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The past year haé_been a particularly exciting one for the
data analysig'staff of ﬁhe-Natiohal Assessment of Educational
Progress. The new design for a new era;‘which was.describéd at the
last meeting of these organizations~(Beaton (1984), ﬁessick(1584))
and elsewhere (Messick, Beaton, and Lord‘K1983)), has been )
implemented; ovér.lO0,000 young people have attempted NAEP reading
and writing exercises; Qheir responses have been returned, entered
into our d4ata base, andbchecked; and the data énalysis-has started.
Now; we have to show how the new design can give ﬂs more useful
inforhation about the performance“of young peoplé in the American

schcol system.

'~ The highlight of our reshaping the NAEP &ata so far has been
the ;caling. We haQe felt, and continue to feel, that summarization
of the asséésment data in a leafnipg area, such as reading; into
one or a few scales using item response theory (IRT) is useful, if
the data are consistent with thg assumptions of the theory. An
important assumption of IRT is that the manifést data can be

X &k % A
APaper delivered avt the annual 3Jjoint meeting of the
American Educational Research Association and National Council
for Measurement in Education in Chicago on April 3, 1985,
| NAEP is~sponsoréd by National Imnstitute of Edﬂcation Grant

#NIE-G-83-0011 and administered by the Educational Testing
Service. :
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described by a single, underlyifg dimension, and thus we have spent

a considerable amount of time examining the dimensionality of .the

comfortable that an IRT—base& scale is appropriate for reading
proficiency, and have located a éingle dimensiQn that spans our
three grade levels (4, B, and 11) and our three age levels (3, 13,
. énd 17). At present, we areugxeparing to report results on a scale
representing a hyppthetical £est with known properties. We have
examigfed the effects of changing the administration of exercises
from a tape iecording to pencil-and-paper, and are now proceeding
to rescale data from past NAEPs onto our new feading proficiency

scale.

Many of the operations performed so far have required some
adaptations of presenﬁ technology %o mesh with one of the
innovative features of the new design, BIB (Baianced Incomplete
Block) spiralling. BIB spiralling is a pfocedure by which only a
small subset of the NAE? exercises is given to an individual
student, but th; subsets are administered in such a way that éach
pair of exeicises is given to a nationally'representative subsample
of students. The'u§e of BIB spiralling gave us a way of maintaining
the assessment of a bfoad range of educational competencies while
keeping the participationutime of individual students to less than
an hour, as had been done in past aséessments/ while also giving us
the ability to compute cross-tabulations or estimate the |
correlation between any bair Af exercises in the aQSESSQent
batﬁery. The data generateé by BIB spiralling are different in form

from most edﬁcationalxdaba,‘and so many of the algorithms for their

reading exercises. At this point in data analysis; we feﬁl
14
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analysis have to be different.

It is these technical developments that will be dfscusséq
< here. My intention is to give an overview of a number of the
developments, and not to discuss any q£ them {5 depth; the details |
will be described by members of the NAEP data_anal?sis Sﬁaff in -

future technical reports and papers.

Before proceeding, it is.importantuto mak; a general comment
about assessment: we are not interested in es?imating the
vproficiency of individual students; the NAEP assessmepﬁ battery was
dot designed, nor i; it appropriate, for that_purpose. We never
take a student’s name outside of the schdol building. NAEP results
are not retufned to the student or to his or her teacher and thus
no individual decisions can be maée.as a result of the assessmént.
Nor are results tabulated by school, so NAEP results carnot affect
é_sqhool or its teachers directly. NAEP is interested in estimating
the proficiency of large groups of studenfs} and thﬁs it is the
accuracy of estimation for groups of students, not individuals, ' i
thét is important. Many traditional conc;pts take én different
meanings. in this context, and, as will.be shown below, we perform

|
|
some operations that would be quite inappropriate for individual {
testing; we believe, however, that they are appropriate for the

group assessment which is our goal.
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Only the reading data will be discussed in this paper; we have
not yet addressed many important issues for the amnalysis of our

[N

writing data.

‘bimensionality

In A ﬂgﬂ‘Desigg for a New Era, we propoéed to examine the
dimensionaliﬁy of a learning area u;ipé factor analysis; ;n
hin¢sight} we feel that this approach is less than optimal, and so
we have exploréd a number of additional approacﬁes to establishing
the dimensionality of the reading exercises. A full technical
réport on our multi-faceted approach is being prepared by Rebecca

.2wick of our staff.

Our first proble@ {; using factor anéifsiﬁ was coméuting.the
éorrelatigﬁs_to,be analyzed. Our data contéiﬁed'two types of
missing data, the usual type which comes from students failing to
resﬁond to items for whatever reason, and a second type which comes
from the nature of BIB spiralling. The firét type is not random and
usually not well behaved; the secbnd'type is random, but the
samples are small enough s0 that one cannot assume closeness>to
population values. HowéVerJ we did compute several missiné data
correlation maprices of item responses. The matrix of tetrachoric

o corrélationsﬁfeveh when adjhsted fof gugssing,ldid not yield

\ . acqeptable/results; the ﬁatrix had éklatge number of negative
eigenvalhes,-and some of;the negative eigenvélues were iarge'in

magnitude. Several different apptoacheé to adjustments for guessing

did not help. Furthermote, when trying vo establish the
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dimensionality over thfee ages-éndlgrades, the assump%ion of an
underlyingﬁnormgl aiétribQEion,is unacceptable. The matrix of phi
coefficients, although much bette# behaved in the sense that it had
only a few, small negative eigenvalues, was still not goodvand
there Qas no theoretical justification for using it. Finally, upon
‘further reflection, we felt that for our exercises, with non-zero
guessing paraheters, the faétoring of tetrachoric corrélations was

gquestionable anyway.

Thus, instead of pursuing the classical factor analytic

approach only, we have tried, or are trying, several other methods:

1. Inter;block correlations correcte&'forvattenuation, Severél
of the blocks of exercises were excluded from thevsé;ling process
by Dr.QFrederic Lord'én a pfiori grounds. In ofder to.assess the
differences in dimensionality between the incluéed and excluded
blocks, a.number ridht score Qas computed for each block, and these
number right séores were correlated and corrected for attenuation.
The median correcte& correlation for the included blocks wad over

0

.90, and the median éorrelation between included and excluded

blocks was in the middle .B80’s.

2. Full information factor analysis (seeaBbck, 1584). We

to investigate the dimensionality of our data using his new method

of analysis. Né found that this méthod was too expensive for

analyzing our entire déta set, and so, at Dfl Béck'g suégestion, we
. specified a sdbset of. the data which we congidered, on a prio#i

grounds, to be moét likely to generate several dimensions. The
¢ .

|
. contracted with Prof. Darrell Bock, of thé~UniverSity of Chicago,
|
|
|
i
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results showed one dominént’factor and several- very smalf;‘but

~

significant, other factors.

N
-

\

A\

3. RoSenbadm method (1884). This method can be\uSed.to
determine whether aata‘are cqnsi;tent with a model that assumes
monétonicity, conditional independence( and unidiménsionalitf. This
method dées not test correspondence of the data with any speéific
model such as the three parameter logistic m'hél, which we used.
Early resultsnon a subset of the data did not show ipconsisﬁencyv
with unidimensionality. More analysis using this method is

expected.

4, Explofing IRT xésiduals. Usiﬁg the IRT parameters,
including proficiency estimates, this method calculates the
residuals of the actual'reéponses from those expected under the IRT
model, and inspects the residuéls for departures from the model. -
This analysis has not yet been done. |

5. Several other methods, including a method of Ledyard

Tucker, have been explored, but not yet applied.
)
; | | \

The Estimation of Reading Parameters

The estimation of reading parameters takes advantage of the
fact that we do not need to report scores on individual students.

If we were considering individual decision-making, we wou¥d insist

o

on administering identical or parallel tests to all students, and

insist that enough items be administered to each student that his

?

or her individual proficiency be well estipated. Since we are

£

7
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interested in group estimation only(‘we could accept less stringent

conditions, as long as the results ar> essentially unbiassed.

[

The estimation of reading parameters was done by Marilyn

Wingersky\ﬁsing the LOGIST (1982) program.

The first step was the selection of.exercises to be includea
in the reading'proficiencj scores. Some eXercisesbwerevexcluded for
being different from what many would consider reading, such as
locéting places on maps or reading from tables. A Mphﬁe Ca;lg
experi&ent;showed us that assessment-~blocks with very few exercises
were more harm than good in item calibration, so blocks with few‘
exercises were excluded.wAll other exercises at each grade level
were‘used, including those exercises that were used at two or three

K

The item parameters for each age/grade combination were

.of the different age levels.

calibfgted separately, and each set of parameters seemed to behave
according to the expedtations of the IRT model. Omnly individuals
who were administered at least‘17 exercises weré included in the

calib{ation.

A_siﬁgle set of item parameters, calibrated over all.ages and
grades, was then estimated in one grand run. We found that, for
almost all exercises that were administered at more than one
age/grade level, the item characteristic curves were essentially
the same fof the different ageé and grades. For the few‘exercises
that did not fit; there were obvious explénations. An example was
aﬁ exercise about ingerpretiné an alledgory which the fourth graders

could relate to better than the eiéhth gnaderé.

8 |
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Finally, & maximum likelihood estimate of each individual’s
reading éroficiency was then compuﬁed. The results were in two
metrics, the theta scale, which is»an estimate of the underlyiqé
'prqficiency variablé in standard score fofm, and the xi écale,\
which is the:estimated true score on a test of 228 exercises like
the exercises that were acthally administered and scaled in the
1983—84‘reading assessment. Proficiency scores were made for all
individualé wﬁo had responded’to any réading_exercises, although we
'are;ﬁsing ahd mak}ng‘available only'the scores of subjects who
responded to 17 or more gxercises; The extreme valhes.of individual

estimates were trimmed.
Proficiency Imputations

The maximum likelihood estimates of individual proficiencf are

problematic{ Maximum likelihood estimates for ind}viduals who

responded correctly to all éxercises that they‘wé}e of fered have

estimates of plus infinity on the theta scalé, and. those who answer
~all wrong are estimated at minﬁS'infinity. Given that our subjects

may have been administered only a few exercises which did not
diffex'substantially in difficulty/ we have a large number of
subﬁects‘with unbelievable and unacceptabié scores. The xi scale
"was more useful, but there Weré still;too many extreme values. The
problem was e&gqerbated by the fact that those subjectf who were
~admiristered 30-35 exefcises had faiwrly well—est}maﬁed proficiency
scores, but the estimates were very poéryfqr those with oni{ a few

1

items.
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Remembering that we were not interested in.individual
estimation, Dafrell bock pointed us to a technology for missing
data suggested Dby Donald'Rubin (1978). Bob Mislevy ({1884) is
; vdeveloping the application to NAEP data.j;he basic idea is to | Cf
compute, for wach subject, a posterior distribution of ;cores,
\given his or her pattern of resﬁonses, grade/age, and other
concommitapt infoxmation. An imputed valﬁe'is then chosen at random

from this_distribution.

The imputed values will look like a test scdre) buy_the'user
‘must pe careful. Imputed values are not intended to estimate the
proficiencies of indiviaual~subjects) and should never be used or
inte;preted”as testhscorea ingthe fa@ili;r sense of the term.
Réther,'the collection of imputed values over a large group of
subjects can be used to estimate parameters of the distribution of
proficienc§ in the group; We intend to put on the public use tape
five imputed values éer subject, each set proviging as good an
estizate of the poéulation éar;meters as any othei. We will su%gest

<

that a user run an analysis several times, using different sets of

imputed values; the average of the results provides the best b

estimate of the parameter of interest, while the variation among

L them adds to the estimate of estimation error.

- e

3
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The imputed values are not yet ready for inclusion on the

“public use tape, but we expect them to be shortly. Bob Mislevy is

devgloping the rationale and.procedures for using the imputed
values in data analyses.

>

" The Reading Proficiency Scale

The next ques%ion wé addrqésed‘is the fbrm of the scale on
'whicﬂ_tesults are réported. Ciearly, we’ﬁQ\not want scores that
Qould be confused ;ith IqQ, SAT, percent correct, nor grade
equivalenf scores. The xi ecale'was sgggested, but this scale is-
dependent on the exercises which we Qere given by thehprevious
grantee, and we see no reason for this set of exercises to be used

as a standard for future NAEPs.

1

Instead, we have decidea, tentatively, to report NAEP results
.as the score on a hypothetical test with some exemplary properties.
Thea hypotheﬁical test céntainslsoo exercises, 'covering the same

content as the ones that we actually‘used. We assume that there is

e @ .

no guessing in this test, that is, the exercises are either open

ended or have a very large number of equally attractivee‘

distractors. All exercises have the samé slope, which is 1.5, the

average slope of the exercises that were actually.administered. We

Al [

' further assume that the item difficulties .are equally spaced aéross

the actual proficiency levels of "our subjécts, and beyond. -The
reader may‘note-thatgthe Rasch modgl would be appropriate fgr this
hypothetical test, if it existed. The scores on this hypothetical

test are apprcﬁimately a linear functién of the theta variable,

11
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within the range of the data.

« ’ - ]

th_eorétical range of zero to 500, but’ eAff;cti_.ve range of about
100 to 400. The mean of the 4th graders'is presently about 200, of
‘the Bth graders about 250, and the mean of the 1llth graders is —

i B ) The result.of this scaling is a set of scores with a
\' ) .
|
|
about 300.

Txend Déta

One of the other design factors of new NAEF was to collect
bridge samples which administered 'some .of the NAEP exercises using

tape recordefs and simple mat}ix sampling, as was done in past
: . o ’
assessments. Thempufpose of these samples.was to explore the effect

4 ' .
' of the change from tape recorder to pencil-and-paper administration

o

and, if possible, to project the results of past NAEPs onto 7 e new

scale.

- a : S -

The bridge samples weré coilected and have been analyzed.

While we have found éome differences between tabe and

pencil-and-paper administration, we have found that the resplts of

one method are predictable from the ‘other, and we feel that we can
o0 ~ PO . - »

map from the old data to the new. Bob Mislevy and the NAEP data
analysis staff are now 'in the process of reanalyzing reading data
from 1870, 1975, and 1980 and developing eStimated scores on our

“hypothetical test. We intend to use these scores in the analysis of

®

trends. >
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Comment

-~

There have been, of course, a number of other developments

G
Y

during the past year, sihce~wg began analyzing the NAEP data. Our

A

complei data base is in good shape, and the puBlic use tape is
available. We have produced stétisticalﬁtables which g;ve the
estimated ayerage proficiency écore, and their jéckknifed standard
errors, for each alternatsa respénse to each background and atbitﬁdg
item. We have stérted the behavioral anchoring of the scale, and
started to develop graphical methods for presentation of %esu%ts.

v

We expect the next year to be as exciting as the }asb.

i
‘2

13
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