.0 -16.0 -20.0 -17.2 -20.0 
1.0 min 16.4 22.8 19.6 15.0 14.8 15.6 16.2 15.4 15.4 14.8 

diff -24.2 -30.2 -30.6 -30.0 -31.4 -33.8 -31.8 -34.4 -32.8 -34.4 
2.0 min 4.6 6.2 3.8 3.6 2.8 3.6 2.4 3.4 3.0 3.2 

diff -36.0 -46.8 -46.4 -41.4 -43.4 -45.8 -45.6 -46.4 -45.2 -46.0 
1.1 

0.0 maj 40.0 52.6 47.2 46.8 47.8 47.6 47.8 48.4 48.8 so.o 
.5 min 25.2 35.2 29.6 29.4 28.0 29.2 27.8 29.2 29.0 29.2 

diff -14.8 -17.4 -17.6 -17.4 -19.8 -18.4 -20.0 -19.2 -19.8 -20.8 
1.0 min 15.0 20.4 17.4 15.2 15.8 14.6 13.8 15.4 15.4 15.4 

diff -25.0 -32.2 -29.8 -31.6 -32.0 -33.0 -34.0 -33.0 -33.4 -34.6 
2.0 min 3.4 4.8 3.0 3.4 2.4 3.4 2.2 3.0 2.6 2.6 

diff -36.6 -47.8 -44.2 -43.4 -45.4 -44.2 -45.6 -45.4 -46.2 -47.4 

Table B 
Score Distribution Characteristics for Conventional Tests of Length 30, as a 
Function of Discrimination (a), Bias, and Group, for Uniform and Peaked Tests 

Test Lensth 
10 30 50 70 100 

a Bias GrouE u p u p u p u p u p 

.30 
0.0 maj 38.4 56.8 45.4 47.4 41.6 43.8 44.0 46.2 44.0 49.8 

. 5 min 52.6 46.2 40.6 42.6 48.4 47.8 45.0 42.0 46.8 45.4 
diff 14.2 -10.6 -4.8 -4.8 6.8 4.0 1.0 -4.2 2.8 -4.4 

1.0 min 41.8 37.4 49.2 47.8 47.2 44.4 44.4 46.2 46.0 44.2 
diff 3.4 -19.4 3.8 .4 5.6 .6 .4 0.0 2.0 -5.6 

2.0 min 43.6 33.0 41.4 39.0 44.6 45.2 41.4 44.2 44.0 42.4 
diff 5.2 -23.8 -4.0 -8.4 3.0 1.4 -2.6 -2.0 o.o -7.4 

.70 
o.o maj 40.6 53.0 50.2 45.0 46.2 49.4 48.0 49.8 48.2 49.2 

.5 min 47.8 47.8 48.2 41.6 47.0 45.8 47.4 46.4 45.8 46.4 
diff 7.2 -5.2 -2.0 -3.4 .8 -3.6 -.6 -3.4 -2.4 -2.8 

1.0 min 49.8 46.0 45.0 41.4 47.0 44.8 45.6 41.8 47.6 42.8 
diff 9.2 -7.0 -5.2 -3.6 .8 -4.6 -2.4 -8.0 -.6 -6.4 

2.0 min 41.2 31.2 44.0 36.6 40.8 38.2 39.4 38.8 42.4 37.4 
diff .6 -21.8 -6.2 -8.4 -5.4 -11.2 -8.6 -11.0 -5.8 -11.8 

1.1 
0.0 maj 40.0 52.6 47.2 46.8 47.8 47.6 47.8 48.4 48.8 50.0 

.5 min 46.0 43.6 43.8 42.0 45.6 44.0 48.2 43.2 47.4 45.0 
diff 6.0 -9.0 -3.4 -4.8 -2.2 -3.6 .4 -5.2 -1.4 -5.0 

1.0 min 48.4 36.2 48.8 39.6 42.6 39.6 46.6 38.4 45.6 39.4 
diff 8.4 -16.4 1.6 -7.2 -5.2 -8.0 -1.2 -10.0 -3.2 -10.6 

2.0 min 51.0 27.6 40.8 28.6 43.0 30.8 43.0 30.8 44.0 29.6 
diff ll.O -25.0 -6.4 -18.2 -4.8 -16.8 -4.8 -17.6 -4.8 -20.4 



Table C 
Values of the C-Index for Uniform (U) and Peaked (P) Conventional Tests and 
for the Bayesian Adaptive Test (BAT), using Majority and Minority Prediction, 

and for Majority (maj) and Minority (min) Subgroups, and Subgroup Differences 
(diff), as a Function of Item Discrimination (a), Degree of Item Bias, for Tests 

of 10. 30, and 50 Items 

Majorit~ Prediction Differential Prediction 
10 Items 30 Items 50 Items 10 Items 30 Items 50 Items 

a Bias Group u p BAT u p BAT u p BAT BAT BAT BAT -
.30 maj .000 .000 -.024 .000 .000 -.149 .000 .000 -.177 -.024 -.149 -.177 

. 5 min -.124 -.124 -.171 -.258 -.255 -. 394 -.317 -.328 -.492 -.045 -.129 -.171 
diff -.124 -.124 -.14 7 -.258 -.255 -. 245 -.317 -.328 -.315 -.021 .020 .006 

1.0 min -.254 -. 264 -.303 -.527 -.534 -. 621 .635 -. 664 -. 790 -.035 -.lll -.161 
diff -.254 -. 264 -.279 -.527 -.534 -.472 .635 -.664 -.613 .Oll .038 .016 

2.0 min -.509 -.530 -.586 -1.03 3 - -I. 02 3 -1.118 1. 262 -1.286 -1.353 -.002 -.097 -.156 
diff -.509 -.530 -.562 -1.033 -1.023 -.969 -I. 286 -1.176 .022 .052 . 021 

.70 maj .000 .000 -.044 .000 .000 -. 141 .000 .000 -.154 -.044 -.141 -.154 

. 5 min -.283 -.319 -.359 -. 377 -.434 -.Sill -.422 -.461 -.561 -.074 -.llS -.141 
diff -.283 -.319 -.315 -. 377 -.434 -. 377 -.422 -.461 -.407 -.030 .026 .013 

I 

1.0 min -.586 -.623 -.651 -.801 -.837 -.885 -.879 -.894 -.963 -.073 -.105 -.141 N 
\0 

diff -.586 -.623 -.607 -.801 -.837 -.744 -.879 -.894 -.809 -.029 .036 .013 I 

2.0 min -1.141 -1.142 -1. 150 -1.533 -1. 524 -1. 568 -1.675 -1.634 -1. 682 -.070 -.121 -.156 
diff -1.141 -1.142 -1. 106 -1.533 -1.524 -1.42 7 -1.675 -1.634 -1.528 -.026 .020 -.002 

1.1 maj .000 .000 -.073 .000 .000 -. 103 .000 .000 -.119 -.073 -.103 -.ll9 

. 5 min -.361 -.4ll -.434 -.433 -. 452 -.509 -.462 -.462 -.541 -.095 -.100 -.121 
d iff -.361 -. 411 -.361 -.433 -.452 -.406 -. 462 -.462 -.422 -.022 .003 -.002 

1.0 min -. 739 -.780 -. 745 -.901 .861 -.896 -.946 -.882 -.946 -.079 -.097 -.123 
diff -.739 -.780 -.672 -.901 . 861 -. 793 -.946 -.882 -.827 -.006 .006 -.004 

2.0 min -1.480 -1.298 -1.22 7 -1. 760 -1.4 70 -1. 538 -1. 778 -1.499. -1.599 -.068 -.100 -.121 
diff -1.480 -1.298 -1.154 -1.760 -1. 4 70 -1.435 -1.778 -1.499 -1.480 .005 .003 -.002 

Priors: 
maj .073 -.103 -.ll9 -.073 -.103 -.ll9 

-1.0 min -1.079 -1.097 -1.123 -. 303 -.190 -. 204 
maj -1.006 -.994 -1.004 -. 230 -.087 -.085 

-.25 min -. 257 -.572 -.661 .255 .104 .054 
maj -.184 -.469 -.542 .328 .207 .173 

+1.0 min -.883 -.989 -1.028 -.145 -.122 -.149 
maj -.810 -.886 -.909 -.072 -.019 -.030 



Table D 
Values of the T-Index for Uniform (U) and Peaked (P) Conventional Tests and 

for the Bayesian Adaptive Test (BAT), using Majority and Minority Prediction, 
and for Majority (maj) and Minority (min) Subgroups, and Subgroup Differences 

(diff), as a Function of Item Discrimination (a), Degree of Item Bias, for 
Tests of 10, 30, and 50 .Items 

Majority Prediction Differential Prediction 
10 Items 30 Items 50 Items 10 Items 30 Items 50 Items 

a Bias Group U P BAT U P BAT U P BAT U P BAT U P BAT U P BAT 

.300.0 maj 38.4 56.8 45.4 45.2 47.4 36.6 41.6 41.8 36.0 38.4 56.8 45.4 45.4 47.4 36.6 41.6 43.8 36.0 

• 5 

1.0 

min 
diff 

30.4 46.2 34.8 
-8.0 -10.6 -10.6 

31.8 33.8 L3.6 28.0 
-13.6 -13.6 -13.0 -13.6 

28.2 21.8 
-15.6 -14.2 

min 21.6 37.4 26.0 20.4 21.4 15.8 
diff -16.8 -19.4 -19.4 -25.0 -26.0 -20.8 

18.0 17.2 12.6 
-23.6 -26.6 -23.4 

52.6 
14.2 

46.2 
-10.6 

41.8 37.4 
3.4 -19.4 

2.0 min 10.0 20.2 13.0 7.8 7.2 4.6 4.4 3.6 3.6 43.6 33.0 
diff -28.4 -36.6 -32.4 -37.6 -40.2 32.0 -37.2 -40.2 -32.4 5.2 -23.8 

44.6 
-.8 

45.2 
-.2 

40.6 
-4.8 

49.2 
3.8 

42.6 
-4.8 

47.8 
-4.0 

37.2 
• 6 

38.8 
2.2 

53.6 41.4 39.0 41.8 
8.2 -4.0 -8.4 5.2 

48.4 
6.8 

47.2 
5.6 

4 7.8 
4.0 

44.4 
-.6 

44.6 45.2 
3.0 1.4 

36.0 
0.0 

35.6 
-.4 

38.0 
2.0 

.70 0.0 maj 40.6 53.0 42.0 50.2 45.0 37.4 46.2 49.4 36.8 40.6 53.0 42.0 50.2 45.0 37.4 46.2 49.4 36.8 

• 5 min 26.6 35.4 25.8 34.4 29.2 22.2 
diff -14.0 -17.6 -16.2 -15.8 -15.8 -15.2 

28.4 30.4 21.8 
-17.8 -19.0 -15.0 

47.8 
7.2 

47.8 
-5.2 

1.0 min 16.4 22.8 15.2 19.6 15.0 12.8 14.8 15.6 11.2 49.8 46.0 
diff -24.2 -30.2 -26.8 -30.6 -30.0 -24.6 -31.4 -33.8 -25.6 9.2 -7.0 

2.0 min 4.6 6.2 3.2 3.8 3.6 2.0 2.8 3.6 1.6 41.2 31.2 
diff -36.0 -46.8 -38.8 -46.4 -41.4" -35.4 -43.4 -45.8 -35.2 .6 -21.8 

1.1 0.0 maj 40.0 52.6 36.4 47.2 46.8 38.6. 47.8 47.6 3R.8 40.0 52.6 

. 5 min 25.2 35.2 
diff -14.8 -17.4 

21.6 29.6 29.4 
-14.8 -17.6 -17.4 

21.0 29.0 29.2 
-17.6 -19.8 -18.4 

22.4 
-16.4 

46.0 
5.0 

43.6 
-9.0 

1.0 min 15.0 20.4 11.8 17.4 
diff -25.0 -32.2 -24.6 -29.8 

15.2 12.0 15.8 4.6 12.0 48.4 36.2 
31.6 -26.6 -32.0 -33.0 -26.8 8.4 -16.4 

2.0 min 3.4 4.8 1.8 3.0 3.4 1.2 2.4 3.4 1.2 51.0 27.6 

Bayesian 
Priors 

-1.0 

-.25 

+1.0 

diff -36.6 -47.8 -34.6 -44.2 -43.4 -37.4 -45.4 -44.2 -37.6 11.0 -25.0 

maj 

min 
diff 

min 
diff 

min 
diff 

.364 

.082 
-.282 

.202 
-.162 

.106 
-.258 

.386 

.110 
-.276 

.138 
-.248 

.118 
-.268 

.388 

.114 
-.274 

.138 
-.250 

.116 
-.272 

38.2 
-3.8 

48.2 
-2.0 

41.6 
-3.4 

38.8 
1.4 

47.0 
. 8 

45.8 
-3.6 

39.2 
2.4 

39.4 . 45.0 41.4 43.4 47.0 44.8 41.0 
-2.6 -5.2 -3.6 5.0 .8 -4.6 4.2 

40.8 44.0 36.6 38.8 40.8 38.2 
-1.2 -6.2 -8.4 1.4 -5.4 -11.2 

36.6 
-.2 

36.4 47.2 46.8 38.6 47.8 47.6 38.8 

37.2 
.8 

43.8 
-3.4 

42.0 
-4.8 

37.8 48.8 39.6 
1.4 1.6 -7.2 

39.0 40.8 28.6 
2.6 -6.4 -18.2 

.364 

.316 
-.048 

.540 

.176 

.380 

. 016 

40.6 
2.0 

45.6 
-2.2 

44.0 
-3.6 

40.0 
1.2 

40.4 42.6 39.6 40.0 
1.8 -5.2 -8.0 -.4 

39.6 43.0 39.2 
1.0 -4.8 16.8 .4 

.386 

.372 
-.014 

. 468 

.082 

.408 
• 022 

.388 

.370 
-.018 

.448 

.060 

,382 
-.006 

I 
w 
0 
I 
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joint function of KR-provision and test difficulty. Students receiving KR 
scored 
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THE EFFECTS OF KNOWLEDGE OF RESULTS AND TEST DIFFICULTY ON 
ABILITY TEST PERFORMANCE AND PSYCHOLOGICAL REACTIONS TO TESTING 

Sufficient motivation is necessary in order to adequately measure an 
individual's ability (e.g., Cronbach, 1970; Samuda, 1975; Terman, 1916). The 
provision of innnediate feedback or "knowledge of results" (KR) during testing 
is one possible method for increasing or maintaining high levels of motivation 
(Bayroff, 1964; Betz, 1975; Betz & Weiss, 1976b; Ferguson & Hsu, 1971; Strang 
& Rust, 1973; Zontine, Richards, & Strang, 1972). On-line computerized 
testing has made the provision of KR a relatively simple matter; the ease 
with which KR can be administered is an added advantage of computerized adap
tive testing, which lies beyond the purely psychometric benefits of such 
procedures. 

To study the effects and possible benefits of computer-administered KR, 
Betz and Weiss (1976a, 1976b) administered multiple-choice tests of verbal 
ability to college undergraduates at the University of Minnesota; the tests 
were administered either with or without KR after each item response. Their 
data showed higher testee performance, as measured by maximum likelihood 
ability estimates, for all students in the KR condition and significantly 
higher performance levels for low-ability students. Perceptions of test 
difficulty were more accurate for students receiving KR; these students also 
exhibited higher levels of motivation, as assessed by post-test measurements. 
The data also indicated that students' reactions to the provision of KR became 
more favorable as the proportion of positive feedback increased. Because KR 
increased performance and motivation in the Betz and Weiss studies and because 
individuals reacted more favorably to the provision of·KR as the proportion of 
positive feedback increased, an analysis of the joint effects of provision of 
KR and the proportion of positive feedback (test difficulty) was initiated. 

Method 

Procedure 

Subjects. Participating in this study were 561 undergraduate students 
enrolled in an introductory psychology course at the University of l1innesota 
in the fall of 1975. All students were volunteers who received points towards 
their final course grade for participation in the experiment. Students were 
sequentially assigned to experimental conditions. 

Test administration. All students were tested at individual cathode-ray 
terminals (CRTs) connected to a Hewlett-Packard 9600E Real-Time computer system. 
Instructional screens explaining the operation of the CRTs preceded the actual 
testing and were similar to those described in DeWitt and Weiss (1974, pp. 36-53). 
In addition, students were informed that they would have as much time as they 
needed to finish the test. A proctor was present in the testing room to 
provide assistance in the operation of the equipment. 
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Each test consisted of 50 five-alternative multiple-choice items. During 
the test,items were presented on the CRT screen and students responded by 
typing in a number corresponding to the chosen alternative for each item. 
Following the test, the students were asked to indicate their feelings about the 
test by responding to a series of questions designed to assess their psycho
logical reactions to the test. Students not provided KR were asked 18 questions, 
while those receiving KR were asked the same 18 questions plus an additional 
8 questions concerning their reactions to the provision of KR. 

Ind£pendent variabZes. A three-way factorial design was employed in the 
study. One factor was immediate knowledge of results (KR). Students in the 
KR condition were informed by the computer immediately after their response to 
a question whether the reponse was correct or incorrect. After an incorrect 
response, they were told which of the alternatives was correct. Students in the 
no-KR condition received no feedback. Ability-test strategy was another factor. 
Individuals received either a conventional peaked ability test or a fixed-length 
stradaptive ability test (Weiss, 1973). A third factor was test difficulty or 
proportion of positive feedback. Three conventional tests and three stradaptive 
test-administration procedures were designed such that students, on the average, 
would answer approximately 40%, 60%, or 80% of the test questions correctly. 
Level of difficulty (high, medium, or low) was inversely related to the propor
tion of positive feedback an individual received, whether that feedback was 
explicit as in the KR condition or subjective as in the no-KR condition. 

Dependent variabZes. Both the ability-test performance and the psycholog
ical reactions of the testees were of interest. Performance was measured by 
maximum likelihood ability estimates computed for each individual by solving 
the likelihood equation for Birnbaum's (1968, p. 459) three-parameter logistic 
model. Proportion-correct scores were also computed in order to assure that 
the tests were of appropriate difficulty. Proportion correct, however, was 
not used as an ability measure per se, since the stradaptive test-administration 
procedure was designed to yield an arbitrary proportion correct for each 
student and since differences in proportion-correct scores between students 
administered the three different conventional tests were determined to a degree 
by the construction of those tests. 

The reactions of individuals to the tests were determined using the 
responses of the students to psychological reactions items administered following 
the test. The four scales constructed from these items measured students' 
perceptions of the test's difficulty; their level of anxiety during testing; 
their motivation to do well on the test; and, for testees in the KR conditions, 
their reactions to the provision of KR. The items in the Difficulty-Perception, 
Anxiety, Motivation, and KR-Reaction scales are shown in Appendix Tables A 
through D, respectively. Also shown are the serial positions of the items in 
the post-test battery of items. Response options on the Difficulty-Perception, 
Anxiety, and Motivation scales were weighted on a scale from 1 to 5, while those 
on the KR-Reaction scale were vreighted on a scale from 1 to 4. These weights 
are also shown in the appendix tables. The scales were scored so that increasing 
scale scores corresponded to increasing anxiety, increasing motivation, 
perceptions of increasing difficulty, or increasingly positive reactions to KR. 
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Test Construction 

Item pool. The item pool from which the tests were constructed consisted 
of 569 five-alternative multiple-choice vocabulary items. Each item had 
associated with it a normal-ogive discrimination (a) and difficulty (b) 
parameter estimate (Lord & Novick, 1968). These parameters were based 
on data derived from samples of University of Minnesota un~ergraduate students. 
The norming sample and the original norming procedures are described in McBride 
and T-veiss (1974). Each of the five-alternative items was assumed to have a 
guessing parameter (c) of .20. 

Conventional tests. Items were chosen for the three 50-item peaked conven
tional tests so that the mean normal-ogive discriminations would be equal 
(approximately a=.80) and the mean normal-ogive difficulties would be approxi
mately b=-2.00, -.35, and 1.30 for the low-, medium-, and high-difficulty tests, 
respectively. 

Stradaptive tests. In order to form a stratified item pool for adaptive 
testing (Vleiss, 1973), items ranging in difficulty from b=-3. 0 to b=+3. 0 were 
grouped into nine non-overlapping strata on the basis of their difficulty
parameter estimates. The difference between the lowest and the highest 
difficulty in a stratum was constant at b=.67. Within a stratum, items were 
arranged in descending order of their discrimination-parameter estimates. A 
stratum contained at most 30 items, and no items were included with discrimina
tion-parameter estimates of less than .30. 

In a stradaptive test, branching between items is usually determined by 
whether an individual's response to the immediately preceding item was correct 
or incorrect (Weiss, 1973). The stradaptive administration procedure was 
modified in this study so that branching to a more (or less) difficult item 
was based on whether the individual's overall proportion correct was over 
(or under) a target value. In order to achieve averag.e proportion-correct 
scores of . 40, . 60, and . 80 for the low-, medium-, and high-difficulty tests, 
target values of .36, .60,and .84 were employed for the three tests, respectively. 
The target values were determined from a prior analysis of simulated responding. 
Branching was terminated after the administration of 50 items. 

Revised parameter estimates. During the interval betw·een the construction 
of the tests and the analysis of these data, the item-parameter estimates were 
revised according to a procedure outlined in Prestwood and Heiss (1977, Appen
dix A). The parameter estimates for items in the three conventional tests are 
shown in Appendix Table E. The mean b's for the low-, medium-,and high-diffi
culty tests were -2.32, -.70, and .68, respectively. The mean a's for the 
low-, medium-,and high-difficulty tests were .65, 1.07, and 1.76. An 
inspection of the revised item parameters for the items in the stratified 
item pool designed for stradaptive tests (Appendix Table F) shows some minor 
overlap in difficulties between adjacent strata and some departure from the 
descending order of discriminations within a stratum. The stratified pool, 
however, generally corresponds very closely to the desired structure specified 
for a stradaptive test. 

Data Analysis 

froportion-correct measures. The proportion of items correctly answered was 
calculated for each student. The mean and standard deviation of these measures 
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werethencalculated for each of the 12 experimental conditions in order to assess 
the accuracy withwhichthe conventional and stradaptive tests yielded the desired 
levels of test difficulty. 

Ability estimates. A maximum-likelihood estimate of ability was calculated 
for each individual,using the item parameters shown in Appendix Tables E and F. 
The mean and standard deviation of these estimates were calculated for each 
experimental condition and each combination of conditions. A classical three-way 
factorial analysis of variance was then performed on the data in order to assess 
the effects of KR-provision, test strategy, and test difficulty on mean student 
performance. 

Psychological reactions. The means and standard deviations of scores on the 
four psychological reactions scales were calculated for all experimental treat
ments and for all combinations of treatments. The effects of KR-provision, test 
strategy, and test difficulty on mean Difficulty-Perception, Anxiety, and Motiva
tion scores were assessed by three-way factorial analyses of variance. A two-way 
factorial analysis of variance was performed on data from the KR-Reaction scale. 
This analysis investigated the effects of test strategy and test difficulty on 
individuals' reactions to KR for those students in the KR conditions. Relative 
frequencies of response option endorsements were also calculated for items on 
the KR-Reaction scale. 

Cronbach's a. reliability coefficient was calculated for each of the psycho
logical reactions scales. In addition, the inter-scale Pearson product-moment 
correlation coefficients were computed. 

Results 

Ability Test Data 

Proportion correct. Table 1 shows the means and standard deviations of the 
proportion-correct measures for each experimental condition. Inspection of the 

Table 1 
Means and Standard Deviations of Proportion Correct for Conventional 

and Stradaptive Tests With and Without KR at Three Levels of Difficulty 

Experimental Condition 
Experimental Test KR No-KR 
Condition Difficulty N Mean S.D. N Mean S.D. 

Conventional Test 
Low Difficulty .800 48 .783 .106 45 .808 .103 
Medium Difficulty .600 47 .608 .147 49 .592 .141 
High Difficulty .400 46 .451 .188 46 .364 .153 

Stradaptive Test 
Low Difficulty .800 44 .828 .064 45 .824 .046 
Medium Difficulty .600 49 .617 .031 47 .610 .041 
High Difficulty .400 49 .434 .103 46 .417 .076 
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table reveals that tests in each condition achieved the appropriate target 
proportion correct with a good degree of accuracy. The largest discrepancy 
(.051) was between the target value of .400 and the actual value of .451 for 
the low-difficulty conventional test administered with KR. 

Table 2 
Means and Standard Deviations of Maximum Likelihood Ability Estimates for 

Conventional and Stradaptive Tests With and Without KR at 
Three Levels of Difficulty, and Three-Way ANOVA Results 

Experimental 
Condition 
Conventional Test 

Low Difficulty 
Medium Difficulty 
High Difficulty 

Stradaptive Test 
Low Difficulty 
Medium Difficulty 
High Difficulty 

Combined Conditions 
Conventional Test 
Stradaptive Test 
Low Difficulty 
Medium Difficulty 
High Difficulty 

Total 

Source of 
Variation 

Main Effects 
KR 
Test Strategy 
Difficulty Level 

Two-Way Interactions 
KR x Test Strategy 
KR x Difficulty Level 

Experimental Condition 
KR No-KR 

N Mean S.D. 

48 -.50 
47 -.38 
46 -.21 

44 -.24 
49 -.26 
49 -.20 

141 -.37 
142 -.23 

92 -. 38 
96 -.32 
95 -.21 

283 -.30 

.98 
1.15 
1.28 

1.05 
.81 

1.13 

1.14 
. 99 

1. 02 
.99 

1. 20 
1. 07 

N Mean 

45 -.21 
49 -.44 
46 -.74 

45 -.10 
47 -.32 
46 -.31 

140 -.46 
138 -.25 

90 -.16 
96 -.38 
92 -.52 

278 -.36 

S.D. 

1.00 
.96 

1.23 

.93 

.99 

.98 

1.08 
.97 
.96 
.97 

1.13 
1.03 

Three-Way Analysis of Variance 

Sum of Mean 
Sguares DF Square 

.41 1 .41 
4.36 1 4.36 
1.05 2 . 52 

.28 1 .28 
6.36 2 3.18 

Test Strategy x Difficulty 
Level .24 2 .12 

Three-Way Interaction 
KR x Test Strategy x 

Difficulty Level 2.02 2 1.01 
Residual 601.18 549 1.10 
Total 615.83 560 1.10 

*Estimated probability of error in rejecting null hypothesis. 

Combined 
Conditions 

N Mean S.D. 

93 -.36 
96 -.41 
92 -.48 

89 -.17 
96 -.29 
95 -.26 

281 -.42 
280 -.24 
182 -.27 
192 -.35 
187 -.36 
561 -.33 

F 

.38 
3.98 

.48 

.25 
2.91 

.11 

.92 

.99 
1. 06 
1. 28 

.99 

.90 
1.05 

1.11 
.98 
.99 
.98 

1.17 
1.05 

p* 

.999 

.044 

.999 

.999 

.054 

.999 

.999 

Maximum likelihood ability estimates. Table 2 shows the means and standard 
deviations of the maximum likelihood ability estimates as a function of KR 
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condition, test strategy, and test difficulty. The results· of the three-way 
analysis of variance are also shown. The analysis of variance revealed a 
significant (p<.05) main effect for test strategy. The mean ability estimate 
for students administered the stradaptive tests (-.24) was significantly 
higher than the mean for students taking the conventional tests (-.42). 

There was also a marginally significant (p~.054) two-way interaction 
between the provision of KR and test-difficulty factors. This interaction is 
shown graphically in Figure 1. Interestingly, Figure 1 shows that the 
effects of test difficulty on test performance were opposite in direction, 
depending on whether or not KR was provided. When KR was provided, the mean 
student ability estimate was highest on the most-difficult tests (-.21) and 
lowest on the least-difficult tests (-.38). The mean ability estimate for 
students in the no-KR conditions was highest on the least-difficult tests 
(-.16) and lowest on the most-difficult tests (-.52). 

Figure 1 
Mean Maximum-Likelihood 
Ability Estimates as a 

Function of KR-Provision 
and Test Difficulty 

-.1 

-.2 

-.3 

-.4 

-.5 

KR No-KR 

Psychological Reactions to Testing 

Difficulty Perception. The means and standard deviations of scores on 
the Difficulty-Perception scale are shown in Table 3 along with the results 
of a three-way analysis of variance of these data. The expected main effect 
due to test difficulty was highly significant (p<.OOl). In addition, the 
main effect of KR-provision was also significant (p<.Ol). Students receiving 
KR perceived the tests as being less difficult than did those not receiving 
KR. The mean Difficulty-Perception score for students in the KR conditions 
was -.94, while the mean for students in the no-KR conditions was -.13. 
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Table 3 
Means and Standard Deviations of Difficulty-Perception Scores 

for Conventional and Stradaptive Tests With and Without KR 
at Three Levels of Difficult!, and Three-Wai ANOVA Results 

Ex,eerimental Condition Combined 
Experimental KR No-KR Conditions 
Condition N Mean S.D. N Mean S.D. N Mean S.D. 

Conventional Test 
Low Difficulty 48 -3.59 3.08 45 -2.91 3.24 93 -3.26 3.16 
Medium Difficulty 47 -1.13 3.53 49 -.59 3.05 96 -.85 3.29 
High Difficulty 46 1.84 4.82 46 3.69 4.44 92 2.76 4.70 

Stradaptive Test 
Low Difficulty 44 -4.98 2.46 45 -3.27 2.82 89 -4.12 2. 77 
Medium Difficulty 49 -.79 2.35 47 -.17 3.00 96 -4.9 2.69 
High Difficulty 49 2.69 3.37 46 2.34 3.39 95 2.52 3.37 

Combined Conditions 
Conventional Test 141 -1.00 4.44 140 .07 4.50 281 -.46 4.49 
Stradaptive Test 142 -.89 4.15 138 -.34 3.82 280 -.62 4.00 
Low Difficulty 92 -4.26 2.87 90 -3.09 3.03 182 -3.68 3.00 
Medium Difficulty 96 -.95 2.97 96 .38 3.02 192 -.67 3.00 
High Difficulty 95 2.27 4.14 92 3. 02 3.99 187 2.64 4.07 

Total 283 -.94 4.29 278 -.13 4.18 561 -.54 4.25 
------------------------------------------------------------------------------

Three-Way Analysis of Variance 

Source of Sum of Mean 
Variation Squares DF Sguare F p* 

Main Effects 
KR 94.27 1 94.27 8.33 .004 
Test Strategy 7.48 1 7.48 .66 .999 
Difficulty Level 3693.13 2 1846.56 163.24 .001 

Two-Way Interactions 
KR x Test Strategy 4.82 1 4.82 .43 .999 
KR x Difficulty Level 8.96 2 4.48 .40 .999 
Test Strategy x 

Difficulty Level 37.23 2 18.62 1. 65 .192 
Three-Way Interaction 

KR x Test Strategy x 
Difficulty Level 63.58 2 31.79 2.81 .059 

Residual 6210.13 549 11.31 
Total 10112.87 560 18.06 

*Estimated probability of error in rejecting null hypothesis. 

Anxiety. Table 4 shows the means and standard deviations of the Anxiety 
scale scores as a function of experimental condition and the results of a 
three-way analysis of variance of these scores. As Table 4 shows, there 
were no effects of KR-provision, test strategy, or test difficulty on mean 
Anxiety scores. 
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Table 4 
Means and Standard Deviations of Anxiety Scores 

for Conventional and Stradaptive Tests \vith and Without KR 
at Three Levels of Difficult~, and Three-Wa~ ANOVA Results 

Experimental Condition Combined 
Experimental KR No-KR Conditions 
Condition N Mean S.D. N Mean S.D. N Mean S.D. 

Conventional Test 
Low Difficulty 48 -4.14 2.64 45 -3.70 2.58 93 -3.93 2.61 
Medium Difficulty 47 -3.49 3.20 49 -3.45 3.33 96 -3.47 3.25 
High Difficulty 46 -3.34 2.88 46 -3.46 3.23 92 -3.40 3.04 

Stradaptive Test 
Low Difficulty 44 -3.52 3.09 45 -3.84 3.08 89 -3.68 3.07 
Medium Difficulty 49 -4.06 2.94 47 -4.09 3.26 96 -4.08 3.08 
High Difficulty 49 -3.72 3.26 46 -3.24 2.84 95 -3.48 3.06 

Combined Conditions 
Conventional Test 141 -3.67 2.91 140 -3.53 3.05 281 -3.60 2.98 
Stradaptive Test 142 -3.77 3.08 138 -3.73 3.07 280 -3.75 3.07 
Low Difficulty 92 . -3.84 2.86 90 -3.77 2.83 182 -3.81 2.84 
Medium Difficulty 96 -3.78 3.06 96 -3.77 3.30 192 -3.77 3.17 
High Difficulty 95 -3.54 3.07 92 -3.35 3.02 187 -3.44 3.04 

Total 283 -3.72 3.00 278 -3.63 3.06 561 -3.67 3.02 
------------------------------------------------------------------------------

Three-\.J'ay Analysis of Variance 

Source of Sum of Mean 
Variation Sguares DF Sguare F ~ 
Main Effects 

KR 1.16 1 1.16 .13 .999 
Test Strategy 3.31 1 3.31 .36 .999 
Difficulty Level 15.30 2 7.65 .83 .999 

Two-\.Jay Interactions 
KR x Test Strategy .20 1 .20 .02 .999 
KR x Difficulty Level .85 2 .42 .05 .999 
Test Strategy x 

Difficulty Level 17.23 2 8.61 .93 .999 
Three-Way Interaction 

KR x Test Strategy x 
Difficulty Level 10.66 2 5.33 .58 .999 

Residual 5067.31 549 9.23 
Total 5115.72 560 9.14 

*Estimated probability of error in rejecting null hypothesis . 

Motivation. The means and standard deviationsofthe Motivation scores 
as a function of experimental condition are indicated in Table 5. A three-way 
analysis of variance of these data, also shown in Table 5, indicated a signifi
cant (p<.05) main effect for the KR factor. The mean Motivation score for 
individuals receiving KR ( .10) was significantly higher than that for 
individuals not receiving KR (-.32). No other main effects or interactions were 
statistically significant. 
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Table 5 
Means and Standard Deviations of Motivation Scores 

for Conventional and Stradaptive Tests With and Without KR 
at Three Levels of Difficultl, and Three-Wa~ AN OVA Results 

Ex~erimental Condition Combined 
Experimental KR No-KR Conditions 
Condition N Mean S.D. N Mean S.D. N Mean S.D. 

Conventional Test 
Low Difficulty 48 .08 2.49 45 .07 1.92 93 .07 2.22 
Medium Difficulty 47 -.01 2.31 49 -.01 2.33 96 -.01 2.31 
High Difficulty 46 . 33 1. 96 46 -.70 2.14 92 -.18 2.11 

Stradaptive Test 
Low Difficulty 44 . 24 2.34 45 -.49 2.10 89 -.13 2.24 
Medium Difficulty 49 .12 1. 97 47 -.55 2.26 96 -.20 2.13 
High Difficulty 49 -.16 2.08 46 -.25 2.25 95 -.21 2.15 

Combined Conditions 
Conventional Test 141 .13 2.26 140 -.21 2.16 281 -.04 2.21 
Stradaptive Test 142 .06 2.12 138 -.43 2.19 280 -.18 2.17 
Low Difficulty 92 .16 2.40 90 -.21 2.02 182 -.03 2.22 
Medium Difficulty 96 .06 2.13 96 -.27 2.30 192 -.11 2.22 
High Difficulty 95 .08 2.03 92 -.48 2.19 187 -.20 2.12 

Total 283 .10 .2.19 278 -.32 2.17 . 561 -.11 2.19 
------------------------------------------------------------------------------

Three-Way Analysis of Variance 

Source of Sum of He an 
Variation Sguares DF Sguare F p~ 

Main Effects 
KR 24.37 1 24.37 5.10 .023 
Test Strategy 2.78 1 2.78 .58 .999 
Difficulty Level 2.63 2 1. 32 .28 .999 

Two-Way Interactions 
KR x Test Strategy .79 1 .79 .17 .999 
KR x Difficulty Level 1.38 2 .69 .14 .999 
Test Strategy x 

Difficulty Level . 85 2 .42 .09 .999 
Three-Way Interaction 

KR x Test Strategy x 
Difficulty Level 21.06 2 10.53 2.20 .999 

Residual 2623.82 549 4.78 
Total 2677.69 560 4.78 

*Estimated probability of error in rejecting null hypothesis. 

Reactions to KR. Table 6 shows the means and standard deviations of 
scores on the KR-Reaction scale as a function of test strategy and test diffi
culty for students in the KR conditions. Table 6 also shows the results of a 
two-way analysis of variance of these data. There were no significant effects 
of experimental condition on mean KR-Reaction scores. 
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The endorsement frequencies of response options on the KR-Reaction items 
are shown in Table 7. Of the 283 students receiving KR, 87% said that KR 
made the test much more interesting, 86% felt that KR did not interfere 

Table 6 
Means and Standard Deviations of KR-Reaction Scores 

for Conventional and Stradaptive Tests at Three Levels 
of Difficulty, and Two-Way ANOVA Results 

Experimental 
Condition N He an S.D. 

Conventional Test 
Low Difficulty 48 -1.16 1. 62 
Medium Difficulty 47 -.92 1. 59 
High Difficulty 46 -1.26 1. 90 

Stradaptive Test 
Low Difficulty 44 -.42 .83 
Medium Difficulty 49 -.99 2.12 
High Difficulty 49 -1.39 2.30 

Combined Conditions 
Conventional Test 141 -1.11 1. 70 
Stradaptive Test 142 -.95 1.92 
Low Difficulty 92 -.80 1.35 
Medium Difficulty 96 -.95 1. 87 
High Difficulty 95 -1.32 2.11 

Total 283 -1.03 1. 81 

Two-\~ay Analysis of Variance 

Source of Sum of He an 
Variation Ssuares DF Ssuare F -e.* 
Main Effects 

Test Strategy 2.11 1 2.11 .65 .999 
Difficulty Level 13.72 2 6.86 2.11 .121 

Two-Way Interaction 
Test Strategy x 

Difficulty Level 10.84 2 5.42 1. 66 .189 
Residual 901.68 277 3.26 
Total 928.07 282 3.29 

*Estimated probability of error in rejecting null hypothesis. 

with their ability to concentrate on the test, 76% reported that KR did 
not make them "nervous," and 81% were very interested in knowing whether 
their answers were right or wrong. Ninety-two percent of the students 
receiving KR indicated that they liked getting immediate feedback. 
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Table 7 
Relative Frequencies of Response Option Endorsement 

for KR-Reaction Items (N=283) 

Relative Frequency 
of Respqnse Option 

Item Endorsement 

Did getting feedback on this test make 
it more interesting or less interesting? 

1. Much more interesting .87 
2. Somewhat more interesting .11 
3. Didn't make any difference .00 
4. Somewhat less interesting .01 
5. Much less interesting .01 

Did receiving feedback after each question 
interfere with your ability to concentrate 
on the test? 

1. No, not at all .86 
2. Yes, somewhat .12 
3. Yes, moderately so .04 
4. Yes, very much so .02 

Did getting feedback after each question 
make you nervous? 

1. No, not at all .76 
2. Yes, somewhat .22 
3. Yes, moderately so .01 
4. Yes, very much so .01 

Were you interested in knowing whether 
your answers were right or wrong? 

1. I was very interested .81 
2. I was moderately interested .14 
3. I was somewhat interested .04 
4. I didn't care at all .00 

How do you feel about getting feedback? 
1. I'd rather not know whether my 

answers were right or wrong 
2. I really don't care whether I 

get feedback or not 
3. I liked getting the feedback 

.07 

.01 

.92 

Interrelationships of psychological scales. The reliabilities of the 
Difficulty-Perception, Anxiety, ~1otivation, and KR-Reaction scales are shown 
in the diagonal of the matrix in Table 8. The off-diagonal entries in the 
matrix are the Pearson product-moment correlations among the four scales. 
The correlations involving the KR-Reaction scale are based on the 283 students 
in the KR conditions, whereas the other correlations are based on all 561 
students. As the perceived difficulty of the test increased, Anxiety scores 
increased and ~futivation scores decreased. Anxiety was positively but 
modestly correlated with Motivation. Reactions to KR became more positive as 
the Perceived Difficulty of the test decreased, and Motivation was positively 
correlated with positive reactions to KR. 
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Table 8 
Reliabilities and Intercorrelations of 

Psychological Reactions Scales 

Difficulty-
Scale Perception Anxiety Motivation KR-Reaction 

Difficulty-Perception 
Anxiety 
Motivation 
KR-Reaction 

.89 

.21 
-.17 
-.15 

• 78 
.13 

-.16 
. 62 
.25 

Note. All correlations statistically significant at p<.05. 

Discussion 

.66 

Betz and Weiss (1976a) found that the provision of KR increased the 
average maximum likelihood ability estimate of students administered a 
stradaptive or a conventional peaked test. They also found that KR increased 
the average number-correct score on the conventional test. The present data 
did not replicate these findings. In this study the average ability estimate 
of students in the KR and the average of students in the no-KR conditions 
did not differ significantly; nor did the present data show a higher level 
of anxiety on the adaptive test--a finding reported in Betz and Weiss (1976b). 

In this study, the mean maximum likelihood ability estimate was higher 
on the adaptive test than on the conventional test. In addition, the data 
suggest that average motivation is increased by the provision of KR. This 
latter effect may be partially due to the fact that students not provided 
KR rated the tests as more difficult than did students receiving KR. In 
addition, Motivation scale scores and scores on the Difficulty-Perception 
scale had a significant but modest negative correlation. 

Prestwood and Weiss (1977) analyzed student perceptions of individual 
item difficulties and showed that items with difficulties somewhat below the 
ability levels of the students were, on the average, perceived as being "about 
right" in difficulty. They suggested that by tailoring tests so that the 
item difficulties are psychometrically optimal, adaptive strategies may also 
be tailoring tests so that, in effect, all of the items are perceived by 
testees as being too difficult. They concluded that the psychological effects 
of such a procedure should be investigated more fully. The data reported 
here show no significant effects on mean level of anxiety or motivation due to 
test difficulty alone. These data suggest that although students perceive items 
below their level of ability as being most appropriate in difficulty, these 
perceptions do not adversely affect motivation when test difficulty is in 
the range employed in this study (proportion correct of .40 to .80). 

The marginally significant but highly provocative interaction of test 
difficulty and KR-provision in the analysis of maximum likelihood ability 
estimates indicates that the provision of KR may affect the performance of 
individuals differentially,depending on the difficulty of the task. On a 
conventional test, individual students may receive different tests in a 
psychological sense. Although each student will receive the same items, low
ability students may be responding to a relatively "difficult" test, whereas 
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high...;ability students may be responding to a relatively "easy" test. If the 
provision of KR has differential effects depending on the difficulty of the 
task, students of different ability levels may respond differently to the 
provision of KR according to their perceptions of the task's difficulty, even 
though they are administered the same set of test items. 

• On an adaptive test, where th£ difficulty of the task is modified so that 
each individual answers approximately the same proportion of items correctly, 
the differential effects of KR and test difficulty should be minimized. 
Although students react very favorably to KR regardless of the proportion of 
positive feedback they received, the interaction of test difficulty and KR
provision in the analysis of ability estimates suggests that the effects of 
KR's provision on performance should be carefully investigated before KR is 
provided under new sets of conditions. 
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Appendix: Supp Zementar>y Tab Zes 

Table A 
Difficulty-Perception Items, Serial Position of Administration, 

and Weights Assigned to Response Alternatives 

Item and Response 
Alternatives 

How often did you feel that the questions in 
the test were too easy for you? 

1. Always 
2. Frequently 
3. Sometimes 
4. Seldom 
5. Never 

How often did you feel that the questions in 
the test were too hard for you? 

1. Always 
2. Frequently 
3. Sometimes 
4. Seldom 
5. Never 

On how many of the questions did you guess? 
1. Almost all of the questions 
2. More than half of the questions 
3. About half of the questions 
4. Less than half of the questions 
5. Almost none of the questions 
6. None of the questions 

How often were you sure that your answers to the 
questions were correct? 

1. Almost always 
2. Hare than half of the time 
3. About half of the time 
4. Less than half of the time 
5. Almost never 

In relation to your vocabulary ability, how 
difficult was the test for you? 

1. Huch too difficult 
2. Somewhat too difficult 
3. Just about right 
4. Somewhat too easy 
5. Much too easy 

Did you feel frustrated by the difficulty of 
the test questions? 

1. Not at all 
2. Somewhat 
3. Fairly much so 
4. Very much so 

Serial 
Position 

1 

2 

5 

8 

10 

12 

Assigned 
Weight 

1. 00 
2.00 
3.00 
4.00 
5.00 

-1.00 
-2.00 
-3.00 
-4.00 
-5.00 

-1.00 
-1.80 
-2.60 
-3.40 
-4.20 
-5.00 

1.00 
2.00 
3.00 
4.00 
5.00 

-1.00 
-2.00 
-3.00 
-4.00 
-5.00 

1.00 
2.33 
3.67 
5.00 
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Table B 
Anxiety Items, Serial Position of Administration, 

and Weights Assigned to Response Alternatives 

Item and Response 
Alternatives 

During testing, did you worry about how well 
you would do? 

1. Not at all 
2. Somewhat 
3. Fairly much so 
4. Very much 

Were you nervous while taking the test? 
1. Not at all 
2. Somewhat 
3. Moderately so 
4. Very much so 

How did you feel while taking the test? 
1. Very tense 
2. Somewhat tense 
3. Neither tense nor relaxed 
4. Somewhat relaxed 
5. Very relaxed 

Did nervousness while taking the test prevent 
you from doing your best? 

1. Yes, definitely 
2. Yes, somewhat 
3. Probably not 
4. Definitely not 

Table C 

Serial 
Position 

' 

4 

7 

11 

16 

Motivation Items, Serial Position of Administration, 
and Weights Assigned to Response Alternatives 

Item and Response 
Alternatives 

How frequently were you careful to select what you 
thought was the best answer to each question? 

1. Almost always 
2. Frequently 
3. Sometimes 
4. Rarely 
5. Never 

Did you feel challenged to do as well as you 
could on the test? 

1. Not at all 
2. Somewhat 
3. Fairly much so 
4. Very much so 

Did you care how well you did on the test? 
1. I cared a lot 
2. I cared some 
3. I cared a little 
4. I cared very little 
5. I didn't care at all 

Serial 
Position 

6 

13 

18 

Assigned 
Weight 

1.00 
2.33 
3.67 
5.00 

1. 00 
2.33 
3.67 
5.00 

-1.00 
-2.00 
-3.00 
-4.00 
-5.00 

-1.00 
-2.33 
-3.67 
-5.00 

Assigned 
Weight 

-1.00 
-2.00 
-3.00 
-4.00 
-5.00 

1. 00 
2.33 
3.67 
5.00 

-1.00 
-2.00 
-3.00 
-4.00 
-5.00 
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Table D 
KR-Reaction Items, Serial Position of Administration, 

and Weights Assigned to Response Alternatives 

Item and Response Serial 
Alternatives Position 

Did getting feedback on this test make it 
more interesting or less interesting? 19 

1. Much more interesting 
2. Somewhat more interesting 
3. Didn't make any difference 
4. Somewhat less interesting 
5. Much less interesting 

Did receiving feedback after each question 
interfere with your ability to concentrate 
on the test? 20 

1. No, not at all 
2. Yes, somewhat 
3. Yes, moderately so 
4. Yes, very much so 

Did getting feedback after each question 
make you nervous? 21 

1. No, not at all 
2. Yes, somewhat 
3. Yes, moderately so 
4. Yes, very much so 

Were you interested in knowing whether your answers 
were right or wrong? 24 

1. I was very interested 
2. I was moderately interested 
3. I was somewhat interested 
4. I did not care at all 

How do you feel about getting feedback? 
1. I'd rather not know whether my answers 

were right or wrong 
2. I really don't care whether I get feedback 

or not 
3. I liked getting the feedback 

26 

Assigned 
Weight 

-1.00 
-1.75 
-2.50 
-3.25 
-4.00 

-1.00 
-2.00 
-3.00 
-4.00 

-1.00 
-2.00 
-3.00 
-4.00 

-1.00 
-2.00 
-3.00 
-4.00 

1. 00 

2.50 
4.00 
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Table E 
Normal-Ogive Discrimination (a) and Difficulty (b) 

Parameters of Items on the Three 50-Item Conventional Tests 

Low-Difficult~ Test Medium-Difficult~ Test Hi~h-Difficult~ Test 
Item Item Item 
Reference Reference Reference 
Number a b Number a b Number ~ l2. 

20 .38 -5.76 23 .71 -3.86 262 .77 -1.93 
72 .27 -6.13 18 .48 -4.24 31 .72 -2.14 
4 .40 -5.56 240 .59 -3.35 6U .58 -1.40 

29 . 32 -5.52 212 .56 -3.64 559 .62 -1.68 
62 .43 -4.95 16 . 75 -2.95 285 . 84 -1.02 
78 .44 -4.84 100 . 59 -3.18 640 .78 -1.06 
55 .29 -4.95 201 .31 -2.97 26 . 36 -1.02 
23 .71 -3.86 65 1.02 -2.71 43 1.11 -.86 
18 .48 -4.24 89 .72 -2.49 149 . 83 -.46 

122 1.15 -3.31 124 1.09 -2.64 87 1. 24 -.76 
32 .66 -3.73 63 .69 -2.14 33 . 80 -.39 

2 .52 -3.81 131 .60 -2.58 183 .73 -.45 
212 .56 -3.64 106 .67 -2.01 207 . 79 -.04 

77 .44 -3.60 81 .44 -2.39 157 .38 -.25 
8 1. 01 -3.15 186 1. 07 -1.34 599 1. 63 .16 

39 .35 -3.63 256 .46 -1.93 205 .60 -.02 
19 .71 -3.81 559 .62 -1.68 144 .91 . 29 

182 .70 -3.83 34 .83 -1.58 568 1. 63 . 29 
105 . 98 -2.63 127 1.08 -1.35 283 3.00 .49 
261 .42 -3.46 276 .45 -1.53 318 .53 . 31 
16 .75 -2.95 285 . 84 -1.02 340 1. 92 .65 

187 .48 -3.07 94 .56 -1.02 506 .81 .58 
121 .74 -2.82 85 .93 -.67 114 3.00 .96 

69 .53 -3.23 241 .57 -1.05 271 . 89 .80 
126 .96 -2.27 522 1.06 -.39 541 3.00 1.16 
131 .60 -2.58 222 .65 -.50 526 1.17 .92 

66 .87 -2.02 270 1. 22 -.14 665 3.00 1. 62 
63 . 69 -2.14 156 . 84 -.17 321 3.00 1.00 

262 .77 -1.93 56 1.11 .14 120 3.00 1.46 
95 .56 -1.71 444 . 62 .06 306 1. 32 1. 20 
90 .94 -1.31 568 1.63 .29 174 3.00 1.46 

186 1. 07 -1.34 266 2.12 .51 254 3.00 1. 37 
276 .45 -1.53 629 .53 . 42 147 .83 1.47 
214 .48 -1.49 377 . 59 . 39 586 1. 54 1. 31 
322 .67 -1.09 113 1.06 . 68 652 3.00 1. 66 
235 . 66 -.78 271 .89 .80 595 3.00 1. 58 
349 .92 -.52 114 3.00 .96 573 3.00 1.86 
123 .82 -.56 294 3.00 1.07 319 3.00 2.14 
287 .52 -.65 111 .82 .94 400 .93 1. 68 
94 .56 -1.02 506 .81 .58 263 3.00 1.47 

234 .65 -.13 601 1.32 1.10 445 3.00 2.07 
597 • 62 -0 299 1.77 1.16 383 2.11 1.52 
145 .79 . 09 581 1. 26 1.21 247 .65 2.06 
292 .61 .01 306 1.32 1. 20 273 3.00 2.14 
635 .57 .27 304 . 89 1.34 115 3.00 2.02 
622 .44 .20 367 .72 1.40 533 . 63 2.15 
506 .81 .58 140 3.00 1. 38 381 3.00 2.35 
165 .38 .56 286 .59 1. 64 534 2.52 1. 61 
113 1.06 . 68 595 3.00 1. 58 360 3.00 1.71 
526 1.17 .92 573 3.00 1. 86 609 3.00 2.14 

--------------~----------------------------------------------------------------Mean • 5 -2.33 Mean 1.07 -.70 Mean 1.76 .68 
S.D. .23 1. 91 S.D. .73 1.71 S.D. 1.05 1.21 



-20-

Table F 
Normal-Ogive Discrimination (a) and Difficulty (b) Parameters 

for Items in the Stratified Item Pool 

Item Item Item 
Reference Reference Reference 
Number a b Number a b Number a b 

Stratum 1 Stratum 2 (cont'd) Stratum 4 (cont'd) 
573 3.00 1.86 119 .53 1. 73 386 1.25 .54 
595 3.00 1.58 281 .40 1. 79 538 1.18 .52 
263 3.00 1.47 603 .38 1.80 60 1. 23 • 64 
378 3.00 1.48 Mean 1.37 1.44 59 1.09 .60 
561 1.72 1.42 S.D. .98 .18 113 1.06 .68 
572 1. 29 1.43 

Stratum 3 551 • 90 . 34 
253 2.32 1.44 146 .93 .47 
168 .91 1.55 583 3.00 1.16 

636 .76 .37 
260 .71 1.82 337 3.00 1.18 

271 .89 .80 
400 .93 1.68 541 3.00 1.16 

506 .81 .58 114 3.00 .96 521 .75 1. 70 
294 3.00 1.07 295 .68 • 53 

504 .64 1.81 233 .65 . 41 
616 .61 1. 76 321 3.00 1.00 

267 . 65 .77 
403 .54 1. 76 607 3.00 1.11 

139 .61 .79 
577 .61 2.00 526 1.17 .92 

133 .57 .56 
374 .56 1. 99 651 1.09 .89 

258 . 57 • 64 
167 .42 2.16 601 1. 32 1.10 

593 .56 .55 598 1.08 1.04 Mean 1.41 1. 70 
111 . 82 .94 519 .53 .44 

S.D. .99 .22 
375 .83 .93 289 .48 . 69 

Stratum 2 215 .91 1.07 549 .43 .35 
665 3.00 1. 62 231 .87 1.19 252 .42 .47 
120 3.00 1.46 238 .76 1.13 Mean 1.14 .55 
254 3.00 1.37 164 • 69 1.14 S.D. .70 .13 
288 3.00 1.26 341 .63 1.28 Stratum 5 
562 3.00 1.22 368 .46 1.42 380 1.82 .12 
617 2.78 1.17 576 .43 1.13 272 1. 96 .22 
299 1.77 1.16 213 .43 1.43 599 1.63 .16 
140 3.00 1. 38 259 • 37 1.29 568 1. 63 .29 
306 1.32 1.20 172 .38 1.36 329 1.42 .18 
581 1.26 1.21 516 .35 1.12 161 1. 38 .13 
291 1. 64 1.35 333 • 35 1. 34 270 1. 22 -.14 
217 1. 25 1.38 308 .34 1. 31 128 1.07 -.36 
304 .89 1.34 Mean 1. 32 1.14 143 1.04 -.15 
587 .87 1.36 S.D. 1.05 .15 37 .86 -.24 
147 .83 1.47 Stratum 4 156 . 84 -.17 
367 .72 1.40 

347 3.00 .49 221 .82 -.28 
216 .67 1.40 296 3.00 .67 209 • 87 .07 
397 • 65 1. 34 266 2.12 .51 144 .91 .29 
610 .79 1.57 264 2.28 .55 211 .77 -.24 
159 .77 1.56 340 1.92 .65 52 .84 .21 
107 .69 1.59 342 1.59 .54 207 .79 -.04 
525 .57 1.51 265 1. 57 .55 208 .74 -.18 
286 .59 1. 64 301 1. 38 .47 369 .79 .30 
242 .52 1.57 582 1. 20 .35 307 .70 -.33 
505 • so 1.43 22{1; .68 -.,6 

(continued) 
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Table F (cont'd) 

Item Item Item 
Reference Reference Reference 
Number a b Number a b Number a b 

Stratum 5 (cont'd) Stratum 7 (cont'd) Stratum 8 (cont'd) 
502 .73 .22 190 1. 82 -1.44 80 .86 -2.25 

50 . 69 .32 27 1.43 -1.68 198 . 80 -2.50 
391 .62 .06 84 1. 70 -1.64 5 .75 -2.16 
292 .61 .01 13 1.89 -1.55 89 .72 -2.49 
205 .60 -.02 96 1.13 -1.72 184 . 73 -2.19 
355 .51 .10 125 1.24 -1.88 31 .72 -2.14 
218 .41 -.13 129 1.27 -1.35 63 .69 -2.14 
234 . 65 -.13 22 1.20 -1.97 106 .67 -2.01 
157 .38 -.25 101 1.17 -1.40 255 .64 -2.18 
Mean .93 -.01 44 1.15 -1.41 202 . 62 -2.17 
S.D. .40 .21 134 1.07 -1.94 131 .60 -2.58 

Stratum 6 127 1.08 -1.35 628 .57 -2.29 

194 1. 79 -.96 186 1.07 -1.34 82 .54 -2.31 

36 1. 64 -.79 90 .94 -1.31 151 .44 -2.65 

40 1. 24 -1.03 83 .88 -1.45 73 .43 -2.69 

87 1. 24 -.76 86 .89 -1.19 Mean 1.05 -2.34 

501 1.20 -.55 34 .83 -1.58 S.D. .62 .23 

199 1.09 -1.09 227 .81 -1.25 Stratum 9 
43 1.11 -.86 262 .77 -1.93 28 3.00 -2.63 

109 1.11 -.70 311 .75 -1.43 25 3.00 -2.63 
47 1. 04 -.96 189 .76 -1.19 122 1.15 -3.31 

522 1. 06 -.39 88 .71 -1.33 8 1.01 -3.15 
239 .94 -.71 232 .67 -1.25 121 .74 -2.82 
173 . 88 -1.06 76 .62 -1.75 16 .75 -2.95 

85 .93 -.67 95 .56 -1.71 17 .7-2 -2.89 
204 .88 -.74 108 .54 -1.16 32 . 66 -3.73 
123 . 82 -.56 214 .48 -1.49 100 .59 -3.18 

46 .84 -.36 141 .48 -1.21 240 .59 -3.35 
203 .82 -.38 276 .45 -1.53 212 .56 -3.64 

33 .80 -.39 Mean 1.02 -1.51 69 .53 -3.23 
535 .77 -.37 S.D. .43 . 24 187 .48 -3.06 
183 . 73 -.45 Stratum 8 261 . 42 -3.46 
185 . 68 -.68 99 1. 24 -2.67 135 .43 -2.79 
235 .66 -.78 11 1. 75 -2.58 74 .39 -3.24 
222 .65 -.50 9 1.45 -2.24 132 .38 -3.21 
117 .62 -.66 102 3.00 -2.36 30 . 31 -3.58 
112 .61 -.78 71 3.00 -2.32 201 .31 -2.97 

53 . 64 -.48 138 1. 73 -2.02 570 . 29 -3.14 
94 .56 -1.02 70 1.29 -2.24 48 .27 -2.70 

546 .56 -.80 124 1.09 -2.64 Mean .79 -3.13 
287 .52 -.65 206 1.11 -2.19 S.D. . 75 .31 
371 .44 -.92 158 1.08 -2.00 
Mean .90 -. 70 65 1.02 -2.71 
S.D. .31 .22 181 1.02 -2.58 

Stratum 7 105 .98 -2.63 
196 2.13 -1.79 126 .96 -2.26 

66 .87 -2.02 
-----·----
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A COMPARISON OF LEVELS AND DIMENSIONS OF PERFORMANCE 
IN BLACK AND WHITE GROUPS ON TESTS OF 

VocABULARY~ MATHEMATics~ AND SPATIAL ABILITY 

An important current concern of users of ability tests in practical appli
cations is the general trend for some minority groups to obtain significantly 
lower scores on such tests. For example, in a summary of the individual and 
group tests reported in the literature for urban children in the North and 
South, Shuey (1958) noted that the average IQ scores for Black and White adults 
tested during both world wars have consistently differed by 10 to 20 points 
and that typically, less than 25% of the Black group has scored above the 
median for Whites. 

The presence of Black-\fuite differences on ability tests seems to be 
well documented (see also Baughman & Dahlstrom, 1968; Jensen, 1973; Kennedy, 
Van de Riet, & White, 1963; Loehlin, Lindzey, & Spuhler, 1975; Terman & 
Merrill, 1960). The question which most recent research has tried to answer 
is, What is the cause or nature of these differences? One possibility which 
has been considered is that the tests being used for such applications as edu
cational and industrial selection do not measure the same variables for the 
different groups. Thus, for example, there may be subsets of items or underly
ing factors of performance which are different for Blacks and Whites. 
Depending on the nature of such differences, a cultural bias may or may not 
be reflected in the test or in certain items in the test. 

An approach that has been used to investigate this question is the 
examination of the relative difficulties of items for different groups, under 
the assumption that even if mean differences in total test performance exist, 
the relative difficulties of the items should be the same in the different 
groups. This approach is usually operationalized by using an analysis of 
variance to look for significant item-by-race interactions where the difficulty 
of the items is indexed by proportion-correct score (Cardall & Coffman, 1964; 
Cleary & Hilton, 1968). Because the proportion-correct score can range only 
from 0 to 1, differences between two groups may become truncated as the 
average proportion-correct score of the groups approaches 0 or 1. To avoid 
this problem, item-by-group interaction studies have sometimes converted 
proportion-correct indices to normal deviates or to the delta index (Angoff & 
Ford, 1971; Breland, Stocking, Pinchak, & Abrams, 1974; Gitlitz & Kaufman, 1972). 

Angoff and Ford (1971) have developed an elliptical graphing technique 
using the delta transformations for testing the significance of item-by-group 
interactions which has been applied to data from the National Longitudinal Study 
of the Class of 1972 by Breland et al. (1974). This study not only identified 
items which had significant interactions with race but attempted to interpret 
the nature of possible bias in the items. Breland et al. found, for example, 
that the most biased items were those reflecting linguistic differences, 
primarily between Spanish-speaking groups and others. Mathematics items were 
found to be easier or more difficult for minorities, depending on how much they 
reflected "street sense," e.g., items dealing with money. Other attempts to 
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identify and interpret item-by-group effects include comparing the rank orders 
of item difficulties between groups and examining the frequency with which 
groups choose specific multiple-choice distractors in order to gain insight 
into how the items operate differently in the various groups (e.g., Bartlett, 
Newbrough, & Tulkin, 1972: Jensen, 1974). 

All these methods are, in fact, attempts to show that the test as a whole 
or certain items within it operate differently for different groups (i.e., 
measure different dimensions of performance). Perhaps the most direct way, 
then, to determine whether or not this is the case is to factor analyze the 
item intercorrelation matrix for each group separately and to examine directly 
the number and nature of dimensions underlying test performance. If different 
groups require a different number of factors to explain test variance or if the 
patterns of item loadings suggest that the nature of the underlying factors in 
the groups is different, these results could be interpreted as evidence that 
the test emphasizes different dimensions of performance in different groups. 

In general, studies which have looked at comparative factor structures 
in this way (Flaugher & Rick, 1972; Humphreys & Taber, 1973; Johnson, 1969; 
Lesser, Fifer, & Clark, 1965; Stodolsky & Lesser, 1967) have concluded that 
most ability tests measure essentially the same underlying dimensions in all 
groups. However, the patterns of ability levels on these dimensions do 
appear to vary from group to group. To the extent that a given test emphasizes 
particular dimensions of performance, these results suggest that some groups 
can be expected to be at a disadvantage in terms of their test scores. 

To investigate a test in a thorough manner to see if the test or certain 
items within it measure different dimensions of performance for different groups, 
some method of assessing item-by-group interaction should be combined with 
an examination of the comparative factor structures of the test. Although a 
factor analysis of test items seems the most direct way to investigate 
differential underlying dimensions for different groups, there may be items in 
the test that function differently for different groups which should be 
identified and perhaps eliminated from the test but which are not numerous 
enough to define an important factor. Thus, the factor analytic approach 
should be supplemented by some method for studying item-by-group interaction. 

Analysis of variance methods for identifying item-by-group interactions 
are direct ways of isolating specific items which operate differently in 
different groups, but there are problems with these procedures. For example, 
such an interaction model is not capable of detecting biased items in those 
cases in which all (or most) of the test items have roughly the same degree 
of bias. Secondly, the method provides no objective way of determining whether 
items isolated by such methods operate differently in different groups for the 
same reason or for reasons specific to each item. Use of an item-by-group 
interaction method in conjunction with a factor analysis allows examination 
of the loadings of the items identified to determine whether or not they 
define a consistent spurious dimension. Combined with an examination of item 
content, these analyses can lend extra confidence to interpretations of why the 
items behave differently for the different groups. 

This report is concerned with (1) the nature and extent of test performance 
differences between Blacks and Hhites on three kinds of ability tests and 
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variables related to those differences; (2) the use of factor analysis to 
compare the structures of tests for Blacks and \ihites; (3) the use of an index 
of item-by-group interaction derived from the parameters of Item Characteristic 
Curve (ICC) theory (Lord & Novick, 1968) to detect possibly biased items. 
These studies are preliminary to later studies evaluating the use of computer
ized adaptive testing techniques and indices of item bias to reduce. differences 
in levels and dimensions of ability test performance for different groups. 

METHOD 

Tests 

Three tests were constructed to measure vocabulary, mathematics, and 
spatial abilities. All three tests consisted of a number of five-alternative 
multiple-choice items printed in a conventional test booklet format. 

Vocabulary Test 

The vocabulary test consisted of 127 items drawn from several sources. 
Sixty-five items were drawn from the Black literature sources listed in Appendix 
Table A-1; eight additional items were developed specifically for this test using 
"Black-type" words provided by a Black clinical psychologist. Although words 
were drawn from all sources listed in Appendix Table A-1, only those words 
drawn from the Dictionary of Afro-American Slang and those provided b¥ 
the Black clinical psychologist were clearly distinguishable as "Black-type" 
words. Consequently, where performance comparisons were made for ~acial groups 
on "Black-type" words versus "non-Black-type" words, only the 32 words from 
these two sources were used. Stems for 17 items were drawn from Webster's 
Seventh New Collegiate Dictionary and represented words which were assumed 
to be more familiar to Whites. Thus, there were approximately twice as many 
words in the test written specifically for Blacks as words written specifically 
for Whites. The remaining items came from already existing items in the 
University of Minnesota Psychometric Methods adaptive testing item pool 
(McBride & Weiss, 1974) and from items provided by Educational Testing Service. 
These items are typical of vocabulary items administered in standardized tests, 
such as the Scholastic Aptitude Test. Examples of items from all these sources 
are shown in Appendix Table A-2. 

Mathematics Test 

The mathen1atics test consisted of 25 multiple-choice items involving 
application of basic arithmetic operations (singly or in combination), simple 
unit conversions, and "story" problems involving quantitative reasoning. All 
items were selected from a locally developed experimental item pool and were 
similar to items in the mathematics subtest of the General Aptitude Test Battery 
(GATB). Sample items are contained in Appendix Table A-3. 

Sva-tial Test 

The spatial test consisted of 30 items which required the· subject to 
visualize which of 4 three-dimensional solids would result from "folding" the 
one-dimensional pattern in the stem. Similar to the mathematics items, items 
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were selected from a locally developed pool and were similar to items in the 
spatial subtest of the GATB. Appendix Figure B-1 contains some sample spatial 
items. 

Procedure 

The vocabulary, mathematics, and spatial tests were given in two adminis
trations to students at two racially mixed high schools in Minneapolis. The 
vocabulary test was given during the first testing, and the mathematics and 
spatial tests were combined into one booklet for the second administration. 
There wasone day between administration of the vocabulary test and the 
mathematics and spatial tests in both schools. The testees were lOth through 
12th grade students at one school and 9th grade students at the other. The 
vocabulary test was given to a total of 285 students, including 92 Blacks, 173 
Whites, 4 Latin Americans, 4 Native Americans, and 12 for whom no ethnic 
information was reported. Half the vocabulary test booklets contained the 
pages in reverse order so that data would be obtained on all items in case a 
large number of studentswerenot able to complete the test. It was found 
that all students were able to complete the tests in the time allotted. 

The mathematics and spatial tests were completed by 300 students, including 
86 Blacks, 183 Whites, 2 Latin Americans, 7 Spanish Americans, and 22 who did 
not provide information on ethnic background. A total of 161 students were 
present at both test administrations at their respective schools so that scores 
for all three tests were available for this subset of the total group. In 
addition to the tests, all students completed a biographical questionnaire at 
each testing session providing information on their sex, race, and the highest 
educat1onal level obtained by their mothers and fathers. A copy of this 
biogra?hical form appears in Appendix Figure ·B-2. 

Total testing time allowed for the 127-item vocabulary test was 60 minutes, 
and 60 minutes were also allotted for the combined mathematics and spatial 
tests of 25 and 30 items, respectively. At one school both test administrations 
were proctored by six teachers under the supervision of the chief counselor and 
a mathematics teacher. At the other school the chief counselor, two teachers, 
and two psychology research assistants served as proctors. An identical set 
of test instructions was used and read at all test administrations. 

Data Analysis 

Mean Differences 

The effects of race, parents' educational level, and sex on test scores 
were analyzed separately for each of the three tests using a three-way analysis 
of variance. Because cell frequencies in the three-way crossed classification 
were neither exactly equal nor proportional, analysis of variance computational 
procedures which account for nonorthogonal main effects and nonorthogonality 
between main and interaction effects were used. Computations were based on 
the "classic experimental" approach described by Nie, Hull, Jenkins, Stein
brenner, and Bent (1975, pp. 405-408). 

An initial descriptive index of the educational level for each parent was 
obtained by assigning a number from 1 to 6 to each of the six educational 
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response categories in the biographical questionnaire as follows: 1 =not 
applicable, 2 = did not complete high school, 3 = finished high school, 4 = 
some college or other post-high school, 5 = finished college, 6 = attended 
graduate or professional school. UsiDg these numerical values, mean educational 
level for fathers and mothers of both racial groups was then computed for 
those students who reported Categories 2 through 6. The frequency .of responses 
to each educational category for both the vocabulary and mathematics/spatial 
administrations is shown in Appepdix Table A-4. Responses for students who scored 
below chance levels (see below) were not included in these frequencies. 

In ord.er to obtain a single index of parental education for each student, 
the higher of the two reported educational levels for father and mother was used. 
Since the sample sizes at some educational levels were rather small for analysis 
of variance purposes, this single index of parental education was then collapsed 
into three groups, depending on whether the higher educated parent (1) did not 
complete high school, (2) did complete high school or the equivalent, or 
(3) had at least some college or additional schooling after high school. This 
latter group also included those families in which one or more parents had 
actually completed college or had attended graduate or professional school. 
In assigning students to educational levels, it was assumed that those who 
did not respond to the question about father's or mother's education or 
answered "not applicable" did not have either a father or a mother, or both, 
living in the home. Twenty-four students did not provide parents' educational 
level for the vocabulary test analysis, and 48 students did not provide this 
information for the mathematics and spatial tests. Assuming that parental 
environment affects ability test scores, it is reasonable to include these 
students in the lowest educational level for the analysis. To the extent 
that test scores of these students averaged lower than the other students 
included in the lowest educational level (those reporting some high school but 
no diploma), the effects of parents' educational level on scores will be 
somewhat overestimated if those not providing parents' educational information 
did in fact have parents with a high school diploma or some post-high school 
education or training. 

For each test separately, scores below the chance level (defined as the 
number of items in the test divided by the number of response alternatives for 
each item) were not included in the calculations. The original 265 vocabulary 
scores included 6 such chance scores for Whites and 2 for Blacks which could be 
obtained on the basis of guessing alone; 5"Blacks and 3 Whites were eliminated 
from the mathematics and spatial test analyses for this reason. Other students 
eliminated from the analyses were those who did not provide racial information 
or were either Native American or Latin American. 

Factor Composition 

For each of the tests, an item intercorrelation matrix of phi coefficients 
was obtained for both of the racial groups. All items were included in the 
factor analyses for the mathematics and spatial subtests; due to computer 
limitations, however, 75 randomly selected items were used in the factor analysis 
of the vocabulary items. Although there have been arguments in favor of using 
tetrachoric correlations in such factor analyses because phi coefficients are 
more likely to result in "difficulty" factors (Lord & Novick, 1968, p. 382), 
Lumsden (1976) concluded that normally it should not be necessary to use 
tetrachorics. He cited a study by McDonald and Ahlawat (1974) which 
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demonstrated that difficulty factors will not arise with phi coefficients if 
the regressions of the items on the latent trait are linear and that diffi
culty factors will be negligible unless the item difficulties are widely 
different or the item discriminations are high. McDonald and Ahlawat concluded 
that the widely held belief that spurious factors occur when phi coefficients 
are "attenuated" due to unequal difficulties is false. 

For each test within both the Black and White groups, a principal axis 
solution was obtained, and the important factors were rotated by the varimax 
procedure. The number of factors extracted and rotated in each case, and the 
final number of rotated factors scored for each test, were determined through 
the following process: 

1. For each principal axis solution, a parallel analysis (Humphreys & 
Ilgen, 1969) of random correlation matrices with the same number of 
subjects and items was conducted, and the eigenvalues of the real 
data solution were compared to those of the random factor solution. 
Real data factors with eigenvalues greater than the corresponding 
random factors were tentatively considered to be meaningful. 

2. When the parallel analysis procedure did not give a clear indication 
of the number of factors to retain, the rotated eigenvalues and the 
loadings of items on each factor were examined to determine which 
number of factors better explained the data. 

3. In all cases, rotated factor solutions were obtained for one or two 
factors above and below the final factor solution to determine whether 
the rotated eigenvalues and item factor loadings were relatively 
stable and/or whether more or fewer factors would provide a better 
final solution. 

Item Bic-zs Analysis 

One purpose of this research was to develop a calibrated pool of vocabulary 
test items to be used in later research on the reduction of test bias by 
computerized adaptive testing methods. Because vocabulary tests have generally 
been shown to be relatively unidimensional, this analysis was confined to the 
vocabulary items; the assumption of unidimensionality was, of course, tested 
by the factor analysis of these items. Estimates of the discrimination (a), 
difficulty (b), and guessing (c) parameters of Item Characteristic Curve (ICC) 
theory (Lord & Novick, 1968) were obtained using a computer program which 
implements the shortcut estimation procedure described by Jensema (1976). 
This procedure involves fixing a value of the guessing parameter (c), which is 
used along with the dichotomous item responses to obtain estimates of the 
discrimination and difficulty parameters. The method has been shown to be 
comparable to iterative methods such as Urry's ESTEM when the sample sizes are 
not large (Jensema, 1976), as was the case in this study. 

Item bias index. ICC parameters were obtained for the vocabulary items 
using the total combined group and the Black and White groups separately. An 
index of item bias for the vocabulary items was obtained by computing the 
difference between the difficulty parameters for the Black and White groups. 
This index is similar to comparing the proportion correct for an item for two 
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groups, except that the proportion-correct index of difficulty used in 
classical test theory is confounded by level of discrimination and guessing 
effects (Lord & Novick, 1968; Urry, 1974). 

Variance OverZap AnaZysis 

A relevant question with regard to the study of race differences in 
ability tests is whether different kinds of abilities are related to each 
other in the same ways within different racial groups. Thus, scores on the 
three subtests were intercorrelated for the two racial groups. 

Multivariate redundancy analysis was used to further investigate this 
question. For each test within each racial group, factor scores were obtained 
for the rotated factors resulting from the factor analyses within the groups 
for each test. The redundancies of one set of test factors on another were 
estimated using multiple regression of the factor scores as described by 
Stewart and Love (1968) and Weiss (1972). These redundancies provide summary 
information on the variance overlap between factors in pairs of tests. 

RESULTS 

Mean Differences 

Parents' educationaZ ZeveZ. Table 1 shows the mean and standard deviation 
of the reported highest educational level achieved by each student's mother and 
father for those students providing this information. The data are shown 
separately for the group completing the vocabulary test and the group completing 
the mathematics and spatial tests. Table 1 also shows the mean and standard 
deviation of the composite parental education index used in the analysis of 
variance. 

Table 1 
Parents' Highest Educational Level by Racial Group 

Blacks Whites 
Test and Parent N Mean S.D. N Mean S.D. 
Vocabulary Test 

Father 63 3.39 1.17 150 3.16 1.10 
Mother 73 3.60 1.18 160 3.17 .93 
Composite Index 90 2.17 . 86 167 2.20 . 69 

Mathematics and Spatial Tests 
Father 50 3.26 1.03 152 3.11 1. 08 
Mother 52 3.46 1.11 161 3.06 .78 
Composite Index 81 1. 94 .87 180 2.05 • 68 

For both the group completing the vocabulary test and the group completing 
the mathematics and spatial tests, the mean difference between mothers' educa
tional level for Blacks and Whites was statistically significant (p < .005); 
mothers of Black students were reported to have higher educational levels than 
mothers of White students. Although Blacks reported somewhat higher fathers' 
educational levels than Whites, the mean difference was not statistically 
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significant. When the highest level of education attained by either parent 
was used as a composite parental education index, there was no significant 
difference between Blacks and Whites. The composite index was slightly lower 
for Blacks than for Whites in Table 1 because there were more Black students 
who didnotreport parents' educational levels. As described earlier, these 
students were assumed not to have the parent in question living in the home and 
were included in the lowest category for the composite educational index and 
analysis of variance. Thus, while Blacks reporting parental educational levels 
reported slightly higher levels, the larger number of Blacks not reporting this 
information resulted ir.. the mean "parental contribution to the educational 
environment of the home" being about the same for the two groups. 

Table 2 
Means and Standard Deviations of Vocabulary Test Scores for all Combinations 

of Race, Parents' Educational Level, and Sex, and Results of the Three-Way ANO'JA 

Racial GrouE Combined 
Blacks Whites -~acial GrouEs 

Grou12 N Mean S.D. N Mean S.D. N Mean S.D. 

Some High School 
Male 10 52.40 15.31 15 57.07 17.44 25 55.20 16.45 
Female 17 54.35 15.52 11 53.G3 10.00 28 54.07 13.41 

High School Diploma 
Male 14 54.29 13.37 44 55.16 16.24 58 54.95 15.49 
Female 7 55.00 13.00 37 66.40 14.49 44 64.59 14.74 

Some Post-High School 
Male 20 51.05 14.68 27 69.74 17.20 47 61.79 18.53 
Female 22 64.41 11.01 33 62.67 19.01 55 63.36 16.19 

Combined Groups 
Male 44 52.39 14.15 86 60.07 17.83 130 57.47 17.01 
Female 46 59.26 13.77 81 63.15 16.40 127 61.74 15.56 
Some High School 27 53.63 15.18 26 55.62 14.60 53 54.60 14.78 
High School Diploma 21 54.52 12.92 81 60.30 16.37 102 59.10 15.84 
Post-High School 42 58.05 14.41 60 65.85 18.41 102 62.64 17.24 
Total Group 90 55.90 14.30 167 61.56 17.17 257 59.58 16.42 

------------------------------------------------------------------------------
Three-Way Analysis of Variance 

Sum of Mean 
Squares DF Square F a 

Source of Variation p_ 

Main Effects 5225.75 4 1306.44 5.39 .001 
Race 1821.66 1 1821.66 7.52 .007 
Education 2102.80 2 1051.40 4.34 .014 
Sex 1117.00 1 1117.00 4.61 .031 

Two-Way Interactions 2159.08 5 431.82 1. 78 .116 
Race x Education 370.60 2 185.28 .76 .999 
Race x Sex 804.79 1 804.79 3.32 .066 
Education X s~x 1616.92 2 808.46 3.34 . 036 

Three-Way Interaction 
2 1135.78 4.69 .010 Race x Education x Sex 2271.70 

Residual 59358.21 245 242.28 
Total 69014.62 256 269.59 

a 
Eslimated probability of error in rejecting null hypothesis. 
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The data suggest that the sample was drawn from a population which 
contained parents of all educational levels, ranging from having had some high 
school to having attended graduate or professional school. The average parent 
of both races had completed a high school diploma and in some cases (especially 
mothers of Black students) was likely to have had some schooling beyond high 
school, e.g., some college or trade school. 

Vocab~Zary test scores. Table 2 shows the means and standard deviations 
of vocabulary number-correct scores for all combinations of race, the three 
parental educational levels, and sex, and for all subgroups combined, as well as 
the results of the three-way analysis of variance. The main effects for race 
(p<.Ol), parents' educational level (p<.OS), and sex (p<.OS) were all statis
tically significant. Mean scores of Whites (mean=61.56) were significantly 
higher as a group on the vocabulary test than those of Blacks (mean=55.90). 
Parents' educational level was related to mean vocabulary scores, with 
students having more highly educated parents scoring higher on the average. 
Females (mean=61.73) had average scores which were higher than those of males 
(mean=57.47) across the total sample. These significant main effects must be 
qualified, however, since there was a significant (p<.OS) two-way interaction 
between parents' educational level and sex and a significant three-way inter
action between race, parents' educational level, and sex (p<.Ol). 

Figure 1 
Three-Way Interaction Among Race, Parents' 

Educational Level, and Sex for Vocabulary Test Scores 
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Figure 1 permits examination of the significant interactions. The 
departure from a consistent trend across educational levels was determined for 
the most part by the Black males,whose mean performance was lowest at the highest 
parental educational level,and the White females,whose mean performance was 
highest at the second educational level. Thus, the distinction between 
"some high school" <md "high school diploma" seemed important only for the 
White females in this sample, while the distinction between "high school 
diploma" and "some post-high school" seemed important for all groups except 
the Black males. That no parental measure of' general or verbal intelligence 
was obtained in this study,and the rather broad nature of the highest educational 
category used,makes interpretation of the interactions found difficult and 
speculative. Most important is the demonstration that the main effect for 
race found in this test can not be interpreted independently of the sex of the 
students and their parents' educational levels. 

Table 3 
Means and Standard Deviations ofMathematicsTest Scores for all Combinations 

of Race, Parents' Educational Level, and Sex, and Results of the Three-Way ANOVA 

Racial GrouE Combined 
Blacks Whites Racial GrouEs 

GrouE N Mean S.D. N Mean S.D. N Mean S.D. 

Some High School 
Male 16 10.81 2.81 15 13.27 3.80 31 12.00 3.50 
Female 16 10.69 3.87 22 12.04 2.98 38 11.47 3.41 

High School Diploma 
Male 13 10.46 3.59 47 13.59 4.56 60 12.92 4.53 
Female 7 11.86 2.48 49 14.28 3.92 56 13.98 3.84 

Some Post-High School 
Male 11 9.27 2.41 18 14.28 4.61 29 12.38 4.59 
Female 15 11.60 4.27 29 14.93 4.22 44 13.80 4.48 

Combined Groups 
Male 40 10.28 2.99 80 13.69 4.40 120 12.55 4.29 
Female 38 11.26 3.76 100 13.98 3.94 138 13.23 4.07 
Some High School 32 10.61 3.38 37 12.54 3.35 69 11.63 3.48 
High School Diploma 20 10.95 3.25 96 ] 3. 95 4.24 116 13.43 4.23 
Post-High School 26 10.75 3.63 47 14.68 4.33 73 13.21 4.49 
Total Group 81 10.74 3.39 180 13.85 4.14 261 12.88 4.18 

------------------------------------------------------------------------------
Three-Way Analysis of Variance 

Sum of Mean 
DF Square F a 

Source of Variation Sguares P. 

Main Effects 591.26 4 147.82 9.58 .001 
Race 418.60 1 418.60 27.14 .001 
Education 54.19 2 27.09 1. 76 .173 
Sex 16.32 1 16.32 1. 06 .305 

Two-Way Interactions 98.56 5 19.71 1. 28 .273 
Race x Education 41.96 2 20.98 1. 36 .257 
Race x Sex 16.42 1 16.42 1. 06 .304 
Education x Sex 45.73 2 22.87 1. 48 .227 

Three-Way Interaction 
Race x Education x Sex 1. 87 2 .94 .06 .999 

Residual 379/f. 42 246 15.42 
Total 44~6.12 257 17.46 

aEstimated probability of error in rejecting null hypothesis. 
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Mathematics test scores. Table 3 shows the means and standard deviations 
of number-correct scores on the mathematics test for all combinations of race, 
parental education, and sex, and the results of the three-way analysis of 
variance. Since sex was not reported or determined for three Black students, 
the cell means and analysis of variance were based on 78 of the original 81 
Blacks with non-chance mathematics scores. For the mathematics test, only 
the main effect for race (p<.OOl) was statistically significant. White 
students obtained significantly higher mean scores on this test (mean=l3.85) 
than did Black students (mean=l0.74). There were no significant two-way 
interactions, nor was the three-way interaction statistically significant for 
this test. 

It is of interest that the educational index of the parents was not 
related to scores on the mathematics test and that there was no sex difference 
iri mathematics scores, as is often found in tests of quantitative skills. One 
possible explanation for this result may be found in the low mean scores on 
the mathematics test across all groups, which might indicate that the 
mathematics test was uniformly too difficult for the students tested. 

Spatial test scores. Means and standard deviations of spatial test 
number-correct scores for all groups are shown in Table 4, along with the 
results of the three-way ANOVA. Since sex was not reported or determined for 
three Black students, the cell means and analysis of variance were based on 
78 o~ the original 81 Blacks with non-chance spatial scores. For this 
test, the main effects for both race (p<. 001) and parents' educational 
level (p<.OS) were statistically significant. There were no significant 
two-way or three-way interactions. 

The race effect indicated higher mean scores for the Whites (21.45) 
than for the Blacks (18.83). Examination of the within-cell means in 
Table 4 indicates that a parent having completed high school was associated 
with higher spatial scores for both groups, but that the post-high school 
distinction was not associated with practically significant differences in 
mean scores. In fact, lower mean scores were shown for Black females whose 
parents had some education beyond high school. 

Szmmary. For all three ability tests administered, the White group 
scored significantly higher than the Black group, although this effect 
could not be interpreted independently of the sex and parents' educational 
level of the students on the vocabulary test. This effect cannot be 
attributed to social class differences, at least as indexed by parental 
education, since Blacks and Whites were comparable on this variable. 

The results for th~ parental education variable were not as straight
forward. In the spatial test, the main effect for parental education was 
statistically significant, but the effect was not large and was determined 
primarily by the distinction between the lowest and middle educational 
levels. In the vocabulary test, scores generally increased with increasing 
parental education except for the Black males. The trend of the increases 
over educational levels varied depending on the sex and race of the student, 
however. No educational effect was found in the mathematics test. 

The sex variable was only important for the vocabulary test. Black 
females scored higher than Black males at all parental educational levels, but 
the sex variable interacted vli th educational level for the White students. 
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Table 4 
Means and Standard Deviations of Spatial Test Scores for all Combinations of 

Race, Parents' Educational Level, and Sex, and Results of the Three-Wa~ ANOVA 

Racial GrouE Combined 
Blacks Whites Racial GrouEs 

GrouE N Mean S.D. N Mean S.D. N Mean S.D. 

Some High School 
Male 16 18.56 4.35 15 20.60 5.02 31 19.55 4. 7'2 
Female 16 17. (J2 3.28 22 19.50 4.00 38 18.71 3.80 

High School Diploma 
Male 13 19.62 4.89 47 21.68 4.27 60 21.23 4.45 
Female 7 20.28 3.35 49 21.82 3.28 56 21.63 3.30 

Some Post-High School 
Male 11 19.73 2.87 18 22.00 3.05 29 21.14 3.14 
Female 15 18.33 3.13 29 22.03 3.23 44 20.77 3.63 

Combined Groups 
Male 40 19.23 4.13 80 21.55 4.16 120 20.78 4.28 
Female 38 18.40 3.29 100 21.37 3.55 138 20.55 3. 72 
Some High School 32 18.27 3.90 37 19.95 4.42 69 19.16 4.23 
High School Diploma 20 19.85 4.33 96 21.75 3.78 116 21.42 3.92 
Post-High School 26 18.75 3.08 47 22.02 3.13 73 20.80 3.47 
Total Group 81 18.83 3. 76 180 21.45 3.82 261 20.64 3.99 

------------------------------------------------------------------------------
Three-Way Analysis of Variance 

Sum of Mean 
Source of Variation Squares DF Square 

Main Effects 512.33 4 128.08 
Race 267.94 1 267.94 
Education 126.92 2 63.46 
Sex 6.76 1 6.76 

Two-Way Interactions 33.95 5 6.79 
Race x Education 15.20 2 7.60 
Race x Sex .76 1 . 76 
Education x Sex 13.75 2 6.87 

Three-Way Interaction 
Race x Education x Sex 8.68 2 4.34 

Residual 3517.33 246 14.30 
Total 4072. 30 257 15.85 

a . Est1mated probability of error in rejecting null hypothesis. 

Factor Composition 

F 

8.96 
18. 74 

4.44 
.47 
.48 
.53 
.05 
.48 

.30 

a 
p 

.001 

.001 

.013 

.999 

.999 

.999 

.999 

.999 

.999 

Vocabulary test. Table 5 shows the eigenvalues of the unrotated common 
factor matrices of random and real data for the Black and White groups. A 
comparison of the unrotated eigenvalues for the first five factors in the 
Black group with the eigenvalues obtained from the random data suggested that 
three or four factors represented more than "chance" variation in the data. On 
the basis of an examination of the rotated factor contributions for the four
factor solution (not shown here) and the item factor loadings on each factor, 
it was concluded that the three-factor solution adequately accounted for the 
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non-random common variance in the items. For the White group, the comparison 
of random versus real eigenvalues, the rotated factor contributions, and the 
item factor loadings suggested that three factors adequately accounted for the 
meaningful common variance in the vocabulary test. 

Table 5 
Eigenvalues of the Unrotated Random and Real Vocabulary Item 
Intercorrelation Hatrices for Blacks and Whites, and Factor 

Contributions for the First Three Factors of the Rotated Factor Hatrices 

Unrotated Solution Rotated Solution 
Percent of Factor Percent of 

Group and Random Real Common Total Contri- Common Total 
Factor Data Data Variance Variance but ion Variance Variance 

Blacks 
1 2.42 7.63 46.7 10.1 5.69 46.9 7.6 
2 2.21 2.44 14.8 3.2 4.00 32.9 5.3 
3 2.16 2.23 13.5 2.9 2.45 20.2 3.3 
4 2.06 2.08 12.7 2.8 
5 2.03 2.01 12.2 2.7 

Whites 
1 1. 69 11.36 69.0 15.1 6.25 41.9 8.3 
2 1.57 1. 96 12.0 2.6 5.54 37.2 7.4 
3 1.48 1. 60 9.8 2.1 3.12 20.9 4.2 
4 1. 39 l. 35 8.3 1.8 

Thus, a three-factor solution accounted for the common item variance in 
both the Black and White groups. The factor contributions and percentages of 
common and total variance accounted for by each rotated factor in the final 
three-factor solution are shown in Table 5. Factor loadings for the vocabulary 
test items are shown in Table 6. Although the number of factors was the same 
in both racial groups, examination of the factor loadings on similarly ordered 
factors suggested that the factor composition of the vocabulary test for the 
two racial groups was not highly similar. In addition, the rotated factor 
contributions of the three factors were uniformly higher for the White group 
than for the Black group. This implies more common variance among the items 
for Whites than Blacks or, conversely, more error or specific variance in the 
scores of Blacks than Whites. 

Table 7 shows the interr.orrelations of factor loadings for the three 
factors of the Black group and those of the White group. Table 7 shows that 
there was moderate similarity (r=. 58) between the second largest White 
vocabulary factor and the largest Black vocabulary factor. While some of the 
other correlations were statistically significant, none of the other BLick 
versus White factor pairs seemed to be determined or defined by the same 
vocabulary items. Thus, the question can be raised as to what the first 
vocabulary factor in the White group represented, since itdidnot appear to 
have a corresponding factor in the Black group. 
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Table 6 
Rotated Factor Loadings of Vocabulary Test Items for Black and White GrouEs 

Blacks \fuites 
Item Factor 1 Factor 2 Factor 3 h Factor 1 Factor 2 Factor 3 h2 

2 .21 .31 • OS .14 .26 .20 .18 .14 
3 . 09 .27 .16 .11 .12 .08 ;24 .08 
5 . 32 • OS .01 .10 .18 .17 .04 .06 
7 -.03 .29 .60 .45 -.08 -.02 . 32 .11 
8 .24 .51 -.08 .33 .48 .23 .09 .30 
9 .11 .28 -.36 .22 .36 .21 .23 .23 

12 .51 .34 -.08 .39 .27 .46 .37 .42 
14 .24 .11 -.26 .14 .31 .35 .11 .23 
15 -.00 . 04 -.14 .02 . 02 .06 -.09 .01 
16 • OS .49 .13 .26 .42 -.01 .28 .26 
17 .25 .10 .19 .11 .39 .39 • 04 .31 
18 .17 .31 -.07 .13 .19 .19 .33 .19 
19 .10 .14 . 24 .09 . 07 .12 .53 .30 
20 .48 . 02 -.10 .24 . 32 .41 .08 .28 
24 .08 .24 -.10 .07 . 03 .14 -.18 • OS 

26 .26 .27 -.12 .16 .22 .11 .36 .10 
28 .16 . 33 .12 .15 .48 .40 .10 .40 
29 .17 .44 .08 .23 . 38 .15 .34 .28 
31 -.07 .11 -.09 .03 -.05 -.20 -.45 . 24 
32 . 38 .19 .12 .20 .22 .25 . 03 .12 

33 .25 .14 .27 .15 -.04 .06 .26 . 08 
34 -.02 . 06 -.25 .06 .16 .09 -.02 . 03 
36 . 32 .14 -.03 .12 .12 .39 .17 .19 
37 .32 .08 -.13 .13 .37 .24 .16 .22 
38' -.09 -.05 .25 .08 . 39 .11 .03 .16 

39 -.07 .24 .15 .09 .13 .25 .37 .22 
41 . 36 . 02 -.03 .13 .49 .02 . 08 .25 

44 .14 .12 -.08 .04 .52 .06 .08 .28 

45 .42 -.07 -.07 .19 .45 .35 . 08 .34 

46 -.04 . 23 . 00 .06 -.08 .13 -.04 . 03 
48 -.00 .06 -.15 .03 .14 -.28 .25 .16 

49 -.11 . 30 .15 .12 -.01 . 29 .22 .13 

50 -.01 .07 .29 .09 .13 .13 .26 .10 

52 .18 . 01 -.09 .04 .43 .26 .27 . 32 

53 .30 .20 -.04 .13 .13 .18 .20 .09 

59 .24 . 07 -.02 .06 -.18 .02 . 07 .04 

62 -.01 -.01 -.06 .00 . 38 .08 .07 .15 
65 -.02 .14 .03 .02 .15 .08 -.05 . 03 
66 .04 .40 • 00 .16 .29 .40 .13 .26 
67 .01 . 02 -.29 . 08 . 30 -.03 .36 .22 
69 .01 .41 .15 .19 . 34 .24 .25 .23 
71 . 09 -.11 -.27 .09 .39 . 02 .10 .17 
79 .09 • 27 .28 .16 .12 -.02 -.02 .01 
80 .07 .15 -.16 . 05 .39 .14 -.01 .17 

81 .22 .11 .20 .10 .13 .46 .26 .30 
82 .27 . 35 -.00 .19 .13 .31 .10 .12 
85 .38 .12 .33 .26 . 22 .53 .10 . 34 

87 .29 .31 -.05 .18 .11 -.04 .08 .02 

(continued on next page) 
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Table 6 (continued) 
Rotated Factor Loadings of Vocabulary Test Items for Black and White Groups 

Blacks Whites 
Item Factor 1 Factor 2 Factor 3 ? Factor 1 Factor 2 Factor 3 h2 

88 .37 .10 .25 .21 .23 .34 . 09 .18 
90 .29 .13 .18 .13 .41 .26 .19 .27 
91 . 33 .46 -.19 .35 .27 .31 .27 .25 
92 .17 -.03 .00 .03 .60 .22 .16 .44 
94 . 61 .24 -.07 .43 .12 .43 .15 .23 
96 . 39 .32 -.01 .25 .21 .48 -.08 .28 
98 .23 .24 .34 .23 .25 .39 • OS .21 
99 .30 .so .01 . 34 .13 .48 .14 .27 

100 -.03 .22 .19 .08 .34 .23 -.11 .18 
101 .40 .13 . 09 .19 .46 .20 -.01 .25 
102 .13 .21 .17 .09 . 03 .07 .20 .OS 
103 . 02 .40 -.12 .17 .42 .22 .28 .30 
105 .20 .56 -.02 .35 .OS .45 .36 .33 
106 . 32 -.09 .00 .11 .41 .18 .18 .23 
107 .44 -.09 . 03 .20 .57 .12 .19 .38 
110 .36 -.01 • 06 .14 -.01 .17 .17 .06 
111 .53 .01 .16 .31 .03 . 64 .07 .41 
113 .43 -.08 .18 .22 -.01 .32 . 06 .11 
114 .49 -.06 .41 .41 .30 .35 .06 .21 
115 .06 -.21 .15 .07 -.07 -.09 • OS . 01 
116 .43 .19 . 21 .27 .34 .26 .15 .21 
117 .25 .01 .25 .13 .26 .26 . 03 .14 
118 .17 .13 -.08 • OS .34 .16 .33 .25 
122 .39 .12 .28 .25 .27 .31 .02 .17 
124 .51 .17 .08 .29 .16 .51 .lS .31 
125 .46 .21 .20 .30 .17 .29 .07 .12 
126 . 32 .10 -.10 .12 . 39 .14 .19 .21 
Factor Con-
tribution 5.69 4.00 2.45 12.23 6.25 5.54 3.12 14.85 

Mathematics test. The factor structures of the mathematics test appeared 
to be more similar for the Black and White groups than were the factor 
structures of the vocabulary tests. A comparison of random and real eigenvalues 

Table 7 
Correlations of Rotated Factor 

Loadings for Vocabulary Test Items 

Factor in 
Black Group 

Factor in White Group __ 

1 
2 
3 

1 

.16 
-.04 
-.23* 

*p<.OS; **p<.Ol; ***p<.OOl. 

2 3 

.58*** .02 

.20* .27** 

.16 • OS 
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Table 8 
Eigenvalues of the Random and Real Mathematics Item Intercorrelation Matrices 

for Blacks and Whites, and Factor Contributions for the First Three 
Factors of the Rotated Factor Hatrices 

Unrotated Solution Rotated Solution 
Percent of Factor Percent of 

Group and Random Real Common Total Contri- Common Total 
Factor Data Data Variance Variance but ion Variance Variance 

Blacks 
1 1. 36 2.09 42.1 8.4 2.05 53.9 8.2 
2 1. 30 1. 84 37.6 7.4 1. 75 46.0 7.0 
3 1. 06 .96 19.6 3.8 

Whites 
1 .90 2.98 65.2 12.0 2.34 60.9 9.4 
2 . 64 .86 19.3 3.6 1. 50 39.1 6.0 
3 .72 .71 15.4 2.8 

Table 9 
Rotated Factor Loadings of the Mathematics Test Items 

for Black and Hhite Groups 

Blacks \fuites 
Item Factor 1 Factor 2 h2 Factor 1 Factor 2 h2 

1 .135 -.627 .411 .029 .097 .010 
2 .180 -.473 .256 .186 -.044 .037 
3 .007 .078 .006 .006 -.027 .001 
4 .237 -.024 .057 .345 .129 .136 
5 .198 -.010 .039 .166 -.112 .040 
6 .145 -.394 .176 .141 -.120 .034 
7 .488 .005 .238 .265 .049 .073 
8 . 377 -.275 .218 .222 .044 .051 
9 .177 -.130 . 048 .423 .215 .225 

10 .406 -.117 .179 .672 -.099 .461 
11 .435 .494 .433 .468 .257 .285 
12 .397 -.124 .173 .280 .236 .134 
13 .340 .296 .203 .398 .209 .202 
14 .249 .186 .097 .447 .219 .248 
15 .496 .087 .254 .185 .286 .116 
16 -.179 .236 .088 .119 .372 .153 
17 .281 .023 .079 .348 .129 .138 
18 .441 .037 .196 . 373 .146 .160 
19 .242 .037 .060 .410 .249 .230 
20 .239 .327 .164 .310 .242 .155 
21 .076 . 353 .130 .313 .231 .151 
22 -.230 .324 .158 .084 .314 .106 
23 .102 -.007 .010 .105 .453 .216 
24 .232 -.096 . 063 .098 . 643 .423 
25 . 047 .284 . 083 -.185 .138 .053 
Factor 
Contri-
but ion 2.05 1. 75 3.819 2.34 1. 50 3.838 
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(Table 8) and item factor loadings (Table 9) suggested that there were two 
factors in the mathematics test for both groups. The two factors had similar 
rotated eigenvalues for both groups, suggesting that the rotated factors were 
of equal strength in both groups. A further examination of the loadings of 
items on the first factors for the Black and White groups in Table 9 suggests 
that these factors were defined by the same items in similar strengths. This 
was further supported by the correlation (r=.56) between item fact6r loadings 
on the first rotated mathematics factor for the two groups, shown in Table 10. 
The correlation across items between the second factors in both groups (r=.39), 
as well as an inspection of the loadings in Table 9, suggests a modest 
similarity for the second factors in the two groups. 

Table 10 
Correlations of Rotated Factor 

Loadings for Mathematics Test Items 

Factor in Factor in 1.Jhite Grou:e 
Black GrouE 1 2 

1 .56** -.16 
2 .14 .39* 

*p<.05; **p<.Ol 

Spatial test. A comparison of the factor structures for the Black ard 
1.Jhite groups on the spatial test gave results somewhat different from either 
of the other two tests. In the White group, the parallel analysis of random 
and real factors suggested that four factors represented more than chance 
variation in the items. An examination of the rotated factor contributions 
and item factor loadings under both the three- and four-factor solutions 
indicated that three factors adequately accounted for the common variance in 
the items. In the Black group, the parallel analysis of random and real 
factors and the item factor loadings for alternative factor solutions also 
indicated that a three-factor solution was adequate. 

Table 11 
Eigenvalues of the Unrotated Random and Real Spatial Item Intercorrelation 

Matrices for Blacks and l.Jhites, and Factor Contributions for the 
First Three Factors of the Rotated Factor Matrices 

============== 
Unrotated Solution Rotated Solution 

Percent of Factor Percent of 
Group and Random Real Common Total Contri- Connnon Total 

Factor Data Data Variance Variance but ion Variance Variance 

Blacks 
1 1. 54 2.87 42.3 9.6 2.16 38.2 7.2 
2 1. 22 1.65 24.3 5.5 2.13 37.7 7.1 
3 1.13 .123 18.1 4.1 1. 36 24.1 4.5 
4 1. 08 1.03 15.2 3.4 

Whites 
1 .99 3.57 49.7 11.9 2.40 43.6 8.0 
2 .89 1.06 14.8 3.5 1. 60 29.1 5.3 
3 .80 .98 13.6 3.3 1.50 27.3 5.0 
4 .70 .92 12.8 3.1 
5 .65 .65 9.1 2.2 
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Although the number of factors needed for both groups was the same, the 
relative strength of the factors, as in the vocabulary test, differed for the 
two groups (see Table 11). After rotation, the first factor in the White group 
accounted for 8. 0% of the total test variance in the White group and 7. 2% 
in the Black group. However, in contrast to the factor solutions for the 
vocabulary items, the second factor for the Black group was stronger than that 
for the ~~ite group. Thus, for the spatial subtest, two relatively equal
strength factors were predominant in the Black group's data but not in the 
White group's, while for the vocabulary test, two relatively equal factors were 
obtained for the White group. 

Table 12 
Rotated Factor Loadi~of the Spatial Test Items for Black and White Groups 

Blacks 
Item Factor 1 Factor 2 Factor 3 
-=-c..-=----~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Factor 
Contri
bution 

.01 

.20 
-.05 

.11 

.06 

.16 
-.01 
-.09 
-.03 

.40 

.14 

.33 

.12 

.09 

.15 
-.39 

.10 

.19 

.18 

. 62 
• 68 

-.15 
-.04 

. 76 
-.09 

. 15 

.00 

.08 

.04 
-.17 

2.16 

.10 

.17 

.45 

.27 

.02 

. 09 

.12 

.53 
-.17 

.44 

.28 
-.03 

.49 

. 35 

.40 

. 31 

.10 

.11 

.36 

.17 

.22 

.07 
-.09 

. 03 

. 32 

. 32 
-.09 

• 2LI 

.22 
-.15 

2.13 

-.23 
.07 

-.20 
.32 
.15 
.11 
.11 

-.06 
.19 
.10 

-.11 
-.04 
-.03 
-.03 
-.02 

.21 
-.48 

.26 

.21 

.04 
-.02 

.28 

. 35 
-.04 

.17 

.24 
-.59 
-.04 

.18 

.13 

1. 36 

h 

.06 

.07 

.25 

.19 

.03 

.05 

.03 

.29 

.07 

.36 

.10 

.11 

.26 

.13 

.19 

.30 

.25 

.11 

.21 

.41 

.52 

.11 

.13 

.58 

.14 

.18 

. 35 

.07 

.08 

. 07 

5.66 

l~ites 

Factor 1 Factor 2 Factor 3 

.13 
-.12 

.18 

.59 

.15 

.27 

.07 

.22 

. 03 

.06 

.20 

.20 

.79 

.29 

.15 

.23 

.23 

.34 

.11 

.32 

.55 

.27 
-.03 

.43 

. 05 

. 30 

.08 

. 01 

.13 
-.04 

2.40 

.20 

.51 
-.07 

.02 

.18 

.00 

.19 

.10 

.02 

.49 
-.02 

.36 

.13 

.17 
-.01 

.14 
-.02 

.15 

.17 

.55 

.13 

.13 
-.22 

. 52 

.16 

.19 

.11 
-.02 

. 05 

.03 

1. 60 

. 30 
-.08 

.23 

.09 

.35 

.05 

. 34 

.18 
• 18 
.24 
. 38 
.27 

-.17 
.19 
.11 
.26 
.43 
.12 
. 30 

-.05 
.12 
• 33 

-.09 
-.06 

.25 

.27 

.09 

.19 

.08 

.14 

1.50 

f1L 
.14 
.28 
.09 
.36 
.19 
.07 
.16 
.09 
.03 
.31 
.18 
.25 
.67 
.15 
.03 
.14 
.24 
.15 
.13 
.41 
.33 
. 21 
.06 
.50 
.09 
.20 
.03 
.04 
.03 
.02 

5.55 

As indicated by the pattern of loadings in Table 12 and the factor corre
lations in Table 13, the second largest l~ite factor seemed to define a factor 
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similar to the first Black spatial factor (r=.58), a result similar to that 
found in the vocabulary test. Beyond this factor pair, no clear correspondence 
existed between factors across the two groups, although the first Hhite 
factor did share some items and variance with both the first and second largest 
Black factors; and the third White factor showed a small negative relationship 
to the first Black factor. 

Table 13 
Correlations of Rotated Factor 

Loadings for Spatial Test Items 

Factor in Factor in Hhite Grou12 
Black Grou12 1 2 3 

1 .37* .58*** -.33* 
2 .33* .04 .04 
3 . 01 -.01 -.10 

*p<.05; **p<.Ol; ***p<.OOl 

Summary. There were both similarities and differences between the two 
racial groups in the factor structures of the three subtests: 

1. While the number of factors needed to account for the common variance 
in each test was the same for Blacks and Whites, the nature of these 
factors in terms of which items defined them or what they represented 
appeared to be different. 

2. The largest factor for the White group accounted for more variance 
in all three tests than did the largest factor in the Black group. 
In addition, while the White group had two relatively large factors 
in the vocabulary data, the Black group had two relatively large 
factors in the spatial data. 

3. While the factor structure of the mathematics test seemed to be 
similar for the two groups, the largest Hhite factor in the vocabulary 
test, and to a lesser extent in the spatial test, seemed to have 
no comparably defined factor in the respective Black factor structures. 
In both the vocabulary and spatial tests, the largest factors in the 
Black group corresponded to the second largest factor in the lfhite 
group. 

Item Bias AnaZysis 

Reckase (1977), drawing conclusions from a series of simulation studies, 
concluded that if the first unrotated factor in a set of test items accounts 
for at least 10% of the total variance and there are no strong competing 
unrotated factors, ICC item parameterization techniques will estimate the 
latent trait parameters indexing this first dimension. When the first 
unrotated factor accounts for a smaller percentage of the total test variance, 
however, the parameters will not be as stable as when the first factor accounts 
for a larger proportion of test variance. In the present vocabulary data, 
the first unrotated factors accounted for 15% and 10% of the total test 
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variance in the 1~ite and Black groups, respectively (see Table 5), and about 
14% for the combined group. Therefore, based on Reckase's results, it can be 
assumed that the ICC parameters obtained from those items will estimate the 
first dimension of the vocabulary test items. Comparison of parameters across 
the Black and White groups, however, will have to take into consideration the 
possible instability of the estimates. 

ICC item parameter values were estimated for 127 vocabulary test items. 
Table 14 shows the number of items failing the requirements of the parameteri
zation procedure for each racial group. A total of 47 items did not fit the 
model for one or both of the groups. The results shown in Table 14 suggest 
(1) a greater tendency on the part of Black students not to engage in random 
guessing, as indicated by fewer items rejected with proportion correct less 
than .20, and (2) a tendency for the item responses of White students to 
correlate more highly with total scores on the test, as indicated by more 
items with very high point-biserial correlations with total score. This latter 
tendency would be related to the higher first factor loadings and the higher 
eigenvalue for the first factor observed for the White student group. 

Table 14 
Number of Items Rejected by the Parameterization 
Procedure for the Reasons Given, by Racial Group 

Reason 

Proportion Correct Less Than 
Fixed c Value of .20 

Biserial Correlation Between 
Item and Item--Excluded Total 
Score Greater Than 1.0 

Racial Group 
Whites Blacks 

14 28 

13 5 

For the rema1n1ng 80 items, there were four ICC parameters: (1) a 
discrimination parameter, a, for each racial group and the total group; 
(2) a difficulty parameter, b, for each racial group and the total group; 
(3) a guessing parameter, c, which was fixed for all items at .2 (1 divided by 
the number of multiple-choice response alternatives); and (4) an index of 
bias, derived by subtracting the \~ite group's difficulty parameter from the 
Black group's difficulty parameter. A large positive value of the bias index, 
then, indicated an item which the Black group found to be more difficult on 
the average than the 1~hite, whereas a large negative bias index indicated an 
item which was more difficult for the White group. Four of the 80 items for 
which item parameters were obtained had extreme discrimination (a greater than 
11.0) or extreme difficulty (b greater than 13.0) parameter values and were 
excluded from further analysis. Appendix Table A-5 contains the ICC parameters 
for the 80 vocabulary items. The last column of Table A-5 contains the index of 
bias for each item. 

Table 15 shows the mean, standard deviation, and range of values of the 
discrimination (a) and difficulty (b) parameters for the Blacks, the \~ites, 
and the combined group, as well as these statistics for the bias index. The 
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data in Table 15 show that although the items were, on the average, about 
equally discriminating for Blacks and Hhites (mean a=.85 versus .87), they 
were more difficult for Blacks (mean b=.21 for Blacks versus -.03 for Whites). 
The higher average difficulty for the Black group was also reflected in the 
positive mean item bias (.35) which represents the average difference between 
the Black and White b-parameters. From the maximum and minimum bias values, 
it can be seen that the largest item difficulty difference in favor of 
the Whites was 4.01, whereas the largest difficulty difference in favor of 
Blacks was 5.46. 

Table 15 
Mean, Standard Deviation, and Range of the Discrimination (a), Difficulty (b) ' 

and Bias Parameters for Calibrated Items (N= 7 6 items) 

Racial GrauE Combined 
Blacks Hhites Racial GrouEs 

Statistic a b a b a b Bias 

Mean .85 .21 .87 -.03 .82 -.05 .35 
Standard Deviation .52 1. 50 .50 1. 70 .37 1.72 1.55 
Maximum 2.87 3.61 3.06 6.83 2.27 3.98 4.01 
Minimum .13 -6.14 .08 -4.19 . 09 -9.44 -5.46 

Since the composition of the test included items written specifically for 
Blacks, it was relevant to determine the mean discriminations and mean 
difficulties for "Black-type" versus "non-Black-type" words separately. Table 16 
reports these data as well as the mean bias for each set of words separately. 
Of the 76 items remaining after item calibration, 22 were "Black-type" words 
and the remainder of the item pool constituted the "non-Black-type" items. 
These data show that the "Black-type" words were less discriminating for both 
Blacks and Whites than the remainder of the items (mean a=.67 versus .92 for 
Blacks and .56 versus .99 for Whites). While the item pool as a whole was 
slightly more discriminating for Whites (see Table 15) and the "non-Black-type" 
words separately were slightly more discriminating for Whites (mean a=.99 for 
Whites versus .92 for Blacks), the "Black-type" words were more discriminating 
for Blacks (mean a=.67 for Blacks versus .56 for Whites). 

Table 16 
Mean, Standard Deviation, and Range of Discrimination (a), Difficulty (b), and 

Bias Parameters for "Black-Type" Words and "Non-Black-Type" Words 

Racial GrouE Combined 
Blacks Whites Racial Groups 

Statistic a b a b a b Bias 

"Black-Type" Words (N=22) 
Mean . 67 -.23 .56 .52 .54 -.09 -. 71 
Standard Deviation .51 1. 39 . 34 2.15 .36 2.56 2.08 
Maximum 2.87 3.61 1. 45 4.50 1. 68 3.43 2.93 
Minimum .25 -2.25 .08 -4.19 . 09 -9.44 -5.46 

"Non-Black-Type" Words (N=54) 
Mean .92 .37 .99 -. 26 .93 -.03 .79 
Standard Deviation .49 1. 54 .50 1. 44 . 32 1. 23 .98 
Maximum 2. 75 3.17 3.06 6.83 2.27 3.98 4.01 
Minimum .13 -6.14 .14 -2.77 .22 -2.62 -4.44 
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As expected, the "non-Black-type" words were more difficult on the average 
for Blacks (mean b=. 37 for Blacks versus -. 26 for \lliites), while the "Black-type" 
words were more difficult for \lliites (mean b=.52 for Whites versus -.23 for 
Blacks). This was reflected further in the mean bias index which indicated 
that "Black-type" words favored Blacks (mean bias=-.71), while "non-Black-type" 
words favored Whites (mean bias=.79). 

Relationship Between Bias Index and Factor Composition 

In the discussion of comparative factor structures for Blacks and Whites, 
it was indicated that the largest Black factor in the vocabulary test corres
ponded most strongly to the second largest factor in the 1lliite group. The 
question was raised as to the nature of the largest White factor in the 
vocabulary test. Table 17, which shows the correlations between the bias index 
and each of the vocabulary factors in the Black and 1lliite groups, suggests one 
interpretation of why the largest White factor did not correspond to any Black 
factor. This table shows that none of the Black factors had item loadings which 

Table 17 
Correlations Between the Bias Index 

and Item Factor Loadings for Each Vocabulary 
Factor in Both Black and White Groups 

Factor 

1 
2 
3 

Blacks 

.20 
-.05 
-.08 

*significant at p~.05 
**significant at p~.01 

Whites 

.46** 

.36** 

.27* 

correlated highly with the item indices of bias. On the other hand, all of the 
White factors were related to item bias to some degree, especially the first 
factor. Examination of the item loadings on this factor (compare Table 5 with 
Appendix Table A-5) showed that those items Hith high loadings on the first White 
factor were words drawn from the Hinnesota vocabulary item pool and the ETS 
item pool. These items had bias values favoring Whites somewhat and ranged 
from about .50 to 2.00. The majority of the items with lmv or negative 
loadings on the first White factor were the "Black-type" words with negative 
bias indices. 

This trend was also present to a lesser extent with the second White 
factor where some, but not all, "Black-type" words were associated with lower 
item loadings. Words written specifically for Whites did not seem to influence 
or define a factor in this way in either the White or Black groups. 

The inclusion of the "Black-type" items seemed to have defined a "bias 
factor" in the White group, which was represented most strongly by the first 
factor. Not surprisingly, there was apparently not enough variation in 
performance on these items in the Black group to define such a factor. This 
interpretation is consistent with the strong relationship between the second 
White factor and the largest Black factor, and the relative independence of 
the largest White factor, which seemed to be largely a "bias factor." 
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Variance Overlap Analysis 

Test score intercorreZations. Table 18 shows the correlations among 
scores on the three tests for the two racial groups and for the total combined 
group. For the Black group the correlation between vocabulary and spatial 
test scores was not significantly different from zero; for all other subtest 
combinations in both racial groups and the total combined group, subtest 
correlations were significantly different from zero. Test score correlations 
for the Black group were consistently lower than for the lfuite group. However, 
statistical tests of the significance of these differences indicated that they 
were not significantly different from each other. 

Table 18 
Pearson Product-Moment Correlations Between Scores on the 

Vocabulary, Mathematics, and Spatial Tests 

Racial GrauE Combined 
Blacks Hhites Racial Groups 

a Sub tests IV r IV r IV r 

Vocabulary vs. Mathematics 48 . 36i~ 96 . 60>'~ .08 144 .53* 
Vocabulary vs. Spatial 48 .16 96 . 34''~ .32 144 .31* 
Hathematics vs. Spatial 81 .15* 180 . 36'~ .10 261 . 3 7ic 
----------------------------------------------------------------------------------
''rrobabili ty of error in rejecting null hypothesis of no difference in 

c;ubgroup Y' 1
S. 

''Significantly different from zero at p<. OS. 

One possible explanation for the consistently (but not significantly) lower 
test score intercorrelations for the Black group was suggested by the factor 
analyses, '"hich indicated consistently lower proportions of variance extracted by 
the factor analytic procedure in the Black group. This suggests the possi
bility of either less reliable variance in the test scores of the Black group 
or additional reliable specific variance which was not being extracted by the 
factor analysis in the Black group. To investigate this possibility, Cronbach's 
Glpha internal consistency reliability coefficients were calculated for each 
subtest total score in both groups. 

Table 19 
Alpha (a) Internal Consistency Relia
bilities for Black and White Groups 

Blacks Whites 
Test IV a N a 

Vocabulary 90 .89 169 .93 
Mathematics 77 . 59 179 . 75 
Spatial 83 .54 182 .71 

Table 19 shows that the mathematics and spatial tests were less internally 
consistent in terms of Cronbach's alpha coefficient for Blacks than for Whites, 
while the internal consistency reliability coefficients of the vocabulary test 
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were about the same for both groups. This lower internal consistency could 
also explain to some degree the smaller observed score variances in test scores 
for the Black group, since the item covariances would contribute less to total 
test score variance for this group. 

Facto~ sco~e c~oss-cor~elations. The factor analyses of the three subtests 
reported above indicate that total scores on the subtests in each racial group 
were composed of two to three factors. Thus, the correlations of total raw 
scores combined several independent variables whose cross-correlations between 
tests might differ in the two racial groups. To explore this hypothesis, 
factor scores were computed in each group for the factors identified in each 
of the three tests. Factor scores were computed using the rotated factor 
loadings to weight each item's contribution to each factor. These factor 
scores were then correlated between tests separately for the two racial groups. 
The correlations are shown in Table 20. 

Factor 1 

Mathematics 
1 .29* 
2 -.05 

Spatial 
1 -.14 
2 -.02 
3 .25* 

*p<.05 

Table 20 
Cross-Correlations of Subtest Factor Scores 

for Black (N=45) and White (N=94) Groups 

Vocabulary Mathematics 
Blacks Whites Blacks Whites 

2 3 1 

.24* .02 .21* 

.05 -.24* .19* 

.15 -.09 .06 

.05 -.16 .03 

.11 -.13 .34* 

2 3 

.34* .29* 

.20* .14* 

.34* .19* 

.27* .01 
-.09 .13 

1 2 1 2 

-.16 
-.10 

.04 

.10 
-.03 

.34* 

.28* 

.20* 

.31* 

.08 
-.02 

.22* 

One major result is obvious from the data in Table 20: There was a 
tendency for factor scores in one subtest to correlate more highly with factor 
scores in the other subtests within the White group than within the Black 
group. For example, in comparing the vocabulary versus the mathematics test, 
there were a total of five factors involved for both groups (three vocabulary 
factors and two mathematics factors), allowing six possible pairings of 
vocabulary and mathematics factors. In the \Vhite group, five of the six factor 
pairings reflected shared variance between the two tests, whereas in the Black 
group only three of the six factor pairings were related. This trend was 
also evident in the other test pairs. In both the vocabulary versus spatial 
test, and mathematics versus spatial test comparisons, four factor pairings 
reflected significant relationships across the two tests for Whites,compared to 
only one factor pairing for Blacks. In addition to the larger number of sig
nificant correlations in the White group, the strength of these relationships 
between predictable factors across the tests was generally stronger in the 
White group. 

The data in Table 20 support the results of the test score intercorre
lation analysis as well as the earlier analysis of the correlations of factor 
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loadings between the two racial groups. The test score correlations showed 
that subtest scores were more highly correlated for 1fhites than for Blacks 
(see Table 18); the factor score intercorrelations described here support this 
result and suggest that the lower subtest intercorrelations for Blacks may in 
part be due to the smaller strength and number of predictable aspects (factors) 
of performance across the subtests. The correlations of factor loadings between 
racial groups (see Tables 7, 10, and 13) had suggested that different factors 
were being measured in the two groups with the same sets of items; the 
correlations of factor scores across subtests showed that the factors in 
different tests relate to each other differently within the two racial groups, 
thereby supporting the suggestion that different factors may be involved. 

Redundancies. Although the intercorrelations among the test scores and 
factor scores for the two racial groups suggested higher interrelationships 
for the Whites than for the Blacks, the results in Tables 18 and 20 did not 
give a clear answer as to the amount of variance among subsets of scores in 
common between the tests in the two groups. To answer this question, a 
redundancy analysis (Weiss, 1972) was computed from the squared multiple 
correlations of the factor scores from each subtest predicting the factor 
scores in the other subtests within each racial group. Appendix Table A-6 r;ives 
the squared multiple correlations and the redundancy values for each pairing of 
subtests in each group; the redundancy data are summarized in Table 21. 

Table 21 
Proportions of Variance in a Set of Factor Scores Predicted by the 

Other Set of Factor Scores (Redundancies) for Black and White Groups 

Redundancy of Second 
Test Factors on 
First Test Factors 

Redundancy of First 
Test Factors on 
Second Test Factors 

Vocabulary vs. Vocabulary Mathematics 
Hathematics vs. Spatial vs. Spatial 

Black White Black White Black White 

7.0% 10.7% 5.3% 11.2% 8.0% 9.5% 

9.6% 16.8% 5.3% 13.1% 5.3% 6. 6~~ 

For both racial groups, the proportion of variance in the mathematics 
factors predicted by the vocabulary factors (versus the proportion of variance 
in the vocabulary factors predicted by the mathematics factors) indicated that 
the vocabulary factors were better predictors of the mathematics factors 
(redundancies of 9.6% and 16.8%) than vice versa. This is not surprising, 
since the majority of the mathematics items were of the word-problem variety 
and thus might be expected to be more influenced by verbal ability than the 
vocabulary test would be by mathematics ability. 

The results for the two racial groups indicate a lower degree of common 
variance between the mathematics and vocabulary factors for the Blacks than 
for the Whites. In the Black group the vocabulary test factors accounted for 
9.6% of the variance of the mathematics factors, while in the White group 
vocabulary accounted for 16.8% of the variance in the mathematics factor scores. 
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ifuen vocabulary factors were predicted from mathematics factors, 7% of the 
variance was accounted for in the Black group, while 10.7% was accounted for 
in the White group. 

A similar pattern of results was found for the other pairings of 
subtest factors. In general, the proportions of variance in a set of factor 
scores accounted for by the other test's factor scores was less in the Black 
group than in the White group. The largest differences occurred when the 
vocabulary test was one of the variable sets, particularly when it was the 
"predictor" set. This occurred in spite of the fact that the largest White 
factor, and to a lesser extent the second White factor, contained a "bias" 
component, i.e., correlated moderately with the item bias index, as shown above. 
From Table 20, however, it can be seen that the largest ifuite vocabulary factor 
~•as not as predictive of the primary mathematics and spatial factors as the 
second and third ifuite factors nor as predictive as the primary Black vocabulary 
factors in predicting the mathematics factors. This is consistent with the 
interpretation of the largest \mite vocabulary factor as being largely a "bias" 
factor, since such a factor would be expected to relate less to more legiti
mate factors in the other tests. Only small racial group differences in 
variance accounted for occurred in the relationship between the mathematics and 
spatial tests. 

DISCUSSION AND CONCLUSIONS 

This research was concerned with (1) the extent to which ability test 
performance of Blacks and ifhites differed on a number of kinds of ability test 
items, (2) the analysis of some demographic variables related to observed 
differences, (3) the use of an index of item-by-group interaction to identify 
biased test items, (4) an analysis of racial group differences in the structure 
of their responses to ability test items, and (5) an analysis of racial group 
differences in relationships among performance on different ability domains. 

Analysis of variance of total number-correct scores on the vocabulary, 
matht>matics, and spatial subtests showed significant mean differences in scores 
for all subtests, with Whites averaging higher than Blacks. In the vocabulary 
test, hmvever, this effect could not be interpreted independently of sex and 
parents' educational level. The race effect was consistent only for Black 
males who averaged lower than all other groups at all parental educational 
1Pvels. The results for the three tests generally concurred with most other 
studies which have examined Black and ifuite differences on mental ability 
tc'sts. The results for the vocabulary test were most interesting, since more 
items were specifically oriented toward Blacks than toward Whites. The 
generally lower mean scores for Blacks on these three tests did not seem 
attributable to socioeconomic differences, at least as indexed by parents' 
educational level, since the groups were comparable on this variable. 

In the vocabulary test, significant mean differences were found for 
parents' educational level and sex, but the significant two-way interaction of 
parents' educational level and sex and the race x education x sex three-way 
interaction reduced the interpretative significance of these differences. 
NtJmher-correct scores generally increased with increasing parental education 
except for Black males. No sex or education effect was found in the mathe
matics test, while in the spatial test the main effect for parents' educational 
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level was statistically significant; but higher parental education was only 
associated with higher spatial scores in the l~ite group. However, even for 
~ites, the size of the mean difference was small. Thus, parents' educational 
level ,.;ras related more to vocabulary test scores than to mathematics or 
spatial scores. 

l~ile the race differences generally found in this study concur with most 
prior research, the resul!:s relating to the parental education and sex 
variables did not clearly replicate previous findings in all cases. Two 
recent books (Garai & Sheinfeld, 1968; HacCoby & Jacklin, 1974) have reviewed 
much of the literature on sex differences and concluded that the evidence 
supports male superiorLty on tests of mathematical and spatial abilities. 
i~ile the two reviews drew somewhat differing conclusions on sex differences 
in various measured vocabul;try abilities (e.g., analogies, word fluency, 
verbal reasoning, comprehension), both concluded that females have shown 
superior ability to males in word fluency, a type of vocabulary ability which 
would seem to be somewhat related to the vocabulary test used in the present 
study. The frequent finding of male superiority on tests of mathematical and 
spatial abilities reported by these authors was not replicated here. On the 
vocabulary test, Black females scores higher than Black males at all parental 
educational levels. However, for Whites there was an interaction of the sex 
variable with parental educational level, '"ith females scoring higher at only 
the middle parental educational level. Thus, the usual finding of female 
dominance on this type of test was only partially replicated. 

The strong relationship between measured intelligence and socioeconomic 
level is well documented (for a review, see Tyler, 1965). To the extent that 
the composite parental education index used in this study indexes socioeconomic 
class, higher intelligence levels would be expected in the students with 
higher parental educational levels due to a genetic contribution; and such 
differences would be reflected in the three tests used in this study. 

In addition to the genetic contribution to higher test scores that would 
be predicted by higher parental intelligence levels, differences in the home 
environment provided by parents with varying degrees of education might be 
expected to be related to test scores, although some evidence suggests that this 
effect may contribute less to performance on the spatial test than to 
performance on the vocabulary and mathematics tests (Marjoribanks, 1972). 
Because of the small number of students reporting parents' education at various 
levels in this study, it was necessary to collapse the original six educational 
categories into three levels for the analyses performed. The resulting educa
tional levels ("some high school," "high school diploma," "some post-high 
school ") did not provide as discriminating measures of parents' educational 
level as had been hoped for, and this might be expected to reduce any 
relationship between this variable and scores on the three ability tests. 

Nonetheless, significant effects for the parental education variable were 
obtained in both the vocabulary and spatial tests, even though the mean diff
erences in the spatial test were not of much practical significance. In 
addition, the trend of vocabulary scores over increasing educational levels 
depended on the race and sex group concerned. The education variable seemed 
important for all groups except the Black males. 

No significant effect for parental education for the mathematics test was 



-28-

found, contrary to what would be expected from previous research. The relatively 
low mean scores for all groups on this test suggest that this test might have 
been too difficult for the sample tested, which might have resulted in the 
lack of relationship with the parental education variable. 

Application of ICC theory item parameterization techniques to the vocabu
lary data showed that item parameter estimates could be obtained for the 
majority of the items, although the first principal component represented only 
15% of the total variance in the vocabulary test items in the White group and 
about 10% of the total vocabulary item variance in the Black group. 

An item-by-group index of item bias was computed for each vocabulary item 
by subtracting the ICC item difficulty (b) parameter obtained in the White 
group from the difficulty parameter in the Black group. Results showed that, 
on the average, items were (1) more difficult for Blacks, (2) about equally 
discriminating in the two groups, and (3) more biased in favor of Whites. 

Examination of the item parameter characteristics for "Black-type" words 
separately from the rest of the calibrated item pool indicated that the 
"Black-type" items were more discriminating for Blacks than for Whites, while 
the rest of the item pool was more discriminating for \fuites. The "Black-type" 
words were less discriminating than the remainder of the items for both groups. 
Since average item discrimination is positively related to the magnitude of 
internal consistency reliability coefficients as well as to values of test 
information (both of which are indices which reflect the precision in responses 
to a set of test items), this result suggests that more precise estimates of 
the verbal ability of Blacks would not be obtained by using "Black-type" test 
items of the type used in this study rather than "non-Black-type" items. 

A comparison of the factor structures for Whites and Blacks on the three 
subtests concluded that 

1. There was substantial specific item variance in each of the three 
tests for both groups. 

2. In all tests the strength of the first factor was larger for Whites 
than for Blacks. 

3. While the number of important factors appeared to be the same in both 
groups, the patterns of item loadings on these factors indicated that 
the nature of the factors, except for the mathematics test, differed 
for the two groups. In particular, the largest vocabulary factor in 
the White group did not correspond to any similar factor in the Black 
group. This last result differs from most previous comparisons of 
factor structures in Black and White groups, which have generally 
found that dimensions measured were the same in the two groups but 
that the levels of performance on each dimension differed. 

Many previous studies which found similar factor structures for Blacks and 
Whites utilized widely used standardized tests from which biased items have 
largely been eliminated based on previous analyses. In this study, items written 
specifically for Blacks and Whites were purposely included in the vocabulary 
test in order to test the methodology of identifying possibly biased items 
using an index of item bias derived from ICC theory and to investigate in a 
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subsequent study the use of computerized adaptive testing techniques to reduce 
this bias. While the items written specifically for \fhites did not define 
a separate factor in either group's factor solutions, the largest White 
vocabulary factor seemed to be largely defined by the words written specifically 
for Blacks. No such "bias" factor appeared in the Black group, presumably 
because this group was more homogeneous with respect to these items. As a 
result, the finding of differential factor structures in the present study, 
in contrast to previous research, is not surprising. Indeed, the finding of 
differential factor structures when potentially biased items were introduced 
supports the utility of an index of item bias and comparative factor analyses 
in eliminating such differences. A subsequent study will evaluate the use of 
the bias index reported here in conjunction with computerized adaptive testing 
techniques to reduce differences in level and dimensions of performance between 
racial groups. 

Three analyses were concerned with the question of the similarities 
between the two racial groups in variance overlap among the three kinds of 
ability tests. The raw scores on the three tests were intercorrelated for 
Blacks and Whites; all test intercorrelations.were significant except for the 
correlation between vocabulary and spatial scores for Blacks. There was a 
consistent trend for the White correlations to be larger than the Black 
correlations, although the differences were not statistically significant. 

In the second analysis concerned with variance overlap, factor scores 
computed separately for each racial group on each of the subtest factors were 
correlated with factor scores for each of the other subtests. These results 
supported both the correlations of total scores and the comparison of factor 
structures between the racial groups. The correlations between factor scores 
on different tests for the Blacks were consistently lower than for the Whites. 
In addition, there were different patterns of intercorrelations for the two 
racial groups, supporting other analyses which indicated that the same tests 
measure different components of ability in the two racial groups. 

The redundancy analysis supported the other two variance overlap analyses, 
indicating that there was less shared variance between the subtests for the 
Black group than for the White group. The largest differences occurred for 
test pairings which included the vocabulary test, suggesting that differences 
in vocabulary ability are somehow important in reducing variance overlap in 
abilities for the Blacks. This finding is probably not due to the lower 
internal consistencies for the Blacks, since the difference in internal 
consistencies was smallest for the vocabulary test. 

The data of this study indicate that using number-correct scores, Blacks 
generally performed less well on tests of vocabulary, mathematics, and spatial 
ability than did Whites; but additional data analysis indicated that a number 
of variables confounded the interpretation of this finding. In the vocabulary 
test,race, parental education, and sex all interacted with each other. Thus, 
to the extent that group mean differences on this test were in fact due to 
bias in the test, the exact nature and interpretation of this bias is complex. 
At the item level, more items in the vocabulary test were shown to be biased 
against Blacks than against Whites, as indexed by the difference in ICC diffi
culty parameters for the two groups. This occurred despite the inclusion of 
more words written specifically for Blacks than for Whites. With very few 
exceptions, the only words which favored Blacks (i.e., had a negative bias 
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index) were those written specifically for Blacks (see Appendix Table A-5). 
This suggests that either a majority of the items in the test were biased, or 
that the vocabulary ability level of the Black group was in fact lower than 
that of Hhites in the sample. 

Also confounding the interpretation of the racial group mean differences 
was the differential structure of two of the tests for the two racial groups. 
The data showed substantial group differences in both the within-test structures 
and the between-test relationships. It is clear from these data that the 
subtests did not measure the same factors in the two racial groups and that 
the organization of the abilities as measured by these subtests differed for 
the two groups. It was suggested that the largest White vocabulary factor 
was largely a "bias" factor, being defined in large part by the variance 
associated with White performance on "Black-type" items. Had these items not 
been included in the vocabulary test, the factor structures would likely have 
been more similar for the two groups. 

The presence of group differences in factor structure for the tests as 
given, however, makes the meaningfulness of number-correct scores as a basis 
for group comparisons questionable. Hith the same test measuring different 
components of ability in the t'11o racial groups, number-correct scores will be 
composed of these different abilities in different degrees. The effect, 
then, of directly comparing number-correct scores between the two groups is 
that of comparing "apples" and "oranges." A conclusion of meaningful racial 
group differences in mean ability scores can only be valid if it can be 
demonstrated that the tests are measuring the same variable for the two groups. 
Both the factor analyses and the variance overlap analysis indicate that the 
abilities measured here, especially the vocabulary and spatial abilities, 
were measured differently in Black and 1-Jhite students, even though the same 
tests were used; consequently, direct comparisons of these groups on number
correct scores is inappropriate. The use of an index of item bias in conjunc
tion with factor and redundancy analyses can assist in determining whether 
number-correct scores represent the same components of ability for different 
groups and thus ~an be meaningfully compared. 
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APPENDIX A: SUPPLEMENTARY TABLES 

Table A-1 
Sources for Black Vocabulary Words 

Giovanni, Nikki. Black Judgement. Detroit, Michigan: 
Broadside Press, 1968. 

Hughes, Langston. Selected Poems. New York: Knopf, 1966. 

Hughes, Langston. Good Horning Revolution. New York: 
Lawrence Hill, 1973. 

Hajor, Clarence. Dictionary of Afro-American Slang. 
New York: International Publishers, 1971. 

Ellison, Ralph. Invisible Man. New York: Signet, 1947. 

Little, Halcolm. Halcolm X on Afro-American History. 
New York: Pathfinder Press, 1970. 

Little, Halcolm. By Any Heans Necessary. (Edited by 
George Breitman). New York: Pathfinder 
Press, 1970). 
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Table A-2 
Examples of Vocabulary Items 

Items from Black Literature and Black Psychologist 

Ranking 
1. Murdering 
2. Exchange of insults 
3. Pig's intestines 
4. Fried cow's tail 
5. Olympic event 

Shiv 
1. 
2. 
3. 
4. 
5. 

Politician 
Genius 
Book 
Drifter 
Knife 

Gatemouth 
1. Gossiper 
2. Doorway 
3. Jazz musician 
4. Dog 
5. Fat person 

Swag 
1. 
2. 
3. 
4. 
5. 

Construction worker 
Beggar 
Corrupt politician 
Stolen goods 
Garbage 

"l'v"'hite" type items from Webster's Seventh Collegiate Dictionary 

Borsch Torte 
1. Overcoat 1. Cake 
2. Dog 2. Twist 
3. Porter 3. Shirt 
4. Soup 4. Crime 
5. Chamber 5. Answer 

Afghan Gefilte Fish 
1. Alien 1. Type of fish 
2. Harbor 2. A game 
3. Canvas 3. Food 
4. Vista 4. A sport 
5. Blanket 5. Sucker 

Items from Standardized Vocabulary Tests 

Accumulate Reinforce 
1. Become cloudy 1. Speak loudly 
2. Get angry 2. Come again to 
3. Get dirty 3. Revise 
4. Imitations 4. Apply again 
5. Claws 5. Make stronger 

Oppressed Capitulate 
1. Wrinkled 1. Entitle 
2. Expressed 2. Surrender 
3. Musically talented 3. Behead 
4. Disowned 4. Put in charge 
5. Put down 5. Congratulate 
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Table A-3 
Sample Items from the Mathematics Test 

Nancy bought 8 feet of ribbon. 
The ribbon was taken from a roll 
4 yards long. How many inches 
were left on the roll after the 
sale? 
A. 4 inches 
B. 24 inches 
c. 36 inches 
D. 48 inches 
E. none of these 

John bought a bicycle for 1/5 as 
much money as Sam. Sam paid 
$85.00. How much did John pay? 
A. $17.00 
B. $40.15 
c. $68.00 
D. $80.00 
E. none of these 

The milk man had two containers. 
One was filled with 3.3 quarts 
of milk, and the other with 
2.199 quarts. How much more 
milk was in one container 
than the other? 
A. 1.101 quarts 
B. 1.201 quarts 
C. 2.101 quarts 
D. 5.499 quarts 
E. none of these 

The price of a new car is $4565.08. 
Las year the car was $577.79 less. 
How much was last year's model? 
A. $2989.29 
B. $3087.29 
c. $3887.29 
D. $3987.29 
E. none of these 

A tent is 18 feet long and 14 
feet wide. How many square feet 
does the floor of the tent cover? 
A. 32 square feet 
B. 64 square feet 
C. 152 square feet 
D. 252 square feet 
E. none of these 

A roll of paper 8 1/4 feet wide 
is to be cut into strips 9 
inches wide. How many strips 
can be cut from this roll? 
A. 9 strips 
B. 10 2/3 strips 
C. 11 strips 
D. 17 1/4 strips 
E. none of these 

A television normally sells 
for $596. During a sale it was 
reduced by 22%. By how much was 
the item reduced? 
A. $119.20 
B. $121.12 
c. $131.12 
D. $464.88 
E. none of these 

One quart of lemonade was poured 
from a 7 gallon jug. How 
many pints of lemonade are 
left in the jug? 
A. 48 pints 
B. 54 pints 
c. 64 pints 
D. 108 pints 
E. none of these 
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Table A-4 
Percentages of Highest Educational Level Attained by 

Fathers and Mothers as Reported by Students in Each Test Group 

Racial Group 
Highest Educational 
Level Attained 

Blacks Hhites 

Vocabulary Test Group 
Not Reported 
Responded "Not 

Applicable" 
Did Not Complete 

High School 
Finished High 

School 
Some College or 

Post-High School 
Finished College 
Attended Graduate 

or Professional 
School 

Father Mother 

(N=90) 
14.45 8.9 

15.6 10.0 

16.7 15.6 

25.6 25.6 

16.7 
5.6 

5.6 

22.2 
11.1 

6.7 

Math and Spatial Test Group (N=81) 
Not Reported 19.8 24.7 
Responded "Not 

Applicable" 18. 5 11. 1 
Did Not Complete 

High School 17.3 12.3 
Finished High 

School 19.7 23.5 
Some College or 

Other Post High 
School 

Finished College 
Attended Graduate 

or Professional 
School 

16.0 
8.6 

0.0 

19.8 
3.7 

4.9 

Father Mother 

(N=l67) 
3.0 1.8 

7.2 2.4 

28.1 18.6 

35.3 55.1 

13.2 
9.6 

11.4 
8.4 

3.6 2.4 

(N=l80) 
7.8 5.6 

7.8 5.0 

25.0 17.2 

40.6 56.1 

7.8 
6.7 

4.4 

10.0 
5.6 

. 6 

Combined 
Racial Groups 

Father Mother 

(N=257) 
7.0 4.3 

10.1 5.1 

24.1 17.5 

31.9 44.7 

14.4 
8.2 

15.2 
9.3 

4.3 3.9 

(N=261) 
11.5 ll.5 

11.1 6. 9 

22.6 15.7 

34.1 46.0 

10.3 
7.3 

3.1 

13.0 
5.0 

1.9 
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Table A-5 
Item Characteristic Curve Discrimination (a) and Difficulty (b) Parameters 

for the Black, \fui te, and Combined Groups, and the Corresponding 
Bias Index for the Total Combined Group 

BL:.cks Hhites Combined Group 
Item (N=92) (N=l73) (N=265) 

Item Stem Number a D a l5 a Bias 

1. Torte 1201 1. 24 1. 27 .85 .93 .98 1. 01 .33 
2. Ranking 1202 .30 .58 .34 . 68 .33 . 65 -.11 
3. Pulpit 1204 .25 . 82 .50 .41 .43 . 52 .41 
4. Sober 1205 .74 -1.95 .56 -2.71 . 65 -2.31 .77 
5. Shiv 1206 .43 1. 51 .18 1.41 .28 1. 54 .09 
6. Evict 1207 1. 23 .43 1. 26 .00 1. 34 .16 .44 
7. Turmoil 1208 . 34 .94 1. 07 .02 .74 .22 .92 
8. Discuss 1209 . 69 -2.50 .71 -2.59 . 67 2.67 . 09 
9. Contain 1210 .13 -6.14 . 39 -2.13 . 32 -2.62 4.01 

10. vJail 1211 2.75 .36 2.17 .07 2.27 .18 .29 
11. Triumph 1212 1. 27 -.11 .87 -1.44 .95 -.87 1. 33 
12. Backgammon 1213 .53 1. 37 1.17 . 24 .98 . 47 1.12 
13. Igg 1214 .00 59.27 .16 3.53 . 04 8.48 55.74 
14. Indictment 1219 . 64 1. 31 1. 31 . 28 1.10 . 38 .41 
15. Shouting 1223 .45 -1.23 .08 4.23 .09 . 84 -5.46 
16. Unemployed 1224 .71 -2.29 .87 -2.77 . 79 -2.55 .48 
17. Sanctuary 1225 .76 .73 .78 . 33 .84 .48 .40 
18. Corrupt 1227 . 55 1. 07 1.77 .17 1.19 . 34 .90 
19. Oppressed 1228 . 85 .36 1.19 .17 1. 07 .26 .19 
20. Diplomatic 1231 1. 80 .73 . 69 -.04 .85 .25 .77 
21. Fry 1232 .59 . 87 . 24 4.23 .26 3.17 -3.36 
22. Long Money 1233 .06 13.86 . 29 3.13 .19 4.48 10.73 
23. Lobster 1234 1. 29 -1.47 .76 -2.13 .90 -1.83 .66 
24. Taters 1235 .88 -.94 .75 -.95 .79 -9.44 .01 
25. Enemy 1236 .49 .09 . 89 -.42 .75 -2.55 .51 
26. Cameo 1238 . 38 3.17 . 89 .20 .79 . 64 2.97 
27. Yam 1239 .90 -1.85 .49 -1.49 .52 -1.66 -.36 
28. Exploit 1240 .82 1. 47 .97 .72 .97 .91 .74 
29. Chitterlings 1242 . 84 -2.06 . 28 2.51 . 09 .81 -4.57 
30. Ascot 1243 .56 2.30 1. 53 1.02 1. 22 1. 23 1. 28 
31. Domination 1244 .61 .78 1. 43 .27 1.06 . 39 .51 
32. Clip 1245 . 32 2.39 .14 6.83 .22 3.98 -4.44 
33. Ballerina 1246 1. 44 -.56 .74 -1.19 .93 -.88 . 62 
34. Capitulate 1247 .07 19.93 .10 16.19 .10 16.84 3.74 
35. Slide 1248 . 25 -1.34 .41 -.23 .35 -.so -1.11 
36. Scratch 1249 . 55 3.61 .60 2.08 . 64 2.31 1. 53 
37. Rigid 1251 .66 2.49 1. 31 . 48 1.11 .84 2.01 
33. Uppity 1252 .71 -.44 .54 .10 .56 -.12 -.54 
39. Linoleum 1254 2.87 -.90 1. 45 -1.05 1. 68 -.60 .95 
40. Hacking 1257 .70 -1.24 . 62 1. 84 . 22 1. 61 -3.08 
41. Badger 1259 .66 -.71 2.18 -1.01 1. 20 -.91 . 30 
42. Lynch 1262 .70 -1.16 .86 -.81 . 76 -.94 -.35 
43. H<:>w 1264 . 69 ·3.09 . 47 2.57 .58 2.54 .52 
44. Roust 1265 .59 1. 53 1.18 -.03 1. 03 . 32 1. 55 
45. Gig 1268 . 54 .08 1. 01 -1.85 -.03 .00 .11 
---------

(continued next page) on 
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Table A-5(continued) 
Item Characteristic Curve Discrimination (a) and Difficulty (b) Parameters 

for the Black, .White, and Combined Groups, and the Corresponding 
Bias Index for the Total Combined Group 

Blacks Whites Combined Group 
Item (N=92) (N=173) N=265) · 

Item Stern Nurnb1=r a b a b a b Bias 

46. Testify 1272 .66 -1.54 . 55 -1.85 . 63 -1.59 .31 
47. Rap 1275 .60 -2.25 .51 -2.21 .56 -2.04 -.03 
48. Cracklins 1278 .58 . 53 .24 4.50 .22 3.43 -·3. 97 
49. Agile 1279 • LIO 2.34 .81 .73 .68 1. 05 1. 61 
50. Gaternouth 1280 .49 .46 .96 .29 .75 . 34 .16 
51. Aardvark 1281 .94 .44 .74 -.96 .84 -.38 1.40 
52. Rehearse 1282 1. 47 -.47 .93 -1.27 1. 08 -.91 .79 
53. Custody 1284 .88 .51 1.06 .44 1.01 -.09 .94 
54. Lush 1286 11.22 1.12 .53 3.59 .77 2.29 -2.47 
55. Retrieve 1287 .84 .11 .61 -.94 .73 -.47 1.05 
56. Imply 1289 .53 1. 27 1. 28 -.11 1. 07 .17 1. 39 
57. Irritate 1293 1. 78 -.14 .80 -.78 1.07 -.47 .64 
58. Gay 1294 .57 -1.26 .27 -4.19 .39 -2.43 2.93 
59. Dune 1295 .90 -.13 .89 -1.22 .91 -. 77 1. 08 
60. Analyze 1297 . 71 1.18 . 74 .14 .76 .45 1.04 
61. Solitary 1298 1. 26 . 09 .86 -.51 1.01 -.28 .60 
62. Croak 1299 • 3!+ -.18 .66 . 02 .53 -.03 -.20 
63. Blunder 1300 .98 1.18 1.12 .54 1. 22 .71 . 64 
64. Pig 1301 . 37 -.54 .28 -.33 . 28 -.53 -.21 
65. Bequeath 1302 .63 1. 84 3.06 . 64 1. 49 .87 1.21 
66. Afghan 1304 .87 .20 .95 -.57 . 94 -.31 .77 
67. Arbitrate 1305 1. 02 1.91 1. 83 .88 1. 33 1.14 1.03 
68. African 

dominoes 1309 .72 .95 . 34 1. 25 .45 1.10 -.30 
69. Allow 1310 1.17 -.6l .84 -.95 .91 -.85 . 35 
70. Triple 1311 .92 -.58 . 62 -1.93 .77 -1.22 1. 35 
71. Symbol 1312 .72 -.49 .51 -1.31 . 62 -.91 .82 
72. Reinforce 1313 .82 .06 .83 -.41 .89 -.23 .47 
73. Specify 1315 1. 32 .55 1.02 -.39 1.16 -.05 .95 
74. Clarify 1316 .42 1. 33 .67 -.13 . 65 .25 1.46 
75. Gadget 1320 1. 21 -.24 1. 41 -.84 1.31 -.62 .59 
76. Caravan 1321 2.23 1. 02 .80 .49 .96 . 68 .52 
77. Hini.murn 1322 .99 -.46 .57 -1.48 .74 -.96 1.02 
78. Decode 1323 1.39 .01 1.14 -.68 1.19 -.40 . 68 
79. Tense 1324 1. 32 .29 .61 -.47 .84 -.10 .76 
80. Precede 1325 .82 1.47 .81 . 38 .87 .69 1.09 
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Table A-6 
Squared Multiple Correlations of Factor Scores in Each 
Subtest Predicted from Factor Scores in Other Subtests, 

and Redundancy Values, by Racial Group 

R2 and Redundancies 
Variables Blacks Whites 

Prediction of Vocabulary (V) from 
Hathematics (M) Factor Scores 

Vl from Ml, M2 
V2 from Ml, M2 
V3 from Ml, M2 
Redundancy 

Prediction of Mathematics (H) from 
Vocabulary (V) Factor Scores 

Hl from Vl, V2, V3 
M2 from Vl, V2, V3 
Redundancy 

Prediction of Vocabulary (V) from 
Spatial (S) Factor Scores 

Vl from Sl, S2, S3 
V2 from Sl, S2, 53 
V3 from Sl, S2, 53 
Redundancy 

Prediction of Spatial (S) from 
Vocabulary (V) Factor Scores 

Sl from Vl, V2, V3 
S2 from Vl, V2, V3 
S3 from Vl, V2, V3 
Redundancy 

Prediction of Mathematics (N) from 
Spatial (S) Factor Scores 

Ml from Sl, 52, S3 
M2 from Sl, S2, S3 
Redundancy 

Prediction of Spatial (S) from 
Mathematics (N) Factor Scores 

Sl from Ml, M2 
52 from Ml, M2 
S3 from Ml, M2 
Redundancy 

. 089 

. 062 

.159 
7.0% 

.131 

.062 
9.6% 

. 09 

.03 

.04 
5.3% 

.053 

.026 

.087 
5.3% 

.034 

.126 
8.0% 

.036 

.012 

.118 
5.3% 

. 068 

.139 

.095 
10.7% 

.242 

.093 
16.8% 

.118 

.159 

.058 
11.2% 

.168 

.072 

.154 
13.1% 

.127 

.059 
9.5% 

.081 

.041 

.081 
6.6% 
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APPENDIX B: SUPPLEMENTARY FIGURES 

Figure B-1 
Sample Items from the Spatial Test 
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GO ON TO THE NEXT PAGE. 
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Figure B-2 

Biographical Questionnaire 

FOR RESEARCH PURPOSES ONLY 

Please PRINT your name on the line below: 

1. Sex 

CJ 

2. Race 

CJ 
L_l 

D 
D 

Last Name 

Male CJ Female 

Afro-American (Black) 
Mexican-American 
Puerto-Rican 
Other Latin-American 

First Name Initial Class 

CJ Oriental or Asian-American 
0 Native-American (Indian) 
CJ White 
0 Other, specify: 

3. What was the htphest educational level each of the following persons 
completed? If you are not sure, please give your best guess. 

(Check one box in each column.) 

Father or 
male 

guardian 

Mother or 
female 

guardian 

Doesn't apply ............................ CJ·················D 
Did not complete high (secondary 

sc:hoo 1 ..............•................ · ·D ................. p 

Finished high school or equivalent .....•. D·················L:J 

Some college or additional schooling 
after High School (for example, 
computer training, business or trade 
schools) .........•...... ·•··•·······•• ·0· · · · · · · · · · · · • • • • · -<::J 

Finished college (four years) ....•..•.•.. D·················~ 

Attended graduate or professional school 
(for example, law or medical school) .. -c:::J• •••••••••••••••• -o 

I Do NOT TURN THE PAGE UNTIL vou ARE TOLD TO DO so.l 
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A CONSTRUCT VALIDATION OF ADAPTIVE ACHIEVEMENT TESTING 

In the last decade there has been an increasing amount of research on 
adaptive or tailored ability testing (Weiss, 1976). In general, this research 
has shown that adapting ability tests to the individual is beneficial in terms · 
of (1) reducing test anxiety and increasing test-taking motivation (Betz & 
Weiss, 1976) and (2) providing measurement of higher precision (McBride & 
Weiss, 1976; Vale, 1975). More recently, interest has extended to achievement 
testing as well (Bejar, Weiss, & Gialluca, 1977; Bejar, Weiss, & Kingsbury, 
1977; Brown & Weiss, 1977; Reckase, 1977). The question of the validity of 
adaptive testing has not yet been investigated, however, either in the 
ability testing domain or in the adaptive measurement of achievement. 

A few studies have examined the "fidelity" of adaptive testing strategies, 
where fidelity is defined as the correlation between true ability level and 
ability level estimated by an adaptive testing procedure (e.g., McBride & 
Weiss, 1976; Urry, 1976; Vale & Weiss, 1975). Of necessity, however, these 
studies were computer simulation studies in which "true" ability was known and 
testees were simulated by a mathematical model. Other studies which have examined 
the validity of adaptive tests (e.g., Linn, Rock, & Cleary, 1969) were real
data simulation studies in which responses to adaptive tests were simulated 
from the responses of students to conventional paper-and-pencil tests. Thus, 
no live-testing studies have been reported in which tests were administered 
adaptively and in which the comparative validity of conventional paper-and
pencil testing and adaptive strategies was examined. 

Narrowly defined, validity consists of ascertaining how well an individual's 
performance on a criterion of interest can be forecasted from knowledge of 
his/her test performance on the test being validated (e.g., Cronbach, 1971). 
The usual procedure for this kind of validation consists of assessing the 
relationship, or correlation, of the scores on the criterion with the scores on 
the test being validated. 

When the interest is in comparing the validities of two or more testing 
procedures, this approach to validation could give misleading results, since 
a test consists of several components, each of which can determine to some 
extent a testee's performance on the test. As a result, the correlation between 
scores on tests administered in different ways may be partially determined by 
the components shared by the testing procedure being validated and the criterion 
(Bejar, 1977). Thus, if the correlation between scores from Testing Procedure 
A and Criterion C is higher than the correlation between scores from Testing 
Procedure B and Criterion C, this may not necessarily be evidence that Testing 
Procedure A is more valid than Testing Procedure B. The apparent difference 
in validity could be due simply to the fact that Test A and Criterion C 
were measured under similar conditions and thus had more method variance 
in common. For example, both the test and the criterion performance might be 
measured under conditions which were arbitrarily high speeded, and the resulting 
correlation would reflect this common speededness. 
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A broader and more appealing view of the validation process is construct 
validation (Campbell & Fiske, 1959; Cronbach & Meehl, 1955). In this context 
the question is not how well some criterion is predicted; rather, the goal is 
identificationofthe constructs that account for test performance. This is 
done by postulating a nomological net--a theory describing the laws and hypo
theses that relate observables to observables, observables to constructs, and 
constructs to constructs. The validation process then consists of ascertaining 
whether the data support the theoretical hypotheses in the nomological net. If 
the data are in accord with the hypothesis, the problem becomes one of estima
ting the strength of the relationship between the different components of the 
net. The practical problem of assessing the relative validity of two testing 
procedures becomes one of determining how well each measures the construct it 
is supposed to measure. This can be approached by assessing the relationship 
between the observed scores derived from each of the testing procedures and the 
constructs that the testing procedures are designed to measure. 

Purpose 

The purpose of this study was to assess the relative construct validities 
of two testing procedures for measuring achievement--a conventional paper-and
pencil test and a computer-administered adaptive test. A nomological net 
was specified and fitted to the intercorrelations among four measures of 
achievement and to measures of verbal ability. A secondary purpose of the 
study was to estimate the relationships of verbal ability to achievement test 
performance. 

Method 

Data for this study were obtained from students enrolled in a large 
introductory biology course at the University of Minnesota during the fall and 
winter quarters of the 1976-1977 school year. The analysis was based on 
volunteers for which the following six scores were available: 

1. Classroom biology achievement test, first midquarter (MQlC) 
2. Classroom biology achievement test, second midquarter (MQ2C) 
3. Adaptive biology achievement test, first midquarter (MQlA) 
4. Adaptive biology achievement test, second midquarter (MQ2A) 
5. Adaptive vocabulary test at first midquarter (VOCl) 
6. Adaptive vocabulary test at second midquarter (VOC2) 

The classroom midquarter tests, MQlC and MQ2C, were the tests normally given 
in the course for grading purposes. Data on both the adaptive achievement 
and vocabulary tests were collected from students who volunteered to participate 
in the research in exchange for extra points toward their final course grade. 

Subjects 

Data were available on students from two academic quarters. During the 
fall quarter, 394 students had volunteered to take an adaptive midquarter test 
based on the material from the first classroom biology midquarter test and 386 
volunteered for the adaptive midquarter test based on the tnaterial from the 
second classroom biology midquarter test. However, only 269 students 
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participated at both occasions; data analysis for fall quarter data was based on 
this group. For winter quarter, 317 students volunteered to participate in the 
first adaptive midquarter test administration and 349 volunteered to participate 
inthesecond; data analysis for winter quarter data was based on the 230 
students who participated in both adaptive midquarter tests. 

Procedure 

At both the first and second adaptive test administrations, the volunteer 
students were first given the adaptive multiple-choice verbal ability test 
(VOCl, VOC2) followed by the adaptive multiple-choice biology test (MQlA, 
MQ2A) based on the content covered in the classroom biology midquarter tests. 
The adaptive tests were administered by means of cathode ray terminals (CRTs) 
connected to a Hewlett-Packard real-time computer system. Instructional 
screens explaining the operation of the equipment were presented prior to 
testing (DeWitt & Weiss, 1974). A proctor was present in the testing room at 
all times to assist students with the equipment. Each test item was presented 
separately at the rate of 960 characters per second on the CRT screen. 
Students responded by pressing the key corresponding to the chosen alternative. 
During the fall quarter administration, feedback was provided after each 
response (i.e., each student was informed whether or not he/she had answered 
each test item correctly); if an incorrect answer was given, the student was 
told which answer was correct. During the winter quarter administration, 
immediate feedback was not provided. There were no time limits imposed on the 
tests. At the completion of testing, students received a printed report which 
listed questions answered incorrectly and provided the correct answers. 

The classroom biology achievement test data (MQlC, MQ2C) were obtained 
from course instructors. 

Achievement Tests 

Item pooZ. The development of the item pools used in this study has been 
described by Bejar, Weiss, and Kingsbury (1977). Briefly, the answer sheets for 
two classroom biology midquarter tests from two previous academic quarters 
were used as raw data for obtaining the item parameters--discrimination (a), 
difficulty (b), and guessing (c)--of the logistic item characteristic curve 
(Birnbaum, 1968) for each item. For the fall quarter administration, 114 items 
covering the content of the first midquarter were available; the pool 
covering the content of the second midquarter contained 112 items. For the 
winter administration, 44 items were added to the first midquarter pool and 
49 were added to the second midquarter pool; thus, there were a total of 158 
items in the first midquarter item pool and a total of 161 in the second 
midquarter pool. Both the adaptive and classroom achievement tests were 
constructed from the same item pool. 

Adaptive achievement tests. The adaptive achievement tests were admin
istered by the stradaptive strategy (Weiss, 1973). The entry point was selected 
based on student-reported GPA. At the beginning of the adaptive testing session, 
students were asked to state their grade point average (GPA) by selecting one 
of nine equally spaced intervals from 2.00 to 4.00 (DeWitt & Weiss, 1974, p. 
49). For example, students reporting GPAs in the lowest interval began testing 
in the least difficult stratum, whereas students choosing the highest GPA 
interval began in the most difficult stratum. 



-4-

The branching strategy used in the stradaptive test was the standard 
"up-one/down-one" procedure. That is, if an item was answered incorrectly or 
with a"?," the next unadministered item from the next easier stratum was 
administered; if an item was answered correctly, the next unadministered item 
from the next more difficult stratum was administered. 

A variable criterion was used to terminate testing on the stradaptive 
test. After a student answered five items in a stratum, if he/she 
answered 20% or fewer correctly, testing was terminated. If testing was not 
terminated by this criterion after 50 items had been administered, no further 
items were administered. 

To construct item pools which could be used for administration of stradap
tive tests, each of the two pools (Midquarters 1 and 2) was structured by 
forming nine strata of increasing difficulty. Mean stratum difficulties were 
chosen so that there would be approximately the same number of items per 
stratum. Within each stratum the items were ordered in terms of their 
discriminations unless this resulted in items covering the same content area 
appearing consecutively. Appendix Tables A and B show the item difficulties 
and discriminations for items in the nine strata into which the first and second 
midquarter item pools were structured. Table 1 summarizes that information by 
showing the mean and standard deviations of the discrimination (a), difficulty 
(b), and guessing (c) parameter estimates for the fall and winter item pools. 
For both the first and second midquarter tests, the mean discriminations, 
difficulties, and "guessing" parameters were essentially identical for the two 
quarters. 

Table 1 
Mean and Standard Deviation of Item Parameter Estimates of the 
Fall and Winter Item Pools for the First and Second Adaptive 

Achievement Midquarter Tests (MQlA and MQ2A) 

Number a b c 
of Discrimination Difficulty "Guessing" 

Test Items He an S.D. Mean S.D. Mean S.D. 

MQlA 
Fall 114 1.21 .46 .19 1.21 .27 .08 
Winter 158 1. 20 .44 .16 1.19 .27 .08 

MQ2A 
Fall 112 1.20 .41 .16 1.16 .28 .09 
Winter 161 1. 20 .39 .11 1.16 .28 .08 

Cl-assroom achievement tests. The classroom biology midquarter test each 
quarter included 55 items which the course staff selected by a combination of 
pedagogical criteria and procedures from classical test theory. Their aim in 
constructing these tests was to produce a "good" test for purposes of course 
grading. Students were instructed to answer 50 items of their choice. For 
purposes of this research, however, the classroom achievement tests were 
shorter than 50 items, since item parameter estimates were not available for 
some of the items. The item parameter estimates for the items in MQlC and 
MQ2C for the fall administration are in Appendix Table C; those for tbe winter 
administration are in Appendix Table D. 
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Table 2 shows the means and standard deviations of estimates of the three 
item parameters for MQlC and MQ2C for the fall and winter administrations. 
Constrasting these figures to those in Table 1, it is evident that the items 
for MQlC were, on the average, less discriminating than those in the adaptive 
test pool; the items in MQlC were also less discriminating than those in the 
adaptive test pool, but the differences between the two poolsweresmaller. 

Table 2 
Mean and Standard Deviation of Item Parameter Estimates for 
the First and Second Classroom Achievement Midquarter Tests 

(MQlC and MQ2C) in the Fall and Winter Administration 

Number a b c 
of Discrimination Difficulty "Guessing" 

Test Items Mean S.D. Mean S.D. Mean S.D. 

MQlC 
Fall 39 1.09 .27 .ll 1.14 .29 .06 
Winter 45 1. 09 . 31 . 08 1. 33 .25 .09 

MQ2C 
Fall 41 1.17 .44 . 07 1. 20 .28 .07 
Winter 44 1.14 .40 -.06 1.29 .25 .08 

Adaptive Vocabulary Tests 

The adaptive vocabulary test was also administered by the stradaptive 
strategy. The same entry point and termination rule used in the biology 
achievement test were used for the vocabulary test, except that the maximum 
number of items in the vocabulary test was set at 40. 

The development of the vocabulary item pool has been described by McBride 
and Weiss (1974); the procedures for estimating the item parameters used for 
the vocabulary tests are described in Prestwood and Weiss (1977). For the fall 
administration, the same pool consisting of 321 items was used for the first and 
second midquarters. During winter quarter, however, the pool was split into 
two comparable halves consisting of 160 and 161 items each, used for the first 
and second midquarter administrations, respectively. Appendix Table E provides 
the item parameters for the stradaptive vocabulary tests. 

Scoring 

All tests were scored by maximum likelihood estimation, specifying 
Birnbaum's (1968) three-parameter logistic model as the response model. The 
item parameter estimates were edited by the scoring program so that the 
maximum value of the discrimination parameter (a) was set to 2.5, the maximum 
absolute value of the difficulty parameter (b) was set to 3.00, and the 
maximum value of the guessing parameter (c) was set to .35. In estimating 
achievement scores, omitted items were ignored in the computations. The 
convergence criterion was set to .0001, and a maximum of 50 iterations was 
allowed in the maximum likelihood scoring. 
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Nomological Net 

The nomological net investigated consisted of three constructs, each 
measured twice (see Figure !)--achievement at the first midquarter (ACHl), 
achievement at the second midquarter (ACH2), and verbal ability (VER). ACHl 
and ACH2 were each measured once by the classroom biology achievement midquar
ter tests (MQlC, MQ2C) and once by the adaptive biology achievement midquarter 
tests (MQl~, MQ2A). VER was also measured twice--once during the administration 
of MQlA and once during the administration of MQ2A. The arrows connecting 
the constructs and the constructs with their observable measures symbolize 
the parameters of the nomological net to be estimated. Thus, Figure 1 postu
lates that verbal ability (VER) influenced achievement at the first midquarter 
(ACHl) and achievement at the second midquarter (ACH2). Achievement at 
the second midquarter (ACH2) in turn was hypothesized to be influenced both by 
achievement at the first midquarter (ACHl) and by verbal ability (VER). 

Figure 1 
Nomological Net for Construct Validation 

of Classroom and Adaptive Achievement Tests 

CLASSROOM BIOLOGY 
AcHIEVEMENT TEsT) 
FIRST MIDQUARTER 

<MQIC> 

ADAPTIVE BIOLOGY 
AcHIEVEMENT TEsT, 
FIRST MIDQUARTER 

<MQIA) 

ADAPTIVE VocABULARY TEsT, 
AT FIRST MIDQUARTER (VQCl) 

CLASSROOM BIOLOGY 
AcHIEVEMENT TEsT, 
SECOND MIDQUARTER 

<MQ20 

ADAPT! VE BIOLOGY 
AcHIEVEMENT TEsT, 
SECOND MIDQUARTER 

(MQ2A) 

ADAPTIVE VocABULARY TEsT, 
AT SECOND MIDQUARTER (VQC2) 

For construct validation comparisons of the adaptive and conventional paper
and-pencil achievement tests, the parameters of interest were those that estimated 
the relationships between the observables and their corresponding constructs 
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(A
1 

through A
4
). These parameters may be referred to as the validities of the 

observable achievement scores. Thus, in the context of Figure 1 the major 
purpose of this study was to compare the validities for the adaptive achievement 
tests (A

3 
and A

4
) with the validities for the conventional classroom paper-and-

pencil achievement tests (A1 and A2) in two independent sets of data. 

The nomological net in Figure 1 also focuses on the effects of verbal 
ability on biology achievement at both midquarters (y1 and y

2
) and on the 

dependence of achievement at the second midquarter on achievement at the first 
midquarter (8). This part of the model is relevant from a substantive point 
of view because it indicates the degree to which assimilation of instruction 
is dependent on verbal ability. From a psychometric point of view, however, 
the effects of verbal ability on achievement test performance are equally 
important, since individual differences in verbal ability could possibly 
affect the validity of the achievement scores, particularly when the method of 
administration was different in the two testing procedures (i.e., the adaptive 
test was computer administered and the classroom test was paper-and-pencil). 
Thus, a second objective of this investigation was to assess the influence of 
verbal ability on test performance under the two modes of administration. 

Data Analysis .11ethodo"logy 

Estimating the parameters of the nomo"logiaa"l net. Traditionally, 
construct validation hypotheses have been partially investigated by factor 
analytic techniques. However, in recent years the methodology of linear 
structural equations (Goldberger & Duncan, 1973) has been applied to these 
kinds of questions (e.g., Schmitt, 1978) as a result of computational 
developments due primarily to Joreskog (e.g., Joreskog & van Thillo, 1972). 
Structural equations methodology is a more general analytic technique than 
factor analysis, but it is very much related to it. In general, a structural 
equations model consists of three parts. One of these parts models the 
interrelationships among the endogenous or dependent variables. The second 
part models the interrelationships among the exogenous or independent variables. 
The modeling of both sets of variables is by means of factor analytic models; 
that is, it is assumed that the interrelationships within the dependent and 
independent variable sets can be accounted for by a factor analytic model. 
Finally, the third part of the structural equations model connects the 
constructs or factors derived separately from the dependent and independent 
variables. 

The application of this methodology to a nomological net such as that 
shown in Figure 1 has been discussed by Joreskog and Sorbom (1976); the 
following discussion utilizes their notation. To construct the model, the 
nomological net can be separated into the three parts indicated above. 
The first part, the factor model for the dependent variables in the nomological 
net of Figure 1, is seen in Equation 1: 

( :~~~) MQlA 
[1] 

MQ2A 
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This is simply an orthogonal two-factor model for the four biology achievement 
scores (MQlC, MQ2C, MQlA, MQ2A). The two factors postulated were achievement 
in biology at the first midquarter (ACHl) and at the second midquarter (ACH2). 
The E.'s are the unique components associated with each observable measure. 

1-

For estimation purposes \
1 

and \
3 

were set in the estimation program to 

1.0, while \
2 

and \
4 

were free to take on any values. The loadings of MQlC 

and MQlA (\
1 

and \
3

) were fixed at 1.0 in order to make the model identified, 

that is, to insure the uniqueness of each parameter estimate. The uniqueness 
variances, a2e:. were also estimated by the program. 

1-

The second part of the model describing the structures of the independent 
variables is given by Equation 2: 

(~~~~)" (~~) (VER) + (~~) [2] 

Equation 2 indicates that performance on the vocabulary tests is accounted for 
by the single construct, verbal ability (VER). For purposes of estimation,\

5 was set to 1.0 in order to make the model identified. Thus,the parameters 
to be estimated were \

6 
and a 2e: and a2e: 

5 6 

Finally, the third part of the model relates the two achievement con
structs of biology (ACHl, ACH2) and verbal ability (VER). This relationship 
was postulated to be 

The 
the 
and 

ACHl 
ACH2 

[3] 

parameters to be estimated in this part of the model were S, which indicates 
strength of the relationship between achievement at two points in time; y 1 
y 2 , which indicate the strength of the relationship of verbal ability with 

achievement at the first midquarter and at the second midquarter; and finally, 
the variances of the residuals, s1 and s 2 . 

Expanding on Equation 3, ACHl and ACH2 can be expressed as 

[4] 

[5] 

ACHl is the sum of two effects, verbal ability (VER) and s1 , a residual 

component. ACH2, on the other hand, is a function of verbal ability, achieve
ment at the first midquarter, and a residual Cs 2 - Ss1). Note that if S=O--that 

is, ACHl has no effect on ACH2--Equation 5 reduces to 
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ACH2 [6] 

It was assumed that the expected value of ACHl, ACH2, and VER was zero. 
The expected value of the £.'s was also zero. The £.'s were assumed to be 

~ ~ 

uncorrelated and independent among and between themselves and uncorrelated with 
ACHl, ACH2, and VER. The residuals (i.e., ~l' ~ 2 ) were also assumed to be 

uncorrelated and to have a mean of zero. In addition to these assumptions, it 
was assumed that the joint distribution of the observed variables was multi
variate normal and that the sample size was large; therefore, maximum likelihood 
estimates of the parameters in Equations 1 through 3 could be obtained by 
using the program LISREL (Joreskog & van Thillo, 1972). 

Estimating the influence of verbal ability on test performance. The 
nomological net described in Figure 1, which was postulated to account for 
achievement in biology, did not allow the estimation of the effect of verbal 
ability on achievement test performance. The role of this type of method 
variance analysis in the validation process has been recognized since Campbell 
and Fiske's formalization of the multitrait-multimethod matrix (1959). 
However, precise methods for estimating the proportion of method variance did 
not become available until the development of maximum likelihood factor 
analysis (Boruch & Wolins, 1970; Joreskog, 1974). This methodology 
was used to estimate the effects of verbal ability on achievement test 
performance. 

An orthogonal factor model was postulated to account for the interrelation
ships among the six observed scores. The pattern matrix associated with the 
proposed model is shown in Table 3. An "X" indicates that the variable was 
permitted to load on the factor. A "0" indicates that a variable was not 
permitted to load on the factor. Setting certain loadings to zero permits the 
definition of "clean" factors, while at the same time it introduces restric
tions in the estimation procedure which are necessary to insure that the 
model as a whole is identified. · 

Table 3 
Factor Model Postulated to Account 

for Variation Among Six Observed Scores 

Variable 

MQlA 
MQ2A 
MQlC 
MQ2C 
VOCl 
VOC2 

I 

X 
X 
X 
X 
X 
X 

Factor 
II III IV 

X X 0 
X 0 X 
X X 0 
X 0 X 
0 0 0 
0 0 0 

Note. An "X" means the corresponding 
parameter is r: free" to take any 
value. A "0" indicates the 
parameter is "fixed" to take 
the value 0. 
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The model in Table 3 allows the identification of four influences on the 
observed scores or sources of variance. The first source of variance may be 
called a verbal ability factor, since it was the only factor on which the 
verbal scores (VOCl and VOC2) were allowed to load. The loadings of the four 
achievement scores on this factor indicate the effect of verbal ability on 
achievement test performance. The second factor may be called an achievement 
factor because only the four achievement scores (MQlA, MQ2A, MQlG, UQ2C) were 
allowed to load on it. The third and fourth factors are "occasions" factors 
because they capture the unique variability associated with the first and 
second midquarter tests, respectively, MQlA, MQlC and MQ2A, MQ2C. 

Models such as that shown in Table 3 can only be estimated with factor 
analysis programs which permit restricted solutions. A number of such programs 
exist. The program ACOVS (Joreskog, Gruvaeus, & van Thillo, 1970) was used in 
these analyses. This program obtains maximum likelihood estimates of each of 
the loadings under the usual stochastic assumptions of factor analysis. If the 
sample size is large and the data are multivariately distributed, the measure of 
fit computed by the programs is distributed as a x2 variable with known degrees 
of freedom. 

Data Analysis 

Subject pool. During the fall and winter administrations, 269 and 213 
students, respectively, had completed all six tests. However, data for some 
students were eliminated from all analyses for one of two reasons: (1) If the 
scoring procedure failed to converge on any one of the six scores, that student 
was eliminated from the analyses; (2) If a student's maximum likelihood score 
on the adaptive test was too "discrepant" from the classroom test maximum 
likelihood score, the student was eliminated from the analyses. Specifically, 
the difference in each student's maximum likelihood scores--MQlC~MQlA and MQ2C
MQ2A--was computed. If the absolute value of either score difference was 
2.00 or larger, the student was excluded. Invariably, the difference was 
positive for the students eliminated, which indicated that the student performed 
on the adaptive achievement test two units below his/her classroom achievement 
test performance. The rationale for excluding such students was that they 
probably were not "doing their best" taking the adaptive achievement test, 
since it was a volunteer situation. After excluding students for either of 
these two reasons, there were 213 and 187 students, respectively, who had taken 
all six tests during fall and winter administrations. The analyses and results 
that follow are based on these students only. 

Distributional analysis. An assumption needed to obtain maximum likelihood 
estimates of the parameters by fitting the structural model to a correlation 
matrix is that the distribution of the scores be multivariate normal. Although 
some procedures for testing multivariate normality exist (e.g., Andrews, 
Gnanadesikian, & Warner, 1973), they are not easily implemented. For that 
reason, the univariate normality of each score was investigated instead. If 
the multivariate distribution of a set of scores is normal, it would follow that 
the component scores are each also normally distributed. However, demonstrating 
that each score is normally distributed does not guarantee that the joint 
distribution of all scores will be multivariate normal. 

The univariate normality of each of the scores was tested by means of the 
Kolmogorov-Smirnov statistic (see, e.g., Lindgren, 1968). According to this 
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test, if the observed cumulative frequency exceeds the theoretically expected 
frequency by a certain amount, the hypothesis that the distribution is normally 
distributed is rejected. The statistic is 

where 

D is the absolute value of the maximum discrepancy, 
F

0
(x) is the observed cumulative frequency of x, and 

FE(x) is the expected cumulative frequency of x. 

The null hypothesis was tested at the .05 level for each variable in each 
quarter. 

Results 

Distributional Analysis 

The results of application of the Kolgomorov-Smirnov test to the maximum 
likelihood scores on each of the six tests is shown for the fall, winter, and 
combined data in Table 4. All six scores were judged normally distributed in 
each quarter and in the combined data. As can be seen, the probability of the 
null hypothesis was high in every instance, with a minimum value of p=.l7 
for the VOC2 data in the fall and combined groups. Thus, the results lend 
support to the assumption that the joint distribution of observable scores may 
be multivariately normally distributed. 

Table 4 
Results of the Kolgomorov-Smirnov Test of Normality 

for Fall, 1-J"in ter, and Combined GrouEs 

Test 
GrouE and Statistic MQlC MQ2C MQlA MQ2A VOCl VOC2 

Fall (N=213) 
Maximum Discrepancy -.04 -.03 .05 -.04 -.05 -.07 
Probability . 94 .99 .74 .81 .62 .17 

Winter (N=l87) 
Maximum Discrepancy -.06 .04 .05 -.04 -.05 -.07 
Probability .56 . 98 .63 .83 .71 .30 

Combined Groups (N=400) 
Haximum Discrepancy -.04 -.03 -.04 -.04 -.04 -.06 
Probability . 63 .92 .59 .55 .59 .17 

Test Score Intercorrelations 

Estimates of the parameters in Figure 1 were obtained by fitting the model 
to a correlation matrix. Thus, the first step toward that goal was the computa
tion of the intercorrelations among the six maximum likelihood scores. These 
intercorrelations, along with the means and standard deviations of each score, 
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are shown in Table 5 for the fall and winter data separately and combined. In 
general, the variabilities of the classroom achievement test scores (MQlC and 
MQ2C) were higher than the variabilities of the corresponding adaptive achievement 
test scores (MQlA, MQ2A). This suggests that the volunteers were more homogeneous 
with respect to achievement than was the class as a whole. Another contrast 
seen in Table 5 is that the mean achievement scores on the classroom tests were 
higher than the corresponding means for the adaptive tests. Since the adaptive 
achievement test was taken anywhere between one day and three weeks after the 
classroom achievement test, this may indicate that some forgetting took place. 
An alternative explanation for the lower means on the adaptive achievement tests 
is that the students were less motivated to perform to their full capabilities 
on the adaptive test; scores on the adaptive achievement test did not count 
toward their course grades, while their grades were based on scores from the 
classroom tests. 

Table 5 
Means and Standard Deviations and Intercorrelation ~futrices of 

Six Scores for Fall, Winter, and Combined Data 

Group 
and 

Test Mean 

Fall (N=213) 
MQlC .551 
MQ2C .434 
MQlA .024 
MQ2A -.048 
VOCl -.454 
VOC2 -.329 

\'linter (N=187) 
MQlC .529 
MQ2C .438 
MQlA -.120 
MQ2A .014 
VOCl -.473 
VOC2 -.418 

Combined (N=400) 
MQlC .541 
MQ2C .436 
MQlA -.043 
MQ2A -.019 
VOCl -.463 
VOC2 -.371 

S.D. 

1.028 
.898 
.883 
.874 
.966 
.967 

.975 

.904 

.915 

.815 

.983 
1.052 

1.000 
.900 
.900 
.847 
.973 

1.001 

MQlC 

.699 

.741 

.665 

.230 

.274 

.619 

.782 

.619 

.387 

.371 

.662 

.758 

.644 

.302 

.320 

MQ2C 

.665 

.748 

.239 

.277 

.586 

.768 

.408 

.349 

.625 

.756 

.319 

.311 

Test 
MQlA 

. 692 

.335 

.375 

.629 

.376 

.346 

.657 

.354 

.362 

MQ2A 

.246 

.278 

.378 

.331 

.305 

.300 

VOCl 

.890 

.851 

.870 

As expected, the intercorrelation matrices show that the achievement test 
scores were more highly correlated among themselves than they were with the 
vocabulary scores. Within the achievement data, the highest correlations in 
all three matrices were between tests taken on the same material (i.e., MQlAand 
MQlC, and MQ2A and HQ2C). 
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Nomological Net Analysis 

Validity of classroom and adaptive achievement tests. The results of 
fitting the validity model to the fall data are shown in Table 6. The x2 

reported at the bottom is a measure of the overall fit of the model to the data. 

Table 6 
Standardized Maximum Likelihood Parameter Estimates of Achievement 

Model Fitted to Fall Data (N=213) and Winter Data (N=l87) 

Estimate 
Parameter Description Fall Winter 

s 

~1 

Validity of classroom biology achievement test, 
first midquarter (MQlC) .853 

Validity of classroom biology achievement test, 
second midquarter (MQ2C) .866 

Validity of adaptive biology achievement test, 
first midquarter (MQlA) .869 

Validity of adaptive biology achievement test, 
second midquarter (MQ2A) .864 

Validity of adaptive vocabulary test at first 
midquarter (VOCl) .890 

Validity of adaptive vocabulary test at second 
midquarter (VOC2) .999 

Regression of achievement at second midquarter (ACH2) 
on achievement at first midquarter (ACHl) .925 

Regression of achievement at first midquarter (ACHl) 
on verbal ability (VER) .380 

Regression of achievement at second midquarter (ACH2) 
on verbal ability (VER) -.031 

Variance of residuals for achievement, first 
midquarter (ACHl) 

Variance of residuals for achievement, second 
midquarter (ACH2) 

Variance of verbal ability (VER) 

Error variance for MQlC 

Error variance for MQ2C 

Error variance for MQlA 

Error variance for MQ2A 

Error variance for VOCl 

Error variance for VOC2 

.855 

.165 

1. 000 

.521 

.496 

.500 

.504 

.456 

. 000 

8.39 
6 

.21 

.893 

.868 

.876 

.884 

.972 

.876 

.734 

.447 

.123 

.800 

.361 

1.000 

.451 

.482 

.496 

.467 

.236 

.483 

4.04 
6 

.67 
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A better fit of the model to the data is indicated by higher values of p, the 
probability of the observed X2 value. In this particular case, the probability 
was .21, indicating an adequate fit of the model to the fall data. This may be 
considered evidence in favor of the validity of the nomological net postulated 
earlier. However, to determine whether the adaptive or classroom tests were 
more valid measures of achievement requires examination of the values of the 
parameter estimates. 

The first four lines of Table 6 show the standardized loadings (validities) 
of the four achievement measures on their respective constructs. For the first 
midquarter in the fall group,the coefficient (A

1
) was .853 for the classroom 

achievement test (MQlC); for the adaptive achievement test (MQlA), the coeffi
cient (A3) was .869. The corresponding data for the second midquarter in the 

fall group (A2 and A
4

) were .866 for MQ2C and .864 for MQ2A. 

The last column of Table 6 shows the results for winter data. Again, the 
fit statistic at the bottom of the table indicated that the nomological net 
postulated for these data was a reasonable summary of the intercorrelations 
among the six scores. Horeover, for the winter data the fit was better than 
for the fall data (p=.67 vs .. 21). 

The validity coefficients for the four biology achievement tests (A
1 

through A4) indicated that for the winter data the first classroom midquarter 

test (MQlC) was slightly more valid than the corresponding adaptive midquarter 
test (A1=.893 vs. A3=.876). This was a reversal of the findings with fall data 

where the adaptive midquarter test was found to be more valid (A
1

=.853 vs. 

A
3
=.869). However, for winter data, the second adaptive midquarter test was 

more valid than the classroom counterpart (A
4
=.884 vs. A

2
=.868), whereas for 

fall both testing procedures were found to be about equally valid (A
4
=.864 vs. 

A
2
=.B66). 

Table 7 summarizes the construct validity correlations in Table 6 and 
provides information on the average numbers of items in the classroom and 
adaptive biology achievement tests. As Table 7 shows, both testing procedures 
achieved essentially equal validities in both quarters. However, in both cases 
the adaptive achievement tests achieved essentially the same level of validity 
with considerably fewer items, on the average. For the fall data, the average 
length of the first adaptive achievement midquarter test was 24.1 items, while 
that of the first classroom achievement midquarter test was 35 items; the 
difference of 11 items represents a reduction of 31% in the length relative to 
the classroom achievement test with a slight increase in validity. For the 
other three tests, reductions due to adaptive achievement testing were 27% 
and 25% for both winter tests, again with essentially no differences in 
validities. 

Thus, the adaptive achievement test was effectively more valid, since 
it required fewer items to yield scores as valid as the classroom achievement 
test. However, it may be noted that the adaptive achievement tests were drawn 
from item pools with a higher mean discrimination than the items in the 
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Table 7 
Construct Validity Correlations (r) for 

Classroom and Adaptive Biology Achievement Tests 

Classroom 
Average Group 

and Test No. Items r 

Fall Quarter (N=213) 
First Midquarter 35.0 .853 
Second Midquarter 37.0 .866 

Winter Quarter (N=l87) 
First Midquarter 40.4 .893 
Second Midquarter 40.2 .868 

Adaptive 
Average 

No. Items r 

24.1 .869 
27.2 .864 

30.4 .876 
30.0 .884 

classroom achievement tests. This, however, seems to be an inherent advantage 
of the adaptive achievement testing procedure and not an unfair one. Additional 
research comparing adaptive and conventional paper-and-pencil achievement tests 
will be necessary to determine whether the effectively higher validity of 
adaptive tests was due to the higher average item discriminations or to the 
process of adapting the test to each student. 

Other parameters of the nomological net. Table 6 also shows the estimated 
regression (S) of achievement at the second midquarter (ACH2) on achievement 
at the first midquarter (ACHl), for both the fall and winter data. For the 
fall data this coefficient was very high (.925), suggesting that subsequent 
achievement was largely determined by previous achievement. For the winter 
data the regression coefficient was S=.734, which suggested a decrease in the 
influence of ACHl on ACH2; but since these are standardized estimates, that 
conclusion may not be completely justified because of possibly different 
variabilities in achievement between the two quarters. 

The regression coefficients (y
1

, Y
2

) of the achievement constructs (ACHl 

and ACH2) on verbal ability for both fall and winter data are also shown in 
Table 6. For the fall data, achievement at the first midquarter (ACHl) seemed 
to be more influenced by verbal ability (y

1
=.380) than achievement at the second 

midquarter (y2=-.031). Since the regression of ACH2 on VER is a partial 

regression weight, the fact that it was close to zero indicates that verbal 
ability did not influence achievement at the second midquarter beyond the 
influence that it exerted through ACHl. The amount of achievement variance 
that remained unexplained after taking into consideration verbal ability is 
indicated by the residual variances of ACHl and ACH2, ~l and ~ 2 . Since the 

solution was standardized, these data can be interpreted directly as propor
tions of variance. Thus, for ACHl most of the variance (85%) remained 
unexplained in this model. The other 15% was explained, in this case, by 
verbal ability. By contrast, for ACH2, the proportion left unexplained was 
only 17%, i.e., verbal ability and achievement at the first midquarter 
accounted for 83% of the variance. 

As was true of the fall data, in the winter data verbal ability had a 
moderate, but somewhat larger, influence on achievement at the first midquarter. 



-16-

This was reflected in the residual variance of ACHl (s
1

),which was 80% as 

compared with 85% for the fall data. Thus, verbal ability accounted for 5% 
more variance of ACHl in the winter data than in the fall data. There was, 
on the other hand, an increase in the winter data in the proportion of the 
unexplained variance of ACH2 Cs

2
). In the fall data that proportion was 17%; 

in the winter data it was 36%. 

Effect of Verbal. Ability on Achievement Test Performance 

Table 8 shows the maximum likelihood estimates of the factor pattern 
matrix associated with the four-factor model postulated to account for the 
intercorrelations among the six tests for the fall and winter data combined. 
The X2 statistic of 6.15 with 1 degree of freedom (p=.Ol3) suggests that the 
fit was statistically not very good. However, the residual correlation 
matrix (i.e., the difference between the observed correlation matrix and the 
reproduced correlation matrix computed using the solution in Table 8) was 
nearly zero with the largest residual correlation being -.014, which suggests 
an adequate fit of the data to the model. 

Table 8 
Maximum Likelihood Solution for Four-Factor Model 

for Fall and Hinter Data Combined (N=400) 

Factor 
I II III IV 

Achieve- Occasion Occasion 
Test Ability ment 1 2 

MQlC .334 .750 .329 .0 
MQ2C .337 .726 .0 .334 
MQlA .384 .703 .334 .0 
MQ2A .324 .739 .0 .331 
VOCl .928 .o .0 .0 
VOC2 .937 .0 .0 .0 

Note. x2 =6.15; df=l; p=.Ol3 

The variance component estimates derived from the solution in Table 8 are 
shown in Table 9. These were obtained by squaring the corresponding loadings. 
The first row of Table 9 shows the proportion of performance variance in each 
test accounted for by verbal ability. For the two classroom achievement mid
quarter tests (MQlC and MQ2C), the proportion was .11. For the first adaptive 
achievement midquarter (MQlA),that proportion was .15; and for the second 
adaptive achievement midquarter (MQ2A), it was .10. 

The second row of Table 9 shows the proportion of variance due to achieve
ment in biology. For the first and second classroom achievement midquarter 
tests (MQlC and MQ2C) and the second adaptive achievement midquarter (MQ2A), 
between 53% and 55% of the variance was due to biology achievement. For the 
first adaptive achievement midquarter, the corresponding percentage was 49%. 
The next two rows show the proportion of occasion-specific variance associated 
with the four achievement tests. In all cases, that proportion was .11. 
Finally, the last row shows the proportion of variance unaccounted for in each 
test, which was essentially constant for each of the achievement tests. 
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Table 9 
Variance Components for Fall and Hinter Data Combined (N=400) 

Test 
Source of Variance MQlC MQ2C MQlA MQ2A VOCl VOC2 

Verbal Ability .11 .11 .15 .10 .86 .88 
Achievement .55 .53 .49 .55 .00 .00 
Occasion 1 .11 .00 .11 .00 .00 .00 
Occasion 2 .00 .11 .00 .11 .00 .00 
Residual .23 .25 .25 .24 .14 .12 
Total 1. 00 1.00 1.00 1. 00 1.00 1. 00 

Discussion and Conclusions 

The focus of the study was to assess the validities of two testing pro
cedures--conventional paper-and-pencil and adaptive--in the context of a 
meaningful nomological net or model of the achievement process. This model 
was illustrated in Figure 1 and found to fit data from two academic quarters 
very well. In the context of this model, validity was indexed by the loading 
of observed performance on the corresponding achievement construct. It was 
found that out of four comparisons, the adaptive procedure was somewhat more 
valid in two cases, equally valid in one, and somewhat less valid in another. 
However, in all instances, the adaptive procedure was at least 25% shorter on 
the average than the conventional paper-and-pencil testing procedure. Thus, 
in a practical sense, the adaptive testing procedure was considerably more 
valid in all instances. 

VJhile these results demonstrate the increased efficiency of adaptive 
testing in practical situations, the results also raise questions of a 
theoretical nature. Previous results reported by Bejar, Weiss, and 
Gialluca (1977) indicated that the adaptive test provided higher levels of 
information than did the conventional paper-and-pencil test, even though 
the adaptive test was shorter on the average. The substantial differences in 
information in favor of the adaptive testing procedure would lead to the 
expectation that the scores from the adaptive testing procedure would 
likewise be substantially more valid while at the same time reducing test 
length. However, this expectation was not totally fulfilled. This might have 
resulted from the presence of situational factors during the administration of 
the adaptive test which were not present during the classroom paper-and-pencil 
administration. 

One such factor was identified in the present study--namely, the larger 
influence of verbal ability in the first adaptive test administration. The 
results from the confirmatory factor analysis helped in understanding the 
findings from the nomological net analysis with respect to the validity of 
adaptive and conventional paper-and-pencil achievement testing scores by corro
borating the differential influence of verbal ability on test performance. 
The data showedthatperformance on the first adaptive achievement midquarter 
test (MQlA) was more dependent on verbal ability than was performance on the 
other achievement tests. This may have been due to the fact that learning 
to properly operate the testing equipment was dependent to some extent on 
verbal ability. By contrast, the occasion-specific influence on each of the 
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achievement tests was the same. This suggests that the increased influence of 
verbal ability on the first adaptive achievement midquarter test reduced the 
role that achievement could otherwise have played. As a result, the validity 
of the first adaptive achievement midquarter test reported earlier was 
probably underestimated. 

The net result of this situational difference between the adaptive and 
conventional classroom paper-and-pencil test administrations may have been to 
introduce a bias into the achievement estimates and corresponding information. 
That is, the item characteristic curves (ICC) derived from conventional class
room paper-and-pencil administration of a test (which was used to parameterize. 
the items used in the adaptive administration) may not have been an accurate 
portrayal of the relationship between performance on a test item and achieve
ment the first time the item was administered by computer. 

This situational vulnerability of the ICC model may be surprising in view 
of the "invariant" nature of ICC models. However, the invariance property of 
ICC models pertains to populations responding to a test under similar circum
stances. There is nothing in the theory to suggest that the model is 
situationally invariant. Whether this is the case or not is a matter of 
empirical test. In the present study, not only was the medium of administration 
different but so were the motives for taking the test. That is, the adaptive 
test data were obtained on volunteers, while the classroom test data were 
used for grading purposes. In view of these differences, the expectation that 
the adaptive procedure would be substantially more valid may have been unreal
istic. 

It is clear from this discussion that further validation studies of 
adaptive testing should be careful to equate as much as possible the conditions 
of administration. Specifically, the appropriateness of ICCs derived under 
circumstances different from those surrounding adaptive testing should be 
carefully evaluated. 

The focus of this investigation has been on the psychometric properties 
of adaptive and conventional paper-and-pencil testing; however, because of the 
construct validation approach, the results presented here seem to have relevance 
to a larger question--namely, the identification of some of the components 
underlying competence and achievement (see Glaser, 1976). Historically, 
construct validation has played a minor role in the achievement testing field. 
One reason for this is that users of achievement tests, as well as some psycho
metricians (e.g., Shoemaker, 1975) are primarily concerned with content and 
predictive validity. Their orientation is behavioristic; the question they 
ask is, what can this individual do? Tests which address this question are 
called criterion-referenced tests (Glaser, 1963; Glaser & Nitko, 1971; see 
Hambleton, Swaminathan, Algina, & Coulson, 1978, for a recent review); however, 
Messick (1975) argues persuasively that tests must also be construct referenced. 
That is, to fully understand test scores, the processes, attributes, and traits 
determining test performance must be understood. 

Since verbal ability is an indicator of information-processing efficiency 
in short-term memory (Hunt, Lunneborg, & Lewis, 1975; Glaser, 1976), the 
results of this study give an indication of the influence this cognitive 
mechanism has on achievement, at least within this course. Knowledge of the 
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cognitive mechanism underlying achievement would seem to be a prerequisite to 
adaptive instruction. For instance, Glaser (1976) has suggested, 

They [tests] will have to assess performance attainments 
and capabilities that can be matched to available 
educational options in more detailed ways than can be 
carried out with currently used testing and assessment 
procedures. (Glaser, 1976, p. 21) 

The role of achievement testing in this broader context is to provide informa~ 
tion relevant to instructional decisions about an individual in an instructional 
course. The results of the present study have demonstrated that adaptive 
testing can fulfill that assignment more efficiently than conventional 
paper-and-pencil testing. 
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APPENDIX: SUPPLEMENTARY TABLES 

Table A 
Item Number, Discrimination (a), Difficulty (o), and Guess~g (a) 

Parameters for Items in the Midquarter 1 Stradaptive Item Pool 

Item a b c a b c a b a 
Stratum 9 Stratum 6 Stratum 3 1 con t. 
(15 items) (19 items) 3215 1. 59 -.82 .23 
3209 2.50 2.29 .29 3047 1. 66 .44 .29 3011 1. 32 -.86 . 20 
3417 2.50 3.00 .35 3079* 1. 61 .27 .35 3435* .83 -.61 .35 
3033 1. 54 2.44 .35 3213 . 93 .52 .35 3216 1. 27 -.62 .18 
3440* 1. 52 2.00 .30 3041 1. 51 .23 . 35 3054* 1. 29 -.93 .31 
3251 2.50 2.39 .35 3062* 1.47 .43 .30 3221 1. 25 -.52 .17 
3406 1.31 2.48 .35 3405 1.40 . 55 .32 3049 1.15 -. 71 .18 
3045 1. 02 2.48 .27 3445* 1.19 .44 .34 3255 1.14 -.72 .26 
3242 . 94 2.40 .35 3218 .82 .58 .12 3067* 1. 07 -.76 .21 
3407 1.02 2.41 .29 3019 1. 31 .29 .29 3246 1.10 -. 72 .28 
3263* .99 2.29 .35 3207 .70 .46 .28 3022 1. 01 -.48 .30 
3241 .91 2.09 .17 3431 .70 .28 .34 3272* 1. 06 -.81 .35 
3414 .88 2.29 .32 3000 1.24 .52 .35 3017 .99 -.58 .16 
3402 .83 2.44 .35 3046 1.18 .24 .22 3076* . 94 -.73 .21 
3247 .82 2.42 .35 3042 1.15 .37 .27 3224 .80 -.so .37 
3228 .67 2.49 .31 3050 1.13 .35 .18 Mean (F) 1.26 -.65 .20 
Mean (F) 1. 34 2.43 .32 3066 1.05 .53 .31 Mean*(W) 1. 22 -.68 .22 3034 1. 01 .37 .28 Mean*(W) 1.33 2.39 .32 3262 .81 .47 .35 Stratum 2 
Stratum 8 3438 .70 .21 .27 (20 items) 
(20 items) 

Mean (F) 1.13 .40 .28 3023 2.40 -1.15 .35 
3409 2.50 1. 28 .00 3202 1. 81 -.99 .21 
3234 2.50 1.73 .00 M-;an*(W) 1.14 .40 . 29 

3415 .85 -.96 .35 
3018 .89 1. 25 .35 Stratum 5 3245 1. 34 -.96 .21 
3204 1.14 1. 66 .35 (15 items) 3236 1. 26 -1.20 .33 
3422 1. 47 1. 50 .35 3282* 2.06 -.02 .35 3020 1. 23 -1.28 .17 
3411 1. 36 1. 23 .35 3220 1. 79 -.03 .26 3028 1.12 -1.26 .35 
3250 .91 1. 94 .29 3005 1. 43 .11 .35 3226 1. 09 -.98 .20 
3206 .74 1. 51 .21 3425 1. 36 .17 .23 3210 1. 04 -1.22 .35 
3410 1. 30 1. 34 .31 3053 1.12 .12 .00 3239 1. 04 -1.13 .21 
3429 1. 25 1. 24 .28 3214 1.12 .03 .23 3013 1. 00 -.97 .35 
3419 1. 23 1.48 .25 3412 1.12 .19 .35 3267* 1. 02 -1.22 .23 
3421 1.17 1.15 .35 3051 1.29 .21 .28 3257 .98 -1.02 .25 
3436* 1.12 1. 59 .35 3279* .99 .01 .28 3070* . 95 -1.28 .22 
3271* . 95 1. 32 .30 3403 .99 .18 .19 3036 . 92 -1.18 .16 
3061* . 95 1. 57 .30 3069* .88 -.01 .35 3014 .86 -1.24 .14 
3427 • 92 1. 51 .26 3211 .88 .01 .13 3060* .86 -1.31 .29 
3449* . 91 1. 26 .14 3002 .82 .13 .14 3274* .85 -1.05 .26 
3063* .91 1. 51 .35 3426 .68 .07 .22 3238 . 82 -1.06 .21 
3074* .84 1. 79 .35 3423 .66 .16 .27 3032 .77 -1.06 .27 
3420 . 68 1. 62 .35 Mean (F) 1.11 .11 .22 (F) .26 Mean 1.16 -1.10 
Mean (F) 1. 29 1. 46 .26 Mean*(W) 1.15 .09 .24 Mean*(W) 1.11 -1.13 .26 
Mean*{W) 1.19 1.47 .27 

Stratum 4 Stratum 1 
Stratum 7 (13 items) (17 items) 
(20 items) 3256 2.31 -.33 .26 3077* 2.50 -1.39 . 20 
3408 2.50 1. 05 .31 3430 1.15 -.30 .29 3027 1. 67 -1.38 .35 
3437 1..95 .66 .28 3031 1.47 -.33 .35 3443* 1. 07 -1.64 .35 
3258 1. 24 .81 .35 3254 3.38 -.17 .22 3249 .91 -1.69 .17 
3432 1.72 .67 .35 3237 1.54 -.37 .18 3428 .90 -1.56 .35 
3048 1. 35 .66 .33 3404 .65 -.29 .35 3073* 1. 43 -1.57 .31 
3413 1. 40 .76 .35 3244 1.35 -.44 .23 3205 1. 25 -1.53 .19 
3448* 1. 40 .73 .30 3058* 1.05 -.43 .35 3078* 1. 24 -1.65 .35 
3439* 1.36 . 64 .32 3240 .98 -.28 .15 3057* 1. 20 -1.35 .26 
3219 1. 23 . 62 .21 3268* .97 -. 28 .18 3065* 1.17 -1.66 .35 
3072* 1. 02 . 65 .32 3208 .76 -.16 .12 3235 1.15 -1.40 .28 
3277* 1. 00 1. 04 .35 3006 .77 -.37 .33 3029 1.13 -1.50 .28 
3035 .90 .68 .28 3259 .69 -.41 .20 3201 1. 07 -1.34 .23 
3433 1. 35 .86 .30 3008 .96 -1.75 .18 
3447* 1.18 . 93 .32 Mean (F) 1.27 -.31 .25 3252 .79 -1.77 .35 
3064* • 94 .86 .24 Mean*(W) 1.23 -.32 .25 3003 .96 -1.76 .34 
3230 .90 • 87 .35 Stratum 3 3044 .87 -1.42 .15 
3444* .88 .78 .35 (19 items) 
3012 .75 .80 .35 3021 1. 96 -.49 .21 

Mean (F) 1. 06 -1.55 .26 
3260 .71 . 84 .28 3217 1.06 -.48 .14 

Mean*(W) 1.19 -1.55 .28 
3056* .71 .89 .26 3052 1.71 -.93 .00 
Mean (F) 1. 28 :78 .31 3055* 1.71 -.65 .24 
Mean*(W) 1. 22 .79 .31 

Note. Items with asterisks are those which were added to the pool Winter quarter. All 
other items were in the pool both Fall and Winter quarters. 
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Table B 
Item Number, Discrimination (a), Difficulty (b), and Guessing (c) 

Parameters for Items in the Midquarter 2 Stradaptive Item Pool 

Item a b c Item a b c Item a b c 
Stratum 9 Stratum 6 Stratum 3 
(18 items) (20 items) (17 items) 
3831 2.50 1. 96 .06 3707* 1. 75 .55 .31 3634 1.79 -.58 .30 
3690 2.50 2.36 .24 3746* 1. 59 .43 .30 3739* 1. 68 -.61 .35 
J833* 2.50 2.85 .35 3806 1. 57 .48 .35 3809 1. 27 -.61 .35 
3904 2.45 1.48 .28 3925* 1.14 .48 .35 3924* 1.13 -.79 .18 
3805 2.50 2.38 .35 3658 1. 24 .32 .35 3672 1. 57 -.80 .15 
3698 2.11 2.82 .35 3905 .98 .35 .20 3737* 1.41 -.66 .34 
3901 1. 55 2.62 .35 3738* 1.34 .40 .35 3915 1. 08 -.61 .16 
3835• 1.21 2.28 .35 3605 1. 22 .57 .34 3640 1.43 -.69 .35 
3620 2.04 2.97 .35 3815 .95 .58 .35 3906 .87 -.66 .14 
3697 1. 56 3.00 .35 3611 1. 22 .39 .32 3812 .82 -.63 .13 
3810 . 92 2.20 .27 3675 1. 21 .40 .28 3682 1.33 -. 72 .34 
3664 1.11 1. 60 .35 3820 .92 .38 .12 3637 1. 29 -.73 .28 
3625 . 98 1. 66 .35 3665 1.19 .54 .22 3636 1.24 -.63 .27 
3622 .95 2.53 .35 3709* 1.19 .30 .35 3641 1. 20 -.65 .22 
3841* .87 2.13 .35 3724* 1.14 .37 .30 3711* 1. OS -.56 .35 
3651 .95 2.30 .35 3819 .76 .53 .35 3608 1.04 -. 78 .16 
3728* .91 2.55 .35 3918* .66 .35 .23 3705* .87 -.58 .14 
3712* .75 1. 64 .30 3614 .79 .46 .35 

3923* .63 .38 .31 Mean (F) 1. 24 -.67 .24 
Mean (F) 1. 70 2. 31 .31 3626 .65 .52 .25 Mean*(W) 1. 25 -.66 .25 
Mean*(W) 1. 58 2.30 .32 

Mean (F) 1.06 .46 .29 Stratum 2 
Stratum 8 Mean*(W} 1.11 .44 .30 (20 items) 
(18 items) 3735* 1. 63 -.94 .35 
3615 1. 69 1. 17 .29 Stratum 5 3648 1. 59 -.96 .33 
3916 1. 39 1.14 .35 (15 items) 3807 1. 52 -1.10 .17 
3673 1. 51 1.11 .31 3742* 1.89 .27 .35 3907 1.43 -1.08 .35 
3804 .95 1. 42 .35 3745* 1. 58 -.07 .20 3704* 1. 39 -1.13 .23 
3733* 1. 24 1. 40 .35 3720* 1.45 .26 .29 3655 1.37 -.90 .35 
3719* 1.18 1. 08 .31 3607 1. 38 .09 .35 3813 1. 20 -.97 .17 
3921* .91 1. 23 .29 3811 1.15 .22 .35 3919* 1.30 -.98 .21 
3827 .87 1.35 .35 3908 1.15 . 07 .31 3680 1.33 -1.01 .16 
3716* 1.14 1.14 .27 3649 1.32 .11 .22 3808 .99 -1.00 .30 
3642 1.11 1.11 .24 3632 1. 23 . 27 . 35 3686 1. 26 -.88 .29 
3902 . 73 1.49 .29 3718* 1. 22 .16 .33 3721* 1. 23 -1.20 .22 
3627 1.03 1. OY .35 3629 1.11 -.03 .35 3821 .90 -.92 .35 
3681 1. 03 1. 54 .35 3732* .96 -. 01 .35 3679 1.21 -.94 .17 
3676 .89 1. 51 .25 3633 .94 -.08 .35 3685 1.19 -1.01 .16 
3644 .88 1. 25 .35 3609 . 78 .18 .35 3668 .97 -.87 .14 
3717* .83 1. 25 .35 3730* .75 .01 .10 3684 .86 -.85 .14 
3670 .so 1.11 .35 3618 . 64 -.05 .00 3703* .83 -1.16 .21 
3647 .79 1.14 .35 3617 .79 -1.11 .14 

Mean (F) 1. 08 .09 .29 3713* .75 -1.18 .33 
Mean (F) 1.05 1. 26 .32 Mean* (W) 1.17 . 09 .28 
Mean*(W) 1. OS 1. 25 .32 Mean (F) 1.19 -.97 .23 

Stratum 4 Mean*(W) 1.19 -1.01 .24 
Stratum 7 (19 items) 
(15 items) 3744* 1. 94 -.35 .30 Stratum 1 
3743* 2.14 .68 .32 3708* 1. 62 -. 20 .16 (19 items) 
3661 1. 90 . 68 .32 3631 1. 53 .,-.18 .35 3741* 1. 63 -1.56 .35 
3674 1.72 .63 .26 3814 1.26 -.32 .35 3910 1. 58 -1.59 .21 
3909 1. 34 .77 .35 3903 1. 21 -.43 .31 3692 1. 53 -1.28 .35 
3662 1. 54 .93 .27 3671 1.51 -.14 .26 3825 1. 09 -1.38 .34 
3654 1. 51 . 84 .21 3701 .82 -.15 .35 3639 1.47 -1.80 .35 
3669 1.45 . 70 . 32 3643 1. 40 -.50 .25 3638 1.35 -1.54 .21 
3623 1.42 .74 .31 3914 .98 -. 39 .16 3913 1.31 -1.31 .19 
3912 .95 . 70 .19 3693 1.13 -.24 .24 3837* 1.09 -1.59 .25 
3734* .89 .96 .35 3725* 1. 09 -.52 .24 3715* 1.16 -1.63 .26 
3700 .84 .85 .30 3710* 1.02 -.33 .30 3920* 1.12 -1.34 .23 
3659 1. 37 . 67 .29 3653 .83 -.51 .33 3842* 1. 01 -1.55 .35 
3635 1.17 .66 .35 3660 .78 -.39 .14 3695 1. 09 -1.73 .22 
3612 1.12 .75 .35 3922* . 64 -. 26 .30 3731* 1.05 -1.67 .35 
3616 .86 .62 .25 3606 .71 -.22 .14 3832 .99 -1.74 .32 

3663 .69 -.17 .33 3838* .99 -1.68 .35 
Mean (F) 1. 32 .73 .29 3696 .68 -.35 .00 3613 .86 -1.74 .33 
Mean*(W) 1. 35 . 75 .30 3656 .63 -. 31 .34 3683 .85 -1.31 .14 

3657 .81 -1.74 .35 
Mean(F} 1.01 -.31 .25 3610 .80 -1.33 .14 
Mean*(W) 1. 08 -.31 .26 

Mean (F) 1.14 -1.54 .26 
Mean*(W) 1.15 -1.55 .28 

Note. Items with asterisks are those which wet·e added to the pool Winter quarter. All other 

items were in the pool both Fall and Winter quarters. 
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Table C 
Item Discrimination (a), Difficulty (b), and Guessing (c) 

Parameters for Classroom Tests MQlC and MQ2C in Fall Quarter 

MQlC MQ2C 
Item No. a b c Item No. a b c 

3060 .86 -1.31 .29 3922 .64 -.26 .30 
3067 1. 07 -.76 .21 3904 2.45 1. 58 .28 
3065 1.17 -1.66 .35 3918 .66 .35 .23 
3056 .71 .89 .26 3921 .91 1. 23 .29 
3063 .91 1.51 .35 3919 1.30 -.98 .21 
3073 1.43 -1.57 .31 3920 1.12 -1.34 .23 
3058 1.05 -.43 .35 3923 . 63 .38 .31 
3274 .85 -1. OS .26 3924 1.13 -.79 .18 
3271 .95 1.32 .30 3801 .80 -.17 .35 
3055 1.71 -.65 .24 3841 .87 2.13 .35 
3072 1.02 .65 .32 3838 . 99 -1.68 .35 
3057 1. 20 -1.35 .26 3833 2.50 2.85 .35 
3064 .94 .86 .24 3837 1. 09 -1.59 .25 
3069 .88 -.01 .35 3835 1.21 2.28 .35 
3054 1.29 -.93 .31 3641 1. 20 -.65 .22 
3066 1. OS . 53 .31 3708 1. 62 -. 20 .16 
3268 . 97 -.28 .18 3718 1. 22 .16 .33 
3267 1.02 -1.22 .23 3728 .91 2.55 .35 
3272 1.06 -.81 .35 3665 1.19 . 54 .22 
3070 . 95 -1.28 .22 3730 .75 .01 .10 
3008 .96 -1.75 .18 3719 1.18 1. 08 .31 
3019 1. 31 .29 .29 3705 .87 -.58 .14 
3062 1.47 .43 .30 3713 . 75 -1.18 .33 
3061 .95 1.57 .30 3703 . 83 -1.16 .21 
3262 .81 .47 .35 3709 1.19 .30 .35 
3263 .99 2.29 .35 3707 1. 75 .55 .31 
3447 1.18 . 93 .32 3721 1.23 -1.20 .22 
3443 1. 07 -1.64 .35 3717 . 83 1. 25 .35 
3438 . 70 .21 .27 3715 1.16 -1.63 .26 
3448 1.40 .73 .30 3716 1.14 1.14 .27 
3435 .83 -.61 .35 3720 1.45 .26 .29 
3439 1.36 . 64 .32 3744 1. 94 -.35 .30 
3436 1.12 1.59 .35 3745 1.58 -.07 .20 
3449 .91 1.26 .14 3746 1. 59 .43 .30 
3440 1. 52 2.00 .30 3711 1.05 -.56 .35 
3437 1. 95 . 66 .28 3710 1. 02 -.33 .30 
3427 . 92 1. 51 .26 3724 1.14 .37 .30 
3445 1.19 .44 .34 3725 1. 09 -.52 .24 
3444 .88 . 78 .35 3731 1.05 -1.67 .35 

3712 .75 1. 64 .30 
3704 1.39 -1.13 .23 

Mean 1. 09 .11 .29 Mean 1.17 . 07 .28 
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Table D 
Item Discrimination (a), Difficulty (b), and Guessing (c) Parameters 

for Classroom Tests MQlC and MQ2C in Winter Quarter 

MQ C ~1Q2C 

Item No. a b c Item No. a b c 

3287 .85 -1.28 .13 3750 .93 -1.79 .34 
3292 .68 1.39 .35 3926 ~ 93 -1.56 .16 
3219 1. 23 .62 .21 3845 1.71 .26 .29 
3290 1.16 -.57 .20 3763 1.23 1. 95 .28 
3214 1.12 .03 .23 3762 1. 97 -1.56 .17" 
3268 .97 -.28 .18 3772 .74 -.84 .35 
3289 1.14 -1.45 .35 3759 .~9 -.14 . 21 
3293 .96 -1.30 .14 3768 1.11 -1.55 .17 
3291 . 65 .52 .35 3756 1.10 -.21 .28 
3249 .91 -1.69 .17 3749 1.05 -1.77 .22 
3083 1.05 -.90 .13 3757 1.18 -1.60 .18 
3090 1.48 -1.65 .18 3755 1.03 -.12 .16 
3054 1. 29 -.93 .31 3747 1.11 -1.69 .18 
3084 1. 22 -1.06 .15 3753 .91 -.55 .17 
3092 .98 -.65 .15 3654 1.51 .84 .21 
3082 1.05 2.27 .35 3673 1.51 1.11 .31 
3011 1.32 -.86 . 20 3716 1.14 1.14 .27 
3095 .79 -1.20 .12 3700 .84 .85 .30 
3085 1.16 -1.81 .35 3773 1. 69 1. 62 .27 
3423 .66 .16 .27 3748 .85 1. 31 .35 
3453 1.19 .48 .22 3766 1.12 1.41 .35 
3456 1.03 2. 71 .35 3760 1. 28 -1.58 .18 
3454 1.10 2.66 .35 3758 .89 -1.45 .15 
3460 1.99 1.59 .34 3703 .83 -1.16 .21 
3452 .75 1. 98 .31 3853 1.05 .12 .17 
3406 1.31 2.48 .35 3854 1.03 -.19 .31 
3461 .94 1. 51 .35 3852 . 69 -1.78 .35 
3457 .90 1.87 .28 3850 .89 1.83 .35 
3459 • 84 -.29 .26 3851 .76 .18 .23 
3407 1.02 2.41 .29 3752 1.24 -.50 .19 
3458 1.46 -1.10 .15 3769 1.15 -.39 .16 
3432 1.72 • 67 .35 3751 .80 1.91 .35 
3455 .96 -.61 .31 3770 2.50 1. 73 .00 
3420 .68 1. 62 .35 3622 .95 2.53 .35 
3433 1.35 .86 .30 3761 . 84 1. 27 .32 
3412 1.12 .19 .35 3767 1.02 -.04 .30 
3462 1. 31 -1.03 .17 3930 1.21 -.44 .35 
3285 .79 -.60 .11 3904 2.45 1. 58 .28 
3294 .76 -.68 .19 3918 .66 .35 .23 
3041 1.51 . 23 .35 3903 1. 21 -.43 . 31 
3091 1. 64 .58 .30 3928 1.00 .65 .35 
3089 .92 -.37 .30 3929 .96 -1.76 .22 
3093 • 7 5 -.94 .11 3813 1. 20 -.97 .17 

3096 1.48 -1.48 .16 3927 1.01 -1.34 .16 

3086 . 74 -.67 .35 

Mean 1.09 .08 .25 Mean 1.14 -.06 .25 
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lt<•m llis!'riminatinn (•t) and Difficulty (/1) l'aram<'t<'r Est imat<·s !"or Vn<·aln1L1ry [t<•ms by Stratum and Midquarter Suhpool 

M_id<l'Jart<·_r I 
lll'!Tl No. r( 

,, 
(I H it l'OIS) Stratum 

7 1.00 -2. '12 
102 

2H 
1,2 
21, 

'1.00 -2.36 

9 
99 
6'> 
Ml 

lOS 
HO 
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)]I 
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n 
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S.ll. 

1.00 
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I • 4 '> 

I. 24 
1.02 
1.01 
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Str;ltum 2 (IH ilvms) 

-2. ()j 
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.4H 
• 1-4 ') 

.9') 
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-I. 71 
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-I . 7'L 
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-. <)(, 
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-I.()') 
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-I. 00 
-. 71 

~~_(!.:.~.-~~!~_lor _J\_1_1_ l_t_<'_n_l:s_)~ _____________ _ 
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ft~,;,; :N~<~-~ ~ -_ ~~~~: ~~ ~: _ ~ :1: _ 
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70 

1.00 -2.32 
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1.09 
I. 02 

.96 

.HO 

. ]f) 
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.72 
• ')!~ 

. 11 !1 

. I, 'I 

. 19 
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. 91 
Stratum 2 (17 items) 
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-I. 1,9 
-2.H'i 
-:>. II 
-/. h'> 
-:>. 79 
-2. 71, 
-2. '>'J 

.:>2 

I <)(, 2 • I ·1 - I . 7 9 
l'IH 1.71 -:'.02 
27 I . IIJ -I . I>H 

12 1) 1.'27 -1.1'> 
I 0 I I. I 7 -I. !,0 
~~ 

I~H 

I HI> 
HI 
(,(, 

!C>:' 
II 

HH 
2 !)fl 

76 
S'>9 
61,'1 

M<'an 
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I. I'> 
I.OH 
I . 0 7 

.HK 

.K7 

.77 
72 

. 71 
• (,1, 

.h2 

.62 

.49 
I. 02 

.44 

Stratum 'I (Ill itl'ms) 

-I. 1,1 
--'.()I) 

-I. v, 
-I . /1 r) 

-:'. 02 
-l.'ll 
-:>.I I, 
-I. ·n 
-:>.I H 
-I . 7 '> 

-I. 6H 
-2.01 
I. 2'1 

. 11 

I <J I I. 7'> -I. :>6 
'If> I. f>4 -. 7') 
H7 1.:>4 -.71> 
~1 I. I I -.HI> 

199 I. 09 -I.()') 
4 7 l. 04 -. Yh 
85 .93 -.67 

_ ~ _____ f'!_i_d_<L'~ar_t_<~_l ___ _ 
_ll_<:.»! _f\!<2 ·----~_II_----- __ ,_, __ 

Stratum 3 
17'1 
204 
285 
640 
IH5 
212 
I 12 

(cont inu<•d) 
.HH -!.On 
.HH -.74 
. HI, -I. 02 
. 7H -I. 06 
.f>H -.o8 
.67 -1.25 
. 61 -. 7H 

94 . '}6 -I . 02 
'J~I> .~6 -.HO 
Jld .4H -1.21 

26 . 16 -I. 02 
M<'all .H'I -.9'1 
S.ll. • '16 . I H 

Stratum I, (I H it"'"';) 
'>01 I. 20 -. 'J'i 

9 I I. I 'I -. 20 
'>2~ I. Of> -. 'J<J 
I lO . 95 -. 1,1, 
154 .H7 -.12 
46 .84 -.11> 

221 .H2 -.2H 
201 . H2 -. IH 
]'10 . HO -. 2h 
I HI . 7 ·1 -. t, '> 

107 .70 -.11 
224 .6H -.26 
:>J!, . 6'> -. 1'1 

'>l . (,11 -,I,H 

~H .'l'l -.'18 
:'I K • 1, I -. 13 
I '>7 . IH -. 2 'J 
I 'lh 

Hl'an 
S.ll . 

Stratum 
()j() 

'ii>H 
II> I 

Sh 
II,.', 

•, '>I 
h70 ,., 

). 

Jl, f) 

lh'J 
'>0 

t, 1,1, 
292 
'15) 

. '12 

. 7 '> 

.:u, 
'> (I 7 i l <·ms) 

l. 00 
1.1>1 
I. 'IH 
1.11 

. 91 

.90 

.H7 

. HI, 
• 711 
.77 
.h'l 

.62 

. 61 
• '>I 

-.)6 
-.11 

. 14 

.2H 

.29 

.I I 

. 14 

.29 

.v. 

.20 

.:>1 

.O'l 
• If) 

. 12 
• 0(> 

.01 

. 10 

(cnnt inued) 

Midquarter 2 
Item No. a - ~ ]}__--= 

Stratum 3 (continued) 
fl6 

637 
227 
')84 
IH9 
'122 

• 89 -I. 19 
.88 -1.02 
. 81 -I. 2') 
.76 -.68 
.7h -1.19 
• 6 7 -]. 09 

2 ')') 

241 
.66 -.78 
.57 -].0) 

J OH 
371 
61~ 

M<·an 
S.D. 

. 54 -I. I h 

.44 -.92 

.44 -.86 

.90 -.98 
-37 . 19 

Stratum 4 (18 items) 
270 1. 22 
128 1.07 
14 'J I. ot, 
3'12 . 97 

'J7 .86 
1')6 .84 
12 I • 82 

'JJ . 80 
211 . 77 
'll5 .77 
II 0 . 70 
29'1 . 67 
222 
I I 7 
2H7 
'>HH 
1 ') lj 

142 
ML•an 
S.D. 

Stratum 
272 
'>99 
329 
503 
I 04 
16') 
209 
\H2 

207 
')02 
(>4') 
~97 

20'i 
'II H 

.6'> 

. 62 
• ')2 

.47 

. 40 

. 31 

.75 

.24 
5 (lH items) 

1.96 
i.63 
1. 42 
1. 06 

.94 

.H8 

.H7 

.86 

.79 
• 7 I 
.67 
. (,2 

.60 

.53 

-. 14 
-.36 
-. 15 
-. 40 
-.24 
-.I 7 
-.so 
-.39 
-.24 
-. 37 
-.54 
-.57 
-.50 
-.1>6 
-.65 
-.46 
-.57 
-. ')4 
-.42 

• 17 

.22 

.16 

.18 
-.09 

.OS 
-.II 

.07 
-. 01 
-.04 

.22 

.24 
-0 

-.02 
. 31 

I 
N 
-..J 
I 



Table E (continued) 
Item Discrimination (a) and Difficulty (b) Parameter Estimates for Vocabulary Items by Stratum and Midquarter Subpool 

(c=.20 for All Items) 

Midquarter 1 Midquarter 2 Midquarter 1 Midquarter 2 
Item No. a b Item No. a b Item No. a 0 Item No. a b 

Stratum 5 (continued) Stratum 5 (continued) Stratum 8 (continued) Stratum 8 (continued) 
116 .49 .33 137 .so -.06 378 3.00 1. 48 263 3.00 1. 47 
622 .44 .20 176 .42 -.11 174 3.00 1.46 120 3.00 1.46 

54 .38 .20 354 .33 .15 140 3.00 1. 38 254 3.00 1. 37 
Mean .94 . 20 547 • 30 .22 253 2.32 1. 44 534 2.52 1. 61 
S.D. .62 .10 Mean .84 .08 561 1.72 1. 42 383 2.11 1. 52 

S.D. .45 .14 291 1.64 1. 35 572 1. 29 1. 43 
Stratum 6 (18 items) Stratum 6 (18 items) 217 1.25 1. 38 400 .93 1. 68 

283 3.00 .49 296 3.00 .67 587 .87 1. 36 168 .91 1. 55 
347 3.00 .49 264 2.28 .55 147 .83 1. 47 660 .83 1. 37 
266 2.12 .51 340 1. 92 .65 610 .79 1. 57 159 .77 1. 56 
342 1. 59 . 54 315 1. 85 .52 367 .72 1.40 521 .75 1. 70 
265 1. 57 . 55 301 1. 38 .47 107 .69 l. 59 216 .67 1. 40 

60 1.23 . 64 386 1. 25 .54 616 .61 l. 76 525 . 57 1. 51 
538 1.18 . 52 582 1. 20 .35 119 .53 l. 73 403 .54 1. 76 

59 1.09 .60 113 1. 06 .68 505 .50 1.43 242 .52 1. 57 
146 .93 .47 271 .89 .80 368 .46 1.42 213 .43 1.43 
633 .71 .47 506 .81 .58 172 .38 1. 36 350 .32 1. 53 
139 .61 .79 267 .65 .77 Mean 1.49 .49 Mean 1.48 1. 54 
377 .59 .39 133 .57 .56 S.D. 1. OS .13 S.D . 1.08 .12 
590 . 54 . 62 593 . 56 .55 Stratum 9 (18 items) Stratum 9 (18 items) 
629 .53 .42 519 .53 .44 528 3.00 2.82 545 3.00 2.82 
324 . 52 .77 289 .48 .69 604 3.00 2.82 585 3.00 2.82 
252 .42 .47 549 .43 .35 180 3.00 2.63 274 3.00 2. 72 I 
372 . 35 .56 165 .38 .56 245 3.00 2.63 353 3.00 2.51 N 

1.18 .55 Mean 1.13 .57 381 3.00 2.36 118 3.00 2.41 
00 

Mean I 
S.D. • 84 . 11 S.D . . 75 .13 564 3.00 2.29 273 3.00 2.14 

Stratum 7 (17 items) Stratum 7 (19 items) 319 3.00 2.14 609 3.00 2.14 
288 3.00 1. 26 162 3.00 1. 25 445 3.00 2.07 193 3.00 2.07 
337 3.00 1.18 562 3.00 1. 22 573 3.00 l. 86 115 3.00 2.02 
583 3.00 1.07 541 3.00 1.16 591 3.00 1.80 228 2.94 2.41 
294 3.00 1. 07 321 3.00 1.00 316 1.16 2.68 260 .71 1.82 
617 2. 78 1.17 114 3.00 .96 504 . 64 1.81 247 .65 2.06 
299 1.77 1.16 586 1. 54 1. 31 533 .63 2.15 577 .61 2.00 
306 1. 32 1. 20 601 1. 32 1.10 167 .42 2.16 374 .56 1. 99 
523 1. 21 .88 581 1. 26 1. 21 603 .38 1. 80 569 .40 2.40 
598 1. 08 1. 04 526 1.17 .92 531 .35 1. 92 362 . 34 2.06 
592 1. 01 1. 20 666 1. 00 .85 511 .32 2.28 243 .32 2.61 
215 .91 1. 07 304 .89 1. 34 357 .31 2.68 580 . 32 2.64 
302 .85 .85 231 .87 1.19 Mean 1. 90 2.27 Mean 1. 88 2.31 
375 .83 .93 111 .82 .94 S.D. 1. 28 .36 S.D. 1. 29 . 32 
164 . 69 1.14 238 .76 1.13 
341 .63 1. 28 397 . 65 1. 34 Total, Midquarter 1 Total, Midquarter 2 
576 .43 1.13 259 .37 1.29 Mean 1. 22 .01 Mean 1. 20 .02 
333 . 35 1. 34 516 . 35 1.12 S.D . . 88 1. 49 S.D. .86 1. 51 
Mean 1. 52 .12 308 . 34 l. 31 
S.D. 1.01 .14 He an l. 46 1.15 

S.D. l. 03 .16 
Stratum 8 (19 items) Stratum 8 (19 items) 

652 3.00 l. 66 360 3.00 1.71 
665 3.00 l. 62 595 3.00 l. 53 
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allow parameterization of the items by item characteristic curve (ICC) 
methods. Item difficulty (b) parameters derived for the two groups were 
compared by regressing difficulty parameters for the Native American 
group on the difficulty parameters for"the White group, and values of 
elliptic-D were computed for each item and group. Results led to the 
conclusion that there were no reliably biased items in the verbal subtest, 
while there were two reliably biased items in the quantitative subtest-
one item biased against the Native American group and one biased against 
the White group. Internal consistency reliabilities were higher for the 
Native American group in both tests, and the scores of Native American 
students \vere better predictors of high school rank than were scores 
for the White students; but these results were significant (p<.OS) 
only for the quantitative subtest. Results indicated that different 
approaches to the identification of bias led to different conclusions. 
Thus, additional research is needed to determine which indices of 
item and test bias yield the most meaningful approach to the 
analysis of bias in ability tests. 
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AN ITEM BIAS INVESTIGATION OF A STANDARDIZED APTITUDE TEST 

Over the last decade, concerns about test bias against members of minority 
races have dramatically increased. As a result, a number of different methods 
have been devised for investigating cultural and racial differences in test 
performance. Generally, these studies have been concerned with what are usually 
called culture-loaded or culture-biased tests (Jensen, 1974). However, there 
has been some .attention focused on the problem of bias in ability tests at 
the test item level (e,g., Church, Pine, & Weiss, 1978) rather than solely at 
the test score level. 

Bias may be difficult to define, however, where there is no criterion 
variable. Pothoff (1973) pointed out that "in many practical situations, a 
definition based on either [groups being alike with respect to mean score on 
each item or groups being alike simply with respect to mean total score] would 
appear to be on rather shaky ground, because it would be difficult to defend 
an a priori assumption of equality of the groups" (p. 75). He offered a well
reasoned example to show "that a bias-free test may not necessarily produce the 
same average scores for Negroes and Whites even if SES [socioeconomic status] 
is held constant and the races are equally genetically endowed" (p. 77). 

Pothoff mentioned the interaction between item responses and groups as a 
method for defining bias in the absence of a criterion variable. However, he 
pointed out that absence of item-group interaction does not guarantee absence 
of bias, since all items may be biased against one group. Also, the presence 
of interaction does not necessarily demonstrate bias "because different groups 
may be strong on different types of relevant items" (p. 3). Using the 
example of sex differences in vocabulary test items (boys do better with 
"thing" items, while girls do better with "people" items), Pothoff stated 
that "item-group interaction might represent 'balance' rather than 'bias"' 
(p. 91); as long as there is a proper ratio of "people" items to "thing" 
items, the test is not sexually biased. Of course, these decisions of 
"balance" are somewhat arbitrary. Pothoff therefore concluded that he was 
"unable to find an objective statistical definition of bias which is generally 
satisfactory for the situation where there is no criterion variable" (p. 82). 

Methods for Identifying Bias 

From an analysis of dictionary definitions of bias, Angoff (1975) found 
as a common idea that bias "represents a deviation from straightness, 
rectitude, or truth" (p. 2). He drew the basic distinction between identifying 
bias with or without a criterion and found the logical circu:arity of much 
thought about bias without a criterion to be a major problem: "How do I 
distinguish test bias from social and educational bias?" (p. 4). He believed 
that one must assume the main body of th~ test is unbiased, and then look for 
"items that tend more than the others to favor one group over the other and 
to misrepresent the true differences between the two groups"(p. 6). 

Elliptic-D. The method for identifying those items is not new. According 
to Angoff, Thurstone defined it in the 1920s in conjunction with his Method of 
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Absolute Scaling, and it has subsequently been used in a variety ofrelatedways 
(Thurstone, 1925; Cardall & Coffman, 1964; Cleary & Hilton, 1968; Gulliksen, 
1964). By this method, transformed item difficulty values are calculated for 
two different groups on a number of test items. These values are then plotted 
on a bivariate graph, with each pair represented by a point on the graph, as 
illustrated in Figure 1. The points will normally form an ellipse. As the 
two groups become increasingly less similar in their item difficulty values, 
the points are found at greater and greater distances from the major axis 
of the ellipse. The perpendicular distance from the axis to any point is 
"elliptic-D," an index of item-by-subgroup interaction which can be used to 
identify biased test items. 

;3: 
0 

Figure 1 
Bivariate Plot of Item Difficulty Values on a 10-Item Test 

for Two Groups, Illustrating Computation of Elliptic-D 
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The use of elliptic-D to examine item bias requires that data on a number 
of test items be examined simultaneously. Items are identified as biased if 
their value of D, representing the distance of the item from the line drawn 
through the major axis of the ellipse, is large relative to the other items. 

ICC-based methods. The concept of using ICC theory for testing item bias 
was first proposed by Pine (1975a, 1975b, 1977); ~ord (1977) and Marco (1977) 
have also described a method of examining single test items for bias. With 
this method, item characteristic curves (ICCs) are compared for the two (or 
more) groups under consideration. If an item is found to have a different 
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difficulty value (location on the trait) or discrimination value (slope of 
the ICC) when the item characteristic curve is plotted for different subgroups, 
the existence of subgroup bias or an exceptional item-by-group interaction may 
be suspected. 

Green and Draper's (1972) method for evaluating item bias also is based 
on ICC theory. By this method, ICCs are plotted separately for each item 
within each subgroup, and the plots are compared. An item is said to be 
unbiased if examinees of the same ability level, but from different subgroups, 
have equal probabilities of responding correctly. A major weakness with 
this approach, however, is that the comparison of the ICCs is judgmental and 
not quantified. 

Rudner (1977a) preferred to identify biased test items using a method which 
is similar to Green and Draper's method, but which involves equating the para
meters for two subgroups for their ability variances. According to Rudner, this 
can be accomplished by computing the regressions of the parameter values based 
on one group of examinees on the parameter values based on the other group of 
examinees. When the measure is unidimensional, contains locally independent items, 
and has error-free parameter estimates, the ICCs of the two ~roups will be iden
tical. Failure of the ICCs to be identical is indicative of non-unidimensionality, 
i.e., the item is measuring either different traits between groups or a trait 
other than that measured by the other items. In Rudner's approach, bias is quanti
fiable using the residuals from the regression to gauge the extent of item bias. 

Rudner (1977a) used this method of item bias investigation with three 
subgroups: (1) low-ability hard-of-hearing individuals, (2) high-ability hard
of-hearing individuals, and (3) normal-hearing individuals. Equated parameters 
were similar for the two hard-of-hearing groups, but not for the hard-of-hearing 
vs. normal-hearing groups. 

Other methods. Factor analysis of test item responses has also been 
used in the investigation of test bias. Church, Pine, & Weiss (1978) reported 
factor analyses of verbal, numerical, and spatial test items for groups of 
Black and White high school students. Comparisons of the factor structures of 
the two groups indicated little similarity in structures between the two groups 
for any of the tests. Using a simple index of item bias based on differences 
in ICC difficulty parameters, one of the factors of the verbal test in the 
White group was identified as a "bias" factor. 

Rudner (1977b) has summarized the various approaches to identifying biased 
items as follows: 

1. TransfGrmed item difficulty approaches, in which within-group 
item difficulty is standardized and compared between groups. 

2. Analysis of variance approaches~ in which bias is operationally 
defined in terms of significant item-by-group interaction. 

3. Chi-square approaches~ in which individual items are investigated in 
terms of between-group score level differences in expected and observed 
proportions of correct responses. 

4. Item characteristic curve theory approaches~ in which differences in 
the probabilities of a correct response, given examinees of the same 
underlying ability and different culture groups, are evaluated. 
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5. Facto~ analytic app~oaches, in which item bias is investigated in 
terms of culture-specific and culture-common sources of variance 
or in terms of loadings on a bias test factor. 

6. Dist~acto~ ~esponse analysis approaches, in which the relative 
attractiveness of item response alternatives is investigated. 

Rudner feels that because of problems involved with using phi, phi over 
phi-max, or tetrachoric correlations in the factor analysis, the factor analytic 
approach to identification of biased items is difficult to implement. He also 
indicated that it is difficult to obtain a clear factor structure because 
inter-item co~relations are typically low. Distractor response analysis and 
chi-square analysis are considered favorably by Rudner; however, there have 
apparently been as yet no major applications of these methods. 

Purpose 

Because of problems in the application of each of the major methods of 
identifying biased test items, a systematic combination of approaches seems 
appropriate. The present report describes such a systematic approach, 
applying to data from a standardized aptitude test a combination of the factor 
analytic approach and a latent-trait-based variation of elliptic-D. 

Method 

Sub,_1ects 

Subjects for this research were 129 Native American and 251 White high 
school juniors attending school in Minnesota. Native American participants 
were selected at random from the data files of the Statewide Testing Service 
of the University of Minnesota Student Counseling Bureau. White participants 
were selected on the basis of being the first White student whose record followed 
a selected minority student's record on the data tape. 

Data Analusis 

Factor analvsis. The procedure for testing item bias is summarized in 
the flow chart in Figure 2. Item response data from the School and College 
Ability T(:St (SCAT), Form 2B, were obtained for the two groups. Tetrachoric 
intercorrelations were computed from testee responses to the 50-item verbal 
(V) and 50-item quantitative (Q) subtests separately for the Native American 
and White groups (omitted items were scored as incorrect). Bec~use of 
extreme response proportions, tetrachoric correlations could not be computed 
for 4 items in the verbal subtest and for 3 items in the quantitative subtest. 
Thus, subsequent factor analyses were based on 46 verbal items and 47 
quantitative items in each group. 

The tetrachoric intercorrelation matrices were factor analyzed separately 
foi~ the t\vO groups, using a principal factors solution. Initial communalities 
were estimated by the maximum off-diagonal value for eech item, and observed 
communalities \vere iterated until they stabilized. 

Randomly generated item responses matching the real data for numbers of 
variables and number of "subjects" were also intercorrelated and factor analyzed 
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Figure 2 
Flow Chart for the Analysis of Item Bias 
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using the same solution; eight factors were arbitrarily extracted from each 
of the four matrices. Using the parallel analysis criterion for factor 
retention (Humphreys & Ilgen, 1969), those real data factors accounting for 
more of the total variance than the random data factors were retained. 
Based on the results of Reckase (1977), it was assumed that ICC parameteriza
tion was appropriate and that further bias analysis was warranted if the first 
principal factor accounted for at least 10% of the total variance. 

Item bias index. The White group was then randomly divided into two 
subgroups--White 1 and White 2; and ICC difficulty (b) parameter estimates 
were obtained separately for each of the White subgroups and for the Native 
American group, for the verbal and quantitative item subsets. The item 
difficulty estimates were obtained by a program which computed latent trait a 
(discrimination) and b parameter estimates based on the approximation method 
described by Jensema (1976). A fixed value of . 25 was used for the c 
(guessing) parameter, since all items were four-alternative multiple-choice 
items. 

Elliptic-D values, defined as the perpendicular distance of each item's 
difficulty (b) value from the major axis of the ellipse relating the b values 
of the two racial groups were calculated for the White 1 vs. White 2 b-value 
comparisons, and for the Native American vs. White 1 and Native American vs. 
White 2 comparisons. The absolute value of the largest White 1 vs. White 2 
elliptic-D difference was used as the standard for maximum between-race diffi
culty differences. Between-race elliptic-D absolute values greater than this 
value indicated an item which was biased against Native Americans, while a 
negative value of elliptic-D indicated an item biased against \~ites. An item 
which exceeded the White 1 vs. White 2 elliptic-D value on both interracial 
comparisons was considered to be reliably biased. 

Comparison of factors. Next, the factor structures of the two groups 
were compared as indexed by both the Pearson product-moment correlation and 
the coefficient of congruence for the item loadings. The coefficient of 
congcuence (Rummel, 1970, p. 462) is defined as 

N 
I a .

7 
a. 

olq i")(~q-;r72 [1] 

[ N 
I a2 I a2 

j=l jl j=l jq 

where 
N is the number of items in the test, and 
a.l and a. are the loadings of the items on the factor in the two 

J Jq groups, respectively. 

If the first factors were similar for both racial groups, it was 
concluded th3l the test was measuring the same latent trait for b<Jth groups. 
If the factors were not comparable for the two racial groups, it was concluded 
that the test was essentially a biased test and that item bias investigations 
were not relevant. 
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Reliability and validity. Internal consistency reliabilities were also 
calculated for V and Q scores for the total White group and for the Native 
American group using Cronbach's alpha coefficient. Correlations of SCAT-V and 
SCAT-Q scores with high school rank were also computed separately for the 
two racial groups. 

Results 

Number of Factors 

Verbal items. Figure 3 shows plots of the eigenvalues for eight factors 
extracted from the real and random data for both Native American and White 
groups (numerical values are in Appendix Table A). As Figure 3 shows, eigenvalues 
of the eight real data factors were larger than the eigenvalues of the random 
data factors in the White group. The first factor accounted for 13.8% of the 
total variance, thus warranting ICC parameterization of the White group verbal 
data. In the Native American group, six real data factors had eigenvalues 
greater than the corresponding random data eigenvalues. For this zroup, the first 
factor accounted for 21.7% of the total variance, again meeting Reckase's (1977) 
recommendation that it contain at least 10% of the total variance in order to 
warrant latent trait item parameterization of the data. 

Figure 3 
Random Data Eige~values and Real Data Eigenvalues for 46 Verbal Items 
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Quantitative items. Numerical values ot the extracted eigenvalues for 
both groups and for real and random data are shown in Appendix Table B; Figure 
4 summarizes these data. As shown in Figure 4, eigenvalues of the eight real 
data factors were larger than eigenvalues of the corresponding random data factors 
for the White group. The first factor accounted for 18.0% of the total variance, 
which allowed further item parameterization analysis. 

Figure 4 
Random Data Eigenvalues and Real Data Eigenvalues for 47 Quantitative Items 
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Figure 4 shows that for the Native American group, eigenvalues of eight 
real data factors were also larger than eigenvalues of the random data factors. 
In that group the first factor accounted for 22.2% of the total variance. Thus, 
as in the verbal item data, there was one dominant factor in the item response 
data for both groups for each subtest. In all cases, the conformance of these 
data to recommendations for use of the latent trait model permitted the ICC 
calibration of the item parameters. 
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Item Difficulties 

Values of the ICC b parameter estimates for verbal and quantitative items 
for the two White subgroups and the Native American group are in Appendix 
Table C. As Table C indicates, it was not possible to obtain item parameter 
estimates for all items. For items on which the proportion correct was 
less than or equal to the c parameter (.25), b parameters were not estimated. 
Similarly, for items on which the biserial correlation of item response with 
total score was 1.0 or greater, b values were not computed. All subsequent 
analyses included only those items for which b values could be estimated. 

Examination of the b parameters in Table C reveals that the items were 
more difficult, on the average, for the Native Americans in both tests. 
The difference in difficulties was nearly one-half of a 8 unit, as the average 
b value for Native Americans was .48 higher than the average b value for 
Whites on the verbal subtest and .45 higher than the average b value for Hhites 
on the quantitative subtest. 

Item difficulty (b) values for the verbal items correlated .83 for the 
White 1 vs. White 2 comparison, .85 for the White 1 vs. Native American 
comparison, and .78 for the White 2 vs. Native American comparison. The 
coefficients of congruence for these b values were .85, .74, and .71, 
respectively. These results suggest a general similarity among the b values 
for the two racial groups on the verbal items, at least in terms of the pattern 
of the b values. 

For the quantitative items, b values correlated .92 for the Hhite 1 vs. 
White 2 comparison and .88 for both Hhite vs. Native American comparisons. 
The coefficient of congruence for these b values was .92 for the White 1 vs. 
White 2 comparison, .76 for the White 1 vs. Native American comparison, and 
.80 for the White 2 vs. Native American comparison. Although the corre
lations suggest a similarity in the b values, the congruence coefficients 
suggest that they are less similar between racial groups than within racial 
groups. Since the congruence coefficient accounts for both the level and 
pattern of b values, while the correlation reflects only the patterning or rank 
order, these data suggest that there are differences between the levels of 
difficulties between the two racial groups. Examination of the data in 
Table C indicates a general tendency for the b values of the Native American 
group to be more concentrated around their mean than those of the White group. 

EUiptic-D 

Verbal items. Table 1 shows the elliptic-D values for the verbal items 
not eliminated from the analysis because of b estimates greater than an absolute 
value of 3.00, for the 1.fuite 1 vs. \Vhite 2 comparison, the White 1 vs. Native 
American comparison, and the White 2 vs. Native American comparison. 

The absolute value of the maximum White 1 vs. White 2 elliptic-D value 
was 1.052 (Item 5). In the ~fuite 1 vs. Native American comparison, the 
absolute elliptic-D value of Item 45 (1.082) exceeded the maximum value in 
the White 1 vs. White 2 comparison. In the White 2 vs. Native American 
comparison, the absolute value of Item 2 (-1.306) exceeded the maximum 
value in the White 1 vs. White 2 comparison. These data suggest little bias 
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in these items, and no reliably biased items were identified in which the same 
items were identified as biased in both interracial comparisons. Theone item, 
Item 45, which was identified as biased against Native Americans in the White 1 
vs. Native American comparison, however, had an elliptic-D of .984 in the White 
2 vs. Native American comparison; this was only .068 lower than the highest 
value in the White 1 vs. White 2 comparison. These data suggest a tendency 
of that item to be reliably biased against Native Americans. Item 2, which 
was identified as biased in the White 2 vs. Native American comparison, had 
been eliminated from the analysis. 

Table 1 
Values of E11iptic-D for Verbal Items for the Hhite 1 vs. White 2 

(Wl vs. 1.J2), White 1 vs. Native American (Wl vs. NA), and 
White 2 vs. Native American (W2 vs. NA) Subgroups 

Subgrou12s 
IteiTJ. Number Wl vs. W2 Wl vs. NA W2 vs. ~A 

2 -1. 306 
3 .100 -.894 -.783 
4 .333 -.375 -.393 
5 1. 052 .261 -.027 
6 -. 071 -.230 -.072 
7 -.209 -.460 -.235 
8 .594 -.669 -.785 
9 -1.024 .320 .905 

10 -.364 -.213 .079 
11 -.161 
12 -.165 .242 .462 
13 .195 .212 .247 
14 .225 .122 .146 
15 -.874 -.864 -.352 
16 .517 . 032 -.019 
17 -.189 -.015 .176 
18 -.372 -. 577 -. 272 
19 .009 -.517 -. 377 
20 .493 -.332 -.390 
21 .402 . 076 .OJJ 
22 .403 .316 .271 
24 -.290 -.130 .117 
25' -.448 -.132 .183 
26 .618 .480 .320 
27 -.407 
28 .043 .002 .119 
29 - . .306 .309 .536 
30 -.128 
31 .830 
32 .217 .191 . 201 
34 .652 
35 -. 772 .048 .473 

36 .400 -.133 -.216 

39 .057 .082 .135 

41 -.450 .689 . 984 
45 1. 082 
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Table 2 
Values of Elliptic-D for Quantitative Items for the ~fuite 1 vs. Hhite 2 

(Hl vs. H2), White 1 vs. Native American (Wl vs. NA), and 

Item Number 

2 
4 
5 
6 
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 
34 
35 
36 
37 
38 
40 
43 
44 

White 2 vs. Native American (W2 vs. NA) Subgroups 

Wl vs. W2 

-.124 
-.298 

.583 
-.007 
-.079 

.156 

.130. 

.389 
-. 671 

.330 

.133 

.063 
-.105 
-.273 
-.248 
-.242 
-. 091 

.176 
-.244 
-.187 

.145 
-.160 

.116 

.689 

.156 

.228 
-.465 
-.096 

.104 

.403 

.268 
-.466 
-.315 

Subgroups 
Wl vs. NA 

-.628 
.164 

-. 001 
-.165 

. 511 

.061 

.056 

.068 

.152 
-.210 
-.089 

.103 

. 049 

.141 
-.218 

-.526 
-.317 
-.067 
-.163 
-.325 

.284 

.185 

.002 

.179 
1. 371 

.183 

.131 

.198 
-.464 

.459 
-.882 
-.539 

.037 

.259 

lJ2 vs. NA 

-1.040 
. 3i.4 
.107 
.200 
.Li.O 
.179 
.095 
.115 

-.586 
.592 

-.037 
. 008 
.275 

-.097 

-.146 
-.070 
-.018 
-.280 
-.140 

.401 

. 082 

.045 

.053 

.697 

.118 

.020 
-. 219 

.388 
-.826 
-.647 
-.120 

.427 

Quantitative Items. Table 2 shows the values of elliptic-D for all group 
comparisons based on b values between +3.00 and -3.00. As Table 2 shows, for 
the White 1 vs. White 2 comparison, the maximum absolute value for elliptic-D 
was .689. In the White 1 vs. Native American comparison, two items had absolute 
values of elliptic-D which exceeded this value--Item 30 with an elliptic-D of 1. 371 
and Item 37 with an elliptic-D of -.882. In the 1-Jhite 2 vs. Native American 
comparison, three items had absolute values which exceeded the maximum White 1 
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vs. White 2 value--Item 5 (-1.040), Item 30 (.697), and Item 37 (-.826). 
Because of the high values of elliptic-D in both interracial comparisons, 
Items 30 and 37 can be designated as reliably biased items; Item 30 is biased 
against Native Americans and Item 37 is biased against Whites. 

Comparability of Factor Structures 

Verbal test. Appendix Tables D and E.give the unrotated factor loadings 
on the six factors extracted from the Native American data and the eight 
factors extracted from the White data. Table 3 summarizes the relationships 
among these unrotated factor loadings using both product-moment correlations 
among factor loadings and the coefficient of congruence. The correlation between 
the loadings for the first factor was .64, while the coefficient of congruence 
for this factor was .94. The highest correlation among the other factors 
was .39--Factor 3 in the Native American group and Factor 5 in the White group. 
These two factors also obtained the highest coefficient of congruence (also 
.39). Thus, only the first factor of SCAT~V data was similar between groups. 
For the Hhites, this factor accounted for 13.8% of the total variance; for the 
Native Americans, it accounted for 21.9% of the total variance (see Appendix 
Table A). 

Table 3 
Correlation and Congruence Coefficients for Unrotated Factor 
Loadings Between Whites (N=251) and Native Americans (N=l29) 

for Verbal Items 

Native 
American White Factors 
Factors 1 2 3 4 5 6 7 

Correlations 
1 .64 -.14 -.14 .08 -.01 -.40 .03 
2 -.05 -.19 .05 -.17 -.07 .12 -.19 
3 -.35 .28 .15 .06 . 39 -.24 -.01 
4 -.02 -.33 .07 -.03 .27 -.07 -.06 
5 -.26 .17 .11 -.07 -.14 .24 .06 
6 -.10 .27 .17 -.01 -.25 -.03 -.11 

Congruence Coefficients 
1 .94 .06 .06 . 04 .03 -.03 .06 
2 .07 -.17 .06 -.16 -.07 .13 -.19 
3 -.12 .28 .15 .06 . 39 -.24 -.01 
4 .08 -.32 . 08 -.03 .27 -.06 -.05 
5 -.05 .17 .11 -.07 -.14 .24 .07 
6 -.03 .27 .17 -.01 -.25 -.02 -.11 

8 

.14 
-.16 

.04 
-.17 
-.01 

.03 

.05 
-.16 

.04 
-.17 
-.01 

.03 

Quantitative Test. Correlations and congruence coefficients for the 
unrotated factor loadings are presented in Table 4; the factor matrices for 
the two groups are in Appendix Tables F and G. The correlation between the 
first factors in the two groups was . 73, and the coefficient of congruence was 
.94. The correlation of the second factors was .70, and the coefficient of 
congruence was .69. The next highest correlation was -.40 (congruence 
coefficient= -.39) between Factor 3 of the Native American data and Factor 4 
of the White data. Only the first two factors were very similar between 
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groups. For the Whites, the first factor accounted for 18.0% of the total 
variance, and the second factor accounted for 7.1% of the total variance 
(see Appendix Table B). For the Native Americans, the first factor 
accounted for 22.1% of the total variance and the second accounted for 
7.6% of the total variance. 

Table 4 
Correlation and Congruence Coefficients for Unrotated Factor Loadings Between 

Whites (N=251) and Native Americans (N=l29) for Quantitative Items 

Native 
American Hhite Factors 
Factors 1 2 3 4 5 6 7 8 

Correlations 
1 .73 -.47 -.13 -.22 -.28 -.11 -.14 -.09 
2 -.23 .70 -.09 .18 .37 .06 .09 -.13 
3 .15 .15 -.22 -.40 .12 .08 -.12 -.14 
4 -.16 .24 -.13 .13 -.32 .33 .20 .05 
5 .02 . 02 -.28 -.05 . 09 -.11 .16 .10 
6 -.17 .16 .12 .00 .04 -.15 -.24 .17 
7 -.34 -.11 .25 -.22 . 05 -.09 . 31 .08 
8 -.06 .04 -.13 .09 -.08 .11 -.18 . 03 

Congruence Coefficients 
1 .94 -.15 .03 .01 -.11 -.05 -.02 .05 
2 .16 . 69 -.05 .21 .36 .05 .10 -.10 
3 .10 .15 -.22 -.39 .12 . 08 -.11 -.14 
4 . 03 .25 -.11 .15 -.31 . 33 .21 .06 
5 .04 .02 -.27 -.04 .09 -.11 .16 .11 
6 .01 .17 .13 .01 -.04 -.15 -.23 .18 
7 -.03 -.09 .26 -.20 .05 -.09 .31 .10 
8 -.01 . 04 -.13 .09 -.08 .11 -.17 .03 

Internal Consistencu 

Coefficient alpha values of the two subtests in each racial group are shown 
in Table 5. Internal consistency reliability for the White group was .76 for 
the verbal subtest; for the Native American group, alpha was .86. Alphas 
were also higher on the quantitative test for the Native Americans (.85) 
as compared to the Whites (.81). 

Table 5 
Coefficient Alpha Internal Consistency Reliability 

Coefficients by Subtest and Racial Group 

Group N 

Whites 251 
Native Americans 129 

Verbal 

.76 

.86 

Sub test 
Quantitative 

.81 

.85 
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Correlation ~ith High School Rank 

Table 6 gives the correlations of verbal and quantitative test scores 
with high school rank. Verbal scores correlated .50 with high school rank for 
the Hhites and .56 for the Native Americans. On the quantitative test, corre
lations were .47 for the Whites and .63 for the Native Americans. Differences 
between race group correlations were not statistically significant for the 
verbal test; but on the quantitative test, scores for the Native American 
group correlated significantly higher (p<.05) with high school rank (r=.63) 
than did scores for the White group (r=.47). 

Table 6 
Correlations of Verbal and Quantitative Scores with 

High School Rank, by Racial Group 

Group 

Hhites 
Native Americans 

Verbal 
N r 

251 
126 

.50 
·.56 

Sub test 
Quantitative 

N r 

251 
129 

.47 

.63 

Discussion and Conclusions 

This research analyzed a major standardized aptitude test for indications 
of item bias by comparing test data from a group of Native American high school 
students with those from a cohort group of Hhite students. A systematic 
combination of approaches was used in the analysis of item bias. As a first 
step in the bias analysis, data from Hhite students and from Native American 
students were separately factor analyzed and compared to factor structures 
which were derived from randomly generated item responses. Using the 
criterion that those real data factors which had eigenvalues greater than the 
corresponding random data factors would be retained, eight factors were extracted 
from the intercorrelations of the verbal test items for Hhites and six verbal 
factors were extracted for Native Americans. Comparison of the factors between 
the two groups showed that the first verbal factor was quite similar for the 
two groups, but the other factors were not. 

It is interesting to note that while the correlation of the first factors 
was .64, the coefficient of congruence relating the two sets of factor loadings 
was .94. Thus, the factors appeared to be much more similar when the levels 
of their loadings were included in the computation of the coefficient used 
for comparison. Church, Pine, and Weiss (1978), who also compared factor struc
tures of verbal ability items between racial groups, reported a similar 
correlation (.58) between their Hhite group's second factor and their Black 
group's first factor. Comparisons between their findings and those reported here 
for verbal data are difficult, however, because they did not report congruence 
coefficients and because the verbal ability tests used in the two studies 
were quite different. 

Results were similar in the factor analyses of the quantitative data. 
Eight factors were extracted from the item intercorrelations for both groups. 
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First and second factors were fairly well related between groups. Loadings on 
the first factors correlated .73 in this study, as compared to .56 in the 
Church et al. analysis of quantitative items. The second factors correlated .70 
in the present study and .39 in the Church et al. study. Thus, although the 
quantitative factors in the Church et al. study were not as strongly related 
between the two racial groups, the pattern of the correlations was somewhat 
similar between the two studies. As in the verbal data in the present study, 
the coefficient of congruence for the first factor of the quantitative data was 
much higher than the correlation coefficient (.94 compared to .73); but for the 
second factor, they were nearly identical (.70 compared to .69). 

Unlike the Church et al. (1978) study of the structure of verbal and 
quantitative abilities in Whites and Blacks, the data from the present study 
indicate that the factor structures of verbal and quantitative abilities for 
Whites and Native Americans are fairly similar. Unfortunately, little research 
has been done on test bias in Native American groups; the bias literature is 
largely concerned with bias against Blacks and, to a lesser extent, Asians. 
The results of the present study are in accord with those of Follman, ~iller, 
and Hernandez (1969), who factor analyzed scores on 22 subtests of various abil
ity, achievement, and reasoning tests. Data were analyzed separately for three 
groups--"disadvantaged" Blacks, "disadvantaged" Blacks and Whites, and "nondis
advantaged" Whites. They found that the first three factors were similar for 
all groups and concluded that the abilities measured by these tests were the 
same across groups. 

The first factor of each item response matrix accounted for sufficient 
variance to allow item parameterization according to methods based on ICC 
theory. ICC item difficulty estimates indicated that almost all items were more 
difficult for Native American students than for TNbite students. Unlike the 
comparison of factor loadings between groups, coefficients of congruence 
comparing the item difficulties between the two groups were lower than the 
corresponding correlation coefficients. This implies that the pattern of 
item b values was similar between the two groups, but the level of those values 
was not as similar. Thus, although items tended to be ranked similarly in 
difficulty in each racial group, they were, in general, more difficult for the 
Native American students. According to Jensen (1974), if the rankings of items 
between groups are the same, then the test is not culturally biased and diff
erences in test scores (and, consequently, item difficulties) across 
races are an indication of culture loading. 

Another viewpoint defines item bias in terms of the relative subgroup 
differences in item difficulties. This approach has been operationalized by 
the use of indices such as elliptic-D to identify items which show large item
by-race interaction. Although previous proposals for the use of elliptic-D 
were based on item difficulty indices derived from classical test theory, 
in the present study the item b values from ICC theory were used in the 
computation of elliptic-D. To identify reliably biased items, the 1ihite 
group was randomly split in half and ICC b values were computed separately for 
each half. The maximum value of elliptic-D obtained in the comparison of the 
two ~.Jhite subgroups was used as the minimum value of elliptic-D to identify a 
biased item in the comparison of b values between the Native American group and 
the two vfuite subgroups. An item was said to be reliably biased if the values 
of elliptic-D in both Native American vs. White comparisons exceeded the maximum 
value in the White 1 vs. White 2 comparison. 
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Results of the elliptic-D analysis indicated that there were no reliably 
biased verbal items; however, two quantitative items were reliably biased--one 
against Whites and one against Native Americans. These results are in 
agreement with those of other investigators (e.g., Breland, Stocking, Pinchak, 
& Abrams, 1974; Jensen, 1974) who, in general, have neither found indications of 
bias in standardized tests using classical psychometric item difficulties 
(proportion correct) nor transformed item difficulty statistics in their 
computation of elliptic-D or related indices. 

Green (1972) suggested that internal consistency reliabilities are an 
appropriate index of test bias against minority groups, under the assumption 
that differing reliabilities would indicate that the scores of one cultural 
group contain more error than those of another cultural group. Verbal test 
data from Native American students had a substantially higher coefficient 
alpha internal consistency than did the White student data (.86 vs •. 76). 
Similarly, coefficient alpha was slightly higher for the Native Americans 
on the quantitative test (.85 vs .. 81). Both the factor analysis and elliptic-D 
results indicated that there was no general tendency for either the verbal or 
quantitative subtests to be biased, while the results of the internal consistency 
analysis suggested that bias against \~ites was present in the verbal test. 
Since the results of these analyses led to different conclusions, the utility 
of the internal consistency criterion as an indication of item bias may be 
qu-:.:stioned. 

These results also contrast with the Church et al. (1978) results, in 
which test responses of Black students were found to be less internally 
consistent than those of Hhites for all three ability measures used. As 
indicated previously, the two studies cannot be directly compared, however, 
because of the different tests, as well as different minority groups, used 
in the two studies. 

Probably the most important measure of a test's fairness is how well it 
predicts important psychological, educational, or occupational variables. 
Jensen (1975) has suggested that differential predictive validity is an 
indication that a test is culturally biased. In this study verbal test 
scores of Native American students were slightly better predictors of high 
school rank than verbal test scores of \~ite students (r=.56 for Native 
Americans and r=.50 for Whites). While these differences were not statistically 
significant, quantitative test scores of Native Americans were significantly 
(p<.05) better at predicting high school rank than the corresponding scores 
of White students (r=.63 for Native Americans and r=.47 for Whites). Thus, by 
this criterion of bias, the SCAT-II quantitative subtest was biased against 
White high school students, at least in comparison to a cohort group of 
Native American students. 

The data analyzed here clearly show that the standardized ability test 
studied, the SCAT-II, was not biased against Native American high school 
students. A between-groups comparison of the loadings on the major factors 
revealed that both the verbal test and thequantitative test were measuring 
similar abilities for each racial group. Regression of one group's ICC b 
parameters on the other group's b parameters and the elliptic-D analysis did 
not indicate that either group was at a disadvantage from the standpoint of 
biased items. The differential internal consistency reliabilities and predictive 
validities of these tests between races is difficult to explain. 
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The results clearly show, however, that different methods for studying 
test bias will lead to different conclusions. In the present study, the analysis 
of test bias at the item level led to the conclusion that essentially no bias 
existed in either subtest. Analysis of bias at the test level suggested the 
existence of bias against the majority group, rather than the minority group, 
for one of the subtests in each analysis. Since one of the analyses at the 
test level indicated more bias in the verbal test and the other in the quanti-· 
tative test, the two methods did not lead to the same conclusion, suggesting 
that test level analyses of bias may be less appropriate than item level 
analyses. 
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Appendix: Supp~ementary Tab~es 

Table A 
Eigenvalues of the First Eight Factors Extracted from the Random and 

Real Data Matrices for 46 Verbal Item~ and Proportions of Total Variance 
for Real Data Factors for White (N=251) and Native American (N=l29) Groups 

Proportion of 
Eigenvalues Total Variance 

Whites Native Americans Native 
Factor R;3.ndom Real Random Real Whites Americans 

1 1. 88 6.36 2.69 10.07 .138 1. 217 
2 1. 48 2.09 2.40 2.48 .045 .052 
3 1. 47 1. 84 2.24 2.32 .040 . 049 
4 1. 31 1. 74 1. 95 1. 97 .038 .042 
5 1. 22 1. 46 1. 69 1. 86 .032 .039 
6 1.11 1. 41 1. 61 1. 68 .031 .035 
7 1. 09 1. 24 1. 52 1. so .027 
8 .99 1.12 1. 39 1. 36 . 024 

Table B 
Eigenvalues of the First Eight Factors Extracted from the Random and 

Real Data Matrices for 47 Quantitative Items,and Proportions of Total Variance 
for Real Data Factors for White (N=251) and Native American (N=l29) Groups 

Proportion of 
Eigenvalues Total Variance 

Whites Native Americans Native 
Factor Random Real Random Real 1\fhites Americans 

1 1. 82 8.44 2.67 10.41 .180 .222 
2 1. 54 3.33 2.44 3.59 .071 .076 
3 1. 47 1. 94 2.39 2. 74 .041 .058 
4 1. 41 1. 71 1. 92 2.35 .036 .050 
5 1. 30 1. 53 1.72 1. 91 .033 .040 
6 1. 25 1. 29 1. 64 1. 83 .027 .039 
7 1.14 1.16 1. 49 1. 64 .025 .035 
8 1. 03 1. 07 1.44 1. 58 .023 .034 



Table C 
Item Difficulty (b) Parameter Estimates for SCAT Vocabulary and Quantitative Test Items 

for the Two White SubgrouEs (Wl,W2) and the Native American (NA) GrouE 

Verbal Quantitative 
Item Wl W2 NA Item Wl W2 NA Item Wl W2 NA Item Wl W2 NA 

1 -4.45 -8.49 -1.64 26 .23 1. 37 .92 1 -2.30 -3.73 -3.55 26 .51 .31 1. 06 
2 -3.54 -1.63 -1.67 27 2.22 10.32 .65 2 -2.92 -5.96 -1.91 27 .14 .39 .73 
3 -1.94 -2.02 -1.24 28 -.80 -.75 .08 3 -14.43 -5.14 -3.45 28 1.17 1.03 1.10 
4 -. 72 -.20 -.29 29 1. 21 1.11 1.07 4 -1.36 -677.67 -.13 29 .59 .83 .98 
5 -2.56 -1.27 -.23 30 .41 .43 b 5 a -1.98 -2.16 30 1.08 2.16 2.63 
6 -.52 -.58 -.07 31 2.35 3.49 2.00 6 -1.86 -2.07 -.60 31 -.34 -.08 .47 
7 -.85 -1.20 -.42 32 .47 1.03 .70 7 b b b 32 1. 67 b 1. 53 
8 -1.62 -.86 -.90 33 5.27 a 2.59 8 .03 -.36 .27 33 a b a 
9 -.35 -1.87 .56 34 .71 a 1.26 9 -1.37 -.55 .26 34 .22 .60 .80 

10 -.63 -1.17 -.09 35 1.41 . 74 .89 10 -.14 -.12 .43 35 1. 74 1.18 .89 I 
11 a -.27 -.07 36 .81 1. 73 .47 11 -.32 -.40 .33 36 1. 61 1. 58 1. 88 N 

I-' 12 -1.13 -1.46 .22 37 1. 65 a b 12 -1.21 -.99 -.16 37 -. 71 -.54 -.96 I 
13 -.17 .24 .51 38 b 1.83 b 13 -.40 -.18 .40 38 -1.57 -1.01 -1.05 
14 -.30 .14 .37 39 1. 63 2.17 .97 14 1.09 1. 75 . 82 39 b b a 
15 -.58 -1.90 -. 76 40 b 2.84 b 15 -1.16 -2.13 -.31 40 -.23 .19 .36 
16 -2.59 -2.14 -.48 41 1.21 .88 1. 47 16 -.92 -.44 • OS 41 .88 b b 
17 .42 . 34 .46 42 a 3.68 b 17 -.34 -.12 . 31 42 a a a 
18 -1.14 -1.79 -.64 43 b a a 18 -1.58 -1.51 -.28 43 2.23 1.69 1.99 
19 -1.32 -1.42 -.64 44 a a a 19 .03 -.07 .21 44 1. so 1.15 b 
20 -2.00 -1.48 -.67 45 1.67 b 2.04 20 .18 -.17 b 45 b b 1. 60 
21 -. 77 -.15 .17 46 a a a 21 -1.32 -1.68 -.90 46 a a a 
22 -.64 . 00 .46 47 a a a 22 -.11 -.42 .02 47 a a a 
23 a -3.79 -.23 48 3.43 a a 23 .57 .51 . 69 48 a a a 
24 -.09 -.42 .18 49 a a a 24 .16 .47 . 35 49 1. 73 b a 
25 . 04 -.51 .22 so a a a 25 .53 .25 . 37 so a a a 

altern b value was not estimated because proportion correct was less than .25. 
b 

Item b value was not estimated because biserial correlation of item response with total score was 1.0 or greater. 
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Table D 
Unrotated Princip_q1 Factor Matrix for Verbal Items in the \-Jhi te Group 

Factor 
Item 1 2 3 4 5 6 7 8 h2 

1 .26 -.57 .30 ._% .60 . 06 -.24 .00 1. 01 
2 .51 -.14 -.03 .39 -.28 .27 .30 -.29 .84 
4 . 4 7 . OS -.10 .17 -.16 .12 -.25 .15 .41 
5 .59 -.40 -.20 -.11 .09 -.16 .12 -.09 . 62 
6 .52 . 02 .16 .13 -.23 -.01 -.22 -.21 .46 
7 .42 . 03 .30 -.01 . 07 -.14 -.16 -.12 . 34 
8 .56 -.18 .11 -.17 -.09 -.07 .07 -.03 .39 
9 .22 -.14 -.26 .10 .16 -.21 . 08 .03 .23 

10 .52 -.05 .13 . 04 -.24 -.14 .10 .09 .38 
11 .11 -.12 .09 -.40 -.14 -.22 -.09 -.05 .27 
12 .35 . 01 -.15 -.07 .07 . 27 -.18 -.10 .26 
13 .40 -.05 .36 . 33 . 04 .21 .04 -.05 .45 
14 .48 -.17 -.05 .13 .00 -.14 . 04 -.26 .37 
15 .44 .06 -.18 .19 -.30 -.17 -.16 .17 . 44 
16 .31 -.05 .31 -.01 -.03 -.38 .16 .OS .38 
17 .47 -.24 .00 -.02 -.06 -.06 .20 . 04 .33 
19 . 31 -.04 .26 .03 .14 -.25 -.09 .00 .26 
20 .55 -.19 -.50 -.24 .18 .11 -.23 -.04 .74 
21 . 34 .01 . 04 -.22 .33 .24 . 00 -.08 . 35 
22 .44 -.02 .12 -.05 -.16 -.01 -.01 .20 .27 
23 .06 -.28 .11 -.02 -.24 -.12 .18 . 09 .20 
24 .58 . 09 .10 .14 .00 -.07 -.24 .21 .49 
25 .57 .17 -.32 -.07 -.08 -.21 .19 -.22 .60 
26 .28 -.06 .09 -.03 .10 .17 .13 .29 .24 
27 .08 .27 -.15 .16 .14 .18 .06 .21 .22 
28 .43 .16 -.23 -.17 -.02 -.08 -.18 .08 . 34 
29 .38 .14 -.03 .09 .26 .07 .20 .06 .29 
30 .47 . 37 .15 -.06 -.05 -.19 . 07 .18 .46 
31 .17 .13 -.12 -.08 -.20 .13 -.25 -.02 .19 
32 .40 . 02 -.05 -.15 .06 . 07 -.02 .00 .19 
33 -.02 .07 -.02 .25 -.28 .20 -.15 .00 .21 
34 .12 .14 .45 -.16 . 03 .09 -.02 .20 . 31 
35 .44 -.01 -.34 .06 .18 .11 .05 .37 .so 
36 .25 -.27 .26 -.22 -.24 .38 -.03 . 04 .45 
37 .14 .26 -.11 . OS .18 -.06 . 08 -.02 .15 
38 .36 .15 -.23 .15 .08 .08 . 22 -.12 .30 
39 .30 .10 -.07 . 07 .OS -.14 .13 -.10 .16 
40 .30 .44 .10 -.07 .01 . 09 -.20 -.27 . 42 
41 .41 .13 .07 -.02 .16 -.02 .OS .10 .24 
42 .06 -.10 -.04 -.06 -.15 .40 .23 -.08 .26 
43 .38 .14 .28 -.29 .01 .24 .14 -.01 .40 
45 .32 -.05 .01 .09 -.05 .12 -.20 -.14 .19 
46 .29 .28 . 08 -.59 .08 . 06 -.01 -.08 .54 
47 .22 .37 .02 .28 -.06 .07 .16 .30 .40 
48 . 00 .20 .14 -.11 .17 .10 . 36 -.12 .25 
49 .02 .52 .17 .31 .17 -.13 -.10 -.29 .53 

Eigenvalue 6.36 2.09 1. 84 1. 74 1. 46 1.41 1. 24 1.12 
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Table E 
Unrotated Principal Factor Loadings for 
Verbal Items in the Native American Group 

Factor 
Item 1 2 3 4 5 6 h2 

1 .31 .16 .17 . 62 . 02 -.22 .58 
2 .36 .38 -.53 .04 .16 -.20 .62 
4 . 32 -.08 -.28 . 08 -.17 . 08 .23 
5 .59 . 01 -.06 .16 -.18 -.09 .42 
6 .70 . 05 -.06 -.33 -.18 .29 .72 
7 .49 -.15 -.06 .09 .26 -.15 .36 
8 . 51 .39 -.37 .22 -.21 .39 .79 
9 .53 -.36 -.04 .18 -.12 -.34 .57 

10 .56 . 04 -.21 -.27 -.14 -.23 .50 
11 .37 . 34 .46 . 04 . 07 -.12 .48 
12 .40 .20 -.03 -.29 .16 -.13 .33 
13 .42 .13 .36 -.01 .12 .09 .35 
14 .70 -.01 -.18 .05 -.38 -.03 . 67 
15 .50 .15 .17 . 02 . 24 . 05 .36 
16 . 52 -.01 .14 -.09 -.14 -.01 . 32 
17 .59 -.43 -.05 . 00 -.08 -.20 .58 
19 .40 .42 .30 . 37 -.15 .10 . 60 
20 . 65 .16 . 02 -.08 -.18 -.24 . 54 
21 . 34 .31 .20 -.23 . 09 -.47 .53 
22 . 62 -.03 -.20 -.08 . 07 .06 .44 
23 .22 . 34 -.17 -.04 . 02 .00 .19 
24 .73 -.06 . 09 .14 -.08 .15 .59 
25 . 68 -.12 .02 . 02 .14 -.21 . 54 
26 .43 -.18 . 02 -.13 -.17 .06 .26 
27 .44 .36 .30 -. 28 -. 21 -.05 .53 
28 .43 . 02 -.06 .13 -.04 .13 .22 
29 .51 -.19 . 20 . 03 -.31 . 01 .43 
30 . 65 -.21 .21 -.23 .01 .12 .58 
31 .20 .16 -.15 -.12 .10 .44 .31 
32 .46 -.11 -.39 -.04 -.07 -.16 .41 
33 .16 .14 .00 .01 .43 -.10 . 24 
34 . 38 .18 .14 -.30 .15 .10 .32 
35 .55 .11 -.33 -.13 .18 -.06 .48 
36 .48 . 08 -.23 .19 -.02 -.04 .33 
37 .57 -.16 .11 .20 .25 .22 .51 
38 .24 .28 .21 .17 -.09 . 02 .22 
39 .52 -.11 .24 -.21 . 39 .38 . 68 
40 . 31 .18 .12 -.15 .00 -.02 .16 
41 . 35 -.31 .27 . 09 -.11 .13 .33 
42 .21 -.21 -.05 . 08 -.00 .30 .19 
43 .53 -.11 -. 40 . 07 . 54 . 08 . 76 
45 .27 -.28 -.05 .42 .10 . 04 .34 
46 . 02 .30 .01 .45 . 03 . 05 .30 
47 .40 -.48 .16 -.08 .11 -.17 .46 
48 .28 -.08 .30 .19 .35 -.07 . 34 
49 . 32 -.14 . 08 -.06 -. 28 .16 .24 

Eigenvalue 10.07 2.48 2.32 1. 97 1. 86 1. 68 
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Table F 
Unrotated Principal Factor Matrix for 
Quantitative Items in the White GrouE 

Factor 
Item 1 2 3 4 5 6 7 8 h2 

5.!. .41 .01 .22 -.14 -.19 • 08 . 09 -.05 .30 
54 .14 -.08 .23 .40 -.26 -.18 . 01 . 01 . 34 
55 .19 -.03 -.36 -.10 -.06 -.30 . 04 . 03 .28 
56 . 38 . 00 . 09 .14 -.44 . 08 -.22 -.19 .46 
57 .52 -.11 . 08 .13 .09 -.08 -.14 . 09 .36 
58 .51 .00 -.15 .10 -.13 . 03 -.26 .14 .40 
59 .17 . 04 . 32 .13 -.01 -.14 -.10 .34 .29 
60 .57 -.14 -.23 -.33 .16 .32 -.22 .20 .71 
61 .54 -.17 .21 .14 .03 .27 -.12 -.10 .48 
62 .47 -.19 .28 -.10 .16 .06 . 04 .02 . 39 
63 .50 -.18 .21 .01 .14 .16 -.02 -.04 . 37 
64 .23 -.25 .13 -~14 .11 -.07 .16 . 04 .20 
65 .14 -.17 -.17 .28 -.07 -.01 .16 -.07 .20 
66 .61 -.26 -.46 .10 -.06 .12 -.27 . 02 .73 
67 . 62 -.17 -.15 .03 .18 -.12 -.10 -.08 .49 
68 .56 -.16 -.27 -.40 -.28 .18 • OS .10 .69 
69 . 55 -.08 . 04 -. 21 -.05 . 05 . 08 -.10 .38 
70 . 61 -.03 .06 . 02 -.38 -.06 .12 .05 .53 
71 .44 -.08 . 02 -.05 . 09 -.22 -.12 .15 .29 
72 . 57 -.37 -.05 .21 . 09 -.12 -.10 -.10 .54 
73 .24 -.04 .44 .19 -.08 . 03 -.24 .01 .36 
74 .40 -.04 .25 -.21 -.01 -.09 -.18 .12 . 31 
75 .52 -.27 -.19 . 00 .03 -.36 .16 .12 .55 
76 .38 -.21 -.10 -.09 . 07 .06 .23 .06 .26 
77 .46 .00 -.06 -.20 -.01 .17 .13 . 08 .31 
78 .27 -.40 -.13 .20 .34 -.17 -.09 -.05 .45 
79 . 38 . 08 .15 .00 -.44 -.20 -.06 .02 .40 
80 .27 . 05 .23 .15 -.09 .15 .19 -.15 .23 
81 . 61 -.05 .18 . 05 .00 .24 . 06 .00 .47 
82 .41 -.31 . 05 .10 .20 -.02 .15 .27 .41 
83 . 39 -.28 . 27 .06 .29 . 02 .19 -.15 .44 
84 .46 -·. 04 -.02 .14 -.31 . 07 . 37 -.09 .49 
85 .30 . 07 .06 -.05 . 01 .11 .11 . 05 .13 
86 . 38 .05 -.03 -.12 .16 -.22 -.04 -.42 .42 
87 .43 .47 -.24 .33 .11 . 03 -.04 -.18 .61 
88 .58 .73 -.33 .26 .10 . 07 .08 .06 1. 08 
89 .31 .16 .01 .30 .32 -.01 . 09 .05 . 33 
90 .51 .45 -.11 . 03 .14 -.07 -.06 -.32 .60 
91 . 62 .21 .12 -.08 .00 -.11 .19 .01 .49 
92 -.10 .28 -. 04 .14 . 05 .25 -.07 .09 .19 
93 .28 .52 -.01 -.19 . 01 . 09 .17 -.12 .44 
94 .40 . 35 -.06 -.28 .00 .00 .17 .02 .39 
95 . 38 .32 . 02 . 09 -.12 . 04 -.24 -.04 .33 
96 -.14 . 08 -.02 .40 .08 .43 .13 . 31 • L~9 

97 .24 . 51 . 35 -.35 .23 -.01 -.30 . 00 .70 

99 .30 . 54 -.11 . 04 -.09 -.28 .00 .40 . 64 

100 .10 .45 . 37 .05 .14 -.21 .16 .12 .46 
Eigenvalue 8.44 3.33 1. 94 1.71 1. 53 1. 29 1.16 1. 07 
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Table G 

Unrut.dled P 1 i Ill: i pal Factor Loadings for 

Quanti t a ~-~ye __ l_t_(:_!:l~:>_ il: the Native Arneri can Group 
---~-- ···- ---- -·----- ----·----- --

Factor 
-~------------ --------- --·. -. ----------------------------·------- h2 Item 1 ') •) 4 5 6 7 8 "- J 

·----------- ----

51 . 38 . !d .60 .41 . () 7 .26 .14 -. 14 .97 
54 .58 .05 -.41 ·-.17 -.05 -.06 -.12 .13 .57 
55 . 21 -.20 . 28 .17 .36 • c; () .26 .47 . 61 
56 . 65 .01 -.25 . OS -.07 . 15 .07 .14 .54 
57 . 76 -.15 -.0'5 .15 • OS .11 .07 .14 . 1)6 
58 .42 -.07 . 16 -.19 .11 .n -.10 -.03 .32 
59 . 34 -.18 -. 3 5 . 04 .07 . 34 -.02 -.08 .40 
60 . 75 -.22 .02 .06 .20 ... l 0 -.13 .12 .70 
61 • J) -. 17 . 11 -.04 -.13 .c:s -.06 . 03 . 37 
62 .62 .04 -. 12 -. ()7 -.OSI -. 14 .06 .10 .45 
63 .40 -. 2!+ . 14 .08 . 1 5 . 31 -.02 .OS .36 
64 • !+ 6 .31 -.02 -. 23 . 15 -.12 .27 -.33 .58 
65 .36 -. 26 .10 .22 -.29 .11 .12 .13 .38 
66 .72 -. LO ')/ 

-~~ -.17 .05 -.U9 -.06 .02 .63 
67 .72 . ()] - 1 ) -.CH .Cll -.:u -.03 .1 0 .62 • L .._. 

68 . 57 -.36 . 23 . 13 .07 -.03 -.13 -.2'3 .1)0 
69 .61 .06 .0) . 04 -.2~ . en .02 . 2 5 .so 
70 . 75 -.04 -.OJ • OS -. 0') .02 -.03 .00 .57 
71 .43 -.07 . 33 -.44 ')') -.38 .04 .09 .69 
72 . 55 -. L! -.11 -.00 -. 27 -.29 -.15 -.05 .51 
73 • !f9 -.10 -. 31 -.05 -.39 . ] 5 -.10 .03 .53 
74 .41 .01 -.05 -.05 .27 .26 -. 01-1 -.33 .42 
75 .68 .00 -.45 . 07 -.09 .32 .05 -.14 .80 
76 .49 .00 .4'3 -.18 .10 -. 27 -.16 . 04 .57 
77 .36 .20 -.19 . 06 .18 • iJ4 .40 . 51 .66 
78 .50 -.06 -.06 -.31 .32 . 'I) -.07 -.12 .60 
79 .42 -.12 -.17 .07 .13 -. ll -.11+ .21 .32 
80 .21 -.01 -.51 .09 .05 -.4b .08 -.07 . 54 
81 .57 -.02 -.10 .36 .25 -.0:3 -.27 -.06 . 60 
82 . 3 7 -.02 -.no -.34 -. 3 i .11 . 34 -.11 .so 
83 . 26 . 27 -.02 -.32 -.1S -.22 .19 -.20 .40 
84 .57 -.06 -.04 .36 -. Cll -.20 .20 -.14 .56 
85 .49 .26 -.09 -.08 .OS -.07 .28 .11 .42 
86 . 18 .28 . 39 -.09 -.07 -.03 .10 -. 22 . 34 
87 . J 8 . 78 -.OCJ -.19 .17 -. 20 .47 .21 1. 00 
88 .so . 74 .17 .11 .14 -.12 -.30 .08 .97 
89 -.10 . 34 --. 2 7 .03 .40 .11 -.07 -.14 .40 
90 .41 .40 .:29 . 41 .04 . 00 -. 20 -.06 .62 
91 . 39 . 18 -.on -.02 . 29 -.11 .J3 -.05 .30 
92 -.17 .40 -.20 .48 -.06 -. 12 .27 -.00 .55 
93 .19 '') 

•'+-'- -.12 -.14 .02 .Jl .06 -.08 .35 
94 . 57 .12 . 2 () .21 .03 -.15 • CJ3 -.40 . 61 
95 .25 .so . 21 .16 -.26 .02 .25 -.15 . 54 
96 -.28 .43 .09 . 60 . 04 -.01 -.05 .16 .66 
97 .11 .39 . 53 -.35 -.54 .26 .02 .29 1. 00 
9'::) . 23 .27 -.Ofi .20 -.23 . 19 -.12 -.12 .29 

100 .09 .27 .06 -.03 .21 .21 .49 -.04 .42 
Eigenvd1ue 10.41 3.59 2.74 2.35 1. 91 1. 83 1. 64 1. 58 

------------------------ --·- ------
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