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Preface N

hY

The present two volumes represent the major output of a project
designed to discover whether or not the Rasch Model has any utility in
the equating of pre-existing tests. Essentia]]y; we reanalyzed the
data from the equating phase of the Anchor Test Study. We believe
that in te;ms of Rasch Model research, this study is the largest
(ndmber of tests included and sample size) to date where attempts have
been made to use'the.mode1’outside of a test construqt?on context. Né
have, however, provided some guideiines for those interested in test
construction. . - ¢
- There are many aspects of the data that are not fuf]y e£b1gited
in these reports. We have tried to write these volumes from a rather
narrow perspective when dealing with the Rasch Model; yet, we have tried
tc achieve some degree of comprehensiveness with respect to the equating
process. The:e are many things yet to be learned and much left to do.
If some of the ideas presented here spark interest, we invite you t6
join us.

A number of people have contributed to this effort. rirst and
foremost, Dr.OCharles H. Hammer, our U. S. 0. E. project officer, has
been most patient and helpful. He has always efhibited a hiéh degree
of proféssiona1ism.

.Our respect and appreciation go to Dr. Peter Loret and his colleagues
at ETS who produced the Anchor Test Study. They have made a-significant

contribution. ¥hen we received the data from Peter on computer tapes,
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each tape contained exactly thi/ﬂnformation he said it c&ntained, and

each record contained all thé%) format1on that was supposed to be there.

Those of you with some data

p ocess1ng experience know that this is
not a small-achievement. '//

The project funding eA;b1ed us to secure the consultant services

of Professor Benjamin D. Mright and ProfeSsor Georg Rasch. The ten

/

days they spent with usg were prodg;t/ve and insightful. Georg Rgsch

is a remarkable man. Me has eneply, enthusiasm and a respecrfL1

e
attitude toward data/ Ben wtjﬁht continues to assist us in our work.

/
Many of the specifit procedures used here, especially with regard to
equating, were suggested by him. His intellectual contribution to this

study was invaluable.
/

1

Fina]ly;/yé_wish to thank the staff of the Educatioral Research

Laboratory. Many of them have made contributions and provided assistance.

Qonna wort13y typed the manuscript n many versicns and is happy tha

vig f1na11y/6ec1dcd what to say.  She has made our job much easier

o

than it cou]d have been. /’

/
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Chapter 1

Introdqption

In 1960 Georg Rasch published a book, Probabilistic Models for

Some Intelligence and Attainment Tests, in which he déscribed several

mathematical models for representing responses to test questions. One of
these models, which Rasch calls the simple item analysis model, has

-

become popu]arly known as "the Rasch Model".! . .
While a smattering of research on the Rasch Model appeared in this
couniry between 1960 and 1967, it was‘not until the 1967 ETS Invitational
Conference on Testing that the interest of the American méasurement
commuﬁ}ty was stirred. Professor Benjahiﬁ Nriéh}'s baﬁer on "Sample-free
Test Calibration and Person Measurement", presented ;E that conference,
has probably served to popularize the Rasch Megel more than any of?er
work. Research dated since the Qright:papef now numbers well over\300
papers. R;oponents of the Rasch Model advocate its use in test develop-
ment largely on the bgsis that the model promises to gchieve two impor-
tant consequences long deemed desirab} by psychometriciaps: (1) item
calibrations that are independent of the calibrating sample; and

(2) person measurement that is independent of a sbecific set of itams.

There are several implications of these consequences: (1) Any

1 Thréughout this paper we will employ the convention of referring
to Rasch's simple item analysis model as the "Rasch Model".




Y. S
appropriate collection of individuals can’be used in the calibration
process as opposed to resdrfing to éomé elaborate sampling p1an;.(2)
given alpool of calibrated itgms, any subset of that pool can be used
to measure an individual. A1l such subsets-will estimate ability on
a common scale. This Tatter condition greatly simplifies thé probtem
of equating different tests and the former condition renders obsolete
the special attention given to sampling plans when, for example,
achievement tests are nationally standardized.? If different collections
of items (e.g., different tests) can be used to make measurements on af .

. ¢
common scale, -then the fundamental problem of test equating is solved. .

Y

It is the primary purpose of this research to inéestigate the use
of the Rasch Model for equating reading achievement tests, specifically

thnse reading tests used in the Anchor Test Study (ATS) (Loret, Seder,.

Bianchini & Vale, 1974). A number of objectives guided the investigation

of the reanalysis of the Anchor Test Study. These objectives are

- ’

sumnarized here and elaborated upon 1in subsequent sections of this report.

1.1 Objectives

—

1. To descriffe a methodology for test equating using the Basch-mode].

2. To provide basic item analysis data for each test in the Anchor
Test Study data base. .

3. To evaluate the fit of the Rasch Model with respect to those
tests that were part of the data base.

4. To investigate the stability of Rasch Model parameter estimates
under conditions of varying sample size and sample composition.

2 The above comfments do not refer to the collection of norms data but
only that process used in typical data collection activities for item
A\ analysis and test equating purposes. .

. ‘ 12




6. To estimate the equating error associated with the use of the
above equating methods..

7. To compare the results of equating with those 0bta1ned in the
Anchor Test Study.

v

1.2 Background and Significance

Jaeger (1973) described quite well the motivation that gave rise

to the support by the USCE of a study to equate several of the most

common1y used reading achievement tests. His discussion of both the

- o 3
5. To provide tables of equated scores based on Rasch Model methods.
scientifig and practical merits of the national test-equating study in

reading (ca]]ed the Anchor Test Study) points to four areas in wh1ch the

Anchor Test Study distinguishes 1tse1f

1) Its fulfillment of a long- standing objective of the: measurement
) commun1ty, i.e., the equating of widely used achievement tests
¥ 1n reading comprehens1on and vocabulary.

b C2)- Its scope ~ it requ1red adminsistration” of nearly 500,000
- . e= oy TeAding comprehensian and vocabulary tests: to over 300 000
’ ; ch11dren in 1,650 elementary schools in a]] 50 states‘- :

3) Its w1despread support - the study- carr1ed the endorsement of
N ' Ehe U. S. Commissioner of Education, 49 of the nations's
thief State School Officers, and district superintendents and
principals representing more than 1,600 schools 1n all 50 states. -

ts quality - 1t provides new national norms for the achievement -
ests used, based on an unpreceden*ed school cooperation rate

f oveér 90 percent and a sample more nearly representative of
hildren enroiled in U.<S. public and private elementary

chools than-ever before achieved. .

N O O b e

The rEana]yS1s of the Anchor Test Study data by Rasch Model technigues

. is the f1rst in a potent1a1 series of studleslihat w111 ut111ze the
’/””,,,/
Anchor Test Study data‘pase/an’a”'attempt to extend our know]edge about )
test equating in genera]. .If, for example, it can be shown that Rasch
¢ Model procedures can be used to equate tests like those used in the

q

Anchor Test Study, then considerable savings might be realized in future




equating efforts. Extensive data collection activities, elaborate
sampling plans and sophisticated analyses are expensivé to execute,

. yet these are the very elements for which the Anchor Study should be .
credited. Unfortunately, the merits of the Ancﬁor Test Stuay are aiso’
the features that make such a study impractical for most.organizatigns.

Of more .specific interest here is the issue of whether or not Rasch .

\" Model methods can be used with existing tests for test equating purposes..-

In theory, equating with the Rasch Model is a simple and straightforwardﬁ

concépt, requiring only that student performance on both tests to be

. equated¢can be }easonably described by the Rasch Mode] Thus, an’
i 1mportant aspect-of this study is. the degree to which the tests used can
be cons1dered to satisfy those conditions that allow appropr1afe use '}
of the Rasch Mode] The issues of mode]—data fit are not simple. Compared .
with the mechanics of.item and test calibration and test equating, the
procedures for evaluating fit are much more elusive.
It seems quite clear at present that tests can be consttucted to
the specjfications of the Rasch Model. It is not at all clear what the
Timits of utility a}e for existing, intact tests when those tests are
analyzed by Rasch Model procedure§. In other words, to what extent
will the consequences of the model be achieved-under conditions Qf Tess

than ideal correspondence with model specifications? - |

(-

-

1.3 The Data Base - ’ ' )

The déta that were used in this study were .collected specifically
for the Equating Phase of the Anchor Test Study. The purpose of the
Anchor Test Study was to orovide a‘method.for translation of a score on

one of seven widely used standardized reading tests to a score on any

o \ : 14
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of the other Egsts.3 ‘

V The Unite$\§ta¢es Office of Educétion (USOE) initially determinéd
seven of"the moré frequently used reading achievement tests appropriate
for gradég 4, 5, and 6. Two forms of each test were chosen, a primary
form (the one most frequently used) and its secondary (alternate) form.
Each reading test could be divided into a vocabulary subtest and a
comprehension subtest. Equating was independently performed for each
subtest and fLe total test at each of the three grade levels. This
required the administration of appropriate pairs of reading achievement
tests to fourth,\fiftﬁ, and sixth grade students randomly selected from
pﬁb]ic and nbn-pubjic schools in the United States.

Inxthelstudy reported here, the seven tests were considered as
twéntyieight tests by separating them into their various forms and
1evé1s. (Thg test batter%es and the various forms and levels are shown
in Table 1.3.7.)~ In this scheme of ddfa"organization, the particular .-
grade(s)ajn which a test was administered was disregarded: With STEP. _

having“bn]y one level, ITBSJhaving three levels, and the other five

-

batteries having two levels, there are fourteen primary and secondary
forms that can be identified. Thus, the Rasch Study resuits are presented
with edch of the fourteen primary forms used‘as‘a base test with its
secondary form and the other thirteen primary forms‘being equated to it.

Tnerefore, only fourteen equating tables are necessary, each showing the

~ 3 After the inceptioﬁ of the study herein‘reportéd, an eighth test
“was added to the ATS data base; that test was not available at the time
this study was begun and has not been included here.

ERIC © | 15




TABLE 1.3.1 . '
. Data Set Numbers, Test Description Codes, and

Number of Items.

Test Description Codes Number of Items -
DSN No. Test Name Form Level Grade Vocabulary Comprehension
01 CAT A 3 4,5 40 42
02 CAT B ~ 3 4,5 .40 42
03 CAT A 4 6 ~ 40 45
04 CAT B 4 6 .40 . 45
05 CTBS Q 2 4,5 40 45
06 CTBS R 2 4,5 40 45
07 CTBS e - 3 6 40 . 45
08 CTBS R 3 6 40 45
09 ITBS . 5 10" 4 38 n 68
10 ITBS 6 . 10 4 38 / 68
11 ITBS 5 11 5 43 76X
12 ITBS .. 6 11 5 43 - 74
13 > TITBS 5 12 6 46 * 76
1% ITRS 6 12 6 46 76
15 MAT F ELE 4 ' 50 45
16 MAT G FLE 4 50 45
17 MAT “F ° INT 5,6 50 45
18 MAT G INT. 5,6 50 45
19 STEP I1T A 4 4,5,6 30 030
20 ' STEP TT B 4 4,5,6 30 30
21 . SRA E BLUE 4,5 42 ‘ 4
22 _ SRA F BLUE 4,5 42 48
23 SRA E GREEN 6 ' L 42 . 48
24 SRA F GREEN 6 42 ) 48
25 SAT W INT. T 4 . 38 ' 60
26 SAT X "INT. T 4 38 , 60 |
27 SAT W INT. TI 5,6 48 64

28~ SAT X INT. II 5,6 48 64

/

* A1l items contain four alternatives except for items 35 through 42 in CAT Level
3 Form A and CAT Level 3 Form B and items 35 through 45 in CAT Level 4 Form A
and CAT level 4 Form B, which contain five.

-
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“and to study the model and Vits fit

raw scores for the“ease test plus the equated raw scores for its
secondary form and the primary forms of the other thirteen tests.

The target popu]atioﬁ of subjects for the ATS was all fourth, fifth,
and sixth grade students 1q the United States who would not be 11m1ted
in taking the tests because of a physical or mental handicap or who did
not know Eng]ish; therefore, a Sampling Phase was necessary to estab]ish
a national probabiiity samp]e of grades 4, 5, and 6 to establish equatiﬁg
relationships among the seven tests. ' ‘

The Rasch Study required a reorganizafion of the data base that was
used for the ATs:"ng methads of grouping data comprised tﬁe peoject
oréaeization with all data grouped without regard to the grede of the
examinees. First‘ a Basic File was created by grouping fogether all
test data for a single test d1sregard1ng both pa1r)ng and order of

e

administration. This created 28 subfiles in the Basic File. Th1s*fi1e »

‘was used in the test calibration pﬁase of the project, for item analysis,

3 ¢
N

/
The second f11e the/Pa1red File, was created by grouping all

independent test pa1rs w1£hout regard to the grade of the students.
This grouping method yielded 136 subf11es of independent test pa1rs

as is shown by the sample si}es in Table 1.3.2. Each entry in this

.~des1gn matrix represents that particular test pair 1dent1f1ed by the

row and co]umn index "DSN" (data set’ number). The row index 1dent1ﬁ1es
the test administered first in the sequence. Notice that all indexes
are odd numbers. This was a processing convenience since there was some
advantage to Keeping a test's primary and secondary form together in the .

organizational sequence. Whenever the test was administered with its

.alternate (secondary) form, it appears on the diagonal, which shoWs two

17
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Aruitoxt provided by Eic:

SAMPLE SIZES FOR THE CELLS IN THE EQUATING DESIGN MATRIX

TABLE 1.3.2

DSN ,
Xo. 06 63 o5 07 09 11 13 15 17 19 21 23 25 27
1879 ~
o1, 181 1986 775 821 943 940 1352 1435 729 800
990 :
03 1048 836 832 696 723 821
936 .
: 1716 x .
05 1831 e 608 736 677 © 595 1842 1642 831 699
“%
07 804 733 628 699 857 927", 782
815 ,
1041 ~
,09 682 b97 . 100 752 630 623 823
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sample sizes. These numbers distinguish between the order of administra-
tion of primary and secondary forms. The first number is the sampie

size for the primary form administered first the second number is for the
primary form administered second. The Paired File was used to estimate

the equating constants (see Chapter 3) and to study model-data fit, \

' 1.4 A Frame of Reference for the Rasch Model

€

Georg Rasch (1960) proposed several models for achievemenf measures.
We are concerned with only his "simple item analysis model" which is
appropriate for a measure composed of a set of'qdestions, scored correct
or incorrect. | N | ’ ;
Rasch (1973) proposed that a1l'measurement be coﬁétruceed with a
Jspecific Lframe of reference." Thae is, one should cgfefdtly consider -
the population of persons to be measured (what Wright “calls the \
“target") and the EOmain of tasks that defined the trait to be assessed. ‘
Rasch (1966) proposed that one should create measurements such that - Y “‘
compar1sons of persons in the target population or comparisons of tasks .
in the task domain should be invariant with respect to the specific: . ,
sample of tasks‘or persons that one observes. This invariance property
was called "specific objectivity" to show ihét the invariance is limited
to the specific frame.of reference His work led to aﬁ jmportant
conclusicn: namely, that there exists one model for Pests that is both
necessary and sufficient for yielding specificﬁnbéectivity. (Rasch, 1966;
Schmidt, 1970)
There are on]y two sets of parameters in the model--one for persons

(abilities) and one for items {easiness). The 1ntroduct1on of other

parameters will 1ead to other models and; thus, potentially to a loss of

19
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specific objectivity.

Let a particular person be characterized by an ability parameter

£ and a pa}E{EﬁTé?"ftém be characterizgd by an easiness parameter e.
Then the odds for the person respondiné correctly to the item is ge.
This is the simplest form of the model. It can be rewritten as the
probability statement &¢/(1 + ge).

If one considers all persons, tha is, if £ is considered a variable,
then the simple model is a model forfihe‘ﬁtemwcharacteristic curve of
the item. There are several we]]-kno%n deeis for item charqcteristic‘
curves. Specifically, the normal ogise apd the logistic function are

often used, wherein there are two or thre¢ item parameters (easiness,

discrimination; and guessing parameters). For example, see Lord and »

Novick (1968) for a review of normal ogizé and logistic function models. -
It can be shown that Rasch's simple mod% is a logistic function with

©

only item parameter, the easines parameter Thus, the literature on
item characteristic curves is r levaht té the study of Rasch s Model.

J
The estimation of the two S’tS of parameters in the Rasch Model 1s

called "test ca11brat1qn" " Test ca11brat1on con51sts of obta1n1ng two .
sets of information. One is the\eas1ness estimate ot ati-~itemsy ’The. &a,mu
second -is a table giving an ability estimate corresponding to each i&
possible raw score. A procedure for obtaining these é;timates is the
unconditional maximum likelihood procedure. The maximum 1ikelihood 1
estimates are generated by MESAMAX, a computer ﬁrogram based on a
paper by Wright and Panchapakesan (1969). Volufie IT of this report

gives the calibrations for items and abiiities for all tests. Volume

II also presents for comparison some traditicnal item analyses resulis.

. : . ‘ 20 (,4 : _—
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The model and its properties are presented mere fully in Chapter 2.

There, it is shown how the model Teads to test construction guidelines

and to“guide]ines for assessing the degfee to which/fhe mode]Lis
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Chapter 21~

_ Evaluating Fit To'The Rasch Model
;

The issue of whether-or not a‘particulaﬁ test fits the Rasch Model

is basic to the utility of the model and the attainment of the consedaenées

which the modeﬁ promises to achieve. The prob1em of model fit is not at

all simple. The concept of testing or evaluating fit almost always implies

the examination of some appropriate set of data. Part of the prob]eh

of evaluating fit is determining whié% data aré\appropriate for use in

the evaluation process. Should one deal with tﬂe fit of each individual

item or the test.as a whole? Does a small propo%tion of nonfitting items

proﬂibit the use'of the model for a particular tést? How rauch misbehavior
\ .

in. the data will the model tolerate? Each of‘theke'questions implies

some concern for evaluating model-data fit.
: )

2.1 The Problem of Model-Data Fit

It is the thesis here that there exists two rather funaamentally
'difﬁerent types of applications of the Rasch Model that call for corres-
pond{ng1y different concepts of model-data fit. The two types of

applications will be called test construction and test analysis and the

corresponding concepts of fit will be referred to as item fit for the ,
former situafion ard test fit for the latter. The purpose of this

chapter is to define thesé.ﬁpp1ic5tion situations énd their respective
concepts of fit, and to i]]usérate the notion of test fit by.applying

its principles to the reading achievement tests.
V- ' - *

"2
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The primary difference between the situations referred to as test
. 4
construction and test analysis is the freedom to manipulate the test at

the item level. In the case-of;test construction, the Rasch Model can
e ‘;Se used as-a-guide, -or b1ueprin§”~fon~the»selection 6% those items that
- - . ’wi11 compose the test. The attention of the testﬂmaker is on developing
or findingvé set of {tems that in some acceptable sense can be said to fit®
the model. The test maker has the freedom at this item analysis jun%ture
of his task to discard poorly fjfting items, retain good items, and modify
other items as needed. Thus, for this application, indicators of model-
data fit ;re necessary for items, the presumption being that the final
collection of items will include only those that meet whatever criteria

-

for fit might be established:

In the sjtuation called test analysis, the particular collection of

test items is fixed. There is no freedom to discard poor items. Rather,
the objective in‘this case is to derive whatever‘bgpefits the model is
robust énough.to provide'under potentially less thgn ideal item fit
conditions. The chances/a}e quite dood thatvsahe proportidﬁbf items in
-the given test would not hav§ met a criterion for, "fit" had the items
" been evaluated during tgst construction. The extent to whicﬁ item§
defined as nonfitting, on the basis of item fit indicators, can be

allowed to contaminate a collection of fitting items i$, of course, a

matter for investigation. 7The fact that the model has been shown ta be

robust (i.e., the model tolerates some leniency with respect to strict
adherence to its assumptions) when some poor fitting items were present

(Panchapakesan, 1969, C. Rentz, 1975), lends credence to the notion that .

the area of test analysis might be a fruitful area to explore. This is

precisely the situation that gave rise to the investigat%on on which we -

Q . ‘ . . :2:3 )
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are'now reporting.
Georg Rasch (1966) proposed_what he calls the simple item analysis

model as a way of achieving a desirable measurement principle called

specific objectivity. Rasch has more formally defined specific objectivity
as "... whenever the comparison of any two parametérs within the same set
may be carried out in such a way that it (the coméarison) is unaffected
by all other unknown parameters in the system ... the comparison is
characterized as 'specifically objective'." One.implicatidon of this
principle, for example, is that-the difference between the parameters :
of any two items is invariant with respect to the particular abiTity
parameters of a particular sample. This has the same implication as
Wright's (1968) phrase "sampie-free item calibration."

Actually, specific opjectivity is an integral and formal part ;f &

Rasch's model when the model is stated in the general form of the °

hypothetical or IF-THEN statement, where the IF-clause represents

’

'assumptions and the THEN-clause specifies the consequences. 'Figure 2.1.1

symbolizes this structure and shows the formal relationship between
Rasch's {1966) three assumptions and specifice objectivity as the
consequence.

It is interesting to note that many writers represent thé Rasch
Mode] by reference to assumptions 1 and 2, th]e our own preférence is
for representation bagéd on the entire structure. The advantage of such
a representation is éhat it permits some clarity to be introduced into
such questions as: What are the assumptions of the mode]? What are its

consequences? And, what is the difference between these and deductiens

derived from them? For example, conditions that are commonly identified

_+ as necessary for model it are unidimensionality of the trait being




fully as follows (adapted fram Rasch, 1966, pg:--50)i..;_

o "

Aij
1. P,. = —
EN|
1 + Aﬁj
IF : } , THEN |specific
2. Aij = 5j€i objectivity
3. stochastic independence J

The three assumptions, only symbolized above, may be stated more"

B .
., o8
., -

"M

1. To-each situation 4n which a person j (j =1, 2 ... n) is to
answer .an item i (i =1, 2 ... m) there is a corresponding
probability of a correct answer (xij = 1) which may be written

A5, .
ij -

2. The situation parameter Aij is tRe product of two factors,

Aoy = E.€.
P iJ ji
where 5j pertains to the person and €5 to the item; these

barameters have been called respectively item easiness and
person ability.

3. Given the values of the parameters, all answers are stochasti-
cally independent. . .
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measured,- equal item discriminations, and the absence of guessing. These
conditions are not assumptions, but they can be easily dedﬁced from the
assumptions. For e%amp]e, since assumption 2 specifiés only one item
parameter and one persén parameter, <t is clear that "variation" in any
‘other characteristic;of aither itens or pérséns can not be permitted.
Thus, some of those traditional constructs such as item discrimination

and guessing have not been parameterized. It iﬁ\perhaps more proper

to identify these and other such deductions from ‘the assumptions as

antecedent conditions, since they are qer1ved from the antecedent clause
” .
of the 1og1ca1 if- then sta tement.
S1m11ar1y, it is ppss1b]e to deduce rﬁr't;m the mode] s consequence
compunent, that is, apec1f1c nb:cct1v1tv, certain other cond1t1ons
variously referred %o as implications, outcomes, and "consequences, such

as Wright's phrase "sample free item calibration." Al1 such Togical

deductions -from tha model's consequences will be referred to as

conseqﬁent conditions, forhveasons'corrocponding to those previously
stated, since they are derived from the consequence clause.
The differenceés between the mod;]'s assumptions and consequences
\and‘the c\onditions which they in;p‘xy is that both the antecedent and
consequent\cen\jtmons are data related; tney enable us to translate
the formal statement d?‘the model into constructs that are a bit more
operational. These cond;tié;s are operational whereas the model and its
elements are merely psychometric symESTS. Evaluation of model-data fit
must deal at the level of the antecedent and consequent conditions since
it is at this level that data can be mustered for the evaluation. A
difference between the model’'s assumnticns and ifs consequences is that
the assumptions deal with items and the consequences imply sets\oﬂ

X iy 26
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Item fit can be, defined as the extent to which items can be characterized

-

items or te%ts Thus, antecedent conditicns are most Tikely to 1ead to

indicators of item fit; wnereas consequent cond1t1ons might be most

" . useful in desc¢ribing test fi}. .
. . } )

These }e1ationships Tead to one way of defining item and test fit.
according to those antecedent conditiops derived from the model's .
assumptions. Test fit can be def%ned as the extent to which the test
achieves those consequences specifiable from the concept of specific

obgect1v1ty P . ¢ . "

Test f1t m1ght also be defined as the extent to which the test
contains fitting 1tqms, for examp1g, in terms of a proportion of 1¢em§

that fit the model, using some specified criterion of item fit. Thus,

two general approaches to the concept of test fit seem to be attractive;

. the first based bn the test's achieving specified consequent conditions

out that different methods of evaluating fit will be ca11ed “for depending

on the pérticu]ar prob]em area application. Yet, scientifically we ought

to expect some debreé of convergence among the different ways of examining
presumab}y thé same thing. Thus, this issue is $xamined to some extent

in the present work. ’

In the present project we have taken the position that the consequent

and the second based ‘on the test's 1tem compos1t1on It might well turn
condition approach to test fit is the most relevant consequence for equating.
|

i The specific consequent condition is the stability of Rasch ability -

parameter estimates. The ability parameters of the model are supposed
to be invariant with respect to any other person parameters. Consequently,
an examination of this consequent condition should help us evaluate that

aspect of the degree of model-data fit that is most relévant and, as

N

x4
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such, prpvige informatio; on the¢usefu1ne$s of the model for equating
those reading tests in the present sample. |

Qur definition of equating involves on]& the raw scores and those _
abi]ity values estimated Tor thent Thus, éiven a common scale and as
long as the values in the "scoringétab1e" (ile., theﬁéet of all raw score
and ability estimates) remain Eons{ant for twé tests, the equating results
cannot Qéry. This means that systematic variation in ca]ibrati&n condi-
tions (such as race, sex, grade} is incdnseduentia] as long as "scoring
tabies"” remain invariant.4 . This invariance or stability of ability
estimates is the most direct measure‘of fhe Model's usefulress for
equating; however, an examination of item stability as well as examina-
tion of certain antecedent conditions should also provide use%u] infor-

mation to evalrate model-data fit. ' o

2.2« .Stability of Parameter Estimates

ES

In order to stuﬁy-how.various'factors influence the stability of
egtihatés;iitsis necesséry to define a measure of stability that can be
compared across different teéts anduacroSs different‘ana1yses of the
same test. The word "stébi]ity" implies that a set of est%matgs of the
same parameter (ile., for a ;ing1e jtem or single raw score) wi]ﬁ be
invariant over repeated observations. \The ordinary standard deviation

s N . o
can be used as a measure of this 1nvar1aQ<f. Specifically, whenever
3 i

\

\ \ '

A

4 There are applications where item staZ?*ity wdu]d be significantly

. more important. One such application is tailore testing, in which there

_ stability of items, more than it does the abilities, a -higher degree

is an attempt to match items to people, and since\misfit affects the
of fit would be required than that necessary for applications requiring

-only stable ability estimates. . \\\
28
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we have muitiple occasions to estimate an item parameter, the standard
deviation of the distribution of estimates can be used to describe the
s§abi1ity of that item's estimate. If we want to simmarize stability for

a test, with respect to the items, then the average of these standard

deviations will do quite well. Similar procedures can be used for the

ability éstima%aé This average of standard deviations we will ca]] a
"stability 1ndex" and use ‘it as a measure of invariance throughout this
report. The 1ndex takes low values when stab111ty in high and increases
as stability decreases. A <

It is useful. at this point to remind the reader that throughout this

study we have reported the parameter estimates in bhe natural log units

in which they are traditionally reported. Thus, both item easiness and

person ability are measured on a common scale; comparisons of the stability

of these estimates are consequently approbriate.

2.3 Stability as a Function of Sample Size

.The purpose of this analysis was to determine the effect of sample
size on the stability of Rasch parameter estimates. This issue provides
a good point of departure for studjes of stability since it provides some
information on the expected vaﬁjabi]ity of the easiness and ability -
parameter estimates, over random replication of samples of the same size,
with tests composed of items typical of tho;e in the present pro&ect.

STEP vocabulary was used in this analysis since there were more =

observations on it (N = 33, 123) than on any other test and those obser-

vations spanned al] three grades. Fifteen random samp]es'were drawn

from the STEP data f11e for each of four sample s1zes 500 1000, 2,000,

4,000. Each of these sets of data were then analyzed by. the MESAMAX item
' l

~

29 _ ‘
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_the item number or the score group number and the mean, standard deviation,

~

T~ 20

analysis program, and summary statistics were compited over the 15 repli-

o

cations of each sample size. ’
Table 2.3.1 through 2.3.5 show the results of this analysis for the
item easiness parameter estimates and Tables.2.3.5 througn 2.3.8 show the

Lo

results for the ability parameter estimates. Each table contains either
maximum estimate, minimum estimate, and range computed over the 15 repli-
cations of that particular sample size.

* Of pai <icular interest is the standard deviations listed in these

L

. kY .
estimate and .an be compared across analyses. In general the results

taﬂ]es. The provide an index of theﬁstabi]ity of a pérticu]ar paraheter
show thétvthe stability meésureé impfove with sample size. Table 2.3.9
provides ;his comparison in summary form. It shows the mean of th;se
"stabi]ipx_jndexes” (standard deviations) computed over the 30 items and
29 scgreigf%ups.

Table éi§L§ shows that the ability estimates are more stable than
the itgm ea§?ne§s\3§timate§. There is some tendency for the stabi]i}y
of the ability estimates to get better with inérca§gs in the size of the
calibrating sample. The fact that easiness estimates are more sensit%ve
to different sample sizes than are ability estimates is not unexpected
nor:mysterious, The basic observation for estimating easiness is, p,
the proportion answering the item correct, a numSef whose accuracy depends
directly on the sample sige. The stability of ability estimates depends
on both the item easiness estimates and the gﬁmggg of itemg. Thus the )
extent of sample size influence on ability estimates is limited by its

influence on item easiness. Furthermore the influence of item easiness

variability tends to attenuate as the number of items become greater;

Wadad
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ITEM NO

s
QWO EWN =

11
12
13
14
15
16
17
18
19
20
21
27

24
25
26
27
28
29
30 °

‘MEAN

1.7218
2.3183
2.0204
1.3085
1.5041
1.1445

. 1,7083
1.3096
1.3311
0.1499
0.0549
0.5691

~0.8094
0.4660
0.2786
0.0228
0.5767

~0.1393
~0.0598
~1.6046
~1.4297
-0.8953
-0.3511

-1
-1
-0
»1
-1

- -2

-2

.5515
.6381

.8983

.9275
L9412
.4157
. 2405

=

~

- TABLE 2.3.L

S.D.
0.1887
0.1484
0.1289
0.1452
0.1648

0.1174

0.1200
0.1185
0.1577
0.0982
0.1167
0.0867
0.1197
0.1327
0.1463
0.1241
0.1284
0.1561
0.0861
0.0682
0.0742
0.0937
0.0834
0.1411
0.0961
0.0741
0.1410
0.1040
0.1177

0.1404

~—

as a Funcﬁion\qf Sam*le Size (N=500)

~ .

RN

Stability of Item Parameter Estimates

MAXTMUM

.0320
.5450
.2290

MINIMUM

1.4420
1.9780
127550

QO OO OO OO O bt st pm b= = NN N

[ T
PO bt pt O okt et OO pmit

.5340
.8790
.3460
.9030
.5290
.5300
.3280
.2380
.718¢C
.0030
L6470
.5210
.2400
.7660
.1980
.0540
4910
.2720
.7390
4520
.2360
.5070
.7260
.6200
.8080
.2320
.0450

QOO OOO K I O P =

[
[eNoNe]

-0.
-0.
-1,
-1,
-1,
-0.
-1.
-1.
-1.
-2,

.0060
.2580
.9270
4620
L1420
.9790
.0410
.1290
L4410
.5790 -
.2270
.0200
.1730
.2550

3420
2140
6890
5410
0620
6910
7670
8120
0060
2230

- =2.1730

-2.7080
~2.5720

21

-

RANGE

0.59G0
0.5670
0.4740
0.5280Q
0.6210
0.4190
,0.4410°
0.3870
0.5510
0.2870
" 0.3670
0.2770
0.4240
0.4200
0.5410
0.4130
0.5110
0.5400
0.2680
0.1980
0.2690
0.3230
0.2390
0.5310
0.3050
0.2800
0.6030
0.3650
0.4760
\.0.5270

-

<
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‘CABLE 2.3.2 N
{ . '
) Stability of Item Parameter Estimates
as a Function of Sample Size (N=1000)
1 ’/’ .
ITEM NO . MEMN © §.D. - MAXIMUM MINIMUM RANGE
= === 2oz s s Ll
1 ;1,791 / . - 0.0922 1.9200 1.6360° 0.2840 '
!( 2 . 2.3377 / 0.1220 2.5700 2.1330 0.4370
| 3 / 2.0643 0.1352 '2,2620 1.7630 -0.4990
| 4 1.2292/ ~~.0.0981 1.4090 1.0640 - 0.3450
il 5 | 1.5169) 0.1110 ° 1.8130 1.3650 0.4480
' 6 S 1.1358 . 0.0865 1.3330 0.9780 0.3550
7 b.1,735 0.1305 < 1,9540 1.5580 0.3960
8 ©1.2961 0.0672 - 1.4290 1.1750, 0.2540
9 1.3073 0.0928 1.4240 1.1420 0.2820
\ 10 0.0842 0.0966 0.2080, ~0.1720 0.3800
y -~ 11 | 0.0141 ‘ 0.0801 0.1970 ~0.0740 - 0.2710
12 \ 0.5735 © 0.0921 0.7030 0.4220 0.2810 ° -
13 ' 0.8633 0.0652 0.9610 0.7640 0.1970
14 0.5171 0.1004 - 0.7110 ,  0.3010 0.4100
15 0.2355 0.0683 ~0.3810 0.0890 0.2920
16 ~0.0417 0.1016 , 0.1900 . -0.2100 . 0.4000
17 0.5210 0.0842 0.6940 0.3830 " 0.3110
.18 -0,1030 , 0.0593 -0.0120 -0.2220 0.2100
_— 19 ~0%0517 0.0860 0.0400 ~0.2820 0.3220
s e 20 -1.6085 0.1030 -1.4360 -1.8110 0.3750
21 -1.4496 0.0823 ° -1,2830° -1.5380 - 0.2550
22 -0.9125 0.0847 © -0.7930 -1.0470 0.2540
23 -0.5265 0.1032 -0.3060 -0.7110 0.4050
- 24 -1.5437 " 0.0609 -1.4190 -1.6300 0.2110
’ 25 -1.6020 0.0877 - -1.4760 -1.7810 0.3050
26. -0.9130 0.0741 -0.7460 - -1.0000 0.2540
27 -1,9228 0.0493 -1.8300, -1.9970 0.1670
28 ~1,8934 .0.0498 -1.8180 -1.9700 0.1520
.29 ~2.4455 ‘ 0.1054 -2.3150 -2.7160 0.4010
30 -2.2469 0.1023 7 -2.0470 -2.4150 0.3680

32
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TABLE 2.3.3 )
Stability of Item Parameter Estimates
as a Function of Sample SiZe (N=2000) .

ITEM NO MEAN ©  © S.D. MAXIMUM ° MINIMUM RANGE
1 17570 0.0663 " 1.9140 1.6570 0.2570
2 . 2.3178 0.0791 2.5220 2.2030 0.3190

3 2.0306 0.0774 2.1250 1.8560 0.2690 .
4 1.2369 0.0726 . 1.3400 1.0740 0.2660
- 5 1.5086 . 0.0814 1.6420 1.3550 . 0.2870
6 1.1482 0.0614 1.2350 1.0100 . 0.2250

7 1.7115 0.0720 1.8450 1.5810 0.2640 :

8 1.2905 0.0643 . 1.3920 1.1730 0.2190 -
9 1.3118 0.0619 1.4190° 1.2020 0.2170 -
10 0.1226 0.0543 0.1970 0.0640 . 0.1930 -

11 0.0810 0.0542 0.1490 -0.0170 . 0.1660
12 _0.5531 . 0.0644 . 0.7030 0.4160 ~ 0.2870
13 0.8519 0.0669 0.9600 0.7470 0.2130
14 0.5167 0.0551 ' 0.5910 0.3910 0.2000
15 0.2407 . 0.0556 0.3740 0.1420 ° 0.2320
16 -0.0443 0.0467 0.0569 -0.1180 - 0.1740
17 0.5290 ° 0.0510 0.6480 0.4460" 0.2020
18 -0.1118 "0.0723 : 0.0300 -0.2860 0.3160
19 -0.0317 0.0517 0.0300 -0.1540 - 0.1840
20 -1.5915 0.0627 . =1.4400 -1.6890 0.2490
21 -1.4457 0.0678 -1.3020 -1.5390 0.2370
22 -0.9170 0.0517 -0.8230 -0.9920 0.1690
. 23 -0.5321 0.0688 *-0.4250 ., ~-0.6330 0.2080
24 -1.5295 0.0638 -1.4070 ~1.6400 0.2330
25 -1.6088 0.0504 ‘ '~1.4800 -1.7090 0.2290

26 '~ -0.9016 0.0551 -0.7820 -1.0010 0.2190 .
Y27 -1.9362 0.0599 -1.8180" -2.0390 0.2210
28 -1.8965 0.0490 ~1.7890 -1.9750 0.1860
29 -2.4223 0.0670 -2.3450 -2.6110 0.2660
30 -2.2390 0.0648 =2.1440 -2.3880Q .0.2440

ot




ITEM NO

WOV W N -

y
§

as a“Function of Sample Size (N=4000)

MEAN

1.7510
2.3279
2.0340

1.2581 .

1.5039

- 1.1564

1.7319
1.3023
1.3083

0.1356~

0.0745
0.5723
0.8583
0.5324
0.2321
-0.0439
0.5401
-0.1120

-0.0435

-1.6046
~1.4405
~0.9089
-0.5311
-1.5406
-1.6173
-0.9085
~1.9412
-1.9111

=2.4565 .

~2.2594

TABLE 2.3.%

Stability of Item Parameter Estimates

)

. §.D. MAXIMUM
0.0535 1.8360
0.0971 " 2.5200
0.0569 2.1470
0.0697 1.4910
0.0393 1.5950
0.0522. 1.2580
0.0733 1.9690
0.0399- 1.3980
0.0592 1,4040
0.0464 0.2260
0.0581 0.1320
0.0488 ° 0.7030
0.0592 1.0190
0.0762 0.7430

- 0.0417 . 0.2870
0.0468 0.0570
0.0649 0.7280
0.0465 -0.0260
0.0363 0.0280
0.0579 -1.5250
0.0211 -1.3950
0.0467 -0.8460
0.0436 -0.4520

- 0.0494 -1.4700
0.0478 -1.545

. 0.0385 -0.8516"

" 0.0932 -1.8050
0.0383 -1.8690

) 0.0830 -2.3700
0.0586 -2.1750

34

MINIMUM

1.6280
2.1860
1.9150
1.1890

©1.4370

1.0790
1.6500
1.2260
1.2210

. 0.0580

-0.0450
0.5130
0.7750
0.4380
0.1300

-0.1200
0.4640

-0.1980

-0.1190

-1.7430

-1.4770

-1.0290

~0,6390

-1.6940

-1.7330

-0.9890

-2.2060

-1.9900

-2,7170

-2.4200

r

RANGE

.2080 _
.3340
.2320

.1580
.1790
.3190
.1720
.1830
.1680
0.1770

OO0 O0OQOQOQOOOOO0O

£ 0.1900

0.2440
0.3050
0.1570
0.1770
0.2640
0.1720
0.1470
0.2180
0.0820
0.1830
0.1870°
0.2240
0.1880
0.1380
0.4010
0.1210
0.3470
0.2450

.3020
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Stability of Ability Parameter Estimates
as a Function of Sample Size (N=500)

\
\,

SCORE GROUP MEAN ‘ S.D. MAXTMUM MINIMUM RANGE

1 -4.0903 0.0421 -3.9880 41470 0.1590
2" -3.3171 0.0388 -312240 -3.3680 0.1440
3 -2.8299 »0.0357 -2.7450 -2.8760 0.1310
4 ~2.4587 0.0328 -2.3820 -2.5000 0.1180
5 -2.1499 0.0297 -2.,0810 -2.1870 0.1060
6 -1.8796 ' 0.0266 -1.8190 -1.9120 0.0930
7 . -1.6350 ° 0.0239 -1.5820 -1.6630 0.0810
8 " -1.4085 . 0.0211 -1.3630 -1.4330 0.0700
9 -1.1949 0.0184 -1.1560 - =1.2150 0.0590
i0 -0.9901 , 0.0158 -0.9590 -1.0070 0.0480
11 -0.7923 0.0133 -0.7680 -0.8090 0.0410
.12 -0.5991 0.0111 -0.5800 -0.6150 0.0350
13 -0.4085 0.0092 -0.3930 -0.4240 0.0310
14 -0.2193 0.0078 -0.2060 -0.2340 0.0280
15 -0.0304 0.0073 -0.0200 -0.0440 - 0.0240
16 0.1597 . 0.0078 0.1730 *0.1480 0.0250
17 0.3521 0.0091 0.3680 0.3360 0.0320
NS 18 0.5481 0.0110 0.5660 0.5250 0.0410
19 0.7487 0.0133 0.7690 0.7190 0.0500 -
20 0.9556 0.0159 0.9780 0.9190 0.0590
21 1.1707 0.0185 1.1960 1.1280 *0.0680
22 1.3963 0.0214 1.4250 1.3470 0.0780
23 1.6353 0.0242 - 1.6660 1.5800 .0.0860
24 1.8929 0.0273 1.9260 1.8310 ' 0.0950
25 2.1762 0.0302 ©2,2110 2.1090 0.1020
26 02,4981 0.0333 2.5350 2.4250 0.1100
27, © 2.8819 0.0367 2.9250 2.8030 . 0.1220
28 3. 3809 0.0399 3.4320 3.2970 0
29 . . 4.1649 . 0.0434 4.,2250 4.0760 0.1490

\ S N
. Y

11350
|
\
|
|
\
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SCORE GROUP

W OO~ & WK =

TABLE 2.3.6
9
S Stability of Ability Parameter Estimates -

as a Function of Sample Size (N=1000)

MEAN S.D. MAXTMUM MINIMUM RANGE
-4.,0946 0.0308 ° ~4.0160 -4.1390 0.1230
-3.3205 0.0279 -3.2490 -3.3600 0.1110
-2.8323 "0.0252 -2.7670  -2.8670 *0.1000 -
-2.4601 0.0224 ~2.4010 ~2.4900 0.0890
-2.1505 0.0200 -2.0970 . =2.,1760 0.0790
-1.8796 0.0176 -1.8320 -1.9030 0.0710 .
-1.6344 0.0152 -1.5930 -1.6560 0.0630
-1.4073 0.0133 - -1.3710 -1.4280 0.0570
-1.1933 0.0111 -1.1630 -1.2120 0.0490
-0.9884 °, | 0.0094 -0.9630 -1.0050 0.0420
~0.7903 ¥ 0.0078 -0,7710 - =0.8069 " 0.0350
-0.5968 0.0066 ~0.5820 -0.6100 0.0280
-0.4063 0.0060 - -0.3970 -0.4180 .0.0210
<0.2170 0.0058 ~0.2060 -0.2270 0.0210
-0.0282 0.0059 -0.0170 -0.0370 0.0200

0.1618 0.0066 0.1740 0.1530 0.0210
0.3541 0.0077 0.3670 0.3420 0.0250
0.5496 0.0087 0.5640 Y 0.5320 - 0.0320 .
0.7500 0.0100 0.7660 0.7270 0.0390
0.9567 0.0112 0.9740 0.9290 0.0450
1.1713 0.0127 1.1900 1.1380 0.0520
1.3964 0.0144 1.4160 1.3580 0.0580
1.6351 0.0161 1.6560 1.5910 0.0650
1.8921 , 0.0179 ; 1.9180 1.8430 0.0750 -
2.1752 0.0198 2.2060 2.1210 0.0850
2.4967 0.0217 2.5330 2.4380 0.0950 |
2.8803 0.0236 . 2.9220 2.8180 0.1040 |
3.3791 0.0256 3.4260 3.3130 0.1130 ‘
4.1633 0.0278 4,2160 4.0940 0.1220 ‘
}
'
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| ‘e TABLE 2.3.7
i - Stability of Ability Parameter Estimates
as a Function of Sample Size (N=2000)
A ES
SCORE GROUP ~ ~  MEAN » 8.D. . MAXIMUM MINIMUM RANGE
el -4.0838 0.0191 -4.0550 -4.1200 0.0650
2 . =3.3111 0.0178 © =3.2850 -3.3450 0.0600.
~ 3 -2.8241 0.0164" -2.8000 ©  * =2.8550 0.0550
4 -2.4531 0.0154 -2.4310 . -2.4810 0.0500
5 -2.1446 0.0140 -2.1240 -2.1710 0.0470
6 -1.8749 0.0127 . -1.8560 ~1.9000 0,0440
" 7 -1.6306 0.0113 -1.6140 . =1.6540 0.0400
8 -1.4043 0.0099 ~1.3900 -1.4260 0.0360
9 -1.1911 0,0087 -1.1780 -1.2110 - 0,0330
10 -0.9870 0.0076 -0.9760 . =~1.06050 4 0.0290
11 -0.7896 0.0065 ~ , -~0.7800 _ -0.8050 - 0.0250
12 -0.5968 0.0056 -0.5890 ~0.6100 0.0210
13 -0.4067. 0.0048 -0.3990 -0.4170 0.0180 -
14 -0,2182 0.0046 -0.2100 ~0.2260 0.0160
15 -0.0297 ° 0.0047 -0.0220 -0.0380 - 0.0160
16 0.1599 0.0051 0.1680 0.1510 0.0170
- 17 0.3517 0.0055 0.3610 ©0.3430 0.0780
N 18 0,5470 0.0063 : D.5580 0.5370 0.0210
19 0.7470 0.0072 0.7600 0.7360 0.0240
20 0.9532 0.0083 . 0.9680 0.9410 0.0270 -
21 1.1677 0.0094 1.1840 1.1550 0.0290
72 1.3925 ,0.0107 1.4120 1.378) 0.0340
23 1.6308 0.0116 1.6540 1.6140 0.0400
24 1.8877 0.0130 1.9150 1.8680 0.0470
25 2.1705 0.0140 2.2010 2.1490 0.0520
26 2.4915 0.0150 . 2.5250 2.4670 0.0580
27 2.8746 0.0161 ' 2.911Q 2.8480 0.0630
28 3.3732 0.0169 3.4120 3.3440 0.0680 _
\ 29 4.1567 . 0.0179 4

.1980 4.1260 0.0720 -
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4
y : - ) TABLE 2.3:8
’ Stability of Ability Parameter Estimates ‘
as a Function of Sample.Size (N=4000) g
SCORE_GROUP MEAN ©S.D.  ~  MAXIMUM = MINIMUM . RANGE .

1 -4.,0893 0.0251 -4.,0590 -4.,1640 .70.1050
2 -3.3164 0.0235. . =3.2910 -3.3890 0.0980
3 -2.82493 0.0221 -2.8080 -2.9000 0.0920

4 | =2.4583 v 0,021~ %22, 4400 ~2,5270 0.0870 L

5 -2.1497 *0,0201 -2.1330 -2.2170 0.0840 -,
6 -1.8795 0.0190 -1.8640 -1.9440 0.0800
7 -1.6353 0.0181 -1.6200 ~1:6970 0.0770
8 ~~1.4088 0.0170 -1.3950 ~1.4670 0.0720
) -1.1951 - 0.0159 -1.1820 -~1.2500 0.0680
10 -0.9909 0.0145 -0.9790 -1.0410 0.0620
\ 11 -0.7931 0.0133 -0.7820 ~0.8390 0.0570
12 -0.5997 0.0117 -0.5910 -0.6400 0.0490
13 -0.4093 0.0099 -0.4020 ~0.4430 . 0.0410
| 14 -0.2203 0.0081- " =0.2140 . =0.2470 0.0330
15 -0.0312 0.0062 -0.0250 . =0,0500 0.0250
H 0.1589 0.0044 0.1650 0.1480 0.0170
17 0.5513 0.0035 0.3580 0.3450 0.0130
18 0.5473 0.0040 0.5550 0.5400 0.0150
19 0.7481 0.0063 0.7660 0.7400 0.0260
} 20 0.9552 0.0091 0.9840 0.9470 0.0370
21 1.1704 0.0120 +1.2100 1.1600 0.0500
- 22 1.3959 0.0150 1.4460 1.3830 0.0630
23 1.6355 0.0182 5 1.6970 1.6200 0.0770
24 1.8931 ©0.0211 1.9650 1.8750 0.0900
25 2.1767 0.0244 2.2600 2.1560 0.1040
26 2.4987 0.0272 2.5920 2.4760 0.1160
27 2.8828 0.0304 2.9870 2.8580 0.1290
28 3.3823 0.0331 3.4960 3.3560 0.1400

> B
O

4.1669 0.0358 4,2900 4.1400 0.1500
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_ TABLE 2.3.9 e (:
Average Stability Indexes for STEP I'I’-{locabulary for *

\ ~
Calibration Situations Differing as a Function of Sample Size .
i Xt . Sample Size .

’ 500 1000 2000 4000

Item Easiness .1206 .0890 .0623 - .0548

Ability .0228 .0155 .0109 .0168
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The consequence of the 1nterp]ayagﬁ these facto¥s, is the observed

difference between the stébi]ity.af«¥he easiness an3°pbility estimates.
a Even so; the amount of {nstabii%ty in the ability estimates is not
Jlarge, even for the case‘pf N = 500. *Some perspective on this can be
gained by examining Table 2.3.5 which shows the ability estimage results \
for samples of size 500. Notice the maximums awd minimums for adﬁacent -
score groqps. If these values were upper and lower bounds for “"confidence
intervals" they W9u1d not overlap, except in one or Q%b éase§ﬂ
‘ | To elaborate on the issue of the amount of instggility, another
compar{son of intereét is that involvihg the standard’errof~o% the ability
estimate (error of measurement) associated with théﬁ%bi]ity paraﬁeters
(i. e., from the item ana]yses) and these stability ihéé%es. The standard
error for the ability estimate corresponding to a raw séore of 19 is .
about .45 regardless of the particular sample éize analysis, yet the

1
. standard deviation of that estimate (score group 19, Table 2.3.5) is

.013 for samples of 500. In fact the range of egtimates is only .05,

F about 1/9 the size of the measurement error.

3

‘2.4 Stability over Occurrence in the Design ¥

Part.of the analyses requiremen%&hpgcessary for this project was
to conduct seﬁarate item analysis of’g@éﬁ test (vocabulary, compréhension,
téta] reading) wheﬁever iv occurred ié}the design, As Table 1.3.2
shows there were 136 cells' in the design matrix. Since each cell
,:pf‘x \ entry répresents a pair of tests, one of which was admini§tered first

(i.e., according to the row index DSN number), it is possible to summarize

the estimates of each item and ability parameter over their various

occurrences in the design.




For exampie CAT; Level 3, Form A was administered in 20 cells,

10 times as a first test and 10 times as a second test, Considering
the vocavulary subtest which has 40 items, the result is 20 estimates of
the'40 item parameters (and ability parameters) with each estimate computed
en a different sampl2 and 2dministered in combination with a different
test. Thus, it is possible to study the stability of parameter
estimates over replications in the design with some dev1ation 1% sample
size, number of occurrences, test pair combinations and order of
administration. ‘

- Appendix A contains Tables for each of the 14 primary form.tests
for vocabulary as “first tests" and "secondary tests" separately. A

separate Table 1SvhﬁSO nresented for itew and ability estimates. The

TabTes contain mians and,standard deviations over the "replications"

- Here. 1ike the discussion of sample size, the standard deviation
1isted“jn the Tables provide information on stabi]ity. These "stability
index" valués are summarized in Table 2.4.1 and 2.4.2 For item easiness
and abiiity resnectively. According to the rationale presented in '

Section 2.1 on the importance of stability of parameter estimates, it

[

{occurrences). ' - !
1
follows that the data presented here is probably the best measure of
the model-data fit consequences with which we are concerned.
It is interesting to observe that the value of the stability indexes o
for ability can be approximated by dividing the item stability index
" by the square root of the number of items in that test. This is rather S
intriguing since it implies that the stability of ability estimates can

be increased by increasing the number of items (i.e., jtems like the ones

-
i
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TABLE 2.4.1 ) \

Stability Indexes for Item Parameter Estimates for the 14 Primary

Forms when the Tests were Administered First and Second’
|

/ Test ’ Vocabulary Comprehension
‘ Name First Test Second Test First Test Second Test \\
CAT 3-A . 1190 1296 ¢ 1055 .1199 : \
CAT 4-A . 0946 .1060 .0907 .0954 :
CTRS 2-Q . 1304 , .1408 1127 . .1076 -
Crs8s 3-Q .0983 .1233 .0852 .0962
ITBS 10-5 -187 .1110 .1071 .1006
ITBS 11-5 1167 ; .1038 .0903 .0905
ITBS 12-5 . 1065 , .1083 .0887 .0956
. MAT E-F ©L 1475 ©.1587 .1134 .1128
ol MAT I-F . 1369 .1402 .1086 1147
STEP 4-A" . 1401 .1375 .1297 .1084
SRA BL-E .1030 .1252 .1066 .1108
} SRA GR-E .1165 - .1224 .0940 .0802
. SAT I-W . 1195 ' . 1265 .1072 .0948
IAT II-W . 1440 - .1430 .1081, .1048 i
. . ‘




i

TABLE 2.4.2. .

o

Stability Indexes for Ability Parameter Estimates for the 14 Primary

Forms when the Tests were Administered First and Second

Test Vocabulary Comprehension
Nome First Test Second Test First Test Second Test
CAT 3-A .0218 .0191 .0278 .0347
CAT 4-A .0227 .0163 .0127 .0088
CTBS 2-Q . 0246 .0270 .0188 - ..0138
CTBS .3-Q .0105 .0216 , .0086 .0065
ITBS 10-5 .0152 .0145 .0175 <0161
ITBS 11-5 .0131 .0084 . .0134 .0105
ITBS 12-5 0144 .0165 .0060 -.0094"

' MAT E-F 20374 0442 .0275 .0240 \
MAT X-F .0283 : .0235 . .0221 | .0209 - -
STEP 4-A .0389 .0308 .0105 ™ .0112 -

STEP BL-E .0192 <+.0215 .0248 .0229
, SRA GR-E .0174 .0255 .0100 + .0061
SAT I-W «  .0204 .0256 ©.0229 _ .0179
SAT II-W .0368 .0302 .0203- .0181
\ . s
43




a]reédy included). Such a re]ationship is well known in test
theory, and is comfortable when it is once again observed.

Another observation from the data in Table 2.4.2 is that the tests
as a group are rather homeoeneous with respect to these 1ndexes For
the ab111ty estimates, of wh1ch we are-most directly concerned, the
stability indexes for a test averagy between .01 and .04 which we can

compare with the values obtained in the previous section.

,

2.5 Stability as a Function of Sample Composition

The two previous sections of this report have provided some indi-
cation of the degree of stability of thé Rascﬁ Model parameter estimates
over samplgs that can be considgred more or less "random", or a least
nonsystematic. As such they provide information on the extent to which
these estimates can be expected to vary under "unselected sampling"
conditions. The r:sults of those analyses showed that the parameter
estimates have a high degree of stability and this is especia’ly true
for ability estimates on which equating depends. Tgis section describes
those anlayses which deal with stabi1{ty pf parameter estimates for
selected subgroups of individuals identifiable by certain characteristics.

In additiqn to item responses, the individual student's data record
contgined codes” for him on several demographic type variables. Among
these were sex, race, }Q, grade, size of school sy tem, and the schools'
estimated percentage of students on welfare. Table 2.5.1 shows these
variab]es,vtheir codes and descriptions. This analysis, then, was
concerned with studying the stability of parameter estimates when the
samples used were homogeneoug with respect tc selected categories of

44
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. TABLE 2.5.1

Sample Composition Variables Codes and Descriptions

as Contained on the Anchor Test Study Data Tapes

Name Code Description
- Sex 1 < Boys
) 2. Girls
.Blank Not indicated
Race 1 Indian
2 Negro
3 il Oriental
4 Spanish surnamed
5 White and others
_//
IQ Blank Not indicated = \
< 75
2 75-89 ~
3 90-110
4 111-125
~ 5 2125
6 Not tested
Grade 4 - Fourth
5 Fifth
6 ‘ . Sixth
/ Size® 4 < 50 -
8 50-99 -
- 100-199. . - |~
22 © 200499
: 35 ' 5001199 ¢ .
. 70 _ 1200 N
% Welfare*# 1 None
T 2 1-10%
3 11-25%
. 4 - 26-50%
5 - 51-75%
) 6

76-907

* Measure of school system size in terms of enrollment in gra

) 4, 5, and 6.
k% Estimate of percentage of family income provided by
welfare. . > -
3 p
\)‘ 4 O B L




TABLE 2.5.2

» Description of Sample Composition Analysis

W

Groups for STEP Vocabulary

Variable Groups

- Sex, : Boys

Girls

Race Black
Spanish
White

IQ “ Low
B Middle
High

Grade 4

5

6
Size a " Small

Medium
Large

0%
1-10%
11-257%
20-50%
51-90%

Codes Used

U’I-&\‘N

4

1,2

4,5

o B

4,8,9

35,70-

ES UL SN
v

5,6

Sample Size

16607
16516

4759
1540
26245

4254
10864
8216

10865
11182
11076

3432
20736
8955

3672
18507
5792
4155
997

46
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the above variables. \ .

, ~The study of sample composi}ion‘ﬁas divided into two parts: (1) an
examination.of all six sample composition variables for one test, (2) an
examination of all primary form vocabulary tests on race and IQ. For
the first part STEP vocabulary was chosen because of its large sample
size (as mentioned in section 2.3). In each analysis, for each subgroup’,
ability parameter estimates were obtained and plotted. Stabil{ty indexes
were also computea for the data correéponding to each of the plots.

Figures 2.5.1“through 2.5.6 (in Appendix B) show the results |
of these analyses for STEP vocabulary on each of the six sample composi- i
tion variabhles. Except perhaps for IQ the results of the other five }
variables show practically idéntica] ability parameter estimates.

Part two of this anlaysis involved examining each of the primary
form vocabulary tests on Race'and IQ. Table 2.5.3 contains the sample
sizes uééd for each test»and composition group. Following the analyses '
to estimate, the parameters for each calibration ccnditions, the ability
parameter estimates for each sample composition group on each test were
plotted tc display the degree of invariance in the parameter estimates.

These results are shown as Figures 2.5.7 through 2.5.32 in pppendix B

in the form of stability indexes for each of the tests. Those data are

shown in Table 2.5.4, and they indicate that there is more instab?]@ty
. NN
across IQ groups thar across race groups. As a matter fact, whenever ;

studies like this are conducted, where stability is observed across ‘
\

\
|
\
\
In addition to the plots the information on stability was summarized |
samples differing in composition, the variable most closely related to ‘
’ |

the latent trait being measured by the test will show the greatest

Q 4f7=
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- TABLE 2.5.3
Sample Sizes on each Vocabulary Test for e
Sample Composition Analyses by Race and IQ
Test‘ B&g—e- ;[.Q-
Name B S ¥ L M H
CAT 3-A 3226 © 1131 18406 3556 8755 5499
CAT 4-A 1645 549 9209 . 1655 4429 3181
€TBS 2-Q 4485 963 16406 3300 7895 5168
CTBS 3-Q 2281 443 8129 1654 4021 2855
ITBS 10-5 1443 635 - 8228 1209 3529 ° 2491
ITBS 11-5 1513 660 8570 1385 3889 2880
ITBS 12-5 1664 593 8700 1344 4134 3020
MAT E-F 1954 500 8333 1814 4011 2309
MAT I-F 3644 985 17287 3445 8590 5258
STEP 4-A 4757 1537 25755 4252 10831 2845
STEP BL~-E 4524 1321 15254 3427 6825 4224 -
- . * SRA GR-E 2676 684 . 8561 2154 3989 2682
SAT I-W 1767 902 7540 1426 3450 1914
. SAT 1I-W 3781 1881 15219 3349 7261 - 4943




TABLE 2.5.4
Ability Parameter Stability Indexes For 14

Tests Over Samples Differing In Compositions

Test Name ) Stability Index
Race 10
CAT 3-A .0577 .0983
CAT 4-A .0943 .1596
CTBS 2-Q .0596 .1097
CTBS 3-Q - .0562 1M
ITBS 10-5 .0866 .1058
ITBS 11-5 0790  .0940
ITBS 12-5 0947  .1299
MAT E-F .1035 .1465 ’
MAT I-F 1110 .1440
STEP 4-A . .1448 .1806
SRA BL-E .0951 .1289
SRA GR-E .1100 .1585
SAT I-W 1397 .1947

SAT II-W 1216 L1611
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instability, as long as the test contains items with less than perfect

model-data -fit.

2.6 Describing Test Fit According to Certain Antecedent Conditions

In the beginning of this chapter two ggnera] approaches to describiné
test fit were mentioned. One was in terms of the proportion of fitting
items contained in the test and the other’was in terms. of the achieve-
ment of those consequence conditions that the model predicfs. One
such consequent condition is stability, or invariance, of parameter
estimates which we have discussed in the previous sections. In this
section we will present various indicators of test firt in terms.of
item fit, and discuss their relationship w%th stability.

The item analysis program, MESAMAX, proviaes two statistics for the
items that are useful in dealing with the issue of item fit. One is an
index of item discrimination and is called "slope." This is a least
sduares estimate of the slope of item characteristic curve, after a |
linearizing transformation. It is based on fitting the line of regression
of "percentage correct”, on an ability estimate corresponding to each
nossible 1aw score. Both the raw scores and percentage. correct are
transformed by a log odds transformation to linearize the item character-
istic curve. Thus, slope is the regression of "item log odds" on “
"test 1og odds." Theoretically, slope values should be near unity for
fitting items.

Since slcpes should be unity for fitting items, deviant values for
jtems are an indicator of misfit, It seems reasonable then, that
measures of dispersion of the distribution of item slopes for a test

could be used as measures of test fit. In addition, it seems that the

00
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shape of the distributions of slopes may be an important igaicatonwof
“fit. Yet another way to approach a slope index of fit is to specify a
criteriqn for fit, such as the interval 1.0 i..205, and determine the', ‘
relative number of items that meet that criterion.” Table 2.6.1
presents various slope measures of fit for the 14 primary form vocabu-
lary tests.as well as the distriéhtions of slope values. i
Mean Square Fit is the MESAMAX index of fit of the item to the model.
This index is a functioﬁ of sample size; therefore, its inferpretétion
rust be made with care. For a particular test, the values of mean
square fit might well indicate the relative fit of the various items
within a test; however, mean square values probably should not be
used to compare items from one test to the next nor should one attempt
to 1nterprét their absolute magnitudes.
The problem of interpreting the mean squares is a general problem
in statictical hynnthesis testing. The role of large samples in
rejecting null hypotheses is well known. .For any difference between
data and an hypothesis, most statistical tests will lead to the rejection
of the null hypothesis if the sample is large enough. The Rasch
project samples are adequate for rejeqting almost any difference as a
significant departure from the model, even when the difference is of no
practical consequcnce. For example, the mean square fits are based on
the difference between expected and obtained proportions for each item-

by-score group cell entry. The model specifies an expected proportion

correct, Pos while we obtain Po- With a fairly large sample size, N we‘

5 Such an interval is consistent with previous studies that have dealt
with the amount of slope deviation tne model will tolerate. See :
Panchapakesan (1969), C. Rentz (1975). .
- 51 .




TABLE 2. 6.1
Slope Indexes of Fit and Frequency
Distributions of Slope Values for the

Primary Form Vocabulary Tests

_§19£2_12%E§} FREQUENCY DISTRIBUTION> Number
Test Name Q %2 <.6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 >1.4 Of Items
CAT 3-A 153 65.0 2 1 4 4 8 8 6 4 O 3 e
CAT 4-A 227 47.5 4 1 3 7 1 4 1 4 & 5 40
* CTBS 2-Q 179 52.5 2 2 4 3 7 10 1 & 2 5 40
CTBS 3-Q 177 50.0 1 4 .3 3 7 8 2 5 3 4 40
ITBS 10-5 .16 57.8 ~ 0 & 3 2 71 9 4 4 3 2 38
[TBS 11-5  .145  62.8 1 2 3 6 6 8 7 6 1 3 43
ITBS 12-5  .214  56.5 3 1 3 9 6 7 74 ’4 4 5 46
MAT E-F 146 56.0 & 2 4 3 6 12 7 6 &4 2 50
MAT I-F 161 56.0 o 5 6 9 6 6 7 5 4 2 50
STEP &-A . .10  46.6 5 0 4 1 6 6 1 5 1 2 30
SRA BL-L 173 57.1 2 2 1 4 8 6 6 6 1 - 6 42
SRA GR-E 228 47.6 1 3 6 5 3 8 4 3 4 5 42
SAT 1-@ 167 63.2 1 0 4 8 4 11 1 &4 3 2 38
SAT II-W .186  52.1 2 4 3 4 5 9 71 4 5~ 5 48

1 Q=the semi-interquartile range
%t.2=the percentage of items in the interval .80-1.20
2 Column heading represents upper limif of interval
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probably estimate po'— Pe fairly accurately. The test is

1

2
2 N {p, - Pe‘)\

Py (1-p,)

These are summed over score groups and. averaged to yield the mean
squares for items. Now, what if Py - pé is estimated with great accuracy
for a sample of size N, but we use an even larger sample--of size 10 N?
Then clearly, 22 will increase ten-fold.

As an index of test fit some approbriate average of the item mean
squares could be used if some adjustments are made for sample size and
then only if information about relative diffeyences\between tests is
desired (it is doubtfuT>that any adjustment in these indexes could
make their magnitudes meaningful). Table 2.6.2 shoﬁs fpur such indexes
based on item ﬁean square %it values. Tpe‘mean and median for each
test is shown along with adjusted va]uesyﬁn order to eliminate effects

of differences in sample size. The factor (10,500/N) was used to adjust

each mean and median (1b,500 being the smallest sample size for the tests \

considered). | ‘ \\\
It is 1ikely that as an index of test fit the item mean squares - '

would be a defensible choice since any factor that might cause misfit '

would be reflected in the méan sauares. The principle disadvantage of

the mean squares is an interp}etapion of their magnitude. Cartledge | =

(1974) used the same sample size adjustments that were used here (10,500/
N) on data simulated to reflect different levels of model fit. Fit was

controlled by manipulating the range of item discrimination parameters

’ 93
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TABLE 2.6.2

"

Average Item Mean Square Fit Value§ for-

the 14 Primary Form Vocabulary Tests

Test Name Mean Med ian Meun®
CAT 3-A 15.3 9.1 6.9
CAT 4= 11.9 " 8.9 10.9
CTBS 2-Q . 18.3 14.5 8.7
CTBS 3-Q 9.7 - 5.5 9.2
ITBS 10-5 7.0 5.0 7.0
18S 11-5 . 7.0 L 3.9 - 6.7
IT5S 1515 o 8.1 4.4 7.7
MAT E-F 8.8 5.2 8.2
MAT I-F 11.6 9.8 5.4
STEP 4-A ) 30.0 16.8 9.7,
SRA BL-E 15.5 10.0 . 7.5
SRA CR-E 8.2 0.3 7.1
SAT 1-W 7.4 5.8 7.4
~8aT IT-W 12.9 9.2 / 6.2

*ydjusted by factor (10,500/N)
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. .
Median*

4.1 ,
8.1
6.9
5.2
5.0
3.8
4.2
4.9

4.6

4.8
5.4
5.8

4.4




Test

STEP

Name

°

44

STEP 4-B

SRA
SRA
SRA
SRA

SAT
SAT
SAT
SAT

BL-E
BL-F
GR-E
GR-F

I-W
i-X
[I-W
11-X

J

§

" TABLE 2.6. 3

Adjusted Median Mean Square Fit Values

for All Tests in the.Data Base

Vocabulary

4.102
6.692
8.061
9.545
6.863
8.467
5.177
1.084

4,984
8.923
3.764
7.431 -
4
A

.163
704

4.943
10.128
4,599
7.092

443

4.
6.695
5
0.529

5.795
11.319
4,433
8.177

Comprehension

.622 -
.163
.692
.298

oo

.922
.166
.973
.893

O WO W

4,670
7.322
2,865
7.673 -
- 24685
. 6,176

8.527
-13.115
6.4717
5.884

3.596
5.402

4,615
8.411
3.444
9.698

4,609
11.341
2.815
6.319
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in the two parameter logistic model from “zero variation", and "high
variation". The zero var%ation condition would provide a high degree
of fit to the model while the high variation condition would have a Tow
degree of fit. Her findings, of importance here, relate to the size of
the average item mean squares (adjusted) since they provide us with some
guidelines for interpreting the values obtained in our own work. Cartledge
found average mean squares of about 15.0 over several replications of
her nonfit condition and for the fit conditions the average was about‘
2.0. OQur own values range from 5.4 to 10.9 and except for the one test
whose value is 10.9, the indexes are rather homogeneous among the &ocabu-
lary Tests. These comparisons show that these tests do not differ among
themselves yet they are neither very good nor very bad fitting tests.

A comparison of the values in Table 2.6.2 indicate that the two
indexés, mean and meaian, do not }ank the tests in exactly the same
order; the rank order correlation betweén thém is 0.684. This relatively
Tow. relationship is probéb]y due to the mean's sensitivity to peculiar-
ities in the distribution, for example, two or three extreme va]ués.
As an index of test fit the median is probably mc-2 desirable, at Teast
for the purposes of comparing tests. Table 2.6.3 shows the median item
mean square fit index for eacﬁ of the tests used in this sutdy, for )

vocabulary, comprehension and total reading.

2.7 «—Relationship of Test Fit Indexes

A variety of indexes of test fit have been presented in this
chapter. Some have dealt with the extent to which the items in the tests
conform to the antecedent conditions necessary for model data fit,

others have dealt with the tests' achievement of specified consequent

J
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conditions. In this section we have summarized some of the more
important indexes of fit by presenting them together in Table 2.7.1
for the 14 vocabulary tests, Witﬁ an indication of whether they 2pply
to antecedent or consequeot eonditions.

A new index is also p%eéented.in this Table. It is an index of
first factor concentration-nénd is Tabelled "% lIst Factor". The index
was derived from a pr1nc1p1e components ahalys1s of thé item intercorre-

;.‘ 3
1at1on matr1ces of the 14 vocabulary iests. R The 1ndex Ls the percentage

of variance accounted for by the first component = ﬂ;*g_
Im sumnm aryD the” resu]ts of the stud1es reported 1n'th1s chapter

are not uneqy1vpca]. The 14 vocabulary tests, to which attention was

" concentrated sﬁowéd rather moderate test fiﬂ in tems of item statistics

yet acceptablegperformance in the studies of stability. Indeed, these
tests disp]ay:a high degree of homogeninity with respect to the various
indexes of fit. )

We hadihoped that these tests would be sufficiently different so
that by studying how the various indexes of model-data fit varied over

’Eﬁ??tcoliection of tests, we could Tearn more about how model-data fit

could be evi e, The Tack ot :oticably strong variance between these )

_tests was dicappointing with respect to the theoretjcal issues of how to

evaluate modc1-data fit; yet, for the practical task of equating, the
resu]ts were encouraging. Our conclusions about model-data fit are

cautiously oot 1m1st1c and they will be presentedﬂln Chapter 5.

D7
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" Chapter 3
Equating Methodology

The purpose of this section is to present techniques and results for
equating and estimating equating errors. We will present our general logic
and our specific techniques, as well as some éa ple data; however, first .

we should consider general prinhip]es in Rasch equating.

3.1 General Principles

There are two basic references for consideration in regard to

fundamental 1o§ic. Angoff, in Thorndike's Educational Measurement,

presents the various experimental designs that one might employ to
equate two tests. He also presents details of equipercentile and linear r
equating. The general logic and procedures of Rasch equating is in the
dissertation of Nargis Panchapakesan (1969).
We define "equivé]ent scores” as scores that correspond to the same
Rasch ability. Our definition is similar to the usual definition of
equivalent scores -- ”Two scores ...may be considered equivalent if
their corre§ponding percentile ranks in any given group are equal".

(Angoff, W. H. In Thorndike, R. L., Educational Measurement, p. 563).

In order to apply this definition, ability scales for tests to be
eqﬁated must be comparable. Thus, prior to actual raw score-to-raw
-score equating, each test must be calibrated on the same scale.

A distinction between "calibration" and "equating" is helpful for

clarification. Angoff (1971, p. 365) has pointed out the need for this

49
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distinction. "Ca]ibrati;n" refers to the assignment of abilities to
raw scores, whereas "equating" refers‘to the determination of equivalent
raw scores. ~ .

"The next sectiqp outiines the procedures for determining equating
constants. These constants are used to calibrate all tests on a common
sc§1e. After this calibration is completed, then raw score-to-raw score
equating is accomplished by qpp]ying the definition stated previously.

There are two general equa;ing protedures developed to conform to
Rasch theory. Both yield a single additive constént for a test pair.
This constant adjusts the ability scale on one test to that of another.

We refer to oﬁe as the “"ability method". In this technique, the
test pair is administered to a single group of persons. Each test in the

pair is analyzed separately by a Rasch analysis. Since the group's ability

is not different on the two tests, any perceived difference in average

ability must be due to the differences in scale origin on the two tests.
The appropriate equating constant is the difference in the ability

averages. One of the pair is chosen as a reference test. The constant,

~1s applied to the second test to adjust its <coring table to conform

to that of the reference test. -

The second equating procedure we call the "difficulty method":

The di{ficu]ty method is based on a Rasch analysis of both tests com-

bined into one long test. If the twe tests in the pair have the same
I ‘ _
scale origin, then the averages of log easiness for both tests will be

N,

equal. To the degree that these avérages are not equal, the two tests

separately have scale origin differences. The equating constant is the

v

abilities g&;erated by one of the tests to put this test on the same

\ 69 |

difference in average log easiness. This constant is added to the

A\




scale as the{other test.

The equating methodology to be described in the following section

-is not dependent on whether the "ability" or "difficulty" method is

chosen. In either choice,, the differences obtained are the basic data
for following the procedures for obtaining the final recommended equating
constants. - - '

Equating constants based on both methods were determined. However,
the results of the difficulty method are stressed and recommended. This
choice is largely based on the assumption that these results are mo}e
stable. The expected stabilization occurs through the analysis of the
combined test data in the difficulty method. The combined data analysis
should yield results based on a commonly measured trait. On the other
hand, the ability method requires separate analyses of each test. The§g
separate analyses lead to a need to depend entirely on an assumption of
equivalence. However, both methods theoretically lead to the same '
results, so the choice is somewhat arbitraﬁy. Standard errors of equating
constants are also expected to be similar. This similarity is discussed
more fully ‘later in this chapter.

STEP vocabulary was chosen as the reference test for all equatings.
STEP was chosen begguse it has a single Tlevel which was given at all
grades, and thus was paired with all opher tests studied. Tables are
presented in this report in which'each test is equated into all other
tests, but equating was conducted Qsing STEP to define the origin of
the calibrated scales of all tests. The choice of a reference test is

arbitrary as only additive constants are involved.
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3.2 Estimating Equatings Constants: Methodology and Results

In order to avoid irregularities due to sampling in the nnﬂividual
sets of data, constants are based on averages over several sgﬁs of data.
Theée calculations will be explained in detail. Throughout tﬁis section,
the difficuity method is employed, S0 Nno distinction is made between
ability or .difficulty adjustments. /

Data were analyzed by level and form without regard %o'grade level.

However, equating constants were developed by grade level. For example,

_if a particular test was designed for both the fourth and fifth grades,

then we did not separate the data for this test By grade. Data from
both grades entered into the calculations of fourth grade equat%ng
constants and fifth grade equating constants. After determining both
constants, averages over the grades were calculated, where appropriate.

For & particular test pair, data on both tests were calibrated
treating the tests as one 1069 test. The combined ana]ysisﬂyie]ds
easiness estimates for each item in both tests. The average of the
easiness was cetermined for each of the two tests in these combined-test
analyses. A difference in these averages was calculated for each test
paif.'

The average differences for primary forms equatings were organized
into 7 x 7 matrices. There were six of these‘7\x 7 matrices: namely,
vocabdﬁary tests at each T three grade 1evc‘§ and comprghension tests
at each of three gradef1evels. N

The 7 x 7 difference matrices inc]pded zeros on the diagonals, as
parallel forms adjustments were determined separately frém test-to-test

adjustments. The seven rows and columns each correspond to one of the

test batteries. The matrix cntries above the diagonals are the 1og

62
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easiness average differences between the test pair when the pair was
administered'in one of the orders of testing. The entries below the
diagonals were based on the data dbtained in the other order of testing.
These di fferences matrices are presented in Tables 3.2.1 to 3.2.6. Each
difference 1in eéqh table is calculated by subtracting the average
easiness of the test identified by the column heading from the average
easiness of the test identified by the row heading.

Our final recommended results followed the prpcedure to be discussed
only for equating vocabulary tests. The 7 x 7 matrices were used to

LN

equate comprehensioq tests, bu* results were not our recommended

ones. The reasons for this change in procedure will be given subséquent]y.
The 7 x 7 matrices for comprehension are presented here partly becausé
they do yield valid equating constants, but primarily because they proyide
basic data for‘readers who w}sh to compare the difficulty of various

reading comprehension tests. R

The analysis proceeded by calculating row and column means. The
zero diagonal values are included in the calculation o% these means as
these correspond to the difference between a test and itself. (Differ-
ences between Fhe column mean vector and the row mean vector are due
to order-of-testing effects and sample differences.

The remaining calculations can be illustrated by example. Consider

the first table--fourth grade vocabulary. The marginal means are

presented below.

Test 1 2 3 4 5 6 7

v

Row Means -.219 093 -.172  .892 .142 -.143 -.444
Column 222 '-.026  .239 -.853 -.042 .160  .449

.-

63




TABLE 3.2.1: FOURTH GRADE VOCABULARY DIFFERENCE MATRIX

TEST  chr | GBS 1w MAT  STEP  sw SAT  MEAN
1o -.258  .004 -1.171 _-.246 -.053  .190  -.219
2 293 0. .288 . -.786  .070  .215  .572  .093
3 031 -.299 0.  -1.022 -.256  .087  .256 ~-.172
4 1.155  .863 1.081 O. 928 .94 1.290  .892
G 313 138 .43 -.769 0.  .293  .576  .142
6 .011 -.188 .063 -.929 -.211 0. 256 -.143
7 -.250 -.438 -.204 -1.294 -.578 -.346 0. -.444

MEAN  .222  -.026 .239  -.853 -.042" 160 .aa9 021

TABLE 3.2.2: FIFTH GRADE VOCABULARY DIFFERENCE MATRIX

. ] 2 3 -4 5. 6 7
TEST  ¢i7 CTBS  ITBS  MAT  STEP  SRA SAT MEAN
1 o, -’58 712 .419  -.246 -.063 1.212  .255
2 203 0. 809  .633  .070  .215 1.652  .525
30 -.enzvo-.707 0. -4 -.737  -.499 758 -.272
4 ..45)  -.502  .217 0. -.482 -.347  .849  -.102
5 AN 138 .917 ,%53 0. 293 1.372  .529
6 )11 -.188  .568  .437 ~-.211 O. 1.222  .263
7 -1.339 -1.592 -.922 -.851 -1.438 -1.266 0. -1.072
MEAN -.263 -.424 329 .17 -.435 -.237 1.009  .018
64
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~ ~ TABLE 3.2.3: SIXTH GRADE VOCABULARY DIFFERENCE MATRIX

S 2 3 4 5 6 7

CAT  cTBS ITBS MAT  STEP SRA st EAN
1 0. .007 '-.029 - 867 -1.522  -.486 -.021 -.417
2 -.025 0.  -.106 -.896 -1.284 =-.421 -.021 -.390
3 .082 .15 0. % -.763 -1.361 -.338  .056 -.32]

& .56 .900 .854 0.  -.482  .356  .849  .491"

5  1.564 1.611 1.528 .673 0.  1.082 1.372 1.116 -

; 6  .506 .482 .38 -.413 -.958 O, 466 .064
‘ 7 -.015 073 -.088 -.851 -1.438 -.420 0. -.387
MEAN  .430  .455° .367 -.445 -1.006 -.034  .389  .022

TABLE 3.2.4: FOURTH GRADE COMPREHENSION DIFFERENCE MATRIX

- 1 2 3 4 5 6 7 -

ST AT o8BS ITBS MAT  STEP  SRA  SAT MEAN
1 0. _.063  .276 -.402  .364  .312  .320  .115
2 - 262 0. 399 -.269  .478  .446  .435  .250
3 -85 -.351 0. . -.713 113 .063  .031 -.143
. .625  .516 .784 0. .874  .630  .801  .604
5  -.281 -.383 .050 ~-.751 O. -.055  .006 ~-.202
6 -.127  -.271  .149 -.533  .127 0. .074 -.083
7 -.092 -.298 .116 -.503  .055  .022 0. -.100

MEAN 035 -.122 .253 -.453 .87  .203  .238  .063
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TABLE 3.2.5: FIFTH GRADE COMPREMENSION DIFFERENCE MATRIX
TEST 1 2 3 B 21 o 5 6 ‘ i .
CAT CTBS ITBS MAT  STEP  SRA s&' MEAN
1 o. -.063 .771  .085  .364  .312  .906  .396
262 «0. - .818  .552  .478  .446 1,063  .517
3 ..568 -.721 0. <197 -.166 -.332 - .251 -.247
4  -.244 -.380 .295 O. 186 -.047  .529  .054
5 -.281 -.383 .355. .064 O. -.055  .508  .030
6  -.127 .27 .49 .226  .126 0. 636 .155
7 -.740 -.873 -.153 354 -.406 -.480 O. -.429
MEAN  -.243  -.379  .369 .11 .08 -.022  .556  .068
TABLE 3.2.6: SIXTH GRADE COMPREHENSION DIFFERENCE MATRIX

e} 2 3 4 5 6 7

CAT  cTBS 1TBS  MAT  STep  SRA  SAT AN

1. 180 .18% -.710  -.665 -.308 -.249 -.275
2 407 0. 433 -.397 -.316 042 -.048 .07
3 -.024 -.313 0. -.834 -.714 -.43¢ -.441 -.394
4 .33 .585 1.020 O. 186 .462  .529  .525
5 897 574 .916  .064 O 477 .508  .49]
6 494 .060° .531 -<.443 -.308 O, .095 061
7 461 198 .581 -.354 -.406  .152 0. 090 .

MEAN .447 32 .524 382 -.317 .056 .056 .074
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The signs of corresponuing numbers difter since.they correspond to
reverse orders of test administration, and, therefore, to reverse orders
L ofrshhtraction. The -.219 and the +.222}both mean that the average
easiness ot testil is lesser than the overall average easiness. That
is, test 1 is more difficult than the average.
The row and column means are averaged to get an adjustment averaged
over testing order. This averaging is accomplished by changing the
sign of the row means prior to averaging. We getithe following
averageg: . ‘
o st 1oz 3, 5 6 7
) Averages  .221 -.059 .206 -. 872 092 151 .447

~

g
<

Ali tests are put on the STEP sca]e by adding'.092 to each average /

(test 5 is STEP). This correction puts all tests on one scdle w1th an -’

origin defined by the STEP origin. We obtain the following set of equating
constants:
Test 1 2 3 4 5 & 7

4

Constants .313 .033 .298 -.780 O .2@3 .539°

The process is repeated for grades five‘end SiX. The constants at
this point are presented in Tables 3.2.7 and 3.2.8. The negt adjustment was
to average constants for tests that were administered at more than one
grade 1eve1j These averaged coefficients appear between the valuee used

to compute the averages and are underlined. The ".313" means that test
1 is harder than STEP by .313 log units. Thus, we adjust test 1 by
addtng .313 to each of its stability estimates to put each on the STEP '

. .
scale. , : B I
|

The next step is to obtain equating constants for parallel (secondary)

forms to get these tests on the same scale as the primary forms. This

' 67
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TABLE 3.2.7: A SET OF EQUATING CONSTANTS FOR VOCABULARY*
. . . N 1
GRADE Test ° )
[ 2 '3 4 5 6 7
CAT  CTBS  ITBS . MAT STEP  SRA SAT
4 313, .033 298  -.780. 0° 243 .539
.267  .016 ', .238
5 221 -.002 ..782  .619 9O 232 1.523
606 1.486
6 1.484 1.483  1.405  .593 0 1.013 1.450

* Underlined nwiiaers are the averages of the numbers immediately above
~ and below them. Averages are calculated when a test is used at two

grade levels.

EY

* Undorlined nurbers are the averages of the numbers immediately above
Averages are calculated when a test is used at two

and helow them.
grade levels.
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TABLE 3.2.8: A SET OF EQUATLHNG. CONSTANTS FOR COMPREHENSION*
GRADE TEST - ‘
- TR 3 ] 5 6 7

CAT  CTBS ITBS  MAT STEP  SRA SAT -

4  -.285 -.43)  -.086 -.773 0 -.101 -,075

=315 i3 =108 :

5  -.346 -.475 #2281 +.002 0 =106 +.446

-.024 - +.427

6 +,765 +.461  +.863  -.050 0 +.401  +.387
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¢

step consists of adding an appropriate 1og easiness mean difference to

the primary form equating constant. Data were obtained for each secondary

form in on]y‘two data sets. Thqt is, secondary forms wgre:paired_with
their respective primar& form for two orders of testing. Thus, each
secondary form equating constant copsists of adding to the primary
form equating constants the average of the mean easiness difference found
in the two data sets. ) "
“ne comprehension test equating now needs to be‘exp1ained. If we
were to use the results of the six 7 x 7 tables for bringing comprehension
- onto the STEP vocabulary scale, then it would be accomplished by adding
to each comprehe~siorn 2quating constant the value .799. This number is
the difference in average casiness for STEP wvocabulary and cémprehehsion
items when these items ace caffbtated together on a total test analysis..
It reflects the fegt that comprehension is more difficult than vocabulary

An CTCD v
[0 SRRV IR R Y .

This procédure was nct used, however, in our final product. The
Fégdit of the +.759 adjustment would be to slide all comprehension tests
the same arount without regard to their respective vecabulary test. It
was cur opinion that battery-by-battery adjustments would be superior in

that the relstionship between vocabulary and comprehension would be
maintained for each battery. The}efore, comprehension was adjusted to
vocabulary for eacn te:t using the same procedure that was used to find
arallel forms equating corstants. This had the added benefit of apéowing
ajustments to be made on the basiy of all data added together (our Base
‘fi‘?s), rather than-on the basis éf the three 7 x 7 matrices, since
voc&bu}ary and cororehension pairk were always adnﬁnistéred tugeghgr.

/

1
/

/
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Our Final result is presented in Table 3.2.9. This table presents

* the equating constants that were recommend

3.3 Raw Score Equating

v

The coefficients in Table 3.2.9 were entered into our equating progrdm
to yield raw score equating tables. (These are included in Appendix
C & D). The logic of the equating procedure follows. Let Bi be the

raw scores on the base test. Llet Abi be the corresponding abilities

in the base test scoring table after equating adjustments. Let Cj :
/
be the raw scores on the test to he zquatéd to the base test, and let i

ch be the corresponding abilities in the scoring table of this test /

after equating adjustnents. Then for each possible score Bi on the /

!

baseotest, we find the score Cj on the test to be equated such that

Api = Acj
is a minimum. The score, Cj, that minimizes Abi - ch’1s the
equivalent score of Bi‘
3.4 Error Problems ; 2 .

We recognize several sources of error entering into the application .

-

of equating tables. The major sourceiof ercor is test unre]iaEi1ity. f;
This particular érror source appears to be much more severe than other
error sources and is usually on the order of .3 of a log unit. That is te
say, the standard error of measurement for these tests is between 2.5

and 3.5 raw score units which is usually about .3 log ability units.

Moreover, conditional raw score standard deviations for equated tests .

!
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TABLE 3.2.9: EQUATING CONSTANTS RE_COMMEND[;ZD FOR USE*

TEST  TEST ,
DSN NAME VOCABULARY COMPREHENS TON TOTAL
1 CAT3A +,267 - +.437
2. CAT3B ~.181 -.067
3 CAT4A +1.484 +1.732 /
4 CAT4B +1.139 +.814
5 CTBS2Q +,016 +,262
6 CTBS2R -.508 -.598
7 CT8579 +1.489 +1.437
| 8 CTBS3R +1:294 +,985
| 9 IT8510-5 +.298 ' +.664
10 - 1TBS10-5 +.249 +,369
T iT8511-3 +,782 +1.126
12 ITBS11-o +.530 4,499 L
12 1TES12-% +1.405 +1.859 ’
14 178512-6 +1.283 +1:415
15 MATEF -.780 =172
16 MATEG -.892 -.199 |
17 MATI” +.606 +.802 | +.699
18 MATIG +.580 +,762 +.666
19 STEP4A 0 +.799 +.399
20 STEP4B -.152 +.510 -.066
21 SRABE  © '+.238 +.506 g +.381
22 SRABF -.137 -. 161 REEEAL




TABLE 3.2.9: EQUATING CONSTANTS RECOMMENDED FOR USE*
(continued)
TEST TEST : _
DSN NAME VOCABULARY COMPREHENSION TOTAL
23 % SRA +1.013 +1.348 +1.192
2% SRAGF +.745 +.510 +.620
%, i 25 SATIN +.539 +.591 +.571
h T 26 SATIX w039 | +.495 +.473
27 SATIIY +1.486 +1.618 .41
28 SATILIX +1.638 +1.663 +1.652

* The equating constant for a test is to be added to all abi]itjeg
estimated from that test to yield abilities on a scale the origin
of which is trec origin ot STEP 4A Vocabulary.

T T

——
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are in the range of three to six raw score points.

There is some instability in the equating constanté themselves.
This error source is minor, and is of the order .02 of a log ability
unit. This error source will be developed fully in the last section ’
of this chanter.

A third type of instability is in the assignment of abilities to
raw scores. This is a major problem and called “stability of Rasch
ability parameter estimates.C Chapter 2 of this report dealt specifi-
cai]y with demonstrating thiéxstabi1ity over various sample sizes and
sample compositions. Our conc\usions drawn from Chapter 2 was that
suf%icient stability is present over types of data sets to allow
confidence in the equating results. |

There is a fourth error source of importance that we choose to call
"assignment error". This is the error associated with assigning a 3
raw score on one test as equivalenf\to raw score on another test. If
we were reporting all scores on a canmon log ability scale, then there
would be no assignment error. Assignment error occurs by having to
assign a child a raw score on an equéﬁed test that is most equivalent
to a raw sccre on a base test. A hypathetica1 example follows.

\ ‘

i

Consider this partial table. \
b

L0G ABILITY BASE TEST EQUATED TEST
-3.2 10
-3.0 10
-2.8
-2.6 9 9
-2.4 8 8

A child who receives a 10 on the basé te;; should be givén an ability

of -3.2. This estimate would contain error of measurement and a slight
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error of estimating the equating constant. However, he must be assigned
an equated test raw score of 10, since this equated test score most clearly
estimates his ability. His stignment error is .2 due to the need to
assign a raw score. Tables of assignment errors corrésponding to each_
equating table are presénted in Appendix E and F.

It is our opinion/that the instability of equating constants is
inconsequential. Assignment errors are not inconsequential, but are
not ove}1y severe. Scoring table stabil{ty is also not inconsequential.
Such stability follows from designing tests that meet the assumptions
of the Rasch model, or by demonstrating empirically sufficient stability
for existing tests as we did in Chapter 2. The major source of error
will remain the usual instability of the individual raw score. The
assignmgng error can be avoided by not using raw score-to-raw score
equaE?ﬁg, but tbg calibrating raw scores to an ability scale common to
all fnstruments. This latter alternative we have provided in the form of
cur "Haticnra! Reference Scale", presented in Volume II of this report.

The fina! section of this presentation is a deVe]opement of
equating constaﬁt error estimation procedures. This final section will
demonstrate that assignment error and the usual measurement error are

the error sourcas of real concern.
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3.5 Vecabulary Constant Error Variance

Estimates of equating constant standard errors are based on the
standard errors of easinesses. The easiness standard errors are combined

using the usual addition of uncorrelated variances formula
2
V(za;xq) = taj V(xi).

The procedure to be outlined can be modified for any equating design (in-
cluding ability equating),.but this discussion will follow our difficulty
equating design involving the 7 x 7 difference matrices. -

Let di be the easiness estimates and V(di) be the corresponding
yariances from the Wright-Panchapakesan analyses. We start equating by
averaging the di's to yield d.'s for each test in each of the cells in

tne 7 x 7 matrix. The variance of d. is

1

v(d.) = ZV(di);

a

where ¥ is the nun.er of items. There are two d.'s in each cell of the

matrix. The difference between these two d.'s has a variance

| ), V(d )
V(d.1 - dnz) = k2 kz
1 2

|
Nenote each of these vahues by Vij’ where the subsc:}bts indicate the

. (Note: The diagonals of these matrices are
/

empty. Parallel forms fonstants are treated sepgrate]y.) We now

cell in the 7 x 7 matri

obtain row and column averages parallel to our averaging process in the

5

1
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equating procedure.

. 7
T 3 v =v
Row average variance = — iy ~ i
49 97
] 7
Column average variance = — z Vij =V J
a9 71

Following a change of sign of one of the sets of marginal averages,
the corresponding row and co]umn“vé1ues are averaged. The variances of

these averages are ;

(V.

j. + VJ)’ J = ]a LI 7.

<
1]
_;3,_:

One of the Vj corresponds to the reference test STEP. The STEP constant
is subtracted from each of the other constants to yield equating constants.

The variance of these constants is

*
V= Vs * Vorep

The reager.will note from this result that the decision to reference
scales on STEP introduces a small, but unnecessary source d? variation.
That is; one does not need to choose a reference test, but:cou1d choose !
the overall average origin. If this latter choice is made, then Vj
intteaa of VE would be the solution at this point.

Some equating constants are averaged over two grades (in cases in
which a level is used in more than one grade). In these cases the two

V} ‘s are added and the sum is divided by four. STEP has only one form
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*
which is used in three grades. These three VSTEP 's are added and
the sum is divided by nine. .

The gereral solution just presented involves the assumptions that
the standard errors of easinesses are reasonably accur;te, that the
items are locally independent, and that the groups of examinees in the
7 x 7 matrix design are experimentally independent. These iﬁdependence
conditions are not strictly met, since cell entries are used in both
row and column averaging and some data appear in more thén one 7 x 7
matrix. This failure to achieve full independence of terms is not seen
as affecting numerical values greatly; therefore, calculations are
carried out as if all terms are experimentally independent.

The input data, the easiness standard errors, will normally be

obtained from the Wright-Panchapakesan analysis. However, they can be

obtained from direct empirical techniques as was done in Chapter 2.

3.6 Parallel Forms Constants Error Variances

Standard errors for paraliel forms constants are based on two-

sample studies. We have a Vo and a V23, corresponding to the two
orders of administration. The two pairs of mean easinesses are averaged,
which corresponds to the variance of

1

4

(Vyp + Vgq)
for each of seven parallel forms. A final equating constant consists of
adding the parallel form constant to the primary form constant to yield
a final variance of
1
*
vJ. +—Z- (Vip *+ V21),

where the subscript j is omitted from the right hand term.

7




3.7 Comprehension Constant Error Variances -
Comprehension equating constants'pan be estimated in the same manner

as vocabulary equating constants. If the comgrehensiqn equating constants
are estimated in that way, then error variances can be estiméted in the
manner previously described. However, comprehension constants were
estimated by base file comprehension—vocabu]éry average difficulty
differences. Thus, the procedure used all data on a particular test-
form-level combination. The adjustments are the differences in averages

. of difficulties between vocabulary items and difficulty items when total

tests are calibrated. The error variance of this adjustment is

\ 2 — ——
v-C 2 2
. l(V kC

——

A simple summation of the V(di) over all items would not ref]ect differ-
ences in lengths of the two subtests.

The v-c difference is added to the vocabulary constant to yield the
comprehension equating constant on the STEP vocabulary scale. Thus, final

error variances for comprehension equating constants are the sums of the

*
corresponding V,_. and Vj.

c

3.8 Crude Estimates of Error Variances

The variance of the easiness of item i is approximately
N -1

V(d;) jil Pi3%; » where N is the sample size.
Since p and q range from 0 to 1 and p + q =1, the values of pq
&
do not vary much. Almost all pg values will be in the range of 1/9 to

1/4. 1f we denote by ¢ the average value of (pq)"], then ¢ can be

78
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estimated crudely td be in the range of 4 to 9. Therefore, we can ~
estimate V(d;) quite reasonably to be c/N, where 4<c<9.

For example, p's usually exceed .13. For p = .13, pq = .11 and

o
i

9. The maximum p is .5, or.pq = .25. For the maximum p,-then,

4, Thus, we obtain

g}
[}

V(di) = ¢/N
Then V(d.) = —%— (kc/N) = c/kN.
k
And Vij _—- or, if the k's are not equal,
kNij
. c 1 s 1
1
Nij kj kJ .
The row and column values Vi and V . are
X ; _
. c 5 1 1 + 1
i. 1#] i
49 Nij Ki kj

and simitarly for V i’

Finally, we would have VJ and Vj + VSTEP to calculate.

If we take reasonable estimates of c, k, and N, we can get reasonable

-

estimates of the equating constant standard errors on the average. Take

« = 40 and N = 750 for all instances, and ¢ = 9 to yield overestimates

of the standard errors of easinesses.

79
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We have V(di) 9/750 = .012, and

. ° V(d.) = 9/(40)(750) = .0003
Each Vg4 is (9/750)(2/40) = .0006 )
9 1 2
And V . = .ﬁ.
-J 49 7 750 40

6
—— (.0006) = .0000735

%49 .
Ve
Also Vi = .0000735

‘

Vo2 0000735) = 0000367

Vs
mﬂiuhiﬁ'iﬁfﬁ}'\“}?f&f' ‘ﬁv“v”ﬂﬂhu ’{‘?"J 3( ?": v";"wxr RN TI N

gy

AR AR e o T SN
And the variance of an equating constant is

AN ot it G ]

AN
. Vj + VSTEP .0000735

yielding a standard error crude estimate of .0086.

Since ¢ = 9 is conservative, we can take .01 as a reasonable estimate of

the standard error of a vocabulary primary form equating constant.

3.9 Results of Applying Equations

The Vocabulary equatiﬁg constants standard errors were estimated
by the procedures outlined. The fo)]owing table (Table 3.9.1 shows these
standard errors for all primary and seconda;y Vocabu]af& tests.

Table 3.9.1 shows thai the formula estirates of the stendard errurs of
primary forms (odd numbered DSN's) are a]]_]ess than the crude est{mate

¢

of .0u86.
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TABLE 3.9.1: VOCABULARY EQUATING CONSTANTS STANDARD ERRORS

TEST NAME SE TEST NAME SE.
CAT 3-A .0046 MAT E-F .0071
CAT 4-A .0057 MAT E-G .0090 o
C18S 2-Q .0076 MAT I-F .0048
C18S 3-Q .0089 MAT I-G .0059
IT8S 10-5  ..0046 STEP 4-A .0042
S I78S 11-5=" .0059 STEP 4-B .0059 SR
I78S 12-5 .0075 SRA B-E 7 ° 7 J0045 oI T T
MAT E-F .0091 SRA B-F .0057
MAT I-F .0073 . SRA G-~E .0073
STEP 4-A .0085 SRA G-F ' .0090
SRA BL-E .0059 SAT I-W .0071
SRA GR-E .0080 SAT I-X .0094
SAT I-W .0076 SAT I1-W .0048
SAT [I-W .003% SAT II-X . .0080
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The secondary forms (even numbered DSN's), also yield formula
stardard errors considerably smaller than the crude estimates. The
‘crude}estimates of parallel forms equating constant error variances are

-2
.0000734 + “;‘ (.0006) = .000373,.-

yielding standard errors of .019, or approximately .02. The formula

. estimates are all below .01, but each is somewhat larger than its

e

corresponding primary form constant.
]

E}
¢

3.10  Coirments 0n Errors

The basic. data for standard error ejguatings are the easiness
stanrdard errors from the original Rasch analyses. Empirical standard
— —ervors, vbtained bty calculating easinesses on multiple samples, yield

similar results. Thus, it is apparent that the error sources of concern

L St B L S

. are the usual measurament errors and assignment errors. However,

assignment errors can be avoided by using the reference scale.

3,11 __Equating Ervors for the Ability Method

The arbitrariness of choosing the difficulty method over the

b £ A TN PEATE PLY STEL AN L SRITE 2TT PTG P RIS AL bk

ability method is further documented by comparing the squared standard .

errors of ability and easiness parameters. Both squared standard

errors are of the same form (Wright and Douglas, undated, pp. 4-7):

-1 — e
(2pi5945)

For easinesses, the sum is taken over persons; whereas, for abilities,

2

the sum is taken over items. In either case, we can use the estimates

previously discussed. Take 4 < ¢ < 9 as & reasonable set of estimates

)t

of the average of (pq
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7}
}hus, the error variance for an item is estimated to be ¢/N. L

Whereas, the error variance for an ability is estimated roughly to
be c/k, where k is the number of items on one of the tests. The
determination of equating constants begins by averaging the easinesses
within each set of items or by averaging the ébi1ities. In the diffi-
culty method weiéet c/ﬂk]'and c/Nk2 for“the crude estimates or the
error variénces of the two averagés that are used to calculate initial
entries in the 7 x 7 tables. However, these values are identical to

what we get for crude estimates of tho errar variances for mean ability.

Both error variances are functions of N, k], and k2. The crude estimates

. differ only in the order of operations.

¢ A
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Chapter 4

3

Equipercentile and the Rasch Model: A Comparison of the Results

This chapter is concerned with the similarity of results of the
equating of nonparallel testéxwhich were produced by the Equating Phase
of the Anchor Test Study and by the use of Rasch Model techniques
presented in the last chapter. The topics considered briefly here are
the differences in the methodologies used.in the two .tudies, the
différences in data oraanizatios~and the presentation of the results,

some empirical comparisons based on setected subsamples of the data,

and a few conclusicns derived from this attempt at comparison.

4.1 The Methodologies

; method of equating assumes that two distributions of scores have the

Scores on two tests can be defined as equivalent in many different
weys - each rethod providing a way of converting the system of units of

one form to the system of units of the other so that scores derived from

_ the two forms after conversicn will be directly equivalent.

The results of the ewuating of reading achievement tests have been
produced by three oquating procedures: linear, equipercentile, and
Rasch. The linear definition of equating is that two faw scores are
equ1\ lent if they are the same number of standard deV1aL1on units above
or below the means of their respective score d1str1but1ons The 11near

i

same basic shape and differ only in their means and variances. Linear

o

14
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_ o bring the two sets of abilities into a common scale. Rasch equating |

75

equating is a very close approximation to equipercentile equating when
the shapes of the raw score distributions are similar; therefore, if

. \
one is prepared to assume that differences in the shapes of the
distributions of raw scores ¢ wo forms are sufficiently trivial so
that they may be disregarded, linear equiting may be preferable. Unlike
equipercertile equating, it is . 'irely analytical and verifiable and
is free from any errurs of smoothing, which can produce serious errors
in the score range in which the data are scant and/or erratic.

The equipercentile definition of equating is that two raw sspres
are equivalent if their percentile ranks are equal. One way Of/énSuring
equivalent scores when the distribut}ﬁn shapes are different iﬁ to
equate by equipercentiie methods. Géneral]y, the conversioq/gf X scores
to their equivalent Y scores will/é; curvilinear, and unde//such
circumstances the cguivalency if/estab1ished by stretching and compressing
the raw score scule »f one of;éﬁe forms so that its distribution will
confa}m to ghe shape given by the other form.

Tre equatin; of *ests using ﬁésch theory has been explained in the
previous chapter. 1In this pro:aéure, two test scores aré defined as
equivalent if they give rise to the same ability estimates. Raw score
equatiﬁb is accompli.h~J bv assigning as equivalent that pair of scores
(from two tests) ror vhich the ability scale difference is a minimum.

Since the ability scales resulting from the test calibration process

have equivalent scale units, only scale origin adjustments are necessary j
/
/

consists mainly of estirating these adjustments (equating constants).

l‘*‘(m ' /

/
-/
/

/




in the Equating Phase of the Anchor Test ?tudy, two equatigg
metheds were used. One technical objective of the Equating Phase was
to compare the equating tables that resulted from the 1ine5} equating
method and the equipercentile method. Between the two, the equiper-

centile method was judged to be best. OnF reason for this judgement was

. that the linear method resulted in imposs%b]e score values such as

negative scores or scores that exceeded the number of items in the

!
'

~

subtest. f

%The equipercentile method was gpp]%ed by a ﬁechnique deve]oped‘
iy Lord for using all data on a given test. This technique fé somewhat
analogous to our procedure %or combining data across various samples.
lord's techniquz was applied twice/for each baseﬁtesf dependiqg on
whe ther the base test was adminisfered first or second. These two
equatings yielded neﬁrly identiéa] results and the rEsu1ting two equating

tables were averaged. Tnis procedure, explained fullly in the Anchor

|
f

Test Study report, is their recommended procedure. | For this reason,

in making the corparisons included her7, only their[recommendod results

|
were used>// !

4.2 Data Otgan\zétions and the Presentations of!the Equating Results

The primary results of the fquating Phase of tﬁe ATS were tables
for equating each of the sevéﬂ reading tests to eacb of the other six
tests. AResu]ts were presented separately for grades 4, 5, and 6. This
series of eqéating thles makes it possible to translate a child's score

¢

b}
on any of the seven Eests into an equivalent score on any of the other

tests appropriate for his grade level. Thus, results from each grade

R}

are presentad separately.
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Aruitoxt provided by Eic:

77
rohe R’scn equating study, the seven L :sto were considered as

Teerty-€1500 tests Dy separating tnem into their various forms and
evels.. STEP haviny onily cne level, ITBS having three levels, and the
otr-r~ fiy2 hatteries each having two levels yields fourteen primary
and secorgary forms,,  The Rasch results are presented with each of the
fourtezs pri vy fova: used 2s 2 base test with its secondary form and

AU nienaen e avy Tomeg being equated to it.  Therefore, four-

Y‘\

Taon o0 ating “2lt:s ave presented, each showing the raw scores for the

Lale fest . the et ted raw scores tor its secondary forms and the

. T s in o tee e, i of the tyo studies are obvious.
o ~ ¢ 7 ceres shown

Lo o rr: s o A grauz level. The

B “hocogrmoeg Ll e cuTod scorcs oy each of the four-
CoTern o n “vsoze v Jhe eguating results
Jo0 s s Faoual e oweln trloseconday form ds
prreny ot ac vesults of o seh stud
~ ornrtaon of tre Results . .

Pnoore - t5 ~oimperve the resuiss of the two stud1es, the following
ovgesdires wee Lsed  Various subsamples were identified such that they
TR caf ~sad only of those subjects who were administered a pair of
£3308 0 @ :r:w.rxcd wrder. For example, one of these subsaipies was

-8 Leve First adrinisteved SAT Level } form A and then admin-
t
M e

[

4 - iunt strike thé reader as pecuiiar that equation of secondary
e 1S necessary; yet, there ware tosts in the data base whose

5 cordary forms were sufficienily different in difficulty from their
rrimary forms trat thev could not be considered parallel. :

. 87
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jstered ITBS Level 12 Form 5. For each selected subsample, the first
test administered w s treated as the base test. For each raw score on
the base test a corditional mean, the raw score equivalent scores deter-
mined by A7S, and the raw score equivalent scores determined by the
Rasch project provide three different estimates of an equated score
Conditional rean sduare residuals from each estimate>g9re/651cu1ated.
Tables 4.3.1 through 4.3.9 provide examples of”ihége comparisons. Also,
the distributions of scores on the base test are presentéd so that the
reader will know what the conditional sample sizes are. The conditional
mean squares are n.* calculated for conditional sample sizes of fewer

than five,

Tha Firsm o t: et oesents o Lest . uir bolh of which fit the Rasch
roc=] fairiy well. The tests included in Table 4.3.1 were given to.and
fe5immed for four s graderé only. The savpleinciuded 916 subjects who
vt given the SAT In- rmediate [ Foirm W and then the 1TBS Level 10
fws tst. have 63.2.. and 57.8% of their respective slopes
hetnsen L& and 1.2. The estimated rasults from the equating studies
gitfer at the wosT ny two raw score points]with most of these differences
in tae lowrr halt o° the raw score scale. The root mean squares for fhe
upper hal? of the diL*tribution are rqual in most cases; however, these
values in the lower po~t of the distribution are smaller for the root
roan saquares hased on the equipercentile results.

The tests included in Table 4.3.2 were given to and designed for

fourta graders <nly, also. The sample ingluded 719 subjects who were
forst given tr- MAT Tlementary Form F oand then the SAT Intermediate I

FornV. Thi, analys 5 was vade to show the corparison using the MAT,
88 ‘
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///////tﬁé/;;;; used as the Anchor.Test in the ATS, andla test defined as a
,////// test of good fit in relation to the Rasch Model. The estimated results

from the equating studies differ by, ut the rost, three raw score points
with most of ‘he differences in the second half of the raw score scale.
The root mean équares in this example are equal at only six points in
the raw score scale; therefore, the values of the Rasch root mean
squares and the equipercentile root mean squares différ throughout

- th: remainder of the distribution with the equipercentile values usually
being smailer but by varying émo&nts.

The tests included in Table 4.3.3 are MAT Elementary Form F and SRA
slue Form € admiristerad in that %rder te a sample of 871. Although this
SRA test was designed for grades four-and five, in this administration
crnly fourtn grade~s were involved Fecause of its being paired with the

N indicated Jevel of MAT. Hence, fourth grade equipercentile procedures

differ in this analysis by as much:as four raw score pr.nts in the second
half of the distribution. The Rasch”root mean squares are usually larger
throughout the analysf&\with the greatest differences in these values
found in the last ore-third of the distribucion.

in Tables &.-.4 and 4.3.5, the tests involved were the SAT Inter-
~sdrate I “arm W oand MAT Intermediate ?;rm F. Both of these tests were
designed for Lott grades five and six. Therefore, in this c0mpd}ison
usirs 1241 subjuects, Table 4.3.4 shows the analysis using the fifth

wrade equipcrcentile results and Tabic 4.3.5 shows the analysis using

the sicth g-i. cquipercentile results. Conditional means and Rasch

Bt >

¢ wating tab’es are identical in both tables. The differences in the

raw score estir 1% s using the Rasch results and the equipercentile results
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for *he fifth grade are never more than one raw score point. The

sixth grade comparison using the equipercentile results differ at

some points with the Rasch estimates by two raw score points. In

both of these comparisons, the root mean squares for the equipercentile

estimate are consistently larger than the root mean squares using

the Rasch estimates. In some instances, these indices are equal, but

the Rasch root mean souares in both comparisons are generally smaller.
Tables 4.3.6 and 4.3.7 show the results of the analysis of MAT

Intermediate Form F and Sat Intermediate II Form W administered toh1431

supjects. In Tabla 4.3.6, the Risrh results are compared to the reéom-

;ended results for grade five from the ATS, and in Table 4.3.7, the

Fasch results are compared to'the recormended results for grade 6. This

is the same procecwrégthat wasAapp1ied in Tables 4.3.4 and 4.3.5 except
that here the adrinistration order of the tests was reve;;ed, therefore,
a aifferent sarnle was used. When the fifth grade estimate of the
equirercentile method was used in Table 4.3.6, fhe raw score predictions
- . .
d177ar mostly by two and ore by three in the later half of the raw
score scale.  In most cxsés when the root mean squares difter, the
eg . sercertile root mean squares are smaller. When the sixth grade
results from the ecuipercentile method was used as the estimated raw
score, tne predicted Raesch raw score differed at the most and only
occasionally hy two raw score points. The rooi mean squares generally
are smaller for the equipercentile results with an average difference
tess than one.

Table 4.3.8 shows results from a relatively poorly fitting test

pair. Table 4.3.8 srows tre analysis of the results where SRA Green

I
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Ferr, £ and CAT Level 4 Form A were administered to 774 subjects in that
‘rder. Both of these tests were designed for grade 6 only; therefore,
the equated vesults form the ATS vere obtained from their-sixth grade
tables. These two tests have only 47.6% and 47.5% of their items
Fespectively with slopes within the range of .8 to 1.2. The predicted
raw scores from the two methods differ at the most by two raw score
points with these being mostly located in the upper part of the raw
score scale. The root mean squares usually are smaller when the equi-
percentile predictions are used.

The comparisons in Table 4.3.9 can be described as similar to

those in Table 4.3.8. Here, CAT LeQe] 4 Form A and ITBS Level 12
Form 5 were administered; respectively, to 836 subjects. Since both
of trose tests were designed for use at the sixth grade level only,
only sixth grade equaged scores were available from the ATS. The
results'shawn in Tabié‘4.3.9 differ somewhat from the other comparisons
that rave been made, since the largest differences in raw score estimates
are faund Sr the lower part of the distribution. “Many of the root mean
SgJdares in this cgﬁpnrison are equal for the two predictions; however,
for tnose tra- differ, the equipercentile root mean sduares are usually

sraller.

4.4 Concluding Comrents

!

A ca ment on the value of the conditional means is appropriate.
These in no-way are "correct answers.” The conditional mean technique
is oest considered a different equating technique that is not used.

A set of sonditional means is identical to the unsmoothed general

cur/ilinear regression of the equated test on th~ base test. "The

X
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choice of a regression procedure would require two different equating
tables for each test pair, depending on which test of the pair was
regressed on the other. This aspect of regression technique makes it
én inappropriate one for defining score pairs as equivalent, since it
is. inconsistent with the uniqueness aspect that equated scores must

-

have.
>

“oreover, the root mean squares of residuals are also easy to
overinterpret. The root mean square of residuals around the conditional-
means are always smaller than the corresponding values for the equated
scores. This results from a well-known statistical fact--sums of
squares around a mean are always less fhan sums of %quares around
any other value. Thus, the comparative sizes of two roct mean squares
do not provide unequivocal comparisons.of results.

Ferhaps the best way to evaiuate the results presented is a simple
visual inspecticn of the two vectors of equated scores. Many of the
scores for the two methods of equating are not different. Most
Eomparisons differ by cne or two points, and occassionally by three,

but rarely by four points. In general, the results are strikingly

similar; what deviations there are that do exist are thoroughly

eclivsed by the re-nective standard errors of measurement.




Table 4.3.1

Base Test: SAT Int., I F -m¥
Equ-rted Test: ITBS Level 1v Form 5

Base Test . Estimated Equated Test Root Mean ‘ !
Scores Scores Squares of Residuals
Fregq Mean R E Mean R E

1 0. * 1. 2. * * *

2 3. * 2. 3. ¢ * * *
3 2, * 2, 4, * * *

4 3. * 3, 5, * * *

5 11. 9.5 4. €. 3.9 6.4 4.8
6 19. 9.7 5. 7. 2.7 5.4 3.8
7 18. 11.3 6. 8. 3.0 6.1 4.5
8 29. 10.0 7. 9. 3.6 4.6 3.7
9 23. 1.7 8. 10. 4.4 5.8 4.7
10 30. 12,2 9. 11. . 4,7 5.7 4.8
11 33. 12.4 10. 12. ' 4.3 4.9 4.3
12 50. 12.7 11. 13. 4.9 5.2 5.0
13 40. 13.3 12. 14. 5.1 5.3 5.2
14 . 44, 15.3 13. 15. 4.5 5.1 4.5
15 37. 16.5 15. 16. 4.8 5.1 4.9 -
16 36. 17.2 16. 1. 5.1 5.2 5.1
17 32. 1t.3 i, 8. 5.1 5.3 5.1
o 39. 17.4 . 18, 19. 5.5 5.6 5.3,
19 51. 19.8 1Y. 21. 4.9 5.0 5.1
20 7. 1.9 2. 22. 5.0 5.1 5.4
21 40. 23.5 22, 27, 4.2 4.4 4,2
22 30. 3.9 23. 24, 4.9 5.0 4.9
23 31, 24,2 25. 5. 4.8 4.9 5.1
24 3¢, 25.6 25. 27. 5.3 5.3 5.5
25 37. 25.5 27, 24, 4,2 4,5 4.9
26 20, 5.6 29, 29 4.8 5.8 5.8
27 3s. 8.8 PN 30. 3.4 3.6 3.6
2 29. PO 3t 31. 3.9 4.3 4.3
29 14, 314 17, 32. 3.2 3.3 3.3
30 3. 31.3 33. 33. 4.6 4.5 4.9
31 13. 30.9 34%. 34. 5.0 5.8 5.8
32 29. 32.6 3s. 35. 2.9 3.8 3.8
33 8. 32.8 36. 35. 2.0 3.8 3.0
34 3 34.5 36. 36. 1.3 2.0 2.0
35 2 * 37, 37. * * x
35 6. 4.8 37, 37. 1.9 2.9 . 2.9
37 “. * 37. 38. * * *

#Uelues were mwt conpricd cwere froquencies were less thon 5.
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i Table 4.3.2

Rase Test: MAT Level E Form F

Equated Test: SAT Int. I Form ¥

Base Test Estimated _ Equated Test Root Mean
Scores Scores Squares of Residuals
' Freq. Mean_ R E Mean R E
| .

‘ 1 0. * 1. 0. * * *
2 e. * 1. 1. * * ok
3 2. £, 1. 1. 1.5 10.6 10.6 -
4 1. 8.0 1. 2. 0 7.0 6.0
5 2. 10.2 1. 2, 2.0 9.2 8.2
6 2. 7.0 2. 3. 2.0 5.4 4.5
7 8. 1.6 2. 3. 3.0 6.4 5.5
8 3. 10.9 2. 4, 1.4 8.1 6.2
9 2. 6.5 3. 4. 1.5 3.8° 2.9

10 5. 3.2 3. 5. 1.0 5.3 3.3
11 10. 9.7 4, 5. 3.0 6.5 5.6
12 11. 9.5 4, 6. .4 7,1 5.6
13 g. 8.8 4. 7. 2.7 5.5 3.2
15 " n.,7 <. 7. - 3.1 5.0 3.7
15 a. g.¢ « 5. a. 2.8 4.9 3.0
14 £ S0 6, 8. 1.6 3.4 1.9
7 1 9.2 6. 9. 2.8 4.3 2.8
38 . 0.2 7. 9. 2.3 4.0 2.6
17 7. 1C.3 7. - 9. 3.2 5.0 3.7
o N 10.5% 8. 10. 2.9 3.9 3.0
21 M 10.3 R 10. 2.4 2.7 2.4
22 2 n.3 ': "10 1.9 2.3 1.9
23 <. 13.3 10. 11 5.8 7.2 6.7
75 . 1.8 10. 11, 2.0 222 2.0
29 9. I AN 11. 12. 1.9 2.1 2.6
25 7. 12.9 12. 12, 3.6 3.6 3.6
27 o 11.0 13, A2 3.4 4.0 3.6
2% POIN 12.7 1. 147 3.2 3.2 3.2
? 1 1.5 14. 13. 3.1 4.0 3.4
4 T s, 15. 13. 5.4 5.5 6.2
o1 yon 14.0 15, 14. 3.8 3.9 3.8
3 15 15.7 6. 14, 3.5 3.5 3.9
33 1 14.% 17. 15. 2.9 3.6 2.9
34 2 104 18. 15. 3.3 4.6 3.4
39 & 16 171 19. 16. 3.9 4.3 4.0
3¢ ! 12 JREIEC S LN 17. 3.5 4.9 3.8
3 . 1,00 7. 17. 3.8 4.4 3.9
35 31 18.? 21. 18. 3.0 4.1 3.0
39 -3 18.5 22. 17. I 4.2 5.4 4.2
40 30. 18.6 23, 20. ‘ 4.1 6.0 4.3
4 25. 2.1 24, 21, 3.1 4.3 3.1
A 52, AN 25. 22, 3.1 4.8 3.2
45 51 23,2 26. 23. ¢ 4.1 5.0 4.2
W 23. 24,1 27. 24. 3.5 4.6 3.5
45 . 35 4.6 28,7 26. 4.3 5.5 4.6
45 40, 26.2 29. 28. 4.1 4.9 4.4
hl 25. 2800 31. 30. 3.8 4.6 4.1 .
LR PRI 28, ¢ 12. 32, 3.5 4.8 4.8
49 HYN 29.4 M. 34, 2,5 5.3 5.3
e e e =+t e < e e e e i

ues wore not compited where freancncies were les. than 5.
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Table 4.3.3

MAT Level E Form F

Test:

Base

* SRA Blue Form E

Equated Test:

Equated Test Root Mean
Squares of Residuals

Estimated
Scores

Scores

Mean

Mean
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Table 4.3.4

Base Test: SAT Int. 1l Form W .
Equated Test: MAT Int. Form F 86-
Base Test Estimated Equated Test Root Mean
Scores Scores Squares of Residuals
Freq., Mean R E ’ Mean N R E
1 0. * ' 2 3. * * *
2 2. * 4 4. * * *
3 5. 9.0 6 6 ' 2.8 4.1 4.1
4 10. 13.3 8. 7 ' . 6.3 7.1 ,
5 16. 14.8 10 9. 4.8 ¢ 6.7 7.5 -
6 20. . 14.0 11. 10. 5.3 6.1 6.6
7 27. 13.8 13. . 12, 4.2 4.3 4.6
8 27, 17.3 1%, 13, 3.9 5.2 5.8 .
9 3s. 16.8 16. 14. 5.2 5.2 5.9
10 - 44, 17.56 17. 16, 6.2 6.2 6.4
1 44, 19.1 i9. 17, 4.9 4.9 5.4 .
T 12 60. 18.3 20. 19. 5.6 5.8 5.6
13 48. 19.4 21. 21. 6.0 6.2 6.2
14 46, 21.9 22, 22. 5.3 . 5.3 5.3
15 60. 23.3 24, 2. 6.4 6.4 6.4
€16 45, 23.0 25, 25. 5.8 6.1 6.1
17 0. 26.1 26. 27. 6.4 6.4 " 6u4
18 48. 27.8 27. 28. 6.1 6.1 6.1
19 37. 27.9 28, 29, 5.5 5.5 5.6
26 45. 28.4 29, 31, 6.4 6.4 6.9
7n 37. 29.3 30. 32. 5.1 5.1 5.8
22 3s. 31.5 31. 33, 4.7 C 4.7 5.0
23 b, 32,2 32, 3. 5.5 5.5 5.8
24 37. 32.8 33. 35, 6.1 6.1 6.5
N3 46. 34.1 34, 36. 6.4 6.4 6.7
26 * 35, 34.6 35. 37. 4.4 4.4 5.0
27 3. 36.6 36. 3. 6.7 6.7 6.8
28 33. 37.1 7. 38, ‘ 4.7 . 4.7 4.8
29 22. 37.3 38. 39, 3.8 -~ 3.8 4.1 .
30 28, 37.1 13. 40. . 4.2 4,2 4.8
N 20. 38.0 39. a1, 6.1 6.2 6.9
32 35, 40.2 40. 41, 3.9 3.9 4.0
33 24, 38.6 41, 42, 3.4 4.1 4.8
34 30. 41.8 \\Jdﬁ’ 43, 2.9 2.9 3.2
35 15. 40.7 AN I 4.1 4.5 5.3
< 36 13. 43.2 43, 4, 2.7 2.7 2.8
37 20. 44.6 44, 48, 2.4 2.5 2.4
s 10. 43,3 . 45, 6. 2.8 3.2 3.9
39 13, 45.2 45, 47. 2.2 2,2 2.9
40 12. 46.0 4. a7, 2.0 2,0 2.3 /
41 9, 46.9 46. 48, 2.4 2.6 2.7. ,
42 6. 47.5 47. 48, 1.6 1.7 1.7 »
43 4, * + 48, 49, * x x
L4 5. 46.8, 48, 49, 1.5 1.9 2.6
45 1. * 49. 50. ® K *
45 1. * 49, 0. * * *
47 3. o* - 49, 50. * * *
/ a
—— —— ~ 4 — /- - &
%vilues were rot computed where frequyncies were less than 5. ! s
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Table 4.3.5
Base Tegt: SAT Int, 1II Form

/ Equated Test: MAT Int. Form F

87

ke

PAFullToxt Provided by ERIC

.97

Base Tew:' Fatimatel Equated Test Root Mean
Scrres ~eeres Squares of Resi uals
Freg Mean R E. Mean R E.
3]
1 0. * 2. 1. * * *
2 2. * 4. 2. * * ®
3 5. 9.0 5. 5. 2.8 4.0 4.8
A 0. 13,3 3. 7. 3.3 6.3 7.1
S 16, 1,8 10, 9. 4.8 6.7 7.5
b 23 li.e 11. 10. 5.3 6.1 6.6 ’
7 27, 13.8 13. 11 4.2 4.3 5.0 .
8 27, 17.3 14. 12 3.9 5.2 6.6 -
9 35, 16.8 16, 14, 5.2 5.2 5.9
19 ", 116 17 15. © 6.2 6.2 §-3
1 e 19.1 19 16 4.9 4.9 5.8
i £ 18,3 2 ‘18. 5.6 5.8 5.6
v g va 19. 6.0 6.2 6.0
‘. : 5 . 5.3 5.3 5.3
) , — Y 6.4 6.4 6.4
16 4k R T N ?’i 5.8 6.1 5.8
i’ 30 25. 6.4 6.4 6.4
1 a L M 27. 6.1 6.1 6.1
T T, s 2. 73, 5.5 5.5 5.5
I 3 2y 30. 6.4 6.4 €.6
' T, 3 1. 5.1 5.1 5.4
b L 3 32, 4,7 4.7 4.7
. ' N 3 3.5 5.5 5.6
9 2, 3! s D 3 ’}—’0 6-1 6-1 6.2
Ty 4y, 1 34, 35. 6.4 6.4 6.5
M3 ) iy F 35. 36. 4.4 4.4 4.6
2 Sh. 5.0 ch. 37. 6.7 6.7 6.7
’. 33, LR 37, 38. 4.7 4.7 4.8
D ) o 38, 39, 3.8 3.8 4.1
.o 22 R & 40 4.2 4.2 4.8.
31 has} 3.0 1A 40. 6.1 6.2 6.5
3 35 4.0 4 A1, ‘3.9 3.9 4.0
¥ 24 35. A al. 42, 1.4 4.1 4.8
2 an N Lo 43, 2.9 2.9, 3.2
13 13 W0t 4z, 43, 4.1 4.3 4.7 '
R 3 %3 2 (A AN 2.7 2.7 2.8
s 27 R AN L. 45. 2.4 275 2.4
W 1. 43,3 45, 45, 2.8 3.2 3.2
3 13. 45.2 45, 46, 2.2 2.2 2.4
1. 45.0 A, 47. 2.0 2.0 2.3 ¢
, 9. 46.9 W 47. . 2.4 2.6 , 2.4
€. 41,5 47, 48, 1.6 1.7 1.7
! v a8, 49, * * *
- 5. 46.5 a8, 49. 1.5 1.9 2.6
“- 1. % (¥R 50. * * *
4# 1. « 4. 50. * * *
47 1. * “. 50. * * *
s =0 0ot crs ated whsre £ ceme tes were less than 5.




Table 4.3.6

. Base Test: MAT Int. orm F ¥ 88
Equated Test: SAT Int. II Form W
i, h
N
Base Test Estimated ‘a ) Equated Test Root Mean
Scores Scores Squares of Residuals
. Freq. _Mean R E Mean R E
1 2. 8.0 1. 0. * * *
2 0. * 1. 0. - * * *
"3 1. 13.0 1. 1. . * * *
4 2. 6.0 2. 2. * * *
5 1. 5.0 2. 2. * * *
s 6 3. 9.3 3. 3. ¢ * * * .
7 ~ b, 10.3 3. 4, * * *
8 \b. 11.5 4., 5. 4.4 8.7 7.9
9 10. 7.7 5. 5. 2.9 3.9 3.9
10 7. 11.9 5. 6. 3.6 7.8 6.9
11 18. 8.9 6. 7. 2.9 4.1 3.5 )
12 25, 10.3 5. 7. 3.4 . 5.5 4.7
13 32. 1.4 7. 8. 2.7 5.1° 4.3
14 3. 10.5 8. 9. 3.2 4.0 3.5 _
15 A 10.8 &, 10, 2.3 3.6 2.4
16 Jb. 12.5 9. 10. 3.3 4.8 4,1
7 39. 1. 10. 11, 4,2 4.4 4.2
13 29. 12.5 11. 12. 3.1 3.5 3.2
19 31. 12.7 11. 12. 3.9 4.3 4.0
20 29. 14.0 12. 13, 3.6 4.0 3.7
21 21. 14.5 13. 15, 3.8 4.1 4.1
o 39. 14.5 14. 14, 3.2 3.3 3.3
"3 35. 13.9 14. 15. 3.8 4.2 3.9
o 35. 19503 15. 15. 4.2 4.3 ) 4.3
25 35, A 1h. 16. 4.2 4.3 —4.3
26 Ay, 17.0 17. 16. 4.0 4.0 S e
27 647, 17.9 13, 17. 4.6 4.6 4,7
5 28 38. 20.2 19.. . 18, 4.5 4.7 5.0
<29 50, 19.3 29 19. 5.1 5.1 5.1
30 4G, . 19.7 21. 29. 4.1 4.3 4.1
n 40, 21.4 22, 20, 4.8 4.9 5.0
32 44, 20,5 23. 21, 4.8 5.4 4.8
2 42, 22.8 24, 22. 4,6 4.8 4.7
34 45 . 23.3 25, 23, 6.3 6.5 6.3
35 47. 24,2 26. 24, 5.3 5.6 5.3
36 7. 26,7 27. 25. 4.6 4.6 4.9
37 35. 27.3 28, 26. 4.8 4.8 5.0
38 49, 27.7 29. 28. 5.0 5.1 5.0
39 48, 26,6 31. 29. 4.8 5.0 4.9
40 CAs. 30.0 32. 30. 5.0 5.4 5.0
41 [T 37.8 33. 32. 5.3 5.3 5.4
42 [ 37. 3.1 34, 33. 4.0 4.4 4,1
h3 I TAN T 35, . 4.2 5.3 4.4
4 A 36,7 3z, 36. 5.3 5.8 5.5
45 N 37.4 39 37. 4.7 5.0 4.7
46 37, 37.7 an, 38. 3.6 4.3 3.7
47 / 19, 37.8 482, 40. 4,1 5.9 4.7
4R ! V7 3.5 Sh . 101. 500 7.5 506
49 | 1. 41,5 ah, 44, 2.8 5.3 3.7
#Valu-h oot net conpated o - frequencies were less than 5. . s
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Table 4.3.7

Base Test: MAT Int. Form F 89
Equated Test: SAT Int, II Form W
Base Test Estimated . : Equated Test Root Mean
Scores Scores Squares of Residuals
Freq. Mean R E Mean R __If-_
1 2. 8.0 1. 1. 1 7.1 7.1
2 0. * 1. 2. * % -
3 1. 13.0 1. 2. 0 12.0 11.0 1
4 2. 6.0 2. 3. 2.0 4.5 3.6
5 1. 5.0 2. ° 3. 0. 3.0 2.0 :
6 3. 9.3 3. 4. 6.2 8.9 8.2
7 4. 10.3 3. 4. 3.4 8.0 7.1
8 6. 11,5 4. 5. 4.4 8.7 7.9
9 10. 7.7 5. 6. 2.9 3.9 3.3 |
10 7. 1.9 . 5. 6. 3.6 7.8 6.9 |
11 18, 8.9 6. 7. 2.9 4.1 3.5 1
12 25. 10.3 6. 8. 3.4 5.5 4.1 |
13 32. 11.4 7. 9. 2.7 5.1 3.6 }
14 31. 10.5 8. 9, 3.2 4.0 3.5 |
15 28. 10.8 8. 10. 2.3 3.6 2.4 |
16 - 26. 12.5 9. 11. 3.3 4.8 3.6 |
17 39. 11.2 10. 12. 4.2 4.4 4.3 .
18 29. 12.5 11 12. 3.1 3.5 3.2 |
19 31. 12.7 11 13. 3.9 4.3 3.9 |
20 29, 13.7 12. 14, 3.6 4.0 3.6 |
” 21. 14.5 13. 14. 3.8 4.1 3.9 |
22 39 14.5 14. 15. 3.2 3.3 3.3 |
23 35 15.8 14 15. 3.8 4.2 3.9 |
2% 35 15.3 15 16 4.2 4.3 £.3 |
25 3% 17.1 16 17 4.2 4.3 -6,2 |
26 41 17.0 17 17 4.0 4.0 4.0 |
27 47 17.9 18 18. 4.6 4.6 4.6 ‘
28 38 20.1 19 19 4.5 4.7 4.7 |
29 50 19.3 20 20 5.1 5.1 5.1 |
30 49 19.7 21 20. 4.1 4.3 4.1 \
31 40 '21.4 22 21 4.8 4.9 4.8 |
32 44 20.4 23 22 4.8 5.4 5.0 |
33 42 22.8 26, 23 4.6 4.8 4.6 |
34 44 23.3 25. 24 4.3 6.5 6.3 |
35 47 26.2 26. 25 5.3 5.6 5.4 |
36 ? 26.7 27 26 4.6 4.6 4.7 |
37 35 27.3 28. 27 4.8 4.8 4.8 |
Y38 49. 27.7 29. 28, 5.0 5.1 5.0
39 48, 29.6 31. 29, 4.8 5.0 4.9 |
40 46. 30.0 32. 31. 5.0 5.4 5.1
41 . 34. 32.8 33. 32, 5.3 5.3 5.4
42 37, 32.1 34. 33. 4.0 6.4 4.1
43 30, 32.7 36. 35. 4.2 5.3 4.8
44 40. 36.7 37. 36. 5.3 5.8 5.5
45 . 32. 37.4 39. 38. 4.7 5.0 4.8
&6 37. 37.4 40. < 39, 3.6 4.3 3.9
47 19. 37.8 42. 41. 4.1 5.9 5.2
48 17. 38.5 44, 42. 5.0 7.5 6.2
49 11. 41.5 56. 44, 2.8 5.3 3.7
Elillc;)luos were not computed where frequencies were less than 5. |
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Table 4.3.8

Base Test: SRA Green Form E
Fqurted Test: CAT Level 4 Form A
./
Base Test Estimated Equated Test Root Mean
Scores Scores Squares of Resilduals
Y
Freq. Mean R E Mean R |
-~ f
1 0. * 1. 1. * * E
2 0. * 2. 1. * * i
3 0. * 2. 2. * * i
4 2. * 3, 2. * * !
5 5. 5.4 4. 3. 2.4 2.8 f
6 1. * 4. 4, * * f
7 2, * 5. 5. * * i
8 5. 9.8 6. 6. 3.5 5.2 15,2
9 10. 10.2 7. 7. 3.5 4.7 i 4.7
10 20. 8.6 S. 8. 4.2 4.2 | 4,2
1 . 11. 10.5 8. 9, 3.7 4.4 la.o
12 . 22. 11.3 9. 10. 4.9 ' 5.4 5.1
13 13, 9.6 10. 11. 3.7 3.8 f! 4,0
14 15., 12.7 11. 12. 4.1 4.5 4.2
15 9.7 12.9 12. 13. . 4.5 4.6 ! 4,5
16 11F 13.3 2 1, 3.8 4.0 ' 3.9
17 13. 14.5 13. 14, 3.8 4.1 ' 3.8
18 21, 15.1 14. 15. 3.6 3.7 i 3.6
19 21, 16.5 15.  16. 3.5 3.8 | 3.6
20 22. . 16.9 16. 17. 4.0 4.1 ’ 4.0
21 s 20. 16.1 i?. 18. 4.1 4,2 {45
22 {24, 19.6 i7. 18. 3.6 4.4 [ 3.9
2a 16. 19.8 18. 19. 3.3 3.8 } 3.4
24 28, 19.8 19. 20. 4.6 4,6 ' | 4.6
25 20, 26.3 20. 21. 5.2 5.2 . ] 5.6
26 19. 1.4 21, 21. 3.9 4.0 | 4.0
27 26, 22.8 22, 22, 4.1 4.1 U4
28 22. 23.5 23. 23, 3.7 3.8 ¢ 3.8
~ 29 35. 2['.2 2[0. 2 . 305 305 \. 305
30 2 24,2 25. 25. 2.6 2.7 / 2.7
31 28, 24.9 26. 25. 2.9 3.1 \2.9
32 30 758 27. 2. 4.3 4.5 | \ 4.3
33 27 27.0 28, 27. 2.8 2.9 \ 2.8
3 g 27.8 9. 28. 2.8 3.0 \ 2.8
15 22 23,4 30. 29, 3.4 3.7 13.4
36 32, 24.9 3t. 30. 4.0 4.5 \4.1
37 32, 27,6 _ 3. 1. 2.4 3.5 2.9
38 25. 31.2 34, 32. 2.7 3.9 .8
39 37. 31.2 5. 33. 2.8 4.7 §.3
49 23. 12.3 36, 34, 2.0 3.7 2.3
41 1%, 33.1 38, 36. 3.0 5.7 4,2
!
kValues were not coi outed where frequen ies were less than 3.
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Table 4.3.9 z .

‘Base Test: CAT Level 4 Form A
: 91
Equated Test: ITBS Level 12 Form 5
Base Test Estimated Equated Test Root Mean .
- Scores Scores Squares of Residuals
Freq. Mean R E | Mean R i E b

1 1. * 1. 3. * * | *
2 0. * 2, 4. * * -
3 Q. * 3. 5. * * \\ *
4 1. * 4, 6. * * \ *
5 5. 13.3 5. 8. 1.6 8.5 5.6
6 15. 13.3 6. 9. 3.2 7.9 | 5.3
7 7. 10.6 8. 10. 3.5 4.3 3.5
8 13 14.8 9. 11. 3.2 6.7 \ 5.0
9 16. 12.8 10. 12. 3.1 4,1 3.2
19 i6. 13.9 11. 13, 3.2 4.3 3.3
11 21. 12.8 12. 14. 4.3 4.4 4.5
12 22. 15.8 . 14, 15. 5.1 5.4 5.2
13 33, 16.8 5. 16. 3.3 3.8 3.4
14 26 17.5 16. 17. 4.7 4.9 [ 4.7
15 29 17.9 18. . 18 5.0 5.0 { 5.0
16 30, 20.1 19. 19, 5.1 5.2 5.2
17 35. 20.9 - 20. 20. 4.3 4.9 | 4.4
18 18. 22.2 21. 21. 4.0 4.2 4,2
19 2 22.8 23. 23. 5.0 5.0 ' 5.0
20 17 24.2 24, 24, 4.8 4.8 | 4.8
Z 28 24,7 25. 25. 4.7 4.7 f 4,7
22 36 25.6 27. 26. L 4.9 5.1 4.9
23 a4, 26.1 28, 27. 4.8 5.2 ( 4.9
24 an. 27.3 29. 28. 4.4 4.7 | 4.5
25 34 30.1 30. 29, 4.5 4.5 4.7
26 33 0.6 32. 31, 4.1 4.4 | 4.2
27 35, 31.3 33. 32. 4,2 4.5 [ 4.2
28 . 4C. 32.1 34. 33. 5.1 5.5 5.2
29 4G, 37.8 35. 34. 4.2 4.7 R
30 34, 33.% 36. 35. 4.3 4.9 i 4.5

T 31 29, 35.¢ 37. 37 3.9 4.1 P41
32 27. ©36.3 36. 38. 2.8 3.3 "33
33 25. 15.9 39.. 39, 4.5 5.5 5.5
34 26. 19.3 40. 40. 4.1 4.2 4,2
35 17. 57.1 41, 41. 2.6 4.7 4.7
36 14. 39,2 42, 42, 3.4 4.4 4,8
37 3. * 43. 43, * * *
38 5. A3.0 a4, 44, 1.3 1.6 1.6
39 2. * 45, 45, * *

%Valnes were mot comy it ' Jhere frequencies were lessythan 3.

"
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Chapter 5 5

Summary and Conclusions

We would like to co;c1ude this report by discussing three issues
that we feel ought to be addressed. The issues are model-data fit,
errors, and the National Reference Scale for Reading (NRS). Also, we
discuss the use of item scale values for constructing new tests and
interp}eting such tests with the National Reference Scale. Tﬁese
comments will be followed by restating the project objectives, directing
thé reader to relevant sections of the report, and brizfly restating,

conclusions when relevant.

5.1 Some Comments

In one sense model-data fit is the central issue in this report.
If the Rasch model fits the tesfs used hére, then its consequences
simplify the equating problem. We have presented a number of ways to
evaluate fit and we have attempted to persuade the reader that fit
“criteria can and ought to be different f;r different applications. We
" do not believe that aAroutine application of some statistical test is
adequate or even correct. The problem refhses to be tied in a nice
neat package. The tests used here are neither very good nor very bad.
Their fit is mediocre, and, in fact, rather homogeneously mediocre;
yet, we believe the degree, of model-data fit is sufficient for test
equating applications. One thing is clear, we need to learn more about

model-data fit and the robustness of the Rasch Model for test analysis
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applications.

One probably ought not to equate tests, at least in the sense of ‘ ’
raw score—to—raw score equating. It certa1n1y is an unnecessary step
since it requires the tests tB be put on a common scale before equivalent
raw scores can be determined, and that process itself is sufficient.

Going one step further, to raw score equating, leads to assignment
errors (i.e., those errors resuiting from calling two raw scores equal
when their ability difference is not zero). These errors are not
inconsequential, as Table 5.1.1 illustrates.

That Table presents a typical score (19) on STEP II Vocabulary
together with several error estimates associated with that score. These
errors are shown in both log ability ;nits and NRS units. The standard
error of measurement, stability index for occurrence, and the four
samgle size stability values pertain to the score itself; while the
equating constant e%}or and the stability indexes for race and IQ are
averaged for the test. Finally, the average assignment error was taken
over the scores of the 14 other tests to which the score of 19 was equated
(see Table 10, Appendix E). Me present these values to give the reader
a quick summary of the size of errors from various sources as compared
with the standard error of measurement. Naturally, the;e errors are not
indenendent, but it}is interesting to note their relative siée and partic-
ularly the fact that assignment errors are as large or larger than any
other source. However, for all practical purposes, the various errors

are quite small in comparison to the standard error of measurement. It

is important to note that assignment error occurs in traditional methodology

such as that used in the ATS. That is, even if one does not choose to
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Table 5.1.1

A Comparison of Various Error Sources for a Raw Score

\ of 19 on STEP II Level 3 Form A Vocabulary
\
\\\\ ' Log Ability NRS
h Raw score = 19 746 . 207 ,,
Standard error of measurement .45 ' 4.5
Average assignment error .0414 0.4
Equating constant error .0085 : 0.1
1 N = 500 .0133 0.1
N = 1000 .0100 0.1
N = 2000 .0072 0.1
N = 4000 .0062 0.1
Occurence .0178 0.2
Race .0266 0.3 B
IQ .0422 ’ 0.4
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use trait methods, raw score to raw score equating yields assigunent
errors, Two scores on different tests must correspond to slightly
different ability levels. Assignment error can be avoided only if one

uses scaling methods that generate reference scales Tike our NRS.

5.2 The National Reference Scale for Reading ‘

Because a common Rasch Model aPi]ity scale was necessary for equating
and since we feel that iq principie this scale is a natural and obvious
one fbf.ca1ibrating and reporting scores, we have produced a transforma-
tion of the adjusted ability values and éa]]ed it the National Reference
Scale for Reading. The NRS is a simple linear transformation of the ‘
log ability values corresponding to a test's raw scores. The transfor-
mation is: NRS = 200 + 10(A + C), where-A is the ability estimate for
a given raw score on a particular test given in the tables in Volume II
and C is the equating constant for that test. This scale spans all tests
and all levels. 1t essentiai]y provides both horizontal and vertical
equating of the tests, and does not denend on who happens to take the
test and which test they take.

We chose this particular transformation for several ‘practical
reasons: (1) log ability is a scale that is not familiar to very many
poféntia] test users, it is frequently confusing and sometimes difficult
to communicate; test users are more comfortable with an "“integer" scale.
(2) the lowest score in the easiest test is 144 and the nighest score on
' the hardest test is 263 kfor the tests used here), a difference of 119
units, when one significant digit of the log ability scale is carried.

Thus, a three digit scale is required to span the score range. (3) it is
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our desire to eventually add lower level tests and upper level tests
(or to see it done) to this NRS for reading; thus sufficient "floor"

and "ceiling" needed to be provided. Centering the scale where we

did ought to provide room at both ends.

5.3 Estimating National Reference Scale Scores from any Collection
of Ttems - |

In Volume II we proivde, for each test, item and ability parameter
estimates, NRS scores for all raw scores, and the adjustment constant
for each test. With the item calibrations and the adjustment (equating)
constant, it is a simple matter to produce a test scoring table of raw
scores, NRS score equivalents, and standard errors of measurement for
any test of any length using any collection of the 2,644 items from _
any of the tests. For example, suppose you wanted to put together a

28 item test composed of one item from each of the 14 primary forms

of the tests included thF, both vocabulary and comprehension. The -

steps fo follow are:

o

1. Select the items you wish to administer.

2. Record their item calibration value (labelled "LOG
EASINESS") from the tables in Volume II.

3. Subtract the test's equating constant to its' corresponding
item Log Easiness.

4. Enter these adjusted item easiness values into the short
FORTRAN computer program provided in Appendix G to
estimate NRS scores.

5. The output would be a scoring table with raw scores (1-27)
their equivalent NRS scores, and corresponding standard
errors of measurement.
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5.4  Summary

Objective 1. To describe the methodology for test equating using

the Rasch Mode{. Both general Rasch equating me;hbds and the specific
techniques u;ed in this report appear in Chapte} 3 of this Volume.
Rasch equating consists first of adjustiné aTt ability estimates in one
test by a change of scale origin. The amount of change is the equating
constant. A Second step is the matching of‘rav scores on the tests

to be equated. It is recommended that this second step, the raw
score-to-raw score equating be deleted in future equating studies in
favor aof raw score—to-com@on reference scale equating.

Objective 2. To proviqe basic item anaiysis data for each test in

thé data base. These data appear in Volume II. The first parf of

Volume II gives traditional and Raséh item parameter estimates for all
testé. The second part of Volume II summarizes- the item information
for each test and has presentations of the relationships of selected
items. statistics to the item mean square fit index.

Objective 3. To evaluate the fit of the Rasch Model with respect

to those tests that were part of the base data. Concepts of fit and

procedures for evaiuating fit were discussed in Chapter 2. It is
recommended that test fit be determined primarily by the degree tn which
specific objectivity is observed in the da%a. In particular, specific
objectivity in regard to scoring tables is relevant for assessing appro-
priateness of the model for use in equating. The evidence supports the
use of Rasch techniques for equating these testg. Moreover, the tests

appear to have little variance in regard to fit considerations.

107




Objective 4. To investigate the staEi]ity of Rasch Modci parameter

estimates under conditions of varying“sample size and sample composition.

Chapter 2 presents the ana]yse§ appropriate to this objective. " The
primary conclusion is that data do appear to be highly consistent across
various sample sizes and compositions.~ However, anomalies are present

in some ddta in regard to intelligence or racial group differences. )
he believe these preceived differences to be of minimal consequence in
.recard to equating, but are of some theoretical interest. In no case

do differences in scor@pd tables for different groups approach standard
errors %n magnitude.

Objective 5. To provide tables of equated scores based on Rasch

<

Model methods. Equating tables for raw score-to-raw score equating

appear in Appendix C and D of Volume I. Volume II presents raw score-
to National Reference Scale calibrations.

Objective 6. To estimate the equating error associated with the

use of the aboye equating methods. Equating error estimates and estima-

- tion procedures appear in Chapter 3 of this Volume. Appendix E and F

~ -
of this volume prejent measures of assignment error. Assignment error

appears to be small, but significant, error source which can be eliminated
by the use of the National Reference Scale. Other errbr sources appear

tu be inconsequential when compared to usual standard errors of
measurement. o

Objective f. To compare the results of equating with those obtainad

in the Anchor Test Study. The discussion of comparisons of the two

projects appears in Chapter 4 of this Yolume. In most instances,
differences in bur equatings and Anchor Test Project equatings are

inconsequential.
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/ TABLE 1

/ ,
‘ Stability of Parameter Estimates as a Function 102
{
X of Occurrence in the Design
Tests= CAT 3-A- Occurrences= 10 Parameters= ITEM
First Tests Second Tests
Item or
Score Group  Mean = Std. Dev. Mean Std. Dev.
1 2.0498 0.2327 . 1.9775 0.1840
2 2.4548 0.1697 . 2.3706 0.2208
3 1.7240 0.1648 1.6130 0.1185
4 1.9373 0.1464 1.6958 0.1393
5 1.1049 0.2815 1.1003 0.3493
6 0.6460 0.1600 0.6604 ©0,1109
7 1.5186 0.1571" 1.4195 0.2290
8 1.6226 0.1214 1.5306 0.1001
9 1.5709 0.1061 1.3821 0.1403
10 0.7353 0.1344 0.6373 0.1394
11 1.5305 0.1373 1.4601 0.1184
12 0.5222 0.2091 0.3584 0.2089
13 0.5902 0.0579 0.5702 0.0974
. 14 -0.0221 0.0977 . =0.0961 0.1232
15 0.5342 . ,0.1490 - 0.4046 . 0.1563
16 0.2409 0.1634 -0.0254 0.1293
17 0.1926 0.1436 0.1370 0.1447 ‘
18 0.78U0- 0.1162 0. 6600 0.1214
19 -0.0311 0.1755 . -0.1684 ® 0.1558
20 -0.7584 0.0749 -0.7578 0.0770
21 -0.0279 0.0802 -0.0639 0.1110
22 0.3871 0.0729. 0.3438 0.0699
23 -0.7520 0.1119 -0.7159 0.1602
24 ~0.3077 0.0720 -0.2661 0.0968
25 0.1385 0.0743 ' 0.0307 . 0.1183-
26 -0.6314 0.1193 -0.5735 - 0.I348 :
27 - -0.7217 0.0748 -0.7015 0.1213
28 -0.2365 0.1226 -0.2725 0.0699
29 -0.8390 0.1297 -0.8972 0.1211 )
. 30 -0.9109 0.0934 -0.7418 0.1286 i
31 -1.0227 0.1048 -0.9614 0.0796
32,, -1.1413 0.0830 -1.0405 0.0873
33 -1.2382 0.1265 -1.0751 0.1395
34 -1.0473 0.1035 -0.8406 0.1211
X ( 35 -1.2496 0.1239 ~1.1157 0.1370
36 -1.2092 0.0770 -0.9508 0.0952
37 -1.4660 0.1414 - -1.2705 0.1889
3 -1.8544 0.1104 -1.4964 0.0975
39 -1.9813 0.0674 -1.7474 0.1721
0 0.1493

N 40 -2.8325 L1297 -2.5738

Q ) 1_1_22 \ -
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TABLE 2

Stability of Parameter Estimates as a Function 103
of Occurrence in the Design
Tests= CAT 4-A Occurrences= 7/ Parameters= ITEM
First Tests Second Tests
ftem oy 4
Score' Group Mean Std. Dev. Mean Std. Dev.’
1 1.5103 0.0941 1.4750 0.1040
2 - 1.1076 0.0990 0.9589 0.0854
3 2.6943 0.1812 2.4806 0.2082
4 1.5637 0.0973 1.4091 0.1682
5 1.2744 0.0670 1.1789 0.0697
6 0.6629 0.1129 0.5369 0.1437
7 0.7447 0.1258 0.6680 0.0504
8 1.2667 0.0720 1.2139 0.1400
9 1.0073 0.0867 0.9904 0.0880
10 1.1230 0.0770 0.9093 0.0850
11 0.4564~ 0.1828 0.3459 0.1666
12 1.3781 0.0888 1.1644 0.1596
13 0.9286 0.0624 0.8456 0.0418
14 -0.4697 0.0999" -0.3316 0.2546
! 15 1.1181 0.0847 ' 0.9530 0.0868 .
16 1.4509 0.0785 1.2400 0.0387 ‘
.17 0.3716 0.0874 0.3410 0.1318
18 0.7283 0.0668 0.6576 0.0705 .
© 19 0.4987 0.0978 _ 0.3676 0.0643
20 0.6241 0.1218 0.5301 0.0755
21 , 0.1446 0.0416 0.0611 0.1407
22 -0.4406 0.1071 ~0.5246 0.1457
23 ) -0.5029 0.0403 -0.5793 0.0783 .
- 24 -0.1074 0.0812 0.0270 0.0809 -
’ 25 0.2233 0.0660 0.24€1 0.1043
26 -0.0620 0.1217 0.0040~7%" 0.0778
27 -0.4469 0.1029 -0.4879" 0.0996
, = 28 -0.7099 0.0896 -0.5993 0.1141
. 29 -1.0941 0.1799 = -1.1059 ©0.1775
30 -1.0204 0.1919 -0.9110 - 0.1227
31 ~1.1363 0.0533 -1.1147 »<0.0547
32 -0.8220 2.0900 -0.6901 0.0816
33 -1.9897 0.0853 -1.8253 0.1474
34 . =1.3496 0.0891 2 -1.2521 0.1030
35 -1.6323 0.1125 -1.3854 0.1295
36 -1.69%46 0.1204 -1.3864 0,1166
37 -1.5391 0.1322 -1.3231 0.1308 s
38 -1.9686 0.1041 -1.7111 0.1744
39 -1.5403 0.0670 -1.3906 0.1350
40 -2.3500 0.2286 -1.9856 \0.1321
T~
3 - . ’ H
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TABLE 3

Stability of Parameter Estimates as a Function ]0;
of Occurrence in the Design .
Tests = CTBS 2-Q Occurrences= 10 Parameters= ITE/\
First Tests Second Tests |
Item or
Score Group  "Mean Std. Dev. Mean Std. Dev.
1 2.4241 0.1388 2.5987 0.2087
2 2.3136 0.1213 2.1740 0.2091
3 1.2572 0.1535 1.2316 0.1542
A 0.5229 0.0972 0.5432 0.1380
5 0.8761 0.1661 0.8435 0.1876
6 0.6404 0.1163 0.6557 0.1107
7 1.4797 0.2109 1.3911 0.1426
8 0.9069 0.2171 0.7739 0.1545
9 0.7404 0.2663 0.6906 0.3134 .
10 0.5865 0.0886 0.5224 0.0968
11 1.2698 0.2059 1.1828 0.1545
12 0.2228 0.1342 0.3252 0.1103
13 0.6045 " 0.1022 . 0.5806 0.1342
14 0.1812 0.0821 0.1667 0.1506
15 0.4984 0.1264 0.4481 0.1096
16 0.1178 0.1075 0.1492 0.0935
17 0.7898 .0.1488 0.7133 0.1479
18 0.4229 0.2134 0.3205 0.2284
19 0.8176 0.0802 - 0.7135 0.1446
20 -0.3107 0.1495 -0.2900 0.0657
21 - -0.3622 0.1018 -0.3479 0.0933
22 -0.7076 0.1293 -0.7281 0.0896
23 -1.1153 -0.1640 -0.9798" 0.1508
24 -0.9618 0.1131 -0.8868 0.1573
25 -0.4012 0.1498 -0.3666 0.1626
26 -0.4732 0.1957 -0.3787 0.1745
27 -0.1406 .. 0.0629 -0.2162 0.0833
28” 0.4969 © (0.1195 0.3888 0.1326
29 -0.6873 ~ 0.0751 -0.7143 0.1394
30 «1.1759 0.1326 -1.2132 7, 0.1350
31 -1.4752 0.1005 . =-1.6119 0.1362
32 -0.2592 0.1370 -0.2548 0.2499
33 -1.1755 0.0966 -1.1643 0.0712
34 0.1962 0.0564 = 0.2757 0.1037 ¢
35, -1.5701 0.2729 -1.4737 0.2560
36 ~0.1844 0.0941 -0.1261 0.1059
§ 37 -2.3909 0.1152 -2.2475 0.2741
38 -1.7958 0.1015 -1.7237 0.1404
39 -1.2081 0.2189 -1.1042 0.1592
40 -0.9703 0.1337 -0.8606 0.0676
kY ' ‘




TABLE 4

Stability of Parameter Estimates as a Function
. of Occurrence in the Design ]0?
Tests= CTBS 3-Q Occurrences= 7 Parameters= ITEM
First Tests Second Tests
Item or
Score Group Mean Std. Dev. Mean Std. Dev.
1 2.1617 0.1307 2.0050 0.1781
2 1.5453 0.1229 1.5389 0.2211
3 1.4250 0.0935 1.4614 0.0868
4 1.7135 0.0802 1.6311 0.2202
5 1.0082 0.0673 1.0456 0.1034
6 0.8577 0.1029 0.7851 0.1122
7 0.3620 0.0963 0.8700 0.1671
8 0.8883 0.0717 0.7841 0.1961
9 0.4757 0.0800 0.5687 0.1310
'10 0.3087 0.0954 0.2241 0.0878
11 1.0043 0.1086 0.9460 0.1387
12 0.4457 0.1117 . 0.3687 0.0972
13 1.2968 0.1086 1.2693 0.0835
14 0.6450 . 0.0902 0.5311 0.1085 ‘
15 0.3168 0.0960 0.3517 0.1251 .
16 -0.1068 0.0997 -~0.2466 0.1106
17 -0.2362 0.0397 -0.2370 0.0378
18 -0.1855 0.0518 -0.0064 0.2137
19 -0.5788 0.0825 ~0.5680 0.1062 -
> 20 0.0488 .  0.1244 0.0280 . 0.0918
21 0.0023 0.0720 _ =0.0546 0.1287
22 1.0767 0.0719 0.9363 0.1202
23 -0.8563 0.0683 -0.8986 0.2024
24 -0.3430 . 0.1357 ~0.4166 0.1035
25 -0.4885 0.1119 -0.3976 0.0637 :
26 -0.6660 0.0593 -0.6836 0.1859
27 -0.5478 0.0738 -0.5061 0.0843 "
28 -1.1972 0.2102 . =1.1296 0.4074
29 0.0275 0.0567 0.0581 0.1005
30 -0.2238 0.1012 -0.2600 0.0913
31 -0.7575 0.1926 -0: 6583 0.1570
32 -1.3503 0.0973 -1.3451 0.0410
33 -0.6725 0.1290 -0.6906 . 0.1317
34 -0.9588 0.1057 -0.9140 0.1070 .
35 -0.7697 - 0.0784 -0.6949 0.0914
36 -1.2183 0.1349 -1.0719 0.1291
37 -0.2035 0.1172 -0.0766 10,1142
38 -1.5220 0.0801 -1.4830 0.2070
39 -1.3422 0.1289 -1.2029 0.1039
40 -1.3862 0.0529 ~-1.3619 0.1388




TABLE 5

Stability of Parameter Estimates as a Function 106
of Otcurrence in the Design
Tests= ITBS 10-5 Occurrences= 7 Parameters= ITEM
First Tests Second Tests
Ttem or
Score Group Mean Std. Dev. Mean Std. Dev.
1 0.9644 0.1153 0.8813 0.0742
2 0.3614 0.0818 0.4270 0.0619
3 0.5631 0.1270 0.6207 0.1459
4 0.3366 0.1512 0.3126 0.0984
5 1.4673 0.1932 1.3491 0.1392
6 -0.0159 0.0910 -0.0833 0.1485
7 0.6244 0.1468 0.6636 0.1233
8 1.1366 0.0654 1.0116 0.1553
9 0.3806 0.1156 0.3727 0.1111 .
_10 0.0889 0.0938 0.0667 0.1355
11 0.1189 0.1794 0.1994 0.2358
12 1.2013 0.1316 1.1047 0.1046
13 0.5003 0.1120 0.4140 0.1266
14 0.1190 0.1081 0.0669 0.0385
1 0.1967 0.1262 ©0.1796 . 0.1136
16 -0.0707 0.1508 -0.2709 " 0.0360
17 1.0481 0.0498 1.0269 0.1097
18 ~ 0.1746 0.0836 . 0.2077 0.1176
19 0.2993 0.1182" 0.2284 0.1026
20 -0.6230" 0.1011 -0.5016 0.1914
2 -0.6319 0.1467° -0.6900 0.0944
22 v -0.1323 0.1068 -0.1733 0.1027
23 -1.0774 0.1778 -1.0673 0.2265
24 -0.1549 0.0784 -0.1084 0.1265
25 0.4214 0.0796 0.4037 0.1159
26 ~-0.0087 0.1049 0.0667 0.1336
x 27 -1.3621 0.1440 ! -1.3677 0.1167
28 -0.2820 0.0870 -0.2323 0.0703
29 -0.9530 - 0.1385 -0.9620 0.1086
30 -0.9494 0.1929 -0.9701 0.1429
31 -1.2101 * 0.,2462 -1.1777 0.1413
g 32 -0.4654 - 0.1501 -0.4540 . . 0.0878
33 -0.3703 0.1462 -0.2616 0.1391
34 -0.3391 0.1473 -0.2111 0.0856
35 -0.1103 0.1637 -0.1020 . 0.0634
36 -0.0290 0.1929 -0.0021 0.1157 N
37 -0.7917 0.1017 -0.6383 0.1859
38 -0.4251 0.1248 -0.3291 0.1291
e vy * 11 8
o s




TABLE 6

Stability of Parameter Estimates as a Function

107
of Occurrence in the Design :
Tests= ITB§ 11-5 Occurrences= 7 Parameters= ITEM
First Tests Second Tests *
Item orx : . Tt
Score Group Mean Std. Dev. Mean Std. Dev.
1 0.5319 0.1414 0.4641 0.1796
2 1.0351 0.1398 0.9440 0.1739
3 0.2713 0.1038 0.1477 0.1203
4 1.4191 0.1905 1.2840 0.1658
5 0.7973 0.1065 0.7630 0.0705
6 0.8113 0.1592 0.7226 0.0966
7 0.2530 0.1468 0.2579 0.1377
8 ~0.0320 0.0634 -0.0171 0.1209
9 0.5607 0.1146 0.5416" 0.0678
10 -0.4419 0.1349 -0.5210 0.1305
11 0.5151 0.0617 0.3910, 0.1221
12 0.9530 0.1751 0.9143 - 0.1013
13 0.4780 0.1310 0.4407 0.1208
14 -0.8807 0.1143 -0.8839 . 0.0870 ~
15 0.4661 0.0916 " 0.4113 0.1052 '
, 16 -0.3209 , 0.1980 ~=0.3313 0.1202“
17 -0.5431 0.1362 -0.6570 0.0982
18 -0.8744 . 0.2679 ~-0.8674 0.1773
"19 0.1600 0.0783 . 0.1090 0.1411
20 0.1597 0.0873 ,0.2124 0.1085
21 0.2897 0.0670 0.2097 0.1213
22 0.4409 0.0804 0.3646 0.0669
23 0.6864 0.0921 0.5466 0.1605
24 ~0.0869 ©0.1139 -0.0191 0.1339
25 0.3574 0.0990 0.1730 0.1081
26 -0.0%969 0.0890 -0.0091 0:0820 -
27 -0.3544 0.0819 -0.3034 0.1414
28 0.0904 0.1416 0.0487 0.0918
29 -0,2283 0.0842 -0.1091 0.1156
30 -0.0764 0.2122 ~0.1064 ) 0.1172
31 0.1353 0.1078 0.1307 0.0920
32 -0.3660 0.2745 -0.2366 0.0837
33 -0,1304. *+ 0.1389 ° -0.1276 0.1191 \
34 -0.5649 0.0662 -0.5110 0.0484
35 -1.3156 0.1737 -1.1819 .0.1066
36 0.1460 0.0672 0.1997 0.0677
37 -0.8843 0.1252 -0.8327 0.1223
38 -0.6320 0.1538 ~0.4821 0.1104
39 -0.1641 0.1267 -0.0873 0.0903
40 0.5797 0.1085 0.6589 0.0969
41 -2.1354 0.1515 ~1.9664 0.1216
42 -0.4880 0.1235 -0.3641 0.0481
43 -0.5196 0.0993 ~0.3196 0.1305 ‘
. 117




TABLE 7

Stability cf Parameter Estimates as a Function

108

of Occurrence in the Design

Tests= 1ITBS 12-5 Occurrences= 7 Parameters= ITEM
First Tests Second Tests
Iten oOF
Score Group Mean - Std. Dev. Mean Std. dev.
1 0.3483 0.1556 0.3180 0.0855
2 -0.3824 0.0611 -0.4784 0.1190
3 0.5259 0.0443 0.5726 0.1387
4 0.6730 0.0986 0.6640 0.1048
S 0.9774 0.1122 0.8949 : 0.1492
6 0.8991 0.1580 0.9137 0.1067
7 1.2529 0.1335 1.1313 0.0963
8 0.6650 0.1341 0.6440 0.1208
9 0.8814 9.1429 0.8530 0.1263
10 0.5927° .0.0581 0.5287 0.0869
11 0.1550 0.0642 0.2017 . 0.1380
12 1.0674 0.1092 0.9080 0.1614
13 0.3121 0.0933 0.2803 0.1160
14 0.6157 0.1298 0.5697 0.1396
15 1.0089 0.1220 1.0316 0.0367
16 - . 0.8046 0.1328 0.7581 0:0839
17 0.6901 0.1364 0.6206 0.0909
18 0.2493 0.0330 0.3176 0.1152 )
19 -0.4894% 0.1936 -0.5011 0.1706
20 1.0719 0.1117 0.9861 0.1106
21 -0.0941 0.1133 ~0.1153, 0.0541
22 7 -0.0183 0.2016 0.0473 0.1168
23 0.8173 0.1627 0.8284 0.1383
24 1.5011 0.1217 1.3339 10.1398
25 -1.4440 . 0.1576 f-1.3469 ' 0.1027
26 0.3573 0.0873 0.3003 0.1140
27 0.3304 0.1010 . 0.3864 0.0899
28 -0.3207 0,0768 -0.3379 0.0717
29 -0.1340 0.1635 °~0.0703 0.1255
30 -0.5713 0.1490 ~0.5169 0.1439
. 3 -1.4844 0.1350 ~1.3833 0.1741
32 -0.0404 0.0678 -0.1219 0.0739
33 -1.1316 0.1033 - =1.1027 0.1511
34 -1.3811 0.0984 -1.3057 0.0723
35 0.2459 0. 1068 0.2217 0.0730
16 -0.5161 0.1060 -0.3989 0.1641
37 -0.7723 0.1188 ~0.6506 0.1252
38 0.4534% 0.1045 0.4351 0.1206
) 39 ~-0.0463 0.0962 -0.0879 0.0846
40 -0.7716 0.1164 -0.7640 0.1000
41 -0.7023 0.0788 -0.6739 0.0957
42 -0.6829 0.0218 -0.6959 0.0824
43 -0.3851 0.0883 -0.4159 0.1059
44 ~-1.0391 0.1483 -0.9013 0.141% ,
45 -0.7741 0.0803 -0.7471 0.0950
o 46 ~-3.3126 0.2€02 -3.1317 0.3282
118




TABLE 8

Stability of Parameter Estimates as a Function

of Occurrence in the Design 109
Tests= MAT E-F Occurrences= 7 Parameters= ITEM
First Tests Secord Tests
Item or
Score Group Mean std. Dev. Mean Std. Dev.
1 1.2677 0.3207 1.2336 0.4564
2 2.3920 0.2155 2.3931 0.2695
3 2.2167 0.3333 2.1144 0.2506 . .
4 0.9744 0.1601 0.9407 0.1714
5 1.8694 0.1415 1.7806 0.1891
6 1.9656 0.1478 1.8623 0.1812
‘7 1.8903 0.1923 1.8001 "0.2856
8 1.1366 0.1040 1.2974 0.1666
9 1.3049 0.1475 1.3789 0.1776
16/’ 0.7214 0.2107 0.7033 0.1588
11 1.3890 0.1484 1.3799 0.2173
12- 0.9313 0.2344 0.8729 ©0.1762
13 0.7043 0.1349 0.6599 0.1617
14 .3863 0.1543 0.6793 0.1911 -
15 0.2707 0.1613 0.2777 0.2196
16 0.5697 0.1499 0.4867 0.1899
17 0.9230 0.1980 0.7841 0.0856
18 0.5513 0.1608 0.5343 0.1980
19 0.0596 0.2299 -0.1591 " 0.1548 oo
20 1.2351> 0.1847 1.0781 0.1026 -
21 0.3646 0.1678 0.2201 0.1041
22 0.0544 0.1396 -0.0191 0.1579
23 0.3781 -0.1290 0.4076 0.1834
24 -0.6839 0.1208 -0.5843 0.1645
25 0.0801 ° 0.0897 0.0674 0.1265
26 -(.2837 0.1865 -0.4266 0.0760
2 < 0.1056 0.1011 -0.1174 0.1215
28 -0.0894 0.1218 -0.1067 . 0.1301
29 -0.6224 - N.1083 -0.4159 0,0785
30 0.0079 0.1540 -0.0211 0.0941
31 -0.3364 0.1060 -0.2303 0.1127 ;
32 ~-0.0410 0.0731 . =0.0939 0.1635 \
33 0.0731 0.1475 0.0921 0.1036 - :
34 -0.7484 0.1372 -0.6471 , 0.1195
35 -0.5623 0.2130 -0.3984 0.2219
36 -0.6723 0.0924. -0.6879 0.1926
37 -0.4650 0.1469° -0.4641, 0.1210
18 -0.2577 0.0760 -0.2396 0.0621
19 -0.8949 0.1257 -0.8386 0.2336
40 -0.8680 0.0744 -0.8340 0.0898
41 ~0.9440 0.1230s -0.8226 0.1039
42 -1.0424 0.1028 -1.0434 0.1154
43 ~1.3386 0.1498 -1.1797 0.1388 ]
44 -2.3024 -+ 0.1941 -2.1786 0.2217 |
45 -1.5264 0.1306 -1.4651 0.1899
46 -1.4263 0.1149 -1.3141 0.1322
47 -1.8746 0.1624 -1.6839 0.1829 «
48 -2.3379 0.1281 -2.1850 0.2626 |
49 -2.5801 0.2478 -2.3687 0.1548 .~ 119
50 -2.8087 0.3424 -2.7539 0.4082




TABLE 9

Stability of Parameter Estimates as a Function 110
of Occurrence in the Design )
Tests= MAT I-F Occurrences= 11 Parameters= ITEM
First Tests Second Tests
Item or
Score Group Mean Std. Dev. Mean ' Std. Dev.
1 1.7875 0.1231 / 1.7282 0.1834
2 1.8618 0.2293 1.7672 0.2128
3 2.8746 0.2053 2.6418 0.1686
4 1.7913 0.1214 1.7307 0.1604
5 1.3184 0.1900 1.2148 0.1187
6 2.2526 0.2103 2.0461 0.1503 N
. 7 0.9868 0.1119 0.9337 0.1381
8 1.8265 0.2051 - 1.7251 . 0.1591
9 -1.4533 0.1634 -1.3423 0.2389
10 1.0074 0.0994 0.8492 0.1460 N
11 1.1738 0.1394 1.0371 0.1628
12 0.8155 0.0801 0.7990 0.0992
13 0.9325 0.1730 0.7528 0.1957
14 0.4475 0.0991 0.4350 0.0901
15 1.0874 0.1672 1.0626 0.1472
/ 16 : 0.8314 0.1488 0.6883 0.1548
17 0.2849 0.1008 0.3303 0.1278
18 0.4831 0.1145 . 0.4448 0.0834
19 0.4740 0.7056 0.4559 0.1383
20 -0.5038 0.1872 -0.,5255 0.1508
21 0.0946 0.1798 0.0376 0.2007
22 0.7900 0.1282 0.6945 0.1199
23 0.4773 0.1511 0.4585 0.1731
- 24 0.4128 0.1450 0.6327 0.1835
.25 0.1219 0.1249 0.0827 0.1410
26 -0.5192 - 0.0940 -0.5216 0.1021
27 0.2428 . 0.1605 0.2332 0.1230
28 0.4071 0.1581 0.3362 0.1922
29 -0.0671 0.1128 -0.1038 0.1377
30 -1.5095 0.2384 -1.3536 0.2625
31 0.4855 0.1131 0.5235 . 0.0919
32 -0.3167 0.1350 -0.2931 0.1651
33 -0.1337 . 0.1077 -0.1230 0.0890
’ 34 —~0.5328 ~ 0.1559 . =0.3949 0.1213
< 35 -0.8668 041173 -0.8987 0.1040
36 -0.9211 0.1283 -0.8302 0.1333
37 -0.4095 0.0876 -0.3632 0.0832
38 -1.2160 0.1251 -1.1051 0.1583
39 -0.6285 0.1652 -0.6635 0.1071
40 - =1,2858 0.1446 -1.1510 0.1617
41 -0.7673 0.1659 -0.7702 0.1434
- 42 -0,9502 0.1191 -0.9877 0.1121
43 -1.7572 0.1888 -1.7195 + > 0.1925
44 -0.7424 0.1217 -0.6772 0.1070
45 -1.5903 0.1287 -1.4580 0.1757
46 -1.5631 Q.1565 -1.5159 0.1767
47 -1.4717 0.1090 -1.3222 0.1450
Q 48 -2.,2412 0.1453 -1.9761 0.1025
ERIC 49 ~1.5863 0.1535 -1.4638 0.1216 . 150
T 50 -2,2303 0

<1414 -2.0824 0.1987

‘——4




Tests=

TABLE 10

Stability of Parameter Estimates as a Function

First Tests

. Ltem or
Score Group Mean

1 1.7416

2 2.5837

3 2.11711

4 1.3245

5 1.6301

6 1.1964

7 1.8640

8 1.4082

9 1.4436
10 0.1004
11 0.0825
12 0.6194
13 0.9569
14 0.5309
15 0.2739
16 -0.1106
17 0.5616
18 -0.1144
19 -0.0388
20 ~1.6746
21 -1.5397
22 -0.9489
23 -0.5434
2 -1.6559
25 -1.6771
26 -1.0174
27 -2.0459
28 -2.0142
29 -2.6077
30 -2.4453

OOOOOOOOOOOOOOOOOOOOOOOOOO

of Occurrence in the Design

STEP 4-A

0.

Occurrences=

.2328
.2235
.1400
.1227
.1305
.1469
.1686
.1598
.1804
.1084
1624
.1885
.1376
.1780
.0980
.1236
.0966
.0792
.098
.1707
.0760
L0815
.20p5
1457
1426
.0817
. 0.2089 -

1387

0.1857

of

!

1499

/

Std. Dev.

14

Parameters= ITEM

¢

Second Tests

Mean

1.7167
2.1999
1.9146
1.1936
1.4144
1.1429
1. 6784
.1684
.2752
.1324
.0784
.5046
.7966
.5344
.1696
.0166
.5140
.1523
.0396
.5214
.3701
.8854
.5039
.3937
.5816
.8279
.8907
.8177
.3291
.1035

O

[ T T T T T N T T O T A R |
MR FRFOFRMFEMOOFHFMEOOOOOOOOO

Std. Dev.

0.1469
0.2088
0.1675
0.1358
0.1234
0.1595
0.1580
0.1907
0.1891
0.1593
0.1399
0.1161
0.1172
0.1623
0.1674
0.1144
0.1108
0.1137
0.0827
0.1008
0.0990
0.1247
0.2170
0.1650
0.0996
0.0785
0.2473
0.0802
0.1665
0.1391

Y

m




TABLE 11

Stability of Parameter Estimates as a Function

Tests= SRA BL-E
First Tests

Item or
Score Group Mean
1 1.7825
2 0.9286
3 0.0430
4 -0.0044
5 0.6635
6 G.2397
7 0.7048
8 -0.3140
9 0.4093
10 -0.1368
11 -0.4543
12 -0.8615
13 1.7003
14 1.8279
15 0.2265
16 0.0794
17 0.8716
18 0.8462
19 0.6463
20 0.8052
21 0.8445
22 0.5998
23 0.0033
24 ~-0.6157
25 -0.2315
26 -0.0656
~27 0.4449
28 -0.3577
29 . 0.6562
30 0.4468
31 -0.0970
32 -1.0099
33 -0.5421
34 - -0.4805%
35 -0.7028 .
36 -0.9998
37 -1.1236
38 -1.7228
39 -1.3579
30 -1.2304
41 -1.5955
42 -0.8610

of Occurtence in the Design

Qccurrences=

Std. Dev.

1944
.1534
.1658
.0972
.0961
L0494
1274
.0990
.1053
.0616
.0707
.0905
.1625
22020
.0896
.0783
.0878
.1538
.1259
.0815 .,

.0906
.1133
. 0845
.0875
.0901
1677
.0843
.0860
.0537
.1206
.0833
.1398
.0899
1151
.0998
1715
1743
.1198
.1572
.1122

OO0 OO0 OO0 ODOOOODSOOOODODODODODOODODODOODO0ODO0OODODODOO0OOOOOO0O

.1487.0) ¢
.0986

10

Parameters= 'ITEM -

Second Tests

Mean

1.6379
0.7214
-0.2260
0.0050
0.4817
0.1554
0.5253
-0.2940
0.3248
~0.1258
-0.5446
-0.7487
1.6090
1.8072
0.2471
0°1184
.7876
.7840
.5523"
.7693
.8375
.6534
-0.0750
-0.5149
-0.1345
0.0685
0.4439
-0.2750
0.6901
0.4207
-0.0347

-0.8242

-0.3797
-0.4698
-0.6798
-0.9930
-1.0555
-1.6266
-1.2930
-1.1674
~1.4338
-0.7439

Std. Dev.

<

0.1902
0,1541
0.1938
0.0720
0.1164
0.0853
0.1078
0.0900
0.1207
0.1045
0.1456
0.1451
0.1581
0.2080
0.1142
0.1153
0.1300
0.1627
0.1101
0.1469
0.1575
0.1156
0.0811
0.1212
0.1446
0.1182

-0.0879

0.1270
0.1085
0.1537
0.0768
0.1023
0.0913
0.1241
0.0915
0.1889
0.0975
0.2191
0.1816

. 0.1102

0.1990
0.1763

112




* TABLE 12

Stability of Pgrameter Estimates as a Function
%f Occurrence in the Design ' 113
Tests= SRA GR~E Occurrences= 7 ' Parameters= ITEM
Item or J s >
Score Group Mean Std. Dev. Mean Std. Dev.
1 1.8584 0.1072 1.8181 0.1715
2 0.9703 0.1269 0.9201 0.1386
3 1.6793 0.1325 1.5026 . 0.2056
4 1.013C 0.0801 0.8396 0.1114
5 1.2079 0.1465 - 0.8543 0.1298
6 0.7570 0.1431 : 0.5826 0.0904
7 -0.8400 0.0869 . -0.8594 s, 0.1405 .
8 -0.7013 0.1634 -0.8397 0.1302 ;
‘ 9 . =0.3633 0.0558 -0.4566 0.1228
10 -1.1234 0.1800 -0.9683 0.1588
11 0.0757 0.0725 0.1384 " 0.1135 . ‘
12 . -0.0753 0.1090 0.0441 0.1159
13 '0.4679 0.1407 0.5013 0.1047
14 1.8524 0.1033 . 1.8820 0.1977
15 1.5134 0.1178 1.6219 . 0.2015
16 _ 0.7674 0.1747 0.8293 0.1514 . - '
17 0.1356 0.1105 0.2270 0.0627
. 18 0.2603 0.1525 0.2701 0.0599
19 0.5734 0.1191 +70,5521 0.0953 N
20 0.2104 0.1384 0.2347 0.1266
; 21 -0.0147 0.1105 -0.1134 0.1405 O
Y 22 -0.0397 0.1590 0.0324 0.1201
- 23 -0.7321 0.1580 -0.7839 0.1525
-t 24 -0.4979 0.1140 -0.4443 0.1442
‘ 25 0:0696 0.0998 -0.0003 - 0.0661
26 -0.5816 0.1043 -0.4639 0.1885 ‘
27 0.4029 0.1217 0.4283 . 0.0825 ) .
28 0.7394 0.1606 0.7799 - 0.1200 :
29 0.3617 0.0948 0.4830 0.0913 "
30 -0.6443 0.1012 -0.6770 " 0.2179
. 31 -0.2959 0.0845 ~0.3160 0.1488 .
32 0.2593 0.0707 0.3174 0.1071,
33 -0.0254 0.0910 -0.0434 * 0.0878
34 - " -0.6014 0.1403 20,6287 0.1115
35 -0.5300 0.1844 -0.4473 0.1170
36 -0:9596 0.1100 < =1.0350 0.1258:
37 ~=0.9693 0.1198 -0.9741 0.1537
38 "~0.6266 . 0.1877 -0.5109 0.1173
39 _ ~1.2647 0.2367 -1.2779 0.1873" )
40 ~1,2503 0.1312 -1.1330 0.1460
.ot 41 -1.7497 0.1271 -1.7093 0.2419
42 -1.2890 0

71053 -1.1766 0.0521
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TABLE 13

Stability of Parameter Estimates as a Function

. 114
of Occurrence in the Design
Tests= SAT I-W  Oecurrences= 7 Parameters= ITEM }
First Tests ) Second Tests !
Item or .
Score Group Mean Std. Dev. Mean - Std. Dev.
1 2.0880 0.1165 1.8681 0.1821 ’
2 1. 5809 0.1088 1.4769 0.1248
.3 1.5784 0.0679 1.3526 0.1948
4 o 21670 0. 2457 1.9509 0.3243
5 1.4883 0.1451 1.3403 0.0576
6 - 1.1160 0.2293 0.9277 0.1525
7 0.7529 0.1614 0.6663 0.1140
8 0.7496 0.1013 0.5686 0.0630
- 9 1.9506 0.1764 1.6806 0.1224
10 0.9910 0.0991 0.8511 0.0811
1 0.5067 0.1562 0.4509 0.1395 «
12 0.7859 0.1102 0.6164 0.0754
13 0.5359 0.1343 0.3826 0.1106
14 0.6540 0.0982 0.3813 0.0888
15 0.6017 0.0871 0.4834 0.0715
16 . 0.7136 . 0,1272- 0.5753 0.0837
7 1.4861 0.1217 1.3519 0.1337
18 0.0211 0.0997 0.0003 0.1493 |
19 0.3069 0.2001 0.2569 0.2275
| 20 0.0657 0.0893, 0.1247 0.0943
| 21 0.0586 0.1424 : 0.0083 0.0619 ’ "
| 22 -0.3270 0.1043 ~0.2620 0.1429
23 -0.0790 0.1364 -0.1889- 0.1795
24 -0.4794 0.1863 ~0.5789 0.1098
25 -0.5296 0.1282 -0.4024 . 0:0971
26 -0.2847 0.1038 -0.2373 . 0.0853
27 ~0.6016 0.0552, ~0.5956 0.1153
28 -0.8647 0.0397 , -0.7280 0.1518
29 -1.0494 * 0.0952 -1.0717 0.1644
30 -0.8356 0.1567 -0.6317 0.1240
31 -1.6864 0.1437 -1.3673 0.1587
32 -1.3829 0.1134 ~1.1346 0.1525
33 -2.2833 0.0849 ~1.9481 0.2423
34 -2.2913 0.1892 -2.0277 0.1877
35 -2.0501 0.1952 ~1.7249 0.1237
' 36 -1.8276 0.1233 ~1.4270 0.1603
37 -1.7496 0.1514 -1.4867 0.1935
38 -1.8763 0.0795 -1.5010 0.1497
Q ’ ‘
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TABLE 14 ' s

Stability of Parameter Estimates as a Function
of Occurrence in the Design 115
Tests= SAT II-W Occurrences= 11 Parameters= ITEM
First Tests 73 Second Tests
Item or
Score Group Mean Std. Dev. Mean Std. Dev.
1 2.0992 0.2102 1.8619 0.1787 .
-2 2.7114 0.1771 2.4859 0.2528
3 2.0149 0.1547 1.7919 0.1395
4 . 2:2099 0.2049 2.0188 0.2728
5 1.1877 0.1721 1.1189 0.2872
6 1.9988 0.1868 1.7195 0.1451
- 7 1.2257 0.0812 1.1258 0.1355
8 1.1120 . 0.2086 0.8832 0.1988 ~
9 0.6926 0.1672 0.6229 _ . 0.1922
10 2.1144 0.1623 1.8882 0.1525
11 0.9869 0.1252 0.8254 . 0.1518
12 0.7025 0.0841 _ 0.4896 0.1152-
13 0.1422 0.1029 0.0745 0.1203
14 0.4325 0.1645 0.3348 _0.1587
15 0.1945 0.3135 - 0.1305 0.1643
16 0.6322 0.0798 0.4645 0.0728 )
17 0.3766 0.0650 0.2004 0.0956 -
18 0.4205 0.1574 0.4045 0.1217
19 -0.0295 0.1069 -0.1446 0.0921 -
~ 20 -0.3869 " 0.1155 © ~0.4192 ) 0.1805 o
21 1.4365 0.1376 1.2375 0.1375 L
22 0.5235 0.1880 0.3786 0.1363 //v/
23 0.38(09 0.0596 0.3000 0.0952,//
24 0.0714 0.1706 -~0.0033 .0,1852
25 -0.1297 0.1206 -0.1958 .-0.1032
26 0.4255 0.0994 0.3533 - 0.0420
27 0.1147 0.1142 0.0660 0.0608
28 -0.2129 . 0.0902 =0.1375 0.1734
29 0.4885 0.1330 0.3836 0.1164
30 | -0.7130 _0.1724 ‘ -0.6513 0.1982
31 -J.2105 0.1148 -0.2569 0.1065
32 -0.0564 0.1236 -0.0614 0.1410
33 -1.1771 0.0998 -1.0502 0.1274
34 -0.8503 0.0988 -0.7768 0.1352
35 =1.3472 0.1552 -1.1019 0.1695
36 ~0.8431 0.0482 -0.,7933 0.0881
37 -0.5733 0.1481 -0.5079 0.1638
38 ’ -0.2295 0.2085 -0.1845 0.1761
, 39 -1.2176 0.1538 -1.0015 0.1028 |
40 -0.8815 0.1613 -0.7504 0.1322 |
41 -1.2554 0.1531 -0.9806 « 0.1212 |
42 -1.2457 0.1446 -0.9895 0.1661
43 -1.8933 0.1776 - =1.5045 0.1708
44 -1.5611 . 0.1375 -1.2322 0.1298
45 a -1.9595 0.1544 ~1.6532 0.1590
46 -2.2540 0.2364 -1.8905 0.0923
47 -2.4857 0.1540 -2.1035 0.1915
48 »=3.1814 0.4536 , -2.,7701 0.3433




TABLE 15

Stability of Parameter Estimates_ as a Function

ﬁof Occurrence in the Design <116
lests= CAT 3-A . Occurrences= 10 Parameters= ABTLITY
Fir:t Tests ¢ Second Tests ;
Item or
Score Grecup Hean Std. Dev. Mean Std. Dev.
1 -4.3301 0.0506 -4.2470 0.0390
2 -3.5717 " 0.0467 -3.4909 0.0346
3 -3.1007 0.0430 ~3.0225 0.0309 ‘
4 -2.7474 0.0395 -2,6719 0.0281
5 -2.4581 0.0360 -2.3855 0.0263
.6 -2.2093 0.0327 -2.1397 y 0.0245
7 -1.9880 0.0295 , -1.9221 0.0230
8 -1.7868 0.0264 -1.7246 0.0219
9 -1.6012 0.0236 -1.5424 0.0210
10 -1.4273 0.0211 -1.3722 0.0199
1 ° -1.2625 0.0182 -1.2114 0.0191
12 -1.1052 (.M159 -1.0586 0.0179
13 -0.9540 0. 0135 -0.9116 0.0167
14 -0.8080 0. *115 -0.7698 - 0.0156
15 -0.6659 : 0.G:98 -0.6324 0.0144
16 -0.5267 0.0083 -0.4981 0.0133
17 -0.3905 0.0074 -0.3662 0.0120
18 -0.2559 0.006Y ~ -0.2366 0.0106 .
19 20.1226 0.0071 -0.1085 0.0095
20 0.0100 0.6078 0.0188 ., 0.0083
21 0.1421 0.0088 0.1457 0.0075
22 0.2745 0.0102 0.2729 0.0068
23 0.4079 0.0116 0.4008 0.0066
2% 0.5425 0.0132 0.5298 .0,0070
25 0.679 0.0148 0.6611 0.0077
26 0.8192 0.0163 0.7948 10.0089
27 0.9624 0.0178 -, 0.9320 0.0104
238 1.1103 0.0196 1.0740 0.0122
29 1.2639 0.0211 1.2215 0.0141 ’
30 1.4251 0.0226 1.3762 0.0163
31 1.5954 0.0243 1.5404 0.0186
32 1.7778 0.0260 ©1.7158 0.Q212
33 1.9753 0.0274 1.9067 0.0236
34 2.1936 0.0290 2.1176 0.0264
35 2.4405 0.0304 2.3571% 0.0294
36 2.7289 0.0322 2.6373 - 0.0331
37 3.0833 © 0.0345 2.9830 0.0372
38 3.5571 0.0369 3.4476 0.0414
39 4.3216 0.0401 4.2016 0.0470
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TABLE 16

Staibility of Parameter Estimates as a Funciion 117

of Dccurrénce in the Design

Tests= CAT 4-A Cccurrences= 7 ‘Parameters= ABILITY
N First Tests ’ Second ?ests
Ttem oy
Score Group Mean Std. Dev. " Mean Std. Dev.
1 ~4,2784 0.0414 ~4.,1769 0.0416
2 -3,521¢ 0.0373 -3.4257 0.0354
< 3 -3.0549 0.0345 -2.9637 0.0307
4 ~2.706: ¢.0321 - -2.6203 0.0273
5 =240 0.0304 ° ~2.3417 " 0.0245
6 -2.1823 0.0291 -2.1040 0.0223
s 7 ~1.9084 0.0279 -1.8941 - ' . 0.0205 .
8 ~1.7743 6.0207 -1.7040 0.0184
3 ~1,995% 5.0253 -1.5294 0.0169
10 -1.4287 £.0243 <~1.3660 0,0156
il ~1.2691 9.0232 -1.2116 . 0.0142
12 -1.117 0.0217 -0.0646 0.0131
13 -0.9707 0.0205 ~-0.9226 0.0117
14 -n, s N.,100 -0.7854 0.0107
13 -0 1LLT6 -0.6317 - 0.0093
i -0, 0. 1A2 -0.5204 0.0083
17 e tl 0.0147 -0.3911 0.0C74
i8 =L I 00129 -0.2630 0.0060
19 0,155 0.7 14 -0.1360 0.0052
20 0, 1 0.0103 . -0.0090 0.0046
21 N1 n.eeol 0.1179 0.0042
22 GLlTy 0.0255 0.2459 0.0043
23 TR SIRLREY 3.3750 . 0.0047
24 0.H0N7 f,110607 0.5059 0.0057
7 25 0,000 h.M%3 0.639T" 0.0072 -
26 ANRUEAY 20123 0.7754 0.0090
27 0L AT PR 0.9151 10.0106
28 RETEN D.0171 1.0599 0.0124
29 Toiet L0157 1.2104 0.0143
30 Tohes? 30005 1.3679 0.0163
31 1.0 00l N00253 1.5344 0.0186
32 A 5.OnRY 1.7123 0.0211
33 1. <#7 SR 1.9051 0.0233
34 PRI RN 2.1171 0.0255
35 N BT TR 2.3567 .0280
- 36 2,740 1.0478 2.6363 0.0307
37 3.0 nLnLRs 2,9794 0,0335
38 305620 (.09 3.4393 0.0358
39 ARV bl g 4.1861 0.0388




TABLE 17

Stability of Parameter Estimates as a Function

118
of Occurrence in the Design -
» Tests= CTBS 2-Q (Cccurrences= 10 Parameters= ABILITY
item or
Score Group Mean Std. Dev. Mean . Std. Dev.

1 -4.,1904 0.0547 ~4.,1765 0.08690
2 -3.4323 0.0507 -3.4145 0.0605
3 -2.9636 40,047~ -2.,9438 0.0530
- 4 -2.6142 0.0437 -2.5934 0.0469
5 Y -2.3307 0.0402 ~2.3093 0.0419

6 -2.0887 0.0368 -2.,0674 . 0.0374 .
7 -1.8753 0.0336 -1.8549 0.0335
8 ~1.6828 0.0303 -1.6629 0.0300
9 © =1.5064 0.0277 ~-1.4874 0.0269
10 ~-1.3419 0.0248 : ~1.3241 0.0239
11 -1.1869 0.0222 " =1.1703 0.0215
12, -1.0396 0.0194 -1.0243 0.0190
v 13 -0.8984 0.0170 -0.8847 "0.0168
14 -0.7621 0.0146 -0.7498 0.0148
15 -0.6.299 0.0123 ~0.6189 0.0131
16 ~0.5004 0.0105 -0.4911 0.0113
17 -0.3734 0.00%6 - -0,3655 0.0096
1 -0.2489 g.0n72 -0.24177 0.0085
19 -0.1237 0.0087 ~-0,1189 0.0079

20 0.30602 0L, 0¢0) 0.0033 0.0080 -
21 00,1242 H,0071 0.1257 0.0086
22 « 00,2480 0.0039 0.2486 0.0092
23 0.3746 0.010%) N 0.3726 0.0105
24 0.5921 ,.7119 0.4984 0.0125
25 0.h520 7.0119 0.6265 - 0.0141
26 0.7651 0.0158 0.7580 0.0164
27 0.2017 n,0189 0.8929 0.0184
' 1.0435 N0 - 1.0330 0.0206
1.16913 n,0r 1.1789 0.0232
1.0447 $5.0249 1.3325 0.0256
1.5 B.02T74 "1,4952 0.0287
1,007 5.0207 1.6697 0,0316
1.2795 PR 1,8596 0.0351
2 (1015 G.0351 2.0698 0.0385
RS KD 0.0377 2.3080 0.0425
2on125 0.0407 2.5867 0.0469
PR foNuyy 2.9302 0.0519
b4 70 LOLT 3.3916 0.0574
L1742 1. 052 4.,1412 0.0639
ad
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TABLE 18

Stability of Parameter Estimates as a Function

119

of Occurrence in the Design

Tests= C{BS 3-Q Occurrences= 7 Parameters= ABILITY

"

, First Tests Second Tests
Item or .
Score Group Mean Std. lJev, Mean Std. Dev.
1 -4.0955 0.0284 . =4.0641 0.0540
2 -3.3487 0.0254 - -3.3190 0.0497
3 -2.8887 0.0227 -~ -2.8613 0.0456
4 -2.5465 0.0202 -2.5214 . 0.0414
5 -2.2690 0.0178 -2.2459 0.0379
, 6 -2.0320 0.0158 -2.0109 0.0344
7 -1.8228 0.0137 -1.8036 0.0307
8 -1.6338 0.0120 -1.6163 0.0278
9 -1.4602 0.0101 -1.4444 0.0245
10 -1.2982 0.0087 -1.2844 0.0217
11 -1.1455 0.0072 -1.1334 0.0189
12 -1.0005 0.0059 -0.9901 0.0162
13 -0.8618 0.0043 -0.8530 0.0139
14 -0.7278 0.0931 * -0.7206 : 0.0114
15° -0.5978 0.0022 -0.5920 0.0091
15 -0.4708 0.0014 -0.4667 0.0070
17 -0.3467 0.0014 -0.3440 0.0054
13 -0.2242 0.0022 -0.2231 0.0043
19 -0 1MR 0.0027 -0.1033 0.0044
20 0.0175 0.0037 0.0159 ~ 0.0055
21 0.1277 0.0043 0.1343 0.0070
22 0.2382 0.C052 ¢ 0.2536 0.0092
23 - 0.3793 " 0.0060 0.3736 0.0110
24 0.5020 2.0067 0.4946 0.0126
25 0.6255 0.0076 0.6179 0.0146
- 26 0.7540 0.0082 0.7439 0.0165
27 0.8347 0.0988 0.8733 0.0183
24 1.0195 0.0n95 1.0071 0.0198
29 1.150% 0.C199 1.1464 0.0221
30 1.3078 0.0107 1.2926 0.0237
31 1.4645 0.0113 1.4480 0.0254
2 1.6318 0.0120 1.6146 0.0274
33 1.3142 0.0127 1.7956 0.0289
34 2.014° n.n132 1.9964 0.0305
35 2.2550 0.0137 2.2243 0.0321
36 2.5142 , 0.0140 2.4923 0.0337
37 2.8567 0.0152 2.8239 0.0355
33 3.2953 0.01A1 3.2723 0.0372
59 4.4328 0,069 4.0077 0.0389
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o %, TABLF 19

-~ H .
Stability of Patdmeter Estimates as a Function

of Occurrence in the Design

Tests= ffSS 10-5 Occurrences= 7 Parameters= ‘ABILITY

First Tests

Item nx
Score Group Mean

1 -3.8286
2 =3.0942
3 =2.6471
4 -2.3173
5 -2.0517
6 -1.8259
7 -1.6273
8 ~1.4487
9 -1.2851
10 -1.1324
11 <=}, 9889
12 ~0.8526 o
13 -0, 7279w
14 -0.5951
15 =0,4723
16 -0.13519
17 -0,2333
18 ~N . 1141
19 0.0000
20 0.1171
21 0.2346
22 0.352y
23 0.3713
24 0.59R7
25 0.7227
26 0.8533
27 1).9896
28 1.1339) -
29 1..2033
30 154590
31 1.0273
32 1.5293
33 2,000
34 2.31R%
35 2.74L56
26 3,091
37 3.325%

Second Tests

e

Std. Dev. Meéan Std. Dev. ©
0,0329 -3.8060 0.0331
0.0304 -3.0739 0.0309
0.0285 -2.6291 0.0284
0.0262 -2.3010 0.0261
0.0242 ~2.0367 0.0239 ,
0.0224 -1.8126 ’ 0.0221
0.0205 -1.6157 0.0200
0.0186 -1.4384 0.0180
0.0172 -1.2761 = 0.0163
0.0153 -1.1251 0.0144
0.0137 -0.9829 0.0125
(.0120 ~-0.8474 0.0106
0.0104 -0.7179 0.0092

~0.0087 -0.5926 0.0075
0.0073 '~0.4703 0.0059
0.0060 -0.3511 0.0045
0.0046 -0.2334 0.0028
n,007%2 -0.1171 0.0022
0, 0024 -0.0014 0.0026
0.0025 0.1140 0.0035
0.0040 0.2307 0.0048
0.00582 - 0.3481 0.0063

TL.0N6S 0.4677 0.0074
0.3080 0.5899 0.0090
0,0n08 0.7157 0.0107
n.n0113% N RLSK 0.0121
0.0133 0.9813 0.0136
0n.0152 1.1240 . 0.0150
0.0170 1.2754 0.0167
00187 0.4386 0.0182
n,0210 1.6163 0.0197
3.0229 1.8137 0.0211
TR I 2..0%84 0.0228
n.0271 2.3034 0.0243
0.0297 . 12,6321 0.0260
$.1319 3.0781 0.0274
0,0345 3.8111 0.0289 g
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First Tests

tem or
Score Group

TABLE 20

Stability of Parameter Estimates as a Function

Tests=

Mean
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of Ocerurrence in the Design

Parameters= ABILITY

Second Tests

ITBS 11~5 Occurrences= 7

std. Dev. Mean
0.0277 « =3.9010
0.0260 -3.1760
0.0244 -2,7381
0.0227 -2.4174
0.0210 -2.1604
0.0198 -1.9441
0.0181 -1,7550
0.0167 -1.5859
0.0153 -1.,4317
0.0143 -1,2891
0.0129 -1,1557
0.0%'16 -1,0297
0.0107 -0.9094
0.0094 -0.7940
0.0084 -0.6824
£.0076 -0.5741
0.0065 -0.4684
0.0058 ~0.3644
0.00486 -0.2621
0.0041 -0.1607
0.0035 -0.0597
0.0036 0.0411
0. 0037 0.1423
). 0039 G.2443
0.0047 0.3473
0.0055 0.4517
0.0063 0.5586

+. 0.0074 0.65380

. 0.N0RS 0.7809
n.0099 0.8979
0.0109 1.0199
0.0127 1.1480
0.0138 1.2841
0.0154 1.4296
0.0169 1.5869 .
0.0184 1.7596
0.0204 1.9527
0.0225 2.1740
0.06250 2.4360
0.0275 2.7630
0.0303 3.2081
1.N336 3.9414

Std. Dev.

o
=
~
o

.

[oNeoNoNoNoNoNoNo Nl

0.0049
0.0056
0.0066
0.0074
0.0085
0.0093
0.0107
0.0120
0.0134
0.0145
0.0163
0.0181
0.0202
0.0226




° TABLE . 21

Stability of Parameter Estimates as a Function

of Occurrence in the Design 122
Tests= 1T8S 12-5 Occurrences= 7 Parameters= ABILITY
. \ ) :
First Tests - \\ - Second Tests
Item or o - :
Score Group Mean ‘Std.: Dev. Mean Std. Dev.
1 -4.1171 6\0280 -4,0844 . 0,0261
2 -3.3901 . 0.0267 =3.3591 0.0254
3 -2.9503 0.0256 -2.9204 ©0.0245
4 -2.6274 0.0240 -2.5991 0.0238
5 ~-2.3687 0.0229 _—2.3417‘ 0.0229.
6 ~-2.1497 0.0218 -2.1244 0.0222°
7 -1.9589 0.0206 ~1.9346 , 0.0212 ‘
8 -1.7873 0.0192 -1.7646 0.0207
9 . -T. 6310 0.0180 ° -1.6094 0.0195
10 -1.4860 0.0169 ~1.4660 0.0189
11 -1.3506 - 0.0159 -1,3317 0.0181 »
12 . -1,2223 0.0147 _ ~1,2047 0.0172
13 -1.1001 0.0137 -1,0834 0.0161
14 -0.9827 0.0123 -0.9677 0.0154
15 -0, 8691 0.0113 -0.8556 ) 0.0144 L
16 -0.7593 0.0103 -0.7467 0.0134
17 - -0.6517 "0.0092 ' -0.6403 0.0126
18 -0.5461 0.0083 -0.5363 0.0117
19 ~-0.4427 0,8072 , -0.4339 0.0108
20 -0.3401 0.0063 -0.3326 0.0096
22 -0.2381 0.0055 " =0.2323 0.0086
22 ~0.1371 0.0048 -0.1323 . 0.0077
23 -0.0361 0.0039 -0.0324 0.0066
24 0.0651 0.0032 0.0674 0.0059
25 0.1673 0.0030 0.1683 0.0051 .
26 0.2700 0.0032 0.2696 . 0.0046
Y .27 = 0.3747 0.0036 0.3727 0.0041
28 0.4806 0.0043 0.4771 0.0042
29 +, 0.5889 0.0050 ) 0.5837 0.0046
30 0.699% 0.0062 ~0.6931 0.0056
31 ., 0.8137 0.0068 0.8059 0.0066
32 0.9317 0.0080 0.9224 0.0079
33. 1.0547 0.0088 1.0436 0.0092
34 1.1834 0.0102 1.1703 0.0109
35 1.3190 0.0112 1.3039 i 0.0126
36 . 1.4631 0.0128 - 1.446) 0.0142
37 1.6176 0.0140 1.5989 0.0163
38 1.7857 0.0158 1.7643 0.0186
39 1.9707 0.0179 1.9467 0.0213
40 2.17836 ©0.0207 2.1514 0.0249
&1 2.4171 0.0236 2.3869 0.029)
42 2:7011 ¢.0283 2.6664 ' 0.0348
43 3.0563 0.0355 3.0164 0.0430 N
. 44 3.5396 0.0461 - 3.4919 - 0.0555
45 4.3259 0.0629 4,2673 0.0755

\
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| - TABLE 22

Stability of Parameter Estimates as a Function

T of Occurrence in the Design ' a3
Tests=  MAT E-F Occurrences= 7 Parameters= ABILITY
rirst Tests . Second Tests Q
Item or -
Score Group Mean Std. Dev. Mean Std. Dev.
1 -4.5423 0.0791 -4.4961 0.1013
2 -3,7983 0.0737 -3.7534 . 0.0954
3 -3.3420Q 0.0689 -3,2983 0.0895
4 -3.0036 0.0641 -2.9611 0.0838
5 v =2,7297 0.0599 -2,6887 0.0785
6 -2.4970 0.0557 -2.4570 0.0732
7 ~2.2920 0.0524 -2.2534 0.0683
) 8 -2,1080 -+ 0.0490 ~-2,0706 - 0.0633
9 - -1.9391 0.0460 ‘ -1,9030 0,0589 -
10 -1.7826 0.0430- . =1.7479 0.0543  ~
11 -1.6359 0.0404 -1.6026 0.0505
~12 T =1.4971. 0.0379 -1,4651 0.0466
13 . ~1.3647 0.0357 -1,3343 0.0423
14 -1.2377 0.0334 ~1.2090 ~0.0387
15 ~1.1157 0.0313 ~1.0884 " 0.0352 .
16 © -0.9973 0.0293 -0.9714 0.0320 - .
17 -0.8823 0.0275 -0.8579 0.0284
18 -0.7694 0.0258 ~0.7470 0.0253
19— -0.6590 0.0237 . *~0,6384 0.0222
20 ~0.5504 0.0223 -0.5317 . " 0.0195
21 . =0.6433 " 0.0208 ~-0.4267 0.0171
. 22 - =0.3374 0.0195 -~ -0.3223 0.0146 .
i 23 -0.2320 0.0180 -0.2191 0.0128 )
-, 24 -0.1271 0.0168 ~0.1166 . 0.0113 .
25 -0.0224 0.0161 -0.0139 0.0106
2 0.0824 0.0153 0.0886 0.0109
27 0.1877 0.0150 ©0.1914 0.0119
28 0.2937 0.0148 0.2951 0.0136
29 0.4010 0.0153 0.3999 0.0158
30 0.5094 0.0159 0.5056 0.0181 -
31 " 0.6196 0.0172 0.6131 0.0206
32 0.7321 . 0.0185 0.7229 0.0235
33 0.8467 '0.0202 0,8349 0.0263
34 - 0.9659 0.0225 0.9500 0.0294
35 1.1857 0.0248 1.0684 " 0.0327 .
36 1.2130 0.0271 1.1914 0.0362
37 1.3443 0.0304 1.3193 . 0.0398
38 1.4816 0.0335 1.4530 0.0436
39 1.4261 0.0372 1.5939 0.0477
40 1.7701 - ° 0,0409 1.7431 0.0522
41 1.9431 0.0459 1,9031 0.0568 .
42 2.1201 0.0506 2.0757 0.0619
43 2.3136 0.0560 - 2.2653 0.0674
44 2.5289 0,0623 2.4757 0.0735
45 2.2734 0.0687 2.7156 . s 0.0799
46 ' 3.0597 0.0763 2.9974 0.0874 .
47 3.4127 0.0846 3.3453 0.0955
48 .3.8834 0.0933 3.8123 0.1041
49 46437 . 0.1030 4. 5687 0.1141
o ' . o :
ERIC S
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TABLE 23

Stability of Parameter Estimates as a Function

124
of Occurrence in the Design .
Tests= MAT I-F . (ccurrences= 11 Parameters= ABILITY
First Tests ' ’ Second Tasts
Item or
Score Group Mean Std. DNev. ‘ Mean Std. Dev.
1 -4,5762 0.0677 ~4,4899 0.0534
2 -3.8226 0.0024 -3,7433 * 0.0490
3 -3,3585 0.0576 ’ -3,2855 . 0.0452 .
"4 -3.0137 0.0%36 . =2,9459 .. 0.0419
5 ~2.7345 0.0 96 -2.6717 f 0.0388
"6 -2.4971 0.0%39 -2.4386 0.0359 .
7 §2,2885 0.0427 -2.2343 0.0335 ‘
8 ~2.1008 0.02396 -2.0503 0.0311
¢ T -1.9092 0.0345 -1,8823 0.0289
10 - ~1.7:10 0.0338 -1,7266 0.0268
11 -1.6211 0.0311. ¢ -1,5811 0.0251
S -1.4805 0.0286 ~1.4435 0.0233
ere 13 ~1.3LE2 0.0261 -~1.3124 0.0218
’ 14 -1.2176 3.0219 -1,1869 0.0201
. 15 . 0 =1.0740 0.0217 -1.0660 0.0187
B A -0.9 39 D09 ~(.9493 0.0171
- -0.875 2.0L72 ~0.8353 0.0157
18 © -0.7435  0.005% ~0,7243 0.0142
19 © 20,6722 < 00033 " «0.6157 0,0130
29 =).5.24 0.01LL% -0.5088 0.0118
21 -).4143 0.0697 ~0.4033 0.0107
faa o -).3071 0.0685 -0.2993 - 0.0096
23 ~0.2611 -  0.0.7% -0.1961 0.0088 \
24 -0,035 0.0 : ~0.0932 0.0083 “
25 0.0077 0.0m ) 0.0094 0.0080.
26 0.1730 0.+ 30 0.1115 0.0078
27 9.2203 0. "4 0.2145 0.0083
28 ° 0. 3245 0. .10 *0.3176 0.0090
29 0,533 0. ' 0.4215 - 0.0098
10 300013 0, 18- 0.5264 0.0112
31 duoh D5 Q.ii g : 0.6327 0.0125 N
32 0,715 n.i v° \ _0.7409 0.0141
33 0,77 0. < "0.8511- 0.0156
34 0.40hH 0.0 .1 0.9641 0.0172
35 1.1745 0.0 ! 1.0798 0.0189
36 1.0321 oo 1.1994. 0.0209
37 1.3799 0 1) . T 71,3230 0.0225
38 1.4913 G ’ L4521 0.0245
39 1.67204 ANTRE ! 1.5875 0.0265 -
40 1 7757 AL IRE! 1.7304 ° 0.0283 :
41 1.9.10 .6.11 1.8829 0.0303
. 42 2.0091 G0 2.0470 0.0320 )
43 2.2013 (.0 2.2266 . 9,0342 : *
44 2.%,%9 (. 2.4261 0.0363 :
45 2.7156 (.« & 2.6535 0.0383 N |
4 2.7848 (.0 & 2.9212 0.0400
47 3.3720 (. « : 3.2529 0.0424
48 3.774% [GRTE 3.7021 0.0446
49 4.5149 GIL 4.4384 0.0465
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\ S . . TABLE 24

~

) / Stability of Parameter Estimates as a Furiétion

125
// ‘ of Occurrence in the Design - °
/ Testss STEP 4-A Occurrences= 14 Parameters= ABILITY
E:ﬁ.rst Tests . Second Tests
. Item or /| ' 3
Score Group  Mean Std. Dev. Mean Std. Dev.
1/ ~4.,1856 0.0651 . -4.0365 0.0555
2 -3.4041 0.0600 -3.2661 0.0513 °
3, -2.9094 0.0555 -2,7815 . 0.0474 ‘ *
4. -2.5312 0.0519 -2.4129 0.0439
5, ~2,2159 0.0481 . -2.1071 0.0402
6 -1.9393 0.0447 . =1.8400 0.0370
7 ~1.6886 0.0417 -1.5986 " 0.0334
.8 -1.4559 _  0.0384 ~1,3756 0.0299 .
;9 -1.2361 0.0352 * -1,1652 . 0.0264
10 -1.0256 0.0321 -0.9644 0.0231
5 R ~0.8218 0.0287 ~0.7702 "~ 0.0198
/12 -0.6222 0.0255 -0.5810 "0.0169
.13 -0.4252 0.0222 -0.3946 . 0.0142
14 -0,2296 0.0189 " -0,2097 0.0121 .
"o 15 T ~0.0341 0.0161 -0.0255 " 0.0112
16 0.1629 0.0140 0.1601 0.0113
17 . 0.3622 0.0138 0.3474 0.0130 ~
18~ 0.5654 0.0156 0.5381 . 0.0151
19 0.7735 0.0190 0.7336 0.0179
20 - 0.9880" 0.0238 ©0.9349 0.0212 :
21 1.2106 0.0294 1.1444 0.0248
22 1.4438 0.0355 1.3644 0.0286
23 1.6906 -0.0418 1.5982 0.0327 .
24 1.9557 0.0485 1.8504 0.0371
25 2.2466 0.0552 .2,1289 0.0417
26, 2.5759 0.0618 2.4460 0.0467
27 2.9673 0.0686 2,8255 0.0518
28 3.4736 ~0.0753 3.3206 »0.0571
29 4.2649 0.0822 4,1008 0.0625

LD
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TABLE 25 : e

Stability of Parameter . Estimates as a Function
* b 126

of Occurrence in the Désign

v ' Tests= -SRA ﬁlrE Occurrences= 10  Parameters= ABILITY

H

\ First Tests , Second Tests
Itéc o, - . R
A Score Group  Mean Std. Dev. Mean Std. Dev. )
/ \ , | i
1 -4.0713 0.0428 . *’ -4.0295 0.0443 ’
2, -3.3313 0.0397 -3.2914 0.0%09 ,
3 -2,8792 0.0369 -2.8417 0.0378
4 ~2.5447 0.0344 -2.5094 0.0350
5 -2.2750 0.0318 -2.2416 0.0322
6 -2.0459 0.0295 -2.0144 - 0.0301
‘ 7 ~1.8446 -0.0271* -1.8151  0.0276
8 ~1.6632 . 0.0250 . -1.6361 0.0257
9 -1.4976 0.0228 -1.4724 0.0235
10 -1.3437 0.0208 -1.3205 0.0216
11 +=1,1990 . 0.0186 -1.1779 0.0198
12 -1.0620" '0.0166 ~1.0429 0.0177
13 - -0.9311 0.0149 -0.9140 0.0160
14 -0.8051 ° 0.0129 . =0.7900 0.0143
15 -0.6832 0.0110 -0.6700 T 0.0127 i
16 -0.5643 . ' 0.0093 -0.5533 0.0109
17 ~0.4480 0.0075 -0.4390 0.0094
T8 -0.3338 0.0059 _ -0.3268 0.0078
19 -0.2210 0.0040"% i -0.2159 0.0064
20 -9.1090 0.0027 -0.1060 0.0053 )
21 0.0024 0.0021 0.0034 ; 0.0043
22 0.1141 0.0031 0.1127 0.0044
-23 0.2261 0.0045, 0.2227 0.0050
24 0.3389 -  0.0063 . 0.3332 0.0061 .
25 0.4531 0.0082 0.4453 .0.0077
26 0.5692 0.0100 0.5594 0.0092
27 0.6880 0.0116 0.6759 0.0110
28~ 0.8097 0.0134 . 0.7956 0.0130
29 . 0.9353 0.0155,.- 0.9190 0.0151
30 1.0660 .  0.0174 " 1.0473 0.0170
31 1.2026 0.0193 ‘ 11816 0.0192
32 1.3466 0.0211 1.3234 0.0214
33 1.4996 0.0231 1.4748 0.0227
34 1.6644 0.0251 1.6370 0.0249
* 35 1.8443 0.0272 1.8143 0.0285
36 2.0439 0.0291 ' 20118 © 0.0311
. 37 2.2714 0.0312 2.2369 0.0336
T 38 2.5390 0.0335 2.5022 0.0367
’ 39 2,8709 ~  0.0358 2.8317 0.0397
40 3.3199 0.0378 3.2779 0.0448

. 41 4,0561 * 0.0404 4.0119 0.0483
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Tests=

TABLE 26

»

Stability of Parametet Estimates as a Function

[ Y

SRA CR-E

3

First Tests

Item or
ScoreGroup Mean
~ 1 -4,1061
2 -3.3637
3 -2.9087
4 -2.5713
5 -2.2984
-~ e f -2:0663
7 -1.8619
8 -1.6780
9 -1.5091
10 -1.3526
l 11 -1.2053
‘ 12 -1.0661
13 ~0.9324
14 -0.8046
15 -0.6801
16 -0.5596
‘ 17 ~0.4414
18 -0.3259
19 -0.2114
20 -0.0983
21 0.0141
22 0.1266
23 0.2391
! 24 0.3526
25 0.4673
26 0:5834
27 0.7020
28 0.8239
29 0.9491
30 1.0793
31 1.2153
32 1.3584
33 1.5107
34 1.6741
35 1.8530
36 2.0513
37 2.2771
38 2.5431 .
39 2.8733
40 3.3204
41 4

.0551

o
[eNeNeoNoNeNoNoNo o NoNeoloNoNeNoNoNoNoNoNoNoNoNoNoRaololoNoNvio e NolecleReReRe e R Re N e)

of Czcurrence in the Design

Occurrences= 7

Std. Dev.

.0382
.0362
.0343
.0323
.0300
.0284
.0261
.0242
.0218
,0198
.0178
.0157
. 0134
.0115
.0096
.0077
.0058
.0043
.0028
.0024
.0033
.0051
.0062
.0081
.0096
.0115
.0129
. 0144
.0160
.0175
.0190
.0206
.0215
.0233
.0245
.0257
.0269
.0283
,0293
.0307
.0317

Parameters=

Second Tests

Mean”

.0857
.3436
.8896
.5530
.2913
.0503
.8471
.6643
4971
L3414
.1956,
.0574
.9254
.7986
.6757
.5563
.4393
.3247
.2113

-0.0990

i

EWNNNNHEHRHRHREREHFEFOODOOOOODO

.0123
.1237
.2356
.3479 .
.4619
.5774
.6851
.8159
L9407
.0701
.2053
L3476
<4991
.6620
.8401
.0377
.2629
.5280
.8574
. 3040
.0376

-~

0.0566
0.0524
0.0486
0.0449
0.0411
0.0376
0.0345
0.0314

<0.0284

0.0256
0.0225
0.0202
0.0172
0.0149
0.0123
0.0098

ABILITY

Std. Dev.

0.0079 .

0.0058
0.0045
0.0037
0.0045
0.0062
0.0078
0.0100°
0.0120
0.0139
0.0161
0.0180
0.0201

0.0223

0.0244.
0.0264
0.0285
0.0306
0.0329
0.0354
0.0377
0.0401
0.0426

t 0.0457

0.0489

Nt




TABLE 27

Stability of Parameter Estimates as a Function
of Occurrence in the Design ° 128
Tests= SAT I-W Occurrences= 7 Parameters= ABILITY
~ First Tests ' A Second Tests
Item or ’ .
' Score Group '-Mean - 5td. Dev. / Mean std. Dev.
1 ~4,2636 0.0412 ¢ =4.1257 © 0.0552 g
! 2 -3.5084 0.0379 ' -3.3761 0.0499 !
3 - =3.0407 0.0352 -2.9134 0.0456 '
4 ~-2.6900 0.0327 -2.5681 0.0415
5 ~2.4030 0.0309 -2.2869 ) 0.0377 .. 5
R 6 - =2.1557 0.0288 -2.0453 . 0.0344
7 ~1.9357 0.0266 * -1.8314 0.0314
8 -1.7354 0.0247 .+ =1.6374 0.0283
9 ~1.5499 0.0230 . =1.4579 - 0.0256
-1.3753" 0.0209 - »-1.2900 0.0232 .
~1.2094 0.0193 -1.1306 0.0205
-~1.0500 0.0176 -0.9781 -° 0.0178
-0.8960 0.0156 | -~ -0.8311 0.0156
-0.7463 . 0.0137 -0.6887 0.0134
-0.5993. 0.0116 -0.5494 .0.0110 -
-0.4547 0.0099 -0.4126 0.0088 .
-0.3114 0.0082 -0.2776 0.0067 '
-0.1690 0.0066 -0.1433 0.0051
-0.0266 0.4057 -0.0097 - 0.0047
0.1161 0.0055 0.1240 0.0050
0.2601 - 0.0066 0.2589 0.0067
0.4060 0.0079 - | 0.3947 0.0089 .
0.5543 0.0099 o 0.5329 0.0111
0.7060 -0.0117 0.6741 0.0136
© 0.8614 0.0137 ’ ‘0.8189 : 0.0159
1.0219 0.0161 0.9680 (.0187
1.1884 0.0185 - 1.1230 0.0214
13626 0.0205 1.2856 0.0239
1. 5460 0.0229 1.4567 . 0.0267
1.7410 v+ 0.0253 1.6393 0.0294
1.9511 0.0276 - 1.8374 0.0322
2.1811 0.0301 2.0550 0.0352
2.4384 0.0324 /( 2.2997 0.0380
2.7357 0.0350 2.5849 0.0413
3.0964 0.0373 2.9337 0.0445
3.5740 0.0395 3.3997 0.0476
4.3380 . 0.0420 4.1526 0.0509
138 -
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: TABLE 28 :
Stability of Parameter Estimates as a Function , 129
of Occurrence in the Design
Tests= SAT II-W  Occurrences= 11 Parameters= ABILITY
First Tests - Second Tests
" Item o1
' Score Group Mean . Std. Dev. Mean Std. Dev. o
1 ~4.5909 0.0757 5 -4.,4430 0.0689
? 2 -3.8367 0.0712 -3.6946 0.0633
3 -3.3709 1.0667- ~3.2347 0.0581
4 -3.0232- 1.0624 -2.8929 0.0534
5 -2.7406 1.0583 - =2.6160 . 0.0489 -
6 -2.4989 0.0547 -2.3803 0-0451
’ 7" - -2.2857 0.0513 -2.1729 0-0413
8 -2.0937 0.0478 , '=1.9865 "% +0.0377
9 -1.5174 0.0448 -1.8161 -0.0345
10 ~1.7535 0.0416 -1.6582 0.0314 .
11 ~1.5998 0.0385 -1.5101" 0.0287 .
12 -1.4543 0.0359 -1.3703 0.0261
13 ~1.3157 0.0332 -1.2369 0.0239
14 -1.1825 0.0307 -1.1095 0.0217
15 -1.0541 0.028% -0.9867 0.0196
16 -0.9299 0.0256 -0.8680 0.0178
17 -0.8086 0.0234 -0.7525 '0.0158"
18 -0.6903 0.0211 -0.6399 0.0143
19 -0.5741 0.0187 -0.5293 0.0128
20 ~0.4597 0.0167 -0.4205 0.0116
21 ~0.3468 0.0146 -G.3135 0.0104
22 -0.2347 0.0126 -0.2073 0.0095
23 -0.1235 0.0107 -0.1018 0.0089
24 -0.0123 0.0091 . 0.0031 0.0086
25 0.0991 C.0079 . 0.1082 0.0085
26 0.,2108 0.0076 0.2132 0.0089
27 ¢.3234 0.0083 0.3193 0.0097
28 0.4373 0.0096 - 0.4261 - 0.0106
29 0.5521 0.0116 0.5342 0.0119
30 0.6692 0.0138 0.6441 0.0133
31 0.7886 0.0165 0.7561 0.0148
’ 32 0.9110 0.0194 0.8706 ’ 0.0166
33 1.0369 0.0225 0.9887 0.0183
34 “1.1670 0.0258 . 1.1103 0.0203
35\ 1:3021 0.0291 1.2365 10.0224
36 \ 1.4428 0.0328 1.3686 0.0246
37 * 1.5906 0.0368 1.5074 0.0z70
3 ‘ 1.7474 0.0410 1.6541 0.0298
39 ) 1.9144 0.0455 1.8110 0.0328
40 2.0945 0.0504 - 1.9805 0.0360
41 2.2914 0.0557 2.1660 0.0400
42 2.5098 0.0613 2.3726 0.0442
43 2.7584 0.0675 2}6085 0.0491
44 3.0495 0.0744 ©2.8861 0.0552
45 3.4.82 0.0828 3.2296 0.0622
46 3.8876 0.0924 3.6931 0.0707
47 4,6598 0.1042 éuT466 0.0814
Q ;
B
4 ' \ ! { P! )




F I3 had
Appendix B
Stability of Ability Estimates as a )
Function of Sample Composition
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Figure 3.4.2

STEP ]I LEVEL 4 FORM R SAMPLE COMPOSITION - RACE

/

X+
X+

GX+
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t

LEGEND:

8LACK-~ +
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¢ . Figure 3.4.3

STEP 11 LEVEL 4 FORIN B SAMPLE COMPOSITION - 10
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Figure 3.4.4
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STEP 11 LEVEL 4‘FO&Q"R SAMPLE COMPOSITION - GRADE

e
o

LEGEND:

GRAOE 4 +
GRADE 5 X
GRACGE € ¢

5525,

.GC
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RAW SCORE
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Figure 3.4.5
STEP 11 LEVEL 4 FGRM A SRMPLE COMPOSITION - SCHOOL SIZE
n ) '
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Figure 3.4.6 - 136
STEP 1] LEVEL 4 FORM A SAMPLE COMPOSITION
7% OF PUBLIC WELFARE
w
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Appendix G

°

FORTRAN Program for Producing NRS Scores
for any Collecticn of Items
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OO
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FORTRAN PROGRAM FOR ESTIMATING
NATIONAL REFERENCE SCALE SCORES

FROM ANY SET OF ITEMS FROM VOL. II
ADAPTED FROM WRIGHT AND FANCHAPAKASAN..

‘DIMENSION D(80),SI(80),B(fOO),SA(]OO),Y(]OO)

INPUT K=NUMBER OF ITEMS
INPUT D=AQJUSTED ITEM EASINESS AND

- €~ --SI=STANDARD-ERROR OF_ESTIMATE OF

-

C
C
C
C
C
C

ITEM EASINESS
SC=.00001 |
NGK=K-1
DO 5 J=1,NGK i
B(J)=0.0
00.7 IT=1,50
-3 == ) ;'s_\
6P=0.0 i
D0 6 I=1,K A
P=EXP(D(1)+B(J))
PP=1.0+P
G=G+P/PP
GP=GP+P/PP**2
G=G/GP
B(J)=B(J)+G
SD=G/B(J)+G
ANS={SD**2)-SC
IF(ANS.LE.0.0) GO TO 8
CONTINUE
CONTINUE
DO 11 J-1,NGK
V=0.0

(& |

<

o0~

K
D

10 Y(I)=S{I)*SI(I)
11 SA T
» NGK
» B(I)*l 0.+200.5}
ECS= SA( *10).
13 WRITE(6,14) I ,B(I),SA(1),ICS,ECS

UTPUT INCLUDtS
1=SCORE GROUPS NUMBER
B(I)=ABILITY ESTIMATE

ICS=NATIONAL REFERENCE SCALE STORE

(1.0/{C*EXP(B(J))+V/C**2))

.(1969)

(1))/(1.0+4EXP(D(1)+B(J}) ) **2™

0
1.
2.
3. SA(1)=STANDARD ERROR OF ABILITY FSTIMATE
4,
5.

ECS=STANDARD ERROR OF MEASUREMENT (NRS SCORE)

R4




