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This paper presents four problems that the staff of the California
Assessment Program (CAP), the statewide testing program for the state of
California, found difficult to solve. Each of these problems proved to
be readily solvable when techniques being developed by advocates of the
Rasch model were applied. The purpose of this paper is not to present new
approaches for using the Rasch model, but to demonstrate that the approaches
that have been developed already have great practical significance and should
be disseminated and used more widely by practitioners,

Item Cultural Bias in the Erntry Level Test

In order to collect baseline data, the California Assessment Program
annually administers the Entry Level Test (ELT) to every first grader in
California each September. At the time of the first administration of the
ELT in September, 1973, it consisted of 36 items covering five subtests.
Along with item data, the ethnic group of each child was reported. A one
percent systematic sample of the state resulted in a file of 3,010 pupils
available for analysis. The problem was to determine which, if any, of
the test items contained cultural bias.

The approach taken by the staff at that time was to run a factor
analysis, considering responses to each of the items and membership in
each of the ethnic groups to be a variable. The factor structure of the
test itself was quite clean; most of the 36 items loaded into only one
factor, and loaded jointly only with all the other items in their own
subtest.. The loadings of the ethnic groups were much less definitive, and
it was not known if the problem was one of statistics, such as the restric-
tion of range of interitem correlations when items are extremely easy
(several items in the test had p-values greater than .9), or if the items
in the tests were truly unbiased, The results of this analysis were reported
by Lorrie Shepard at the 1975 NCME Annual Meeting in a paper entitled
Developing the California Entry Level Test: Construct Validity of the
Subtests. The opinion of the staff was that the amount of cultural bias
in the test was unclear, although there was belief that it was relatively
unbiased.,

The data were reanalyzed lzst spring using the Rasch model. Rasch
item difficulties were computed separately for whites, blacks, and Spanish-
surnamed children.’ Plots of Rasch item difficulties for whites versus
blacks and whites versus Spanic “-surnamed were constructed. These two
plots are shown as figures 1 an 2. Each plot demonstrated two distinct
patterns of straight lines - or 1line consisting of the first six items om
the test, and one very difficu item from the end of the test, and a second
line drawn from the remaining tems.

*Paper presented at the 1979 Arhus.. Meeting of the Natiopal Council on
Measurement in Education, Sar ~anmcisco. '
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The first six items should have been the most culture-fair items on the
test. They all were classified as Immediate Recall, and consisted of the
teacher showing the children pairs of objects, putting the pictures away, and
then having the children choose the picture that matched the stimulus picture.
1f it is indeed true that these were culture-fair items, then it can be
shown from the graphs that some cultural bias is contained in the vast
majority of items in the ELT.

To compute the amount of bias, the correlations and associated regression

lines were computed for whites vs. blacks and whites vs. Spanish-surnamed for
both the 7 extraordinary items and the remaining 29 items. The results are

displayed in Table 1.

Table 1

Correlations and Regression Equations

Regression of Regression of
Blacks on Spanish-surnamed
Whites on White

Correlation i

Items 1-6 and 34 ' .940 .996

Remaining 29 items .968 .926
Regression

Items 1-6 and 34 Y = .,973 - 1.72 Y = .890X + 1,98

Remaining 29 items Y = .925X + 4.40 Y = .902X + 5.77

The amount of bias can be defined as the difference between the scores
predicted from the "unbiased" regression line (the one ccmputed on items 1-6
and 34) and those predicted from the "biased" regression line. Using a
typical score of 50, this tramnslates into a bias of 3.72 points for the
blacks and 4.39 points for the Spanish-surnamed.

Konlinear Regression Analysis

As part of the reporting system of the California Assessment Program,
multiple linear regression analyses are done for each achievement test,
relating a series of predictor variables to school mean achievement, While
the several regression analyses done at most grades are linear, the third
grade Reading Test analysis is not. A possible reason for this is because
the Reading Test is quite easy for third graders, and the subsequent ceiling
effect produces nonlinear relationships between the predictor variables and
third grade Reading Test scores.

The solution to this problem for several years was %o include second
and third order moments of the principal predictor {ELT scores) in the
regression equation. While this approach removed the nonlinearity, it
clearly is a patchwork approach to a measurement problem.
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As a potential alternative, the regression was rerun using transt srned
Reading Test scores. The scores were transformed by taking the naturs: loe
odds r¥atio-In (P/(100-P)). This transformation was made, ra=ther than
transforming to Rasch scaled scores because a) the two tramsformatior - -
highly similar and b) because of the matrix sampling procedures, no cafSE pive
method for obtaiming a scaled ability estimate for a school has besen #gve: .
upon.

The regressions run on the transformed data were far more linez— thas
the regressions that had been run on the untransformed Readizg Test s=cTasg.
This can be seen from the results —=vorted in Table 2. With the un——amsformsd
data, the square and cube of ELT deviations loaded before momility s-Y‘%es,
added a total of .649 percent to tiee variance accounted for. and hac be'ta
weights of -.18 and -.10, respectiwely. After the Reading Test scozmes - 'ad
been cransformed, the square and cuire of ELT devi=tions were zhe las " <wiriaples
to be loaded, added only ,107 percemt to the varilance accountad for, i
had beta weights of just ,03 and -.1ll, respectiveiy.

A negative finding that resulted from the transformatiom is tha- .=
variance is accounted for by the predictors (84.7% vs. 87.3% on the u:: =—s-
formed data). This may be occurring because some of the predicteo= wa ) La.wi:s
need to be transformed as well. In particular, ELT, AFDC rate and Zthe
bilingualism rate all have skewed distributions. If they were transformed,
it is possible that the regressions would become even more linear, »ifle 3t
the same time increasing the variance accounted for. In support of . 18
hypothesis, note that when the Reading Test results were transformed, cthee
simple correlations between Reading Test scores and the two relativ-lv
symmetrical variables (socioeconomic status and mobility) increasec slighstl-,
while the correlations to the three variables with skewed distribuziong
(ELT, AFDC i1ate and bilingualism rate) declined.

Comparing School Growth from Grade Two to Grade Three

The same Reading Test is given both to all second and third ¢
in California. While the test is moderately difficult for second g- =
it {s quite easy for third graders. The ceiling effect that complic. =
the third grade regression analysis also presented problems when i & _:
desired to examine growth from grade two to grade three.

This issue arose when, under a contract from the California &=z

Department of Education, staff at SRI International wanted to comg. ‘he
changes of test scores from grade two to grade three of different - .- of
classes in schools in California. By drawing ogives on linear/nox= 1 ‘ac
paper, it could be demonstrated that higher scoring schoels exhibi: = _=ss
percentage growth on the Reading Test from grade two to grade thrze = =m di

lower scoring schools. The ogives are shown as Figure 3. Since =3: result
is contrary to all expectation (it is usually observed that higher: s¢ring
children exhibiz more achievement growth, not less, when advancing =

higher grades), it was assumed to be caused by the ceilimg effect =f::tk

third grade Reading Test.




Table 2

Resmsyits of Multiple ‘Yegression Anmalysis
on Third Grade Reacing Test Scores

Imtransisrmed ez——= Test Scores
—_—

Multip.le R Square Zrmple
Va==izbi=: R Square Change S Beta
T .67482 .67482 .821«2 ..37258
=9DC rate .72899 .05417 -.68321 -.24975
——_ingualis “n ==z «74575 .01676 -.6337 -.12376
- ~-ioececmor ic ItzTiiE « 75516 .00940 < 7684 . .20835
(EIX-27.32°0)% . .75998 .00482 -5 .8 -.17973
(EIT-27. 30 )*> .76165 .00167 «S>-51 -.10481
Mocilit: .76212 .00046 --1009 -.02228

T=mffc: . Reacz:irg Test Scores

Multiple R Square Simple
Variatle R Square Change R Beta
L .62195 .62195 . .78864 .39197
Sarcioecstmam-c S zzTus .69673 .07478 .77847 .28059
AFDC rap. .70937 .01264 -.66579 -.19341
3: _ingu.:iiism race .71429 .00492 -.60463 -.12412
Y oodliter .71572 .00143 -.16646 -.03750
T-27.321)*%*2 .71677 .00104 -.43131 ~,08412
2177-27 ,321)%**3 .71679 .00003 .46035 -.01325
7




The probability that che problem was de= to ceiling =ffect =zlso cculd be
shown from Figure 3. If the distribution of-scores was mormal. =he ogive
on linear/normal paper wwould be a straight l-ne. These ogives w=re fairly
linear until school meax scores reached apprcximately 80 percemr. and then
began to curve away from the straight line. This indicates thzx ch= distribu-
tion of school mean scofex was negatively skewed, a likely outminme when
ceiling eff=ct is encoumszw=d.

The séimonl mean sccr=s were scaled t- converting Them to &z =g odds
ratio, and —me ogives resfizz=m. These ogi~es are shown in Figure -. This
time, the tec-ves were a_mos: perfectly lin=ar. The ogive for g—=ce two was
almos: pa=...el to the =hird grade ogive, =xcept that higher sc——=mng schools
shows-i sl=gk=ly more gramch :'=om grade twc to grade three than g lower
scorifg scmomls. This r=sul'T was consonamt with eXpectations, .zm it was
conc.zmc~d thmt the log cxxds ~=:io scaling presented a more accurztz picture
of —msnpe from grade twc zo zrade three than did percentage correc scores.

Ana - g Gzowth in Contsnz as=as

Aft r each year's tes:ing, the Reading Test results are presented to
an:==vis -y committee for tmeir review. The test has four major content
are«s (v« 'k identification , vccabulary, comprehension, and study-locational
sk- 1s). znd one question == committee posed was, "In which of the four
ar=ss is ‘he growth the gr: .t=st from grade two to grade thrae?" The
chapges : 1 percent correc’ :ores were greatest for comprehension and vocab-
ulzrr, ar i lowest for wor ientification and study-locational skills, but
th+: res. -t was confounde oy the fact that word identification and study-
los#riond. items were the -isiest on the test, and comprehension items the
haedest. Thus, it was 1li .- that ceiling problems were having differential
efz=cts o1 the results fer the four content areas.

Given the fact that —=ading scores, relative to national norms, declined
i— California after the taird grade, the committee had expected to find growth
tc be poorest in comprehension. Since changes in percent correct scores were
greactest in comprehensior, the suspicion was that ceiling effect was confound-
ing the interpretation.

Table 3 shows the results presented to the advisory committee. It shows
that gains from grade two to grade three are negatively correlated with the
difficulty of the content area.

To address this problem, Rasch difficulties were computed at each grade
for the 250 items on the test. To do this, a two percent systematic sample
of the students tested statewide was selected, and the analysis done on the
samples of approximately 6,000 students per grade. The 250 items on the
Reading Test had been divided into 10 parallel forms. Therefore, 10 analyses
were done at each grade, each consisting of the responses of approximately
600 students to 25 items each. After Rasch difficulties were computed for
each item at each grade, they were summed across items for each content area
to get a mean difficulty for each area.

~
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Table 4 ghows =he results presented in terms of Rasch scaled scores.
Since Rasch scalec. scores increase as relative difficulty increases, a gain
in scores from gm===2 2 to grade 3 means that an area became relatively more
difficult. Thee==rre, the content area in which the most gain was made was
Study Locations Sk=1ls, the arsa which was rated third out of four on the
basis of incres=s= -m percentage of correct responses, Similarly, comprehension,
which appearedi =— mamve the largest increase on the basis of percentage of
correct respomses. was third of the four content areas when rated on the basis
of the Rasch scaled scores.

Table 3

Results for the Reading Test, 1975

Content Area Grade 2 Grade 3 Difference

Word Identiffcation 75.4 85.8 10.4

Vocabulary 67.7 82.6 14,9

Comprehensicu: 61.3 77.0 15.7

Study-Locatiomal Skills 75.5 88.0 12,5

Total Test 67.6 81.3 13,7
Table 4

Results for the Reading Test, 1975, Reported by Rasch Scaled Scores

Correlation
Between Grade 2
and Grade 3 Scores,

Content Area Grade 2 Grade 3 Difference Computed over Items
Word Identification 47.18 47.53 +.35 .97
Vocabulary 50.18 49,90 , -.28 .89
Comprehension 51.91 51.97 +,06 .95
Study-Locational Skills 47.43 46,88 ° -.55 .93
Total Test 50.00 50,00 .00 .95




To avoid overinterpretation of these results, a simple one-way analysis
of variance was run on the data. (While a multivariate or repeated measures
design might have been more appropriate and more powerful, the cost of analyzing
the data in so complex a wanner was not judged to be worth the return. The
analysis of gain scores using four groups of items was judged sufficient to
provide a ballpark figure concerning statistical significance). The data
produced an F-ratio of 3.71, with 3 and 246 degrees of freedom, which is
significant at the .05 level, but not at the .0l level. However, there was no
contrast of pairs that were significantly different from each other. Consequently,
it seems safe to assume that if growth from grade two to grade three is greater
in some content areas than others, those differential gains are so small that
they are not readily detectable with current CAP data.

Summary

The Rasch model has been around for over a decade now, but practical
applications of it still are in their infancy.. This paper demonstrates that
the average measurement practitioner needs to be made more aware of its
potential uses and power. Four problems faced by the California Assessment
Program that were either solved in makeshift fashion or left completely
unresolved were solved simply and straightforwardly by application of the
Rasch model. If Rasch scaling can be used this effectively, it is impottant
that more "frontliners" be instructed in its use.
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