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CHAPTER |
STATEMENT OF THE PROBLEM
INTRODUCT | ON

The Michigan Educational Assessment Program (MEAP) has been in
operation since 1969 when the state legislature enacted enabling
legislation. Under the program, students at the fourth and seventh grade
levels have been tested for mastery of basic skills in mathematics and
reading every year since 1970. The first three years tests were of the
norm-referenced type. That is, individual achievement was determined by
referencing a score on the test to the scores previously earned on the
test by some '"standard" group which is intended to be representative of
the type of persons expected to take the test. However since 1973,
criterion-referenced tests have been employed in the MEAP
program. Unfortunately, many of the classical evaluation methods applied
to norm-referenced tests of long standing do not work in cornection with
criterion-referenced tests.

THE PROBLEM

MEAP Tests and remedial education in Michigan have been tied
together by the decision of the State Board of Education in 1974 to use
MEAP scores to identify those students who need remedial
instruction. The Board adopted the criterion that students passing fewer
than 40% of the MEAP Test objectives will qualify for participation in
programs eligible for federal funding.

The decision to provide remedial education is determined by whether
or not a student passes 4LOX of the MEAP Test objectives. How accurate is
the determination that a student has passed that proportion of

objectives, while another has not? This question focuses on the



measurement problem that constitutes the basis of this study. Rasch
measurement seems to offer improved evaluation methods. Should this new
technique be used to supplement, or perhaps even replace, those
techniques which are presently used in connection with the Michigan
Educational Assessment Program? A better concept of measurement theory
would be extremely useful in developing these tests and in evaluating
the scores that result from their use. |If the application of Rasch
measurement theory to MEAP tests should result in better measurement
tools, this result would certainly improve the level of confidence in
the judgements made on the basis of MEAP test results.

RESEARCH QUESTIONS

Five research questions are dealt with in this investigation with
seven sampies drawn from MEAP tests given from 1973 through 1979:

Question 1: How many items in the MEAP Reading Test for the
years 1973 through 1979 fit the Rasch model?

Question 2: |s there a statistically significant increase in
the measurement efficiency of MEAP reading tests after items
which do not fit the Rasch model, because they are too
difficult, have been credited to students who get those items
wrong?

Question 3: |Is there any change in pattern respecting item fit
to the Rasch model which would suggest either an increase or
decrease in difficulty as items are used over time?

Question b: Can a negative effect of items identified as being
too difficult to fit the Rasch model be demonstrated on the
probability that a student will pass the MEAP Reading Test
learning objectives by re-scoring these items in favor of the
student and treating the items as if they had been originally
calibrated tc fit the Rasch model?

Question 5: Do changes occur in the proportion of students who
are “qualified" for remedial instruction between scores
reported on MEAP Reading Test objectives compared to the
proportion of students who would be qualified if scores were
based solely on items which have been re-scored to compensate
for the adverse effect perceived in this study by the method
described? That is, does a change in proportion of qualified



students occur when students are credited for too-difficult
items they have missed?

DISCUSSION

It is unfortunate that so much of the statistical literature that
is available appears to have so little application to criterion-
referenced tests like those used in the Michigan Educational Assessment
Program. The situation exists where the statistical tools that are
available may not be up to the demands being placed on them in practice
today. Facts in any area of human endeavor are extremely hard teo
discover. In this case an accepted and relatively reliabie measure for
human achievement is needed which may be used in connection with
objective tests, but one is not available now.

Better measures of analysis are needed to use with MEAP Test data
than are presently available for making educational decisions which are
intended to help low achievers. The problem is a serious one. The
comments of Wright and Stone (1979) pointedly put the basic measurement
problem into perspective this way:

It is an old problem in educational testing. Alfred Binet worried

about it 60 years ago. Louis Thurstone worried about it k0 years

ago. The problem is still unsolved. To some it may seem a small
point. But when you consider it carefully, | think you will find
that this small point is a matter of life and death to the science
of mental measurement. The truth is that so~called measurements we

now make in educational testing are no damn good! . . . .

The scales on which ability is measured are uncomfortably

slippery. They have no regular unit. Their meaning and estimated

guality depend upon the specific set of items actually standardized
and the particular ability distribution of the children wheo happen

to appear in the standardized sample. . . .

Change the children and you have a new yardstick. Change the items

and you have a new yardstick again. Each collection of items

measures an ability of its own. Each measure depends for its
meaning on its own family of test takers. How can we make objective

mental measurements and buiid a science of mental development when
we work with rubber yardsticks? {(p. xi)



SIGNIFICANCE

The Rasch mode! appears to offer a better standard of measurement
than is available now. Rasch measurement theory appears to offer escape
from the limitations of nominal and ordinal measures in testing. Sample
dependence is foremost among these limitations. The Rasch model offers
psychometricians a vastly improved standard of measurement. ([t offers a
way to apply an interval measurement scale in testing that is
independent of both the sample of persons tested or the sample of test
items used. An improved standard of measurement, needless to say,
affords the opportunity to improve the decisions based upon that
measurement. This research is designed to add to knowledge of that
standard. Perhaps enough may be learned in this investigation to
demonstrate the value of the Rasch model in connection with MEAP tests.
If Rasch theory can be employed to improve criterion-referenced
measurement, every objective of this program will be easier to
accomplish, including the difficult task of determining which student
should receive remedial education. Rasch measurement concepts are
generally developed in the testing literature in discussions revoiving
around norm referenced testing. There does not appear to be much
discussion about applicability to criterion referenced tests, the type
of test which is considered in this study. The literature suggests that
Rasch measurement can be applied to all forms of mental measurement, but
criterion referenced examples were not found. This investigation
explores whether is is appropriate for use in the context of criterion
referenced testing, and, if so, how? While the results of this
investigation may add something to the general understanding of Rasch

analysis, the primary intent is to explore its use with criterion



referenced tests. The tests used in connection with the Michigan
Educational Testing Program provide an exceptional opportunity. This is
a major program affecting tens of thousands of young students each year.
The program is, therefore, large and expensive, and it directly affects
the quality of education offered to great numbers of children in the
State of Michigan. This program was chosen as the research object of
this study in the belief that it effectively illustrates the importance
of finding the best standard in test measurement possible.

Creation and impiementation of a program like the Michigan
Educational Assessment Program is difficult and expensive. There is
always hope that enough resources in personnel and financing will be
available to do the important jobs in education that need to be
done. Few are more important than the MEAP objectives geared to
improving the quality of education offered in Michigan. But experience
often shows that competing demands exceed scarce resources in the best
of times, and these are not the best of times. Eroding tax bases,
inflation, and unemployment have created a stressful political and
economic climate in Michigan which threatens to diminish already
severely limited educational resources in this state. The citizens of
Michigan, ever concerned that taxes are well spent, can be expected to
be increasingly watchful that programs as visible and costly as MEAP
tests give a good accounting of themselves. Unfortunately, at a time
when they are likely to be most needed, adequate means for assessing the
program may not be available.

The creation and implementation of remedial education programs, and

2 host of other educational efforts related to the MEAP program may cost



far more than the benefits warrant. It is not easy to determine whether
a program is cost effective.

Efficiency will become an increasingly important component in
decisions to plan and fund new programs. Need it be said that educators
should be equally concerned for the guality of educational
programs? Probably not, but there is greater urgency now to find new
means to satisfy the profession that existing educational progr;ms are
quatity programs.

Most of the funding for remedial education in Michigan is derived
from the federal Elementary and Secondary Education Act of 1965;: Public
Law 95-561. Specifically:

1. Title |, Financial Assistance to Meet Special Educational

Needs of Children, and
2. Titte |1}, Supplementary Educational! Centers and
Services;Guidance, Counseling, and Testing.

The Act emphasizes the needs of '"educationally deprived" children
from families whose income is below the "current poverty level." The
criterion for participation is set at a maximum of 40% of the total
number of students in a district between the ages of five and seventeen
years. Determination of the students who will participate is to be made
by "an assessment of educational needs each vear'" (Public Law 95-561,

1978), provided that said assessment identifies:

1. those children in greatest need,
2. the instructional areas concerned with that need, and
3. the extent of need for remedial education across the

district.



The Michigan Educational Assessment Program attempts to identify
all three. This investigation explores the Rasch model within the
context of the Michigan Educational Assessment Program. Rasch
measurement is an approach to test item analysis. The latent trait
model Rasch devised makes it possible to analyze the performance of test
takers without any need to consider the items which make up the test.
Conversely, analysis of item—difficulty and fit to the model are
concurrently possible without need to consider the persons who have
taken the test or any other group which may have done so.

Traditional methods for evaluating test results must relate to some
group to give these results meaning. This is the method used to give
norm referenced test scores, for example, meaning. Scores by themselves
have no meaning in traditional psychometric theory. One can not know if
a score is good or bad without some standard of acceptable performance
having been first established by a representative individual or, more
often, group of test takers. All subsequent scores are related to the
performance of this criterion group. Norm referencing procedures,
however, measure performance in terms of variance from the expected
score rather than by reference to the performance of a representative
individual or group. In any case, traditional methods of test analysis
must relate in some way to group performance to have meaning.

In Rasch measurement, test scores have meaning in themselves. They
do not take on varying shades of meaning, depending on the group taking
the test or by comparison to the performance of some other group. Nor
is it necessary to evaluate test items in terms of different groups. In
Rasch analysis, test items measure the underlying variable to a known

degree of difficulty. Therefore it is unnecessary to know the ability



level of the group taking a test to evaluate the appropriateness of an
item in that test. Rasch developed a mathematical model which makes it
possible to evaluate person-ability independently of test item
difficulty, and, conversely, to evaluate item-difficulty independently
of person-ability. The model has only two parameters: person-ability
and item-difficulty. Scores from tests based upon this model contain
all the information necessary to determine performance for either
persons or items.
DEFINITIONS OF TERMS
Certain terms should be defined at this point to provide the

meanings intended in the subsequent discussion:

Between fit mean square: that measure of variance based upon the sum
of the squared differences between actual and expected
performance on an item by every person in a score subgroup
defined by the BICAL program, divided by the standard
deviation of that subgroup performance.

BICAL: the version of a computer program developed at the
University of Chicago School of Education used in this study
to perform Rasch analysis.

BICAL.3: a more recent version of a computer program developed at
the University of Chicago School of Education to perform Rasch
analysis.

Calibration process: the procedure for determining item difficulty,
within prescribed limits, to determine test item "fit" to the
Rasch model and the probability that it will be answered

correctly at each score level,



CALFIT: a computer program developed at the University of Chicago
School of Education, which precédes BICAL and BICAL.3, feor
estimating the item-difficulty parameter employed in Rasch
analysis.

Column marginal: the sum of the entries in one of the columns of a
double-entry table; column marginal totals are customarily at
the foot of the respective c¢olumn.

Criterion-referenced test: a test comprised of items designed to

elicit specific behaviers which correspond directly to
intended learning outcomes; behaviors which are the conscious
result of the instruction process. The criterion referenced
tests employed in the Michigan Educational Assessment Program,
based on minimal performance objectives, are an example,
Efficient statistic: a statistic that, as the size of the sample is
increased, approaches the true population value as a limit and
has a normal gistribution of error and a smaller standard
error than any cther measure that could be used to estimate

the true value of a particular statistical constant (Good,

1973) .

Independence of items: lack of correlation between test items.

|ndependence of subjects: lack of influence of individual ability
between test takers.

Latent trait: the component of a variable that is inherent in, and
therefore measured by, a test item.

LOG: a section of a computer program (i.e., BICAL, BICAL.3, or
CALFIT) used to estimate the item~difficulty parameter in

Rasch analysis. LOG determines the initial estimate of i|tem-
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difficulty which is used as input to an iterative process in a
section of the program, called MAX, which computes the final
estimate.

Log-odds: a mathematical unit which is based upon the natural
logarithm of a ratio of the number of times an event happens
to the number of times it does not happen. It is used to
measure, or calibrate, both item-difficulty and person-
ability. For item=-difficulty, the log value constitutes the
log odds for succeeding on the type of items used to measure
the latent trait. For person-ability, the log value
constitutes the log odds for failing persons which have an
abitity level at the midpoint of the ability scale.

Logit: a synonym for log-odds.

MAX: a section of a computer program (i.e.,BICAL, BICAL.3, and
CALFIT) used to compute the final estimate for the item-
difficulty parameter in Rasch analysis.

Non-parallel jtems: the test items which measure different

underlying test variables.

Parallel items: test items which measure the same underlying test
variables.

Sample-of-5,000: annual sample of fourth grade and seventh grade
Michigan students; each grade totaling 5,000 students.

Score level: the total score attained on a test by one or more
students taking the test.

Statistical equivalence: a characteristic of test item subsets
which means that observed ability differences between subset

scores differ only to the extent that measurement error is
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present; thus there shouid be no statistically significant
difference between any subset statistic and the comparabie
statistic for the complete item pool.

Sufficient statistic: a statistic, derived from a set of
observations, which contains all the information in that set
of observations relevant to the estimate being made. The
arithmetic mean is an example of a sufficient statistic of
observations from a population with a normal distribution
(James, 1968).

Test characteristic curve: a probability curve which plots the
level of expectancy that students at a specific score level
are likely to possess a corresponding level of ability.

Total fit mean square: that measure of variance based upon the sum
of the squared differences between actual and e*pected
performance on a test item by every person in the sample,

divided by the standard deviation of that total! performance.



CHAPTER 11
BACKGROUND AND REVIEW OF RELATED LITERATURE
INTRODUCT | ON

Test item analysis based upon the Rasch model is a technique which
employs computer processing capabilities to excellent advantage. Though
somewhat less precise manual methods are available which work well in
pilot tests, or with relatively small data sets, it would be difficult
to conceive of an extensive application outside a computer
environment. The model has been criticized for being computer dependent
by Whitely and Dawis (1974) . However Wright (1977), who is probably the
foremost advocate of the Rasch model in American education, sharply
disagrees with Whitely-Dawis on this and a number of other points.

While the manual procedures may be employed extensively in
practice, there are few examples in the literature. It is difficult to
know how extensively the Rasch model is used. The literature is not
particularly extensive. Fewer than 100 articles have appeared in the
professional journais since Georg Rasch introduced the model
(1960) . Fully a third of these have been written by researchers in
Europe. Fewer than two dozen doctoral dissertations dealing with various
aspects of the Rasch model have been completed by graduates of American
universities. Obviously, in terms of historical development, the model
itself and the very useful (if not absolutely essential) computer
sof tware supporting it, are relatively new when compared to the more
traditional approaches to the analysis of paper and pencil tests used in
mental measurement.

Researchers who have investigated the Rasch model and written about

their conclusions predominantly favor its application. There appear to

12
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be distinct advantages in objectivity and evaluation not found in
classical techniques. There are a few detractors, but for the most part
they confine their criticism to specific applications of the model while
supporting its overall usefulness as a measurement tool. With the
possible exception of Whitely and Dawis {(1974) article, the lijterature
does not clearly advocate classical methods as being superior to the
Rasch model. For the most part peer evaluation has shown the Rasch model
to be mathematically sound, statistically robust, an efficient toel of
measurement, and useful in very practical terms. it appears, therefore,
to be technically sound and, especially to those statistically oriented
educators who are comfortable in a computer environment, relatively easy
to use. The incentive to use Rasch analysis lies in the fact that the
Rasch model fills a definite void in test-theory: ocbjective

measurement. The reasons that it has not been used more extensively are
obscure. 0f course there are a number of major applications including
"The National Reference Scale for Reading" (Rentz, 1974), “Equating
Reading Tests with the Rasch model" (Rentz & Bashaw, 1976), and "The
Validation and Refinement of Measures of Literal Comprehension in
Reading for use in Policy Research and Classroom Management' {(0'Reilly,
Schuder, Kidder, Salter, and Hayford, 1976). In light of its great
promise, interest in the Rasch model appears to be growing.

As might be expected of any major contribution tc basic knowledge
in any discipline, the Rasch mode! has drawn the attention of leading
scholars in psychology and education. Each year since 1966, when
Rasch's definitive articles on the model were first published, a
significant number of mathematicians, statisticians, and

psychometricians in Europe and the United States have contributed to the
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literature relating to the Rasch model. As noted previously, all of the
writers have not compietely supported Rasch's theories, but detractors
are few and, for the most part, unsupported in the literature. The
underlying theory has so far withstood very able criticism. The model
has been applied in a number of practical situations and with apparently
satisfactory results. And the great appeal of this model is in the
seemingly endless variety of circumstances where it may be used when
traditional approaches to evaluation can not be considered. Lack of
familiarity with the Rasch model seems to be the greatest hindrance to
its future application.

It is a probability model intended for use in test item
analysis. Sophisticated mathematical and statistical considerations are
involved which warrant appropriate attention from mathematicians and
statisticians to be sure. Once past these technical considerations, the
mode] seems to have its greatest appeal to psychometricians because it
is so easy to use. It appears that the technical issues have_been
resolved. The point seems to have been reached where emphasis could be
directed toward building confidence in the use of Rasch measurement in
connection with increasingly varied and challenging attempts to evaluate
human behavior and achievement. Psychometricians have been so long
preoccupied with traditional measurement theory that it may be some time
yet before the Rasch model may, in practice, live up to the potential
its theory would suggest.

Depending on the frame of reference, several individuals should be
mentioned in connection with the development of the Rasch model. in
terms of the objectives of this research, the most notable contributor

to the development of means to apply the model in practical testing



situations is the American professor of education, Benjamin Wright of
the Department of Education, the University of Chicago. Wright has done
more in this regard, both in the United States and world~wide, than any
other person. Wright and his associates have interpreted the Rasch
model and provided a computer program to use it. The value of those
contributions can be measured by the extensive participation Wright has
had in the application of the model in major test evaluation programs in
the United States, England, and on the continent. The research in this
investigation pertains to the application of basic Rasch theory to a
practical test situation. This has, therefore, been the orientation of
the literature review to follow. Material has been selected for
inclusion on the basis of its contribution toward understanding the
major tenets of the mode! as they apply to objective achievement
testing. Elaboration of mathematical and statistical theory has been
confined to the essentials necessary to understanding use of the model
in practice,
BACKGROUND LITéRATURE

At this writing, only twenty years have passed since the Danish
mathematician Georg Rasch (1960) first expliored the basic concepts of
the latent trait model. The concept, that has since come to be known as
the Rasch model, has evolved as part of a more generalized discussion of
various types of psychological tests and alternative item analysis
models which might be applied to them. The next year, in 1961, Rasch
developed some of the addftibnal theoretical framework for his ideas,
but it was not until 1966 that he focused his attention, in two separate
articles, on the theoretical composite attributed to Rasch ("An

individualistic Approach to item Analysis," "An Item Analysis Which
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Takes Individual Differences intoc Account'). The subject matter of these
articles is virtually identical, the second being a somewhat abbreviated
version of the first. In these articles, Rasch describes an approach to
test item analysis that is genuinely innovative. For a number of years
he had been concerned with the question of whether or not an approach to
the analysis of psychological tests could be devised which would be
independent of the tests themselves or the subjects taking them.

Traditionally the properties of a psychologicail test are defined in

terms of variations within some specified population. In practice

such populations may be selected in various reasonable ways, and
accordingly the properties referred to--for example, the
reliability coefficient--are nct specific to the test itself but
may vary according to how the population is defined. Similarly, the

evaluation of a subject is usually linked up with a population by a

standardization of some kind and is therefore not specific to the

subject per se, Qur aim is to develop probabilistic models in the

appliication of which the population can be ignored. It was a

discovery of some mathematical significance that such models could

be constructed, and it seemed remarkable that data coliected in
routine psychological testing could be fairly well represented by
such models. (Rasch, 1966a, p.B9)

By 1966 Rasch had come to believe that one simple model, having
only two parameters, would serve this purpose well. He left no doubt
that this was his position: "But only recently it has become quite clear
that this model is in fact the complete answer to the requirements about
the parameters and the adequacy of a discrete probabilistic model be
objective in a sense to be fully specified" (p. 89). Rasch introduces
his model in terms of three assumptions:

1. every encounter of a given subject with a specific test item

has a corresponding probability of a correct answer;

2. the description of this person/item encounter is the product

of two factors (i.e., variables): the subject parameter

(i.e., ability) and the item parameter (i.e., difficulty);
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3. the probability of a correct answer to an item is independent
of the probability of a correct answer to any other item. {(p.
90)

Rasch demonstrates that all of the information necessary to
determine either of the two factors pertinent to a test situation (i.e.,
person-ability or item-difficulty) is inherent in the marginal total of
a matrix of 1's and 0's that shows whether each person tested answered
every item correctly (1) or incorrectiy (0)., and that these factors may
be determined from ocbservable data (i.e., scores), independently of each
other (pp. 96-10L).

The unknown person-ability in these expressions has been replaced

with observable quantities, the individual totals of persons who

get each correct, and . . . with item totals for each person, in
consequence of which we can estimate the person-ability factors
without knowing or simultaneously estimating the individual item-

difficulty factors. (p. 103)

Rasch pointed ocut that this "independence'" carried out to any
subgroup of persons or items within the tests.

In fact, the comparison of any two subjects can be carried out in

such a way that no other parameters are involved than those of the

two subjects . . . Similarly, any two stimuli (items) can be
compared independently of ail other parameters than those of the
two stimuli, the parameters of all other stimu!i as well as the
parameters of the subjects having been replaced by observable
numbers. (pp. 104-105} :

The numbers referred to are the marginal totals of the scoring
matrix. Thus, the mathematician Rasch advanced the basic tenets of his
model. While he was primarily concerned with psychological testing, he
was quick to point out that it need not be restricted to psychology;
indeed~=-that it should not be.

Wright saw the application of the Rasch model to mental measurement

done in education through achievement testing. Wright and his

associates have written one book four monographs and nearly a dozen
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articles on the subject since 1969. Wright and Naugis Panchapakesan, a

former student of his at the University of Chicago, thoroughly

introduced the subject to the professional literature of education that

year in an article entitled ""A Procedure for Sample-free [tem Analysis"

(1969) . Following a thorough introduction of the model, this article

introduces a statistical test for determining when an item fits the

model. This capability is essential to the application of the Rasch

model .

If a given set of items fits the model this is the evidence that
they refer to a unidimensional ability, that they form a
comfortable fit. Fit to the mode]l also implies that item
discriminations are uniform and substantial, that there are no
errors in item scoring and that guessing has had a negligible
effect. Thus the criterion of fit to the model enables us to
identify and delete ""bad" items. [tem calibration is concluded by
reanalyzing the retained items to obtain the final estimates of
their easiness. (p. 25)

There are two major aspects to item calibration: determination of

fit to the model and determination of how easy or how difficult an item

is. Once the individual test items have been calibrated, they may then

be used to determine individual ability on the basis of score alone.

An important consequence of this model is that the number of
current responses to a given set of items is a sufficient statistic
for estimating person ability. This score is the only information
needed from the data to make the ability estimate.

Therefore, we need only estimate an ability for each possible
score. Any person who gets a certain score wiil be estimated to
have the ability associated with that score. All persons who get
the same score will be estimated to have the same ability. (p. 24)

And this is how Wright-Panchapakesan proposed to use the model,
viz., estimate person-ability. The procedure follows two

stages. The first stage is item calibration which is mostly
concerned with determination of the items fit to the model. The
second stage is the application of calibrated items to determine
individual ability. "in the second stage, person measurement, some
or all of the calibrated items are used to obtain a test score. An
estimate of perscon-ability and the standard error of this estimate
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are made from the score and from the easiness of the items

used". (p. 26)

In using the Rasch model, test reliability ceasas to be a factor
for concern. The calibration process, among other things, is intended to
enhance measurement precision. The process eliminates "bad" items and
retains items that measure a single trait within prescribed limits of
variability.

In this procedure the retiability of a test, a concept which

depends on the ability distribution of the sample, is replaced by

the precision of measurement. The standard error of the ability
estimate is a measure of the precision attained. This standard
error depends on the number of items used. The range of item
easiness with respect to the ability level being measured, also
effects the standard error of the ability measurement. But in
practice this effect is minor compared to the effect of test length

« « + It is possible to reach any desired level of precision by

varying the number of items used in the measurement, just providing

that the range of item easiness is reasonably appropriate to the

ability being measured. (p. 26)

The article provides an extensive expianation of two procedures for
item calibration. The first, a procedure referred to as '"L0G," is most
appropriate to samples of 500 or more students. When used with smaller
samples, an undesirable amount of estimate bias is introduced.

The LOG method for estimating item easiness and variability is
described:

The log method of estimates is based on using the observed

proportion of success . . . within a particular score group . . .

as an estimate of the probability . . . of obtaining a correct

response , for any person in (a) score group . . . to an item of

easiness. (p. 27)

‘Because LOG has this potential for biasing estimates of item
easiness in small samples, the authors favor a second procedure referred

to as '"MAX." MAX begins where LOG ends. That is, the easiness estimates

begin with the LOG procedure. These estimates, in turn, became the
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initial input to the MAX procedure, which is based upen an iterative
method for maximizing parameter estimates called the 'Newton-Raphson
equation."”
In our analysis we use the Newton-Raphson procedure to soclive for
the unknown parameter estimates. This procedure is an iterative
one. We start with an initial estimate . . . and using the Newton-

Raphson equation to obtain an improved estimate . . . now using the

new value . . . as the starting estimate, we repeat the procedure

until the estimates do not change appreciably. (p. 35)

-The computer programs necessary for making item estimates are
presented in the article. Reference is also made to the fact that they
are available at cost from the University of Chicage. Once items have
been calibrated using either the LOG or MAX procedure, the items may
then be considered for use in making person-ability measurements. Up to
this point, item calibration is a straight-forward computational
process, but the result of this process calls for a certain amount of
judgment which is entirely independent of the technical processes so far
used. At the end of the computer run, there are very likely two item
sets: One fits the Rasch model and the other does not. Of course those
that fit the mode}! stand as ready for use in making ability
measures. There is some question that those items which do not fit the
mode]l should be used, but it is by no means determined at this point
that they should be eliminated from use in making person measures. Some
items that do not fit the model may be retained, but discussion of this
aspect of the calibration procedure was not part of this article. Once
the final evaluation of items that do not fit the modei has been
completed, the jtems retained following the computer calibration
procedure may then be used in test calibration.

During item calibration it is necessary to decide whether all the

items that have been tried are to be retained for the final
pocol. We need a statistical criterion for deciding whether an item
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is good enough from the point of view of the model . . . To make

this decision we need to investigate how the elements . . . in the

data matrix [i.e., the score matrix] . . . depend on the estimates

[of item difficulty and of person-ability]. |f we can derive

expectations . . . of these elements in terms of the obtained

estimates we can form a standard deviate . . . and use this deviate
as the basis for a test of item fit. If item i fits the model, and
the score group . . . is large enough, then the [standard deviate]
will have an approximately normal distribution. (p. 4k)

An important product of the calibration process is a matrix of
item-difficulty estimates, one for each item, at every score level., |t
is this matrix which is used to determine whether the item fits the
model. The estimate of difficulty is constant at each score level.
Since, under the model, each score level corresponds to an ability
level, one would not expect persons at a given score level to answer a
question correctly that is too difficult for them. Conversely, one would
not expect persons at a given score level to miss a question with a
lower difficulty estimate. That is, at a given level of ability, persons
would not be expected to get "hard" questions right or "easy' questions
wrong. Beyond predetermined !imits of probability, such questions do not
fit the Rasch model. Such questions would have to be carefully
evaluated, and, if found wanting, dropped from the item pool. This
evaluation is done from the item-difficulty estimates generated by the
calibration process described in this article.

Examination of the matrix Y, with the standard deviates . . . as

elements will show us how well the items fit, and indicate where

there are signs of misfit . . . From the matrix Y we can obtain
statistics which will enable us to evaluate the fit of the model to
the data as a whole, and we can also form approximate statistics
which will help identify items which are bad, and hence need to be

reconsidered . . . The overall statistic used in the procedure is a

chi~square statistic which is cbtained by sumning the squared unit

norma! deviates over the entire matrix Y . . . {(p. L5)

Thus the method for evaluating item fit to the Rasch model employs

Chi~square analysis of item-difficulty estimates. The authors caution
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that lack of fit to the model! does not automatically mean to drop the
item from the pool.

Since the . . . equation for Chi-square is an approximation, we do

not think it is advisable to mechanically delete all items which

Chi-square is significant at some level., We prefer to examine in

detail items which Chi-square is large. This may mean evaluating

the possible effects of discrimination and guassing in these bad
items. Then when we have decided which of the "bad" items to
delete, we rerun the analysis to see how the remaining set of items

look. (p. 45)

The authors devote the balance of this benchmark article to the
FORTRAN computer program segments which are used to accomplish the
procedures described. The entire procedure constitutes sample-free item
analysis.

The full spectrum of literature on the Rasch model falls primarily

into four categories:

1. Description;

2. Development of underlying mathematical theory and related
proofs; |

3. Development of research design and applications theory; and

L. Empirical evaluation of theory and applications.

Description of the Rasch model! has been provided by Wright and his
associates in a series of articles over a ten year period (Wright &
Panchapakesan, 1969, Wright & Stone, 1979). Excellent descriptions of
the model aiso appear in articles by Anderson, Kearney & Everett (1968),
Whitely & Dawis (1974), and in a text by Wilmott & Fowles (1974). The
Whitely & Dawis article raises important implications which detract from
the model. The article challenges the Rasch measurement concept in ways
that, if left unanswered, leave serious doubt affecting its usefulness
in the practice of mental measurement., The challenge was met by Wright

in a thorough and carefully reasoned response (1977) three years after
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the Whitely & Dawis article appeared. The nature of the controversy will
be dealt with presently, but it is important to emphasize at this point
that there have been no effective chalilenges to date regarding any basic
aspect of Rasch theory.

The underlying mathematical theory relevant to the Rasch model and
the proofs of that theory were carefully developed by Rasch (1966,
pp. 50-56) and Anderson (1972, pp. 43-50). Both articles tend to be
highly technical with primary emphasis on the underlying concepts upon
which the Rasch model is based. The Anderson article (1972) restates
these basic concepts and goes on to present the underlying theory for
"MAX'', the parameter estimation procedure favored in most computer
applications of the Rasch model. B8oth of these articles employ
probability concepts exten;ively. They are very helpful in gaining
general assurance that the Rasch model is conceptually sound. Test
designers who lack this assurance will possibly feel uncomfortable in
any attempt they may make to use the model. Therefore, while it is
probably not necessary to place great importance upon full understanding
of the mathematics behind Rasch measurement, a fundamental understanding
of probability wil)l help a great deal: "In that the Rasch model is a
probability model, distributions of probabilities of item and person
parameters is assumed and produced" (Brink, 1972, p. 924).

The research design and applications theory appropriate to the
Rasch model have appeal bhecause they are parsimonious. Aside from the
prospect of objective measurement, which it offers, the attraction of
the model largely rests upon this apparent simplicity. There are, after
all, only two variables to consider, item-easiness and person-ability;

but a major shift in thinking for those oriented to classical test
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theory may be in order. "0f all latent trait models posed for person
measurement, the Rasch model has the fewest ingredients, just one
ability parameter for each person and one difficulty parameter for each
item. These parameters represent the positions of persons and items on
the latent variable they share" (Wright, 1977b, p. 97). As
psychometricians are probably more familiar with classical measurement
theory, they are likely to prefer its use to Rasch analysis. The
intention of this investigation is to provide information which will
ctarify the distinctions which can be made between classical measurement
theory and Rasch measurement. Perhaps the ability to draw these
distinctions will enhance understanding of both approaches. 0n the
other hand; lack of appreciation for these distinctions will lead to
confusion, at best, or misapplication of theory out of appropriate
context, at worst. For exampile,
The absolute value of the true score has been relatively
unimportant for classical measurement. This is because the primary
purpose of classical testing is to rank order examinees
consistently. For this purpose, the critical problem is not
determining the true score, but rather it is determining the
correlation between the scores and observed scores. (Epstein, 1975,
p. 627)
In Rasch item analysis, the test score is of paramount importance.
YAn important consequence of this model is that the number of correct
re;ponses to a given set of items is a sufficient statistic for
estimating person-ability. This score is the only information needed
from the data to make the ability estimate” (Wright, 1969, p. 24).
Another major distinction between Rasch theory and classical theory
pertains to item discrimination. "The classical perspective assumes that

all items are parallel; have the same ratio of true score information;

relative to error score information, and that error score variance is
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randomly distributed with a mean of zero" (Ryan & Hamm, 1976, P. 1). On
the other hand, Rasch analysis assumes equal item discrimination.

Lack of equal item discrimination produces a test with poor fit to
the model. In that a measuring instrument should be calibrated
using one unit of measure, Rasch recommends that items be refined
to produce good fit to the model and thus maintain objectivity
rather than adding parameters to account for other parameters as
item discrimination. (Bring, 1970)

Test data for which the Rasch model is applicable must bave two
other properties:

First, all items must have equal discrimination. That is, the
rate at which the probability of passing the item
increases with total score must be equal for all
items. The Rasch model does not contain a parameter for
item discrimination.

Second, there must be minimal guessing so that the probability
of passing an item by chance is minimized. (Whitely &
Dawis, 1974, p. 166)

The substitution of equal item discriminations, rather than maximum
item discriminations as a goal in item writing, may appear counter-
intuitive to the test construction expert steeped in classical test
theory. While it is true 3 highly discriminating item is capable
of providing more information concerning the placement of an
individual on the continuum of some latent trait, the hightly
discriminating item functions over a narrower range of abilities
than a less discriminating item. An item with perfect
discrimination would provide complete information about a single
point on the ability continuum and no information about any other
point. Therefore, for any given test, there will exist an optimal
range of discrimination. |If the test characteristic curve is to
rise steeply through a narrow range of abilities, more highly
discriminating items will be desirable than if the test is to
function over a broad range of abilities. (Dinero, 1976,

pp. 14-15)

Rasch item analysis theory requires that the test designer control
discrimination and guessing, while classical theory treats them as item
parameters. '"This means that variation in additional item
characteristics like guessing and discrimination must be dealt with

during the construction and selection of items for the final samplie-free
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pool. The aim is to create a pool of items with similar discrimination
and minimal guessing" (Wright, 1969, p. 23). Thus, by controlling item
discrimination and guessing through design and selection of test items,
Rasch theory suggests that they may be ignored in the determination of
item-difficulty and person-ability. But they are ighored only after the
best possible effort is made to minimize their effect. This is done
during the item calibration procedure which determines how well items
fit the model. Those who are uneasy with such an approach might consider
the alternative classical theory offers. Classical theory is no
better. The more general modeis used in ciassical analysis lead nowhere
in their attempts to deal with guessing and discrimination.
The estimation of discrimination while frequently attempted, is
clouded by uncertainties as to whether it can in fact be reliably
estimated. The values actually obtained for a particular set of
items are highly sensitive to the particular distribution of person
abilities which happen to occur in the calibrating sample . . ., The
estimation of guessing is even more obscure. {Wright, 1977, p. 220)
By selecting items which fit the model, discrimination and
guessing, under Rasch theory, can be effectively controlled as a source
of score variability. Discrimination is dealt with in the item
sejection phase of test design. The objective is to choose items having
a discrimination index reasonably close to 1. Ideally, all items used
in the test will have identical item characteristic curves across the
entire ability spectrum. |If a reasonable explanation for extremes in
the discrimination index or atypical ICC curve can not be found, an item
should not be used. That item does not fit the Rasch model. Guessing,
on the other hand, must be considered after each test administration.
Guessing behavior becomes apparent when response patterns are presented

in difficulty order. For example, one such pattern might be revealed

when an individual shows consistently good performance as item-
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difficulty increases, up to a point, and then misses a number of more
difficult items before getting some items near the top of the difficulty
scale correct. It is possible that the string of correct responses at
the lower end of the difficulty scale better represents the person's
true abilityvand that the few correct responses at the top end of the
scale resulted from guessing. The latter items might be eliminated from
the score during the analysis in an effort to gain a more correct
measure of ability. The decision to do so is a matter of personal
judgement on the part of the evaluator and should be made after
consideration of all the pertinent facts.

Whitely and Dawis (1974) are foremost among an extremely small
group of testing experts who do not give the Rasch model their full
support. With the exception of Whitely and Dawis, all of the researchers
so far noted do support application of the model, and it would be very
easy to catalogue still more names of persons who support it fully or
with very limited reservations. The articles by Whitely and Dawis (1974,
1977) are, for the most part, the oniy notable exceptions so far
observed in the literature. Among the half-dozen criticisms leveled
against the Rasch model by these authors, .two are reilevant to this
research. Whitely and Dawis suggest that the Rasch model requires that:

1. The calibration procedure should employ very large samples.

2. Test forms developed from items in a calibrated pool should

result in scores of equal variance. That is, the resulting
test forms should demonstrate 'reliability" in the classical
sense.

Wright challenges both contentions (1977). The Whitely-Dawis

position on sample size is that:
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The shift in emphasis from populations to raw score groups has one
important operational application: huge N's are required. Unlike
classical item analysis, each score group is used to give
independent estimates of item parameters. However, even when as
many as 500 persons are used for item calibration, extreme scores
may not be obtained frequently encugh to provide very stable
estimates of the [probabilities]. Even if scores on a 50-jtem test
formed a perfect rectangular distribution, for instance, a total N
of 500 would produce only 10 persons per score group. Typically,
however, mid-range score groups have very high frequenciés and
extreme score groups may have few or no observations at

all. Although the [probabilities] can be estimated from the model,
the need for very large N's during test development should be
obvious. (1974, pp. 168-169)

Wright's rebuttal to this point suggests that Whitely and Dawis did
not understand the Rasch model (1977):

Whitely and Dawis {1974) . . . recommended a two-stage estimation
procedure which is actually unnecessary and impractical. As a
result, they conclude that only huge sample sizes make it possible
to apply the Rasch mode] to real data. [Since] the Rasch model can
be and has been applied productively to sets of data as small as
100 persons, and under these circumstances lead to useful results,
it is important to correct this misunderstanding and the incorrect
conclusion drawn from it. (p. 219)

Wright went on to develop the sampliing theory appropriate to the
Rasch medel, including several useful formulas, and concluded:

These findings, coupled with the information in Table 1, lead to

the conclusion that calibration sample sizes of 500 are more than

adequate -in practice and that useful information can be obtained

from samples as small as 100.

But Whitely did not back down (1977). Her rejoinder did not so much
refute Wright's reply as point out that the real issue was a matter of
statistical power; that, while possibly technically sound in a way,
Wright's recommendations on sample size would not support a sufficiently
powerful test of fit to the Rasch modql, an issue not raised in the
first Whitely- Dawis article:

Given the importance of testing fit, and the need for a reasonably

powerful statistical test, successful application of Rasch's model

requires large sample sizes at some phase in the test development

process. Since the power of a test of fit is dependent on N, the
choice of sample size should be guided by the degree of departure
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from the model that the test developer wishes to detect. At the

extremes, a sample of several thousand can detect trivial

departures, while a small' N (less than 800) fails to detect

sizeable differences. (p. 231}

So it would appear that Wright feels that samples of 500 are more
than adequate while Whitely can not support use of a sample of less than
800. Statistical power is considered to be an important factor in this
study. Students taking MEAP tests must pass four out of five items to
receive credit for an objective and it is on the basis of the percentage
of objectives passed that remedial education decisions are based in
Michigan. Assuming the pass/fail criterion remains unchanged, when a
single item from a set of items comprising an objective is eliminated
because the item does not fit the Rasch model, the odds against a
student passing an objective are significantly increased, |f two items
are eliminated, the student has no chance at all of passing the
objective., Therefore, the statistical power and sample size appropriate
to this investigation will be a major consideration.

The Whitely-Dawis position on paraliel test forms favors classical
theory:

The empirical results generally substantiated the theoretical

interpretation of the nature of equivalent forms from the Rasch

model. Only under extreme conditions did the measurement errors
fail to account for the observed differences between subjects.

However, none of the subsets were equivalent in the traditional

sense. Alternate form correlations were only moderate, and there

was some evidence that precision might have been increased by using
more efficient techniques in selecting items. Although the Rasch
item parameter may be invariant over populations, precision is
specific to the trait distribution in a given population. If the
goal! of item selection is to develop fixed content tests, then the
classical techniques of having item difficulties close to .50 and
matching extreme item difficuities will yield the most precise

equivalent forms. (Whitely, 1974, pp. 163-178)

Wright, emphatically, did not agree with Whitely-Dawis on this

point either:
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The Whitely-Dawis implication on page 176, that traditional
equivalent forms are in some way better because they maximize
precision and statistical equivalency, is incorrect. The precision
of a measure depends on the relevance of the item to the target of
measurement and the number of items used . . . The more essential
question is, do the set of items all bear on a single common latent
variable? |f they do not, then the set of items contain a mixture
of variables and there is no simple, efficient or unique way to
know their utility for measuring. (Wright, 1977, p.223)

This point is also important to this research because, while it is
not the primary intention to develop parallel forms, that will be the
result. The calibration process can be expected to result in the
elimination of MEAP test items. This will be done to identify those
i tems which fit the Rasch model and those that do not. The purpose will
be to devise a more precise set of test items on which to judge the
reading test performance of Michigan fourth and seventh grade
students. As Wright puts it, "The opportunity tc determine whether or
not there is a possibility of cbjective measurement in some data, by
checking their fit to the Rasch model, represents the model's most
important contribution to the scientific method" (Wright, 1977, p. 223).
In effect, the Rasch model will be used in this research to improve
measurement efficiency. Whitely-Dawis suggest that this is not
possible: "Although the use of the Rasch model cannot improve precision
of fixed-content tests, the special properties of the latent trait model
permit the desired degree of precision for any person to be obtained
from the fewest possible items" (Whitely-Dawis, 1974, p. 177). They
possibly intended their statement to mean that efficiency of an existing
test could not be improved in its original form. However, since much of
the effort in this investigation relates to the possibility of improving

the efficiency of existing MEAP reading tests by re-scoring items that

do not fit the Rasch model, this could be a troublesome assumption. It
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is contrary to the relatively common practice of improving the
reliability of norm referenced tests by increasing their length. There
is support in Rasch theory for the concept of improving criterion
referenced test efficiency, on the other hand, by dropping items from a
test which do not fit the Rasch model. An actual instance of support
was found in the work of Joseph P. Ryan and Debra W. Hamm (1976):

In summary, thé érocedure described in this paper offers practical

advice to a teacher who wishes to maximize [a test's]

reliability. The teacher might be interested to know that adding

additional parallel items to the test will theoretically increase
its reliability the next time it is used.

For a teacher who wishes to score students on a test they have
already taken, however, it is more useful to provide a procedure
that can increase the reliability of the test by deleting items
from the exiting data set. (Ryan-Hamm, 1976, p. 8)

Those who are familiar with classical item analysis probably
recognize the principle of increasing test reliability by adding
items. It is not so likely that they will be equally comfortable with
the idea, under Rasch theory, of increasing test efficiency (i.e.,
reliability) by deleting items. Ryan and Hamm (1976) provide a very

illuminating discussion of this point:

In contrast [to classical theory], the Rasch model argues that test
items are not necessarily parallel and consequently some items more
accurately manifest the latent trait being measured than other
items. When some |tems do not measure the same trait, error
information will differ among items which necessarily implies that
at least some items will add error information faster than true
score information. Items which do not fit the Rasch model are those
which add error information at a higher rate than the rest of the

items on the test . . . (p. 8)

Eliminating items that do not fit the Rasch model should increase
the reliability of a test because it will deiete non-parallel items, the
items with greatest error variation. Magnussen (1967) suggests the

reasonableness of this assertion when he writes:
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The internal consistence coefficient we obtain from KR20 will
therefore be directly dependent on the correlation between the item
in the test, i.e. on the extent to which the items measure the same
variable. The more homogeneous the items are, the greater the
numerical value of KR20 will be for a given number of items in the
test. {p. 117)

Ryan and Hamm support this position as well: " . . . generally the
highest reliability is achieved after deletion of items that do not fit
the Rasch model'" (Ryan-Hamm, 1976, p. 5).

Empirical evaluation of thecry and applications of the Rasch model
is generally supportive. For example, 21 doctoral dissertations, which
were characterized as being potentially relevant to the objectives of
this research, were done between 1965 and 1979, and the abstracts of
only five of these evidenced any reservations about the efficacy of the
model. And, every one of these reservations was qualified. The support
for the model in the professional journals has been even more pesitive,
and the content in which the model has been applied surprisingly

diverse:

Achievement testing: writing (Wells, 1973): nutrition (Passmore,
1974) ; military training (Epstein, 1975);

Analysis of simulated test data: non~normal data (Cypress, 1972):
discrimination (Cartledge, 1975); item performance (Forster, 1976);
item discrimination (Dinero, 1976);

Psychometric theory: test model comparison (Hamm, 1977): effects of
teaching on item calibration (Luska, p. 979);

Qualification examination: mititary (Anderson, 1969);

Test design: best test design (Douglas, 1975); item bias (Draba,
1978) .

Other applications in reading achievement were previously
noted. The overall impression given by the literature concerned with the
application of the Rasch model is that its appropriateness in testing

measurement and evaluation is very broad. |t appears to be limited more
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by the imagination of the psychometrician or researcher than anything
else, Certainly its application to the analysis of MEAP reading tests,
as proposed in this research, seems to be appropriate. It may even be
that application of the Rasch model in this instance is especially
important given the fact that MEAP tests are criterion-referenced tests.
Epstein (1975) thought so: "This independence from the item set puts the
major emphasis on the individual's ability. Thus [the Rasch model] seems
philosophically attuned to criterion-referenced testing."

RELATED LITERATURE

The material in this section is primarily comprised of articles and
official publications directly related to the Michigan Educational
Assessment Program; its history, philosophy, testing format, and target
population. Two sources have produced most of this material: 1) Most of
the articles have been written by the former State Superintendent of
Education, John W. Porter; 2) The Michigan Department of Education has
published a profusion of pamphlets, booklets, and studies specifically
related to the program. Since the majority of the state material was
developed and published during the tenure of Porter, it reflects his
very supportive view of the MEAP Program.

The rapid and sometimes controversial growth of the Michigan
Educational Assessment Program since its inception in 1969 has generated
numerous paths of debate which, regretfully, must be ignored in this
research in an effort to concentrate on the test development aspects of
the program.

Porter wrote eight articles on many of the more important aspects
of the MEAP program (Porter, 1968, 1972, 1973, 1975a, 1975b, 1976, 1977,

1978) . These articles deal rather comprehensively with MEAP abuses,
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assumptions, consequences, criteria for item selection and test
"evaluation, definition of terminology and program concepts, demonstrable
results, description of objectives, history, issues and problems,
objectives, philosophy, procedure, reports, theory, and uses. The
development of this major testing program has been dramatic and far
reaching in the State of Michigan. There are probably very few state
testing programs anywhere approaching the magnitude of this one, and it
is even less likely that any testing program had greater political
impact in education than this one in most troubled times. The MEAP
program has begn a landmark in mass state testing.

The Michigan Department of Education has dissected the MEAP program
into relatively small and digestible components by publishing numerous
pamphlets and monographs which concentrate on very specific aspects of
the program. An excellent historical summary to the MEAP program was
found in two state publications: "Report of the Michigan Educational
Assessment Program's External Advisory Panel on Evatuation" (1977) and
“"The Status of Basic Skilis Attainment in Michigan Public Schools"
(1979) . The first of these publications is especially interesting in
that it is a more or less objective evaluation of MEAP done by third
parties under contract to the State Department of Education. It deals
with a number of basic questions relevant to the program. Reference to
test objective selection and item validity are especially pertinent to
this study.

Helpful discussions on various aspects of MEAP phiiosophy and
policy were found in a number of state publications. Three of these are
worth special note within the context of this study: '"First Report,

Objectives & Procedures of the Michigan Educational! Assessment Program,
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1974-1975'" (1975), "Questions about the Michigan Educational Assessment
Program" (no date), and "A Staff Response to tﬁe ﬁeport: An Assessment
of the Michigan Accountability System' (1974). This last publication is
unlike the other two in that it was prepared in response to an appraisal
done by interests externai toc MEAP, the National Education Association
and the Michigan Education Association, who saw their interests
threatened by the MEAP program. The two groups published jointly a
report on April 12, 1974 entitled An Assessment of the Michigan
Accountability System (1974). This report and the "Staff Response"
published one month later by the Michigan Department of Education
provided good perspective on some of the more heated issues raised by
MEAP in its earliest development. Most of these issues have no relevance
to this investigation, but these two references do treat interesting
issues regarding test validity and compensatory education.

Material dealing with MEAP test item development, test format and
administration, and target population are covered in the following
publications put out by the Michigan Department of Education: "Grades 4
and 7 |tem and Objective Handbook'" (no date), "First Report Objectives
and Procedures 1974-75" (1975); "Communications Skills Objectives - -
Reading--Speaking/Listening--Writing" (1979), ''"Questions and Answers
about the Michigan Educational Assessment Program" (no date}, and
"Student Performance Expectations' (no date), "interpretive Manual
1978-1979" (1979) .

SUMMARY

A review of the background and related literature has demonstrated

the general applicability of Rasch analysis theory to the criterion-

referenced reading tests used in connection with the Michigan
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Educational Assessment program for the fourth grade and seventh grade
levels.

While the Rasch model appears to be moderately challenging on first
acquaintance, application of the model aliso seems to be straightforward
and certainly no more difficult than established classical test item

analysis methods.



CHAPTER 111
RESEARCH DESIGN - METHODS, PROCEDURES, AND LIMITATIONS

PREPARATION OF DATA

INTRODUCT I ON

Fourteen samples, comprised of 1,000 student records each, are used
in this analysis. They were drawn from ,"Sample-of-5,000," data which
was developed from MEAP test results for 1973 through 1979. Each
Sample-of-5,000 was &rawn. at random, from the records of every student
taking the test each of these years.

Though MEAP test data is the property of the State of Michigan, no
ohe in Michigan has direct access to complete records once tests are
scored, not even State employees directly involved in the assessment
program. All tests are scored in lowa City, lowa by Westinghouse
Dafascoresystems. This organization maintains the only complete files
of MEAP test results that exist. Westinghouse Datascoresystems prepares
Sample-of-5,000 data as part of the MEAP scoring and analysis services
it provides to the State of Michigan. However, all of the information
which would make it possible to identify individual students has been
removed from each Sample-of-5,000 record. Actual use of this edited
data is carefully controlled by the Michigan Department of Education,

Michigan Educational Assessment Office in Lansing, Michigan.

DESCRIPTION OF THE SAMPLE-OF-5,000

The designation '"Sample-of-5,000" is used by Michigan Educational
Assessment Program staff personnel (Roeber, 1980) to identify the sample
of fourth grade and seventh grade students taking the MEAP Test each

year since the 1973/197L4 test. These samples have been developed

37
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specifically for research purposes for use by state offices and others
having appropriate research interest in MEAP Tests. The sampling
procedure employed is the same each year. The following description of
sampling the 1976/1977 test is typical:

With certain exceptions, all students in the fourth and seventh
grades receiving regular classroom instruction (i.e. instruction
including mathematics and reading) were tested during the period of
September 13 - October 1, 1976. Make-up tests occurred between
October 4 and 8, 1976. A total of 291,647 public school students
compieted the mathematics and reading tests: 136,472 were in the
fourth grade and 155,175 were in the seventh grade. in addition,
13,345 non-public school students completed the seventh grade MEAP
tests without cost to their schools under Title ||! Elementary and
Secondary Education Act State Plan, with the approval of the
Michigan State Board of Education. . . .

SAMPLING PROCEDURES

The technical characteristics of the MEAP mathematics and reading
tests were based on a sample of approximately 5,000 student scores
drawn from each grade level. A replicated systematic sampling
procedure was employed to seiect the sample. The procedure, on the
average, yields estimators as precise as those yielded by a simple
randem sampling procejure when the population of scores is in
random order. . . .

Spacing factors in the "every Kth' systematic samples were:
Grade 4: k = 10{136,472) /5,000 = 272,944
Grade 7: k = 10{155,175) /5,000 = 310,350

At the time the sample scores were selected, 136,472 and 155,175
were the number of student assessment bocklets for the fourth and
seventh grades respectively. Additional assessment booklets
received after the samples were drawn increased these numbers to
136,858 for the fourth grade and 155,632 for the seventh grade.

The spacing factors were rounded to 273 and 310 for the fourth and
seventh grades respectively. Ten random numbers were chosen from a
table of random numbers for each of the grades. For the fourth
grade, the numbers were 15, 49, 59, 131, 137, 180, 232, 268, 269,
and 272; for the seventh grade, the numbers were 12, 19, 52, 79,
88, 153, 204, 222, 271, and 274. These random numbers were
originally chosen for the 1974-75 MEAP data. These numbers were the
first elements in each of the ten systematic samples for the
respective grades.

The second elements were obtained by adding the spacing factor (K)
to each of the first elements. For example, with Grade 4: 15 + 273
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= 288, 49 + 273 = 322, 59 + 273 = 332, and so on. . . The

replicated systematic sample of 5,000 was then obtained by

combining the ten samples for each of the two grades. (Michigan

Department of Education, 1977)

OBTAINING SAMPLE~QOF-5,000 DATA

To obtain access to Sample-of-5,000 data, approval must first be
obtained from the supervisor of the Michigan Educational Assessment
Program. The request for data used in this recearch had to be made on
the "Michigan Department of Education Data Request and Assurances
Agreement’ form, RA-2969-A. Requests for this form may be directed to:
Edward Roeber, Supervisor, Michigan Educational Assessment Program, Box
30008, Michigan Department of Education, Lansing, Michigan 48909. See

Appendix A.

The Sample-of=-5,000 data actually had to be obtained from three

sources:
1. The (Michigan) State Systems and Programming Unit in Lansing,
Michigan.
2. The Computer Laboratory, Michigan State University, East
Lansing, Michigan.
3. Westinghouse Datascoresystems, lowa City, lowa.

The 1973 through 1976 samples had to be purchased from Westinghouse
Datascoresystems.

The 1977 through 1979 samplies were in State of Michigan files at
two locations. The 1977 and 1979 data was available in Lansing,
Michigan directly through the State Systems and programming Unit. The
1978 samples were at the Michigan State University Computer Lab in East

Lansing, Michigan.
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There are 53 data elements in every student record in each sample.
The variables which have relevance to this study had to be anticipated
and their physical location in the file ascertained so that a uniform
record, for every sample, could be prepared for input to the Rasch
analysis computer program.

Since all of the data used in this analysis were on computer tapes,
it was necessary to have detailed tape layouts to access the variables
needed. The necessary tape formats, showing complete data organization
and coding information, were available for only six of the seven years.
There was, unfortunately, no tape format available for the 1978 sample.
Though the number and sequence of variables in all of the samples did
not change to any appreciable degree, their physical location in terms
of actual columns did change substantially from year to year. By
careful study of the tape formats that were available (i.e., 1973 to
1977 and 1979), and the tape dumps (i.e., printouts of a few compiete
records on the tapes) which were available for every year, it was
possible to reconstruct a tape format of the 1978 data. Variable
locations and coding were verified by comparing location and code
information provided by the tape formats directly to the partial
printouts (dumps) of each file. A summary table was then prepared
showing the column locations and coding specifications for the ten
variables being considered in this study.

A key step to this analysis was the definition of those test
questions which corresponded to the MEAP test objectives, by year.
There were 23 objectives in the 1973 MEAP test for both fourth grade and
seventh grade students. But, from 1974 through 1979, the number of

objectives was reduced to 19 objectives for fourth graders and 20
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objectives for seventh graders. The reduced number of fourth grade and
seventh grade objectives that were retained were originally part of the
1973 MEAP tests. Once established for the 1974 test, there were no
further changes in test objectives through, and including, the 1979
tests. The soufce of this information is the INDIVIDUAL STUDENT REPORT
FORM which shows items by objective. Examples of the 1973 - 74 and 1979
- 80 forms appear in the Appendix (See APPENDiIX B: "GRADE L INDIVIDUAL
STUDENT REPORT FORM and GRADE 7 INDIVIDUAL STUDENT REPORT FORM").

With the exception of 1974-75, a complete set of these forms was
obtained from the Michigan Department of Education Assessment Office.
The items in the 197k tests which matched specific objectives were |
determined by comparing 1974 test items to 1973 ahd 1975 test items and
matching related objectives. Through this process of matching actual
items as they appear in their respective tests, and then verifying that
the same objectives applied both in the 1973 and 1975 tests, it was
possible to identify which objectives belong to ‘the 1974 items.

Once the variables of interest in this study had been identified,
actual coding of the computer routines could begin which would culminate
in the application of the Rasch analysis computer program developed by
the Measurement and Statistical Analysis Laboratory, The Department of

Education, The University of Chicagol

REDUCING THE DATA SAMPLES AND SUBSEQUENT ANALYSI!S
Once the Sample-of-5,000 data had becnme-ayailable and the relevant
variables had been identified, it became necessary to devise an orderly
approach to selecting appropriate samples from the enormous amount of
MEAP data available; approximateiy 70,000 student records. Actually

none of the Sample-of-5,000 files contained exactly 5,000 records. The
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smallest sample was L4806 fourth graders for 1976, The largest sample
was 5557 seventh graders for the year 1974,

The decision was made to randomly select 14 samples of 1,000
students each using the SPSS procedure SAMPLE and to format these
samples with the ten variables chosen for this analysis in identical
locations using the SPSS procedure WRITE CASES.

LIMITATIONS OF STUDY

A TWO PARAMETER MODEL
The key assumption associated with the Rasch modei is that item-
difficulty and person-ability are the only two variables worth
considering in test measurement situations. "There has been a running
debate for at least fifteen years as to whether or not there is any
useful way by which some kind of estimates of item parameters like item
discrimination and item 'guessing' can be obtained" (Stone & Wright,
1979, p. ix}.
The inevitable resolution of this debate has been implicit ever
since Fischer's invention of sufficient estimation in the 1920's
and Nyman and Scott's work on the consistence of conditional
estimators in the 1940's. Rasch (1968), Anderson (1973, 1977) and
Barndorff-Nielsen (1978) each prove decisively that only item-
difficulty may be estimated consistently and sufficiently from the
right/wrong item response data available from item analysis. These
proofs make it clear that dichotomous response data available for
item analysis can only support the estimation of item difficulty

and that attempts to estimate any other individual item parameters
are necessarily doomed. (p. ix)

There are five important assumptions associated with the Rasch
model :
1. Test calibrations are independent of the sample of persons

used to estimate parameters. (Panchapakesan & Wright, 1969,

p. 23).
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2. Person measurements, the transformation of test scores into
estimates of person-ability, are independent of the selection

of items used to obtain the scores. {(p. 23)

3. Variation in additional characteristics like guessing and
discrimination must be dealt with during the construction and
selection of items for the final sample-free pool {p. 2k)

In those circumstances when the above three assumptions apply, then

it follows that:

L, No assumpiions need be made about the distribution of ability

in the target population or in the calibration sample. (p.

24)

5. The number of correct responses to a given set of items is a

sufficient statistic for estimating person-ability. (p. 2k)

THE RASCH "FIT STATISTIC' DETERMINES MEAP ITEM FIT

Determination of test item fit to the Rasch model is the primary
procedural objective in this investigation. While a fit statistic has
been used as the sufficient statistic for this purpose, a number of
questions had to be resclved before the decision was made to do so.

In the early stages of this investigation, determination of item
fit seemed to be rather simple. The literature on Rasch measurement
gives the impression that the process of determining item fit is no more
difficult than the application of an appropriate statistic to the data.
To facilitate the process, there is a computer program available to
refine test data into a series of neat tables and charts. However, it

has become apparent that determination of item fit may not be, for the



present at least, such a simple matter. The program is efficient, and
it produces great guantities of useful information. It is based on
theory that is apparently sound in every important respect. However,
the program does not determine item fit to the Rasch model; it only
provides statistics which may be used by an informed test analyst to
estimate fit probability. Further, though a number of familiar terms
have been applied to the fit statistics produced by this program, such
as MS, Xz. F-statistic, and t-statistic, the fit statistic is really
none of these despite the label in current use. All four of these
designations have been applied to the fit statistic used in Rasch
analysis over the past five years. Despite comparisons to traditional
statistical measures, it is more likely true that the Rasch fit
statistic is none of these despite any legitimate basis of comparison
which may be empioyed to suggest that it is. The Rasch fit statistic
very likely to be a new statistic in its own right.

EASY ITEMS THAT DO NOT FIT THE RASCH MODEL
SHOULD BE RETAINED IN MEAP TESTS

b

.
(-1

The statistically critical value which sets the lower limit of the

area of rejection for interpreting the fit statistic in this study was
set at alpha equal to 0.05.

|tems that do not fit the Rasch model do not do so either because

they are judged to be too easy or to be too hard. No item is judged to

be too easy in this study. This analysis is concerned only with items
which do not fit the Rasch mode! because they are considered to be too
difficult. Easy items will not be rejected at any levei of significan
here because of the underlying assumption that all items in a criterio

referenced test have content validity, even the easiest item possible.

ce

n
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This assumption follows from the fact that items in MEAP tests measure
specific learning objectives. |f the learning objective is easy, an
easy item should be used to measure it. This principle applies to every
¢riterion referenced test. Norman E. Grunlund makes this point in his

text Measurement and Evaluation in Teaching (Grunlund, 1976, p. 153):

The difficulty of the test items in a criterion referenced mastery
test is determined by the nature of the specific learning tasks to
be measured. |f the learning tasks are easy, the test items should
be easy. |If the learning tasks are of moderate difficulty, the
test items should be of moderate difficulty. No attempt should be
made to modify item-difficulty, or to eliminate easy items from the
test, in order to obtain a range of test scores. On a criterion-
referenced test, we should expect all, or nearly all, pupils to
obtain perfect scores when the instruction has been
effective., (Grunlund, 1976, p. 153)

It is assumed that easy items measure an appropriate aspect of the
reading trait without any consideration being given to the possibility
that students with low scores may get them right. It could be argued,
perhaps, that the same assumption should be applied to difficult items
found in this analysis. This argument may not follow however. |tems
which are too difficult for the level of ability being measured by MEAP
reading tests probably do not belong in these tests unless a clearly

defensible reason can be shown for retaining them in spite of their

great difficulty.

TYPE | ERROR AND TYPE |! ERROR
The consequences of TYPE | or TYPE || errors were carefully
considered in setting the limits of the rejection area:
TYPE | ERROR: Failure to accept a true null hypothesis (i.e.,

observed item difficulty equals predicted item difficulty).
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TYPE 11 ERROR: Failure to reject a false null hypothesis
(i.e., observed item difficulty equals predicted item
difficulty).

Commission of a TYPE | error in this study amounts to rejection of
an item on the grounds that it is too difficult, when it is really not
too difficult. As the research design entails re-scoring wrong answers
on items judged to be toc difficult, the consequences of this type of
error would be to give a test taker credit for a wrong answer when that
wrong answer should have been allowed to stand.

Commission of a TYPE || error in this study amounts to accepting an
item on the grounds that it is not too difficult, when it reélly is too
difficult. Again, as the research design entails re-scoring wrong
answers on items judged too difficult, the consequences of this type of
error would be to fail to give a test taker credit for a wrong answer
when the wrong answer should not have been allowed to stand. This
permits a test item to remain in the test which is a false measure of
the underlying knowledge variable, and the test taker is materially
harmed as a result.

The consequences of a TYPE || error outweigh the consequences of a
TYPE | error. Students penalized for getting an item in the MEAP
reading tésts wrong when that item does not belong in the test in the
first place are penalized unreasonably. To pass a learning objective in
a MEAP test, the student must get four out of five items that measure
the objective right. When one item is too difficult, the odds against
passing the objective increase substantially. When two items are too

difficult, there is no chance of passing the cbjective at all,.



b7

Therefore, TYPE || errors were guarded against in this analysis by
attempting to increase the statistical power of the analysis two ways:
1) use a large sample in an effort to reduce the sjze of the standard
error; and 2) set the alpha level equal to 0.05.

Alpha designates the probability of committing a TYPE | error.
B;ta. on the other hand, is the probability of committing a TYPE I
error. Anything which can be done to reduce the size of Beta will
reduce the chance of a TYPE || error, and consequently serve the
objectives of this study.

Statistical power is represented by the complement of Beta (i.e., 1
- Beta). Consequently, any step which reduces the size of Beta has the
concurrent effect of increasing the statistical power of a test. There
are basically only three things which can be done to increase
statistical power: 1) increase the distance between the observed score
and the expected score; 2) reduce the amount of sampling variability by
either, a) increaéing sample siée. or b) reducing the source of
extraneous error; or 3) increase the size of alpha.

There is no opportunity to control discrepancies between observed
and expected responses in this investigation. Consequently, the first
approach to increase statistical power was not available.

Statistical power could be increased by reducing sampling
variability because there was opportunity for extensive control over
sample size. Therefore, in an effort to reduce the size of the standard
error in this study, a moderately large sample-of-1,000 test takers was
chosen. Such a sample would certainly be considered "large'" by Wright.

Sample sizes of four hundred and (sic) eight hundred persons were

used (in a simulation study) because in principle, given the model,
four hundred suitably chosen persons should be enough to determine
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characteristics effectively, and eight hundred persons should be
more than enough (Wright & Mead, 1980, p. 25).

There was no possibility of reducing sources of extraneous
variability in this study, so this second alternative approach to
reducing the size of the standard error could not be employed in this
study.

Finally, the largest possible alpha value was chosen to increase
statistical power, consonant with accepted practice in good research
design. Alpha values of 0.05 and 0.01 are commonly found in social
research. Both were considered carefully before settling on the value
0.05. Probably this level is sufficiently sensitive as not to subvert
the intentions of the MEAP test designers too greatly by identifying
false nulls. This value affords only one chance in twenty of
incorrectly identifying an item's fit to the Rasch model. The
unfavorable consequences of decreasing alpha to 0.01, or even lower
perhaps, far ocutweigh any perceived benefits.

STATISTICAL ANALYSIS

SELECTING COMPUTER SOFTWARE
Six computer software systems were employed in this investigation.
Each was chosen from the great variety of such systems maintained by the
Wayne State University Computer Services Center for specific properties
which would contribute to the objectives of this research. The computer
software systems chosen were:
1. The "Michigan Terminal System" (MTS): This software package
was developed.by the University of Michigan to provide a
""language' by which users could communicate with the

University's computer system. Through MTS the user can



L9

create computer files; store data; write and store computer
programs; and utilize the great variety of other software
systems maintained at the Computer Center for data
manipulation and statistical analysis.

*FS: The "File Save" software system is one of a number of
“utility programs" developed and maintained by Wayne Computer
Services Center personnel. Such systems facilitate
frequently used file handling and data manipulation computer
procedures which, though they are likely to be useful in
connection with a great variety of more specialized
applications, represent a relatively minor role in relation
to those applications. This study is a good example., At
various times, twelve different computer tapes were involved.
Frequently the organization of the data on these tapes
differed, and the quantity of data was too large, in every
case, to be stored on disk files. Before records could be
selected and organized for presentation to the Rasch analysis
computer program, which was the primary data processing
objective in this study, a means had to be found for
manipulating and storing the massive quantities of data
involved. |t would have been extremely difficult and time
consuming to write the individual computer programs needed.
The *FS system makes this unnecessary. The system was used
exclusively in this investigation to move data between
computer tape and temporary disk file storage facilities and

to preserve the results of numerous computer analysis runs.
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The "Statistical Package for the Social Sciences" (SPSS):
This is one of several software systems maintained by Wayne
Computer Center personnel which is especially designed for
the manipulation and statistical analysis of large quantities
of data. This particular system has been leased from SPSS
Incorporated of Chicago, I1lincis. While SPSS is technically
a batch oriented system, it is interactive in the sense that
success or failure of each computer run becomes immediately
apparent during run execution. The user is then able to
institute corrective measures which may ultimately salvage
the investment being made in a particular run that results
from using large data files. In this investigation, the
guantity of data was so great that investment in permanent
disk storage was neither practical nor cost efficient. Data
had to be stored permanently on computer tapes. To provide a
statistical analysis, these data would have to be restored
from tape to temporary disk files which are automatically
destroyed when the user signs off the system. Charges for
mounting a computer tape and tape drive use often could
exceed charges for the use of the central processing unit
(CPU) of the computer. Therefore, it was essential to this
investigation to be able to repair bad code during a computer
run which would occasionally become apparent despite
satisfactory runs of the same code on test data. SPSS was
used extensively in this study to select the variables needed
for analysis from the original MEAP Sample-of-5,000 tapes.

The fourteen samples used in this investigation were selected
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using SPSS routines. Each sample contains 1,000 students.
The data set consists of 10 of the 53 variables in the
original data. Each of the samples was drawn from records
with varied formats and organized into a standardized format
which was then input inte the BICAL computer program. SPSS
was also used to generate descriptive statistics for each of
these samples.

BICAL and BICAL.3: These are two versions of a highly
specialized computer program used to score objective tests
and perform Rasch analysis on the results. This program has
been under continual development by the Measurement and
Statistical Laboratory (MESA), The Department of Education,
The University of Chicage, since the early 1970's. There
have been several versions of this program availabie over the
years which have been released periodically as new aspects of
Rasch analysis are developed by MESA. Two of these versions,
BICAL and BICAL.3, were considered for use in this study.
BICAL.3 was the latest version available at the time this was
written. The older version of the Rasch analysis program,
BICAL, was originally published in 1975. This was the
version sold to Wayne State University in the Summer of 1978,
and, it is assumed, constituted ''state of the art"
development up to that time. BICAL was used to develop the
Rasch analysis statistics in this study after investigating
the appropriateness of BICAL.3. The rationale for basing
this research on BICAL is explained in APPENDIX C. A1l

fourteen samples employed in this study were run against both
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BICAL and BICAL.3, and some comparisons are drawn between the
two versions of the program in APPENDIX C. But, briefly,
BICAL was chosen as the basis for the Rasch analysis which
was done in this investigation because it appeared to be more
suitable to the data used and objectives sought. BICAL was
eﬁployed in this study to measure test item-difficulty and to
measure individual person ability as represented in each of
the fourteen samples used in this study. Rasch analysis does
not, strictiy speaking, require a computer, but "large'
numbers of items or tests subjects demand it in a practical
sense. What constitutes a large number may be open to
guestion in some cases, but not here. There are 14,000
subjects and up to 115 items encompassed by this study. The
Rasch analysis involved would clearly be impossible without
the aid of a computer. The computer program used in this
study is the most important procedural component. On the one
hand, the study would have been impossible without using
either BICAL or BICAL.3, since they embody the only
procedural implementation of Rasch analysis that appears to
be available at this time. On the other, changes to
undertying interpretation of statistics generated by the
Rasch analysis program, observed while considering which
version to use here, raise some interesting question about
the "objectivity'" of Rasch analysis. These questions toc are
discussed in the closing recommendations section of Chapter V

and the conclusion of APPENDIX F.
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5. *TEXTEDIT: This is a software system which has great value in
text processing and output. It was developed by Dan Fox, who
is the As;istant Director of the University Computer {enter
at the University of Michigan. TEXTEDIT was implemented in
the Spring of 1981 at the Wayne State University Computer
Services Center. |t constitutes the most recent of five text
processors currently supported at Wayne University. It is
very easy to use and has particularly powerful table
generating capabilities which proved to be very useful in
preparing the text for this dissertation. The revision and
duplication power of this system was relied on heavily in the
development of this manuscript at every point from inception
to completion.

6. *PGF: This is a software system which provides alternative
means for formatting and printing computer output on the
Xerox 9700 printer available at the Wayne State University
Computer Services Center. All printed output generated in
this study has been produced on the Xerox 9700 printer using

*PGF .

DEFINING THE VARIABLES

Ten variables were selected from the 53 elements of data available
in the individual MEAP records. With the exception of 1973 when "GRADE"
was not indicated, the number of variables is identical from 1973
through 1979. There were more test items in the 1973 test than in the
tests used from 1974 through 1979. However, the items used in the later
years also appeared in the 1973 tests. Ten of these variables have been

identified as relevant in this investigation. Each one was assigned a



label that is subsequently used for reference purposes in all

computerized data analysis.

VAR1ABLE
NUMBER

They are:

VARIABLE LABEL _VARIABLE DESCRIPTION

1

2

=

o \n

10

RECTYPE
GRADE
SEX

AGE
NUMPASS
NUMTRIED

RESPH###

OBJ###

0BSCOR##

OBSTAT#H#

Record type code.

Grade L and Grade 7.

Girl or boy.

Student age in year/month order.

Number of reading objectives passed.
Number of reading objectives attempted.

| tem responses where ### is a three
digit number from 001 to 115 which
corresponds to the question number.

Contribution of individual test item to
its corresponding objective, where ###
is a three digit number from 001 to 115
which corresponds to the question
number.

Score in terms of the number of test
items passed (i.e., from | to 5) by
individual reading objective, where
## is a two digit number from 01 to
23 which corresponds to the objective
number .

Objective status code: 1 = pass;

0 = fail; by individual reading
objective, where ## is a two digit
number from 01 to 23 which corresponds
to the objective number.

The balance of the data in MEAP sample records is not relevant to

fourth and seventh grade reading tests which are the focus of this

study. Some of the unused portion of these records pertained to tenth

grade reading and arithmetic tests initiated in recent years. Most of
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the data that were not used pertained to the arithmetic tests given the
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same fourth and seventh grade students whose reading test results are

the basis of this study.

DATA ANALYSIS STRATEGY

To obtain the 14 samples and complete the computer analysis
required in the objectives of this study, thirteen steps had to be
followed:

1. Code a series of SPSS control files which would read each
MEAP tape format; randomly select slightly more than 1,000
cases from each file; and write the selected cases out in a
fixed format on ten variables chosen for analysis. A typical
control card set is shown in APPENBIX E. The control sets
differed from each other in two respects: first - the coliumns
designated in the DATA LIST control card had to conform to
the MEAP tape formats; and second - the decimal fraction in
the SAMPLE control card varied from one MEAP sample to
another. The size of the fraction in the SAMPLE procedure
was chosen in such a way that the procedure would select
slightly more than 1,000 cases in each run. Since the
samples varied in size, the denominator of this fraction
differed accordingly with each run.

2. Ccde a series of SPSS control files which will read a sample-
of-1,000 records and generate descriptive étatistics. Use
the SPSS procedure CONDESCRIPTIVE on the continuous variable
AGE. Use the procedure FREQUENCIES on all of the other nine
variables because they are discrete variables. See APPENDIX
D for a typical control set example. The control sets differ

from each other in only one significant respect: the number
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of questions varied by year and grade. Question responses

are individually labelled according to the following pattern:

Qin. The capital letter "Q" indicates that the labei

pertains to a question response. The lower case letter """

represents placement of a capital letter "A" through "W" in
the label which corresponds to one of 23 learning objectives
measured by MEAP tests. The lower case letter ''n" represents
placement of a digit "1" through "5" in the label which
corresponds to the first to fifth item intended to measure
that objective. For exampie, the label "QRL" identifies the
response to the fourth question which measures the 18th
objective in a MEAP test. The coding on QAl through QW5 must
take the following variations into account:

a. Both 1973 fourth grade and seventh grade samples
include 115 questions (i.e., QA1 through QWw5).

b. From 1974 through 1979, fourth grade samples include
only 95 questions. Twenty items, designated QC1
through QCS5, QN1 through QN5, and QW1 through QW5 which
appeared in the 1973 fourth grade reading test were
dropped in subsequent tests.

c. From 1974 through 1979, seventh grade samples inciude
only 100 questions. Fifteen items, designated QC1
through QD5 and QT1 through QT5, which appeared in the
1973 seventh grade reading test were dropped in

subsequent tests.
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Restore the 14 Sample-of=-5,000 files to temporary disk files
using *FS, All of these files required over 1,000 disk
pages. The largest was 1248 pages.

Run the appropriate SPSS WRITE CASES/SAMPLE control set
against each Sample-of-5,000, which outputs 1,000+
reformatted records to temporary disk files.

Edit each output file from these runs to delete all cases
beyond 1,000. The SAMPLE control statement used lacked the
capability of selecting exactly 1,000 records, so it was set
up to deliberately oversample the Sample-of=-5,000 records.
Since these files are random, and SAMPLE is a random
procedure, which effectively accomplished a random sample
from a random sample, this method was adopted to obtain an
unbiased sampie-of-1,000 records.

Run the appropriate SPSS FREQUENCIES and then CONDESCRIPTIVE
control set against each Sample-of-1,000, which outputs
results on a temporary disk file.

Save FREQUENCIES and CONDESCRIPTIVE run results on computer
tape using *FS,

Print FREQUENCIES and CONDESCRIPTIVE results using *PGF.
Alter all special missing value coding in sample of 1,000
files set up especially for FREQUENCIES and CONDESCRIPTIVE
runs to zeros. This step is necessary to prepare these
samples for input to the BICAL program. BICAL does not
accept negative values or special characters often used to

identify missing values in SPSS.
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10. Save the 14 sample-of-1,000 files on computer tape using
*FS.
11. Run the appropriate BICAL control set against each sampie-

of-1,000, outputting results on a temporary disk file,
12. Save BICAL results on computer tape using *FS.

13. Print BICAL results using XPAGEPR.

PLANNING COMPUTER TERMINAL SESSIONS

In the development and execution of the data reduction and analysis
strategy, it became quickly apparent that considerable planning would be
needed for each computer session to avoid inordinately high costs and
processing errors. Early sessions ran more than three hours in
duration; involved multiple tape and disk file processing; and,
occasionally, use of two or more software systems. Costs of these early
runs ran from $50.00 to $100.00 on several occasions, and the results
were not always satisfactory.

Therefore, a method was devised for thinking through each computer
session which is based on run logs and the practice of writing out all
software instructions in detail , in advance of each run. By writing
out instructions in adv;nce, in complete detail, probiems could be
anticipated and dealt with effectively, if encountered, without danger
of wasting costly computer resources. While this approach may appear to
be unduiy tedious, it becomes increasingly attractive in practice when
large amounts of data are being processed infrequently, at odd hours,
using costly computer software and hardware configurations. Mistakes,
and their undesirable consequences, are reduced to a tolerable minimum.

This research involved repeated processing of similar ffles. using

similar, but distinctly different software routines. Frequently minor
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problems would occur during an extended processing sequence which would
have been disastrous in a completely unstructured, interactive terminal
session. Since a CRT terminal was used mo;t often, when problems did
occur the printed record of the session was not immediateiy available on
which an appropriate restart point could be found after the problem was
solved. Finally, these coded sequences, along with logs of previous
sessions, proved invaluabie in debugging praoblems in run results.

Efforts have been made in this research to generate a session log
during each run, and, with few exceptions, this was accomplished. Often
it was unnecessary to print session logs at the conclusion of the run,
but the benefits of this procedure mere than offset the modest trouble
and cost entailed. On at least two occasions, two computer runs did not
go well, but it would have been impossible to discern the reasons

without the session logs.

FILE PROCESSING SUMMARY

For the most part *FS procedures provided a compietely satisfactory
means for handling tape and disk files used in this study. All files
were read from permanent storage on magnetic tape to temporary disk
storage for processing. File modification and data analysis was done
entirely through disk files, Results were then read from disk near the
end of each run onteo computer tape for storage and future reference.

SPSS was used exclusively to modify file contents and/or format.
The original MEAP samples contained from 900 to 1250 characters of data.
The first step toward reducing these files to a manageable format was to
read each one individually, taking into consideration initial record
format differences, and then writing a smailer sample set which

contained only data of interest in this investigation. The layout, or
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format, of each of these new sampies is identical. SPSS randomly
selected the records to be read from the original MEAP data for
reformatting concurrently with the reformatting operation.

Subsequently, SPSS was used to develop descriptive statistics on the ten
variables retained in the new, much smaller, samples.

Two versions of a computer program designed to perform Rasch
analysis, BICAL and BICAL.3, were applied to the 4 samples used in this
study. Both versions worked well once the proper procedures for running
them were worked out. Both versions of the program require a set of
user prepared control cards which initiate the program, select various
>processing options which it offers, and eventually terminates it. Much
of what is learned from this study about running BICAL or BICAL.3 had to
be learned through trigl and error methods. The documentation that is
available to instruct a prospective user on control card preparation and
program use oc¢casionally is too abbreviated to be much help or it does
not cover the topic at all. The procedure followed in this investigation

for coding both the BICAL and BICAL.3 control cards, presented in

APPENDIX F, wil)l prove useful to the prospective user wishing to run the
program for the first time. |In addition, it is hoped that this material
will provide sufficient information on the subject to enable every

prospective user of the program to apply it to any conceivable set of
test results with a minimum of difficulty. Reference to the BICAL
documentation control card preparation is recommended for the additional
perspective which it will provide., In particular, Memorandum 23,
Chapter 11} (Wright & Mead, pp. &3 - 53, 1977¢) and Memorandum 23.¢,
Chapter VII}I (Wright & Mead, pp. 87 - 94, 1980) should prove helpful.

While the original material is seidom quoted directly here, it is the
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primary source of inspiration and factual information on the subject of

BICAL control card preparation presented in this chapter.

UNDERSTANDING THE FIT STATISTIC
From as far back as 1969 to the present time there have been three
approaches to conceptualizing the Rasch analysis fit statistic. In

order of historical precedence they were the:

1. X% interpretation.
2. F-statistic interpretation.
3. t-statistic interpretation.

Very likely, the shift in interpretation which is observable in the
MESA literature is the result of refinements which have grown out of
greater ?xperience with Rasch analysis. |t seems unfortunate that the
reference material on using BICAL and interpreting the output of the
program does not provide more insight into that experience. A more
comprehensive record of the experience of MESA personnel would afford
the opportunity to gain better historical perspective on the
interpretation of the item fit statistic. This might promote a more
complete understanding of the statistic and encourage greater confidence
in its use,

All approaches to a fit statistic in Rasch item analysis have a
common basis. They begin as measures of variance between expected and
observed item performance. The Rasch model estimates expected
performance on each item. Fit to the model is then determined from the
difference between ocbserved and expected performance. !nh principle, the
process begins with the predicted proportion of test takers expected to
get each item correct. These performance estimates are subtracted from

the proportion actually observed getting the item correct. Different
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predictions apply and different observations are realized depending on
whether the reference is to individuals, sample subgroups, or the totai
sample. However this is the basic measurement concept no matter what
the number of persons may be. These measured differences are called
item residuals. Since they have both positive and negative values,
depending on whether expectations fall short of or exceed actual
results, the residuals are squared to eliminate sign. To obtain a
standardized measure, the squared residuals are then divided by their
standard deviation. The result is a statistic called a standardized

residual, or, in Rasch analysis terminclogy, a FIT Z-SQUARED.

2
X -n P
_L=1 oi G ei
2 \
ZG = FIT Z-SQUARED = /
x=]

Development of this formula is explained in detail in APPENDIX C.
The notation used here is a direct translation, term for term, of the
notation used in MESA publications to represent the FIT Z-SQUARED. This
translation was needed so that it would be possible to compare
discussions of the same equations in these publications. The topic is
discussed extensively in APPENDIX C. This is one of several key
equations presented by MESA where different symbols were used each time
to represent the same variables. APPENDIX C presents, in first person
narrative form, notes developed during this investigation while
searching for a definition of a "fit statistic" within the context of
Rasch measurement. This effort proved to be far more difficult than

expected at the outset of this study. Details presented in APPENDI!X C
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provide a more comprehensive view of this definition, as used in this
chapter, thaﬁ seemed advisable here in view of the primary objectives of
this investigation.

This statistic is the basic building block of every
conceptualization of the Rasch fit statistic. |t was stated here
earlier that this statistic could be computed just as readily using
single person interactions with each item; subgroup interactions with
each item; or toial sample interaction with each item. Therefore, in
theory, any statistic which is derived using the standardized residual
as its basis is also applicable to individual, subgroup, and total. The
orientation favored in much of the MESA documentation is toward a
subgroup statistic. However, extensive research has been done with
single person and total group statistics as well. Unfortunately the
distinctions between reference group size have not been meticulously
held in this materia! with the result that the material is often
confusing. This distinction is considered to be very important in this
discussion because this investigation pertains entirely to the
interpretation of the Rasch fit statistic developed in the analysis of
subgroup scores. References to an individual score statistic or to a
total group statistic will be deliberately avoided whenever possible.
The between group statistic emphasized in this study is the most useful.
The other two have disadvantages which outweigh their supposed value,.

While the standardized residual is the basic building block, it has
never been sericusly interpreted as a standard score. Other statistical
points of reference have been used over the years to explain and
interpret this statistic. At first, it was presented as a X? statistic.

Research Memorandum 18 pointed out that "Wright and Panchapakesan (1969)
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proposed a Pearson chi-square statistic for testing if the item
calibrafions are person-free" (Wright & Mead, 1975, p. 9). The version
of BICAL used in this investigation employs an average of the
standardized residuals for the score subgroups produced by the program.
This average is identified as the fit mean square. The fit mean square
is the fit statistic employed in this investigation to'determine item
ﬁit to the Rasch model. However the decision to employ this statisfic
for that purpose was not an easy one. Research Memorandum 18 was very
difficult to follow. It seemed to talk at once about a Z? statistic; a
X2 statistic; the fit mean square; and the F-statistic. The reference
to person; to subgroup; or to total sample was obscure as well, so there
were guite a number of confusing issues to be resolved at this point.
Research Memorandum 23 (Wright & Mead, 1977¢) did little to clarify the
confusion. Research Memorandum 23.c (Wright & Mead, 1980) introduced
the concept of interpreting the Rasch fit statistic as a Student's t.
Attempts were made to resolve questions on determining item fit
over a period of several months. While greater understanding of the
process was acquired, it was impossible to gain closure on this problem
until the Summer of 1981 at a meeting with*MESA staff in Chicago during
a series of "Rasch Analysis Workshops' conducted between Monday, June 6

through Friday, June 10, 1981,

CHOCSING A FIT STATISTIC

The Workshop offered a thorough discussion of the subject. The
seminar program was excellent, but the most productive session was a
one-on-one discussion which the author had with Richard Smith, Director
of Testing, Mercer County Community Coilege in Trenton, New Jersey.

Smith was on sabbatical leave from Mercer College to study Rasch
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Measurement under Wright. At this point in time he was a MESA staff
member and served as a major presenter during the Seminar. On Monday
evening, June 15, Smith spent two hours in an open discussion of the
item fit statistic and its interpretation. Ronald Mead, Assistant
Director of MESA and co-author of the three MESA publications so often
referred to in this study (i.e., Research Memoranda 18, 23, and 23.c),
joined this discussion for the last half hour.

Smith explained that the statistic labelled "FIT MN. SQ" in the
output table of the version of BICAL used in this study constituted the
fit statistic. He indicated that it should be interpreted as if it were
an F-statistic with one and five degrees of freedom. He explained that
if Wright had stopped at merely summing the FIT Z-SQUARED values, the
result could be interpreted as a chi-square with one and infinite
degrees of freedom. However, Wright did not stop there. He determined
that an average of the group (i.e., ability group) FIT Z~-SQUARED values
provided a statistic which approximated the sum of squares between
groups, in analysis of variance. This fit statistic is called the
"between fit mean square' because of the similarity in the way it is
derived to the sum of squares between groups in analysis of variance.
This statistic, which is labelled "FIT MN SQ" in the BICAL tables
produced in this study, is interpreted lfke an F-statistic with one and
five degrees of freedom.

Excessively difficult items identified in this analysis are re-
scored in favor of every test taker who got them wrong in the first pass
of the data files. Then, the learning objectives are re-scored.

Compar.isons between the average number of objectives passed before and
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after the re-scoring process indicates the probable consequences of
including items that are too difficult for each test.

Throughout this study, the between fit mean value, tabelled FIT
MN. 5Q in the printout produced by the Rasch analysis program used, has
been interpreted as an F-statistic with one and five degrees of freedom
at alpha = 0.05. The critical value of the F-statistic is 6.61 at the
degrees of freedom indicated. The region of rejection is entirely in
the upper tail of the F-distribution. Execution of the BICAL runs was
quickly accomplished once the ;ata acquisition, file formatting, and
computer run problems had been solved. Once they were resolved, an
entirely new orientafion was needed to the work which yet had to be
done.

The remaining procedural steps in this investigation had direct
bearing on the research objectives. Briefly, three things were needed
to conclude this study once the Rasch analysis runs were completed:

1. Identify all items which did not fit the Rasch model.

2. Re-score items judged to be too difficult for the purposes of

the test in favor of those who missed such items.

3. Compare and interpret the reading objective pass rate before

re-scoring to the objective pass rate after re-scoring.

The following section deals with the first two procedural
objectives. The third objective is the substantive purpose of this

research.

RE-SCORING ITEMS THAT ARE TOO DIFFICULT
The critical F-value in this study is 6.61, with one and five
degrees of freedom. From a statistical point of view, two item classes

might fall into the region of rejection defined by this critical value:
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1) items that are ""too easy" to conform to the Rasch model, and 2) {tems
that are '"too difficult" to conform to the Rasch model. Conceptually,
both ciasses of item might be interpreted as unsuitabie on the grounds
that, whatever they measure, they do not measure the underlying, or
latent, trait which the test is,inténdad to measure. However, as
discussed in previous sections of this chapter, easy items that are
valid, within the context of a criterion referenced test, are always
suitable. Therefore, only those items judged to be too difficult are of
direct concern in this investigation. The procedures outlined in this
section pertain to the identification of those items having levels of
observed difficulty exceeding expected difficulty by an amount which
would occur by chance only five times in one hundred. These items are
re~scored in a two-phase procedure. The first phase involves changing
all incorrect answers to correct answers on the grounds that the test
taker should not be penalized by items that are too difficult to measure
the underlying trait which the MEAP reading test is intended to measure.
The second phase employed the output from the first phase to produce a
series of t-tests which were designed to show whether or not a
significant change had 6ccurred in average cbjective performance as a

result of the re-scoring process.

PHASE ONE

In the BICAL output the FIT QORDER table, showing FIT MN. SQ data in
ascending order, provides all the information necessary for the re-
scoring operation. To begin, all items having FIT MN. 5Q values larger
than 6.61 are identified. Those having negative difficulty estimates
are more difficult than predicted by the model. And since they also

have fit mean squares exceeding the critical value, these are the items
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which will be re-scored on the assumption that they are too difficult to
be appropriate in a MEAP reading test. The next step in this procedure
involves preparation of an SPSS computer routine. This routine will
concurrently generate a revised sample file and a t-statistic to
evaluate changes in the number of passed learning objectives, before and
after the re-scoring process, for each of the lh.samples used in this
investigation. Inffact. 14 similar but distinctly different SPSS
contrel card sets were used.

The logical design of these SPSS routines was identical. Each one
was to perform four identical functions:

1. Read the original sample.

2. Re-score items judged to be too difficult by giving credit

for all wrong answers for those items.

3. Re-score learning objectives, based on the re-scored items.

L, Perform a series of t-tests comparing the average number of

passed learning objectives before and after the re-scoring
process.

The SPSS procedure WRITE CASES was used to create the revised
sample file, including some new variables, and the SPSS procedure T-TEST
was used to determine if a statistically significant change had occurred
in the average number of objectives passed as a result of the scoring
process.

However, while the basic logic and procedures of the 1L SPSS
routines were identical, each had to be customized to process only the
specific items judged to be too difficult for each test. The strategy
emplioyed to accomplish this objective entailed the design of two model

routines; one for fourth grade tests and one for seventh grade tests.
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These model routines incorporated all items being re-scored without
reg;rd to test year. Some items were too difficult in every test where
they were used. Other items were too difficult in only one year. Every
conceivable pattern in between these extremes occurred. So, of course,
the mode]l routines were not reaily suitable for any specific test. They
were created to include every conceiQabIe re-scoring situation. Since
these SPSS control sets considered every re-scoring possibility, they
were easier to test for coding errors ihan individual routines would
have been. When the necessary testing was completed, it was a simple
matter to build the individual routines for each of the fourteen tests
from the two original control sets using text editing procedures. Once
these complex models had been successfully tested, it was a relatively
simple matter to copy specific portions ~ portions which appiied only to
a specific test and year. |In reality, this way only two routines had to
be designed from inception rather than fourteen. The economy of effort
was considerable and the approach virtually eliminated any prospects of
error since the differences could be confined to specific, and very
limited, areas. These were fairly extensive routines. The fourth grade
model routine contained 271 lines of code. The seventh grade model
routine contained 239 lines of code. The fourth grade model appears in
APPENDIX G. All 14 of the routines derived from these models had fewer
lines of code than the models themselves. The difference was the result
of using only references to items judged too difficult in a specific
test. All of these routines involved eight functional steps:

1. Read the original sample-of-1,000 students. This entails

reading 169 variables from the files original three card

format. Each item is considered a variable in this count.
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Create item counters for (only) those items which are judged
to be too difficult. For example, for item QAl:

COMPUTE CAI=0
Create learning objective re-scoring counters for (onty)
those objectives involving items which are judged to be too
difficult., For example, for objective A:

COMPUTE . SCOREQA=Q -
Create learning objective status counters for (only) those
objectives involving items which are judged to be too
difficult. For example, for objective A:

COMPUTE 0BSTATA=0
Count each time an individual item is re-scored from 0 to 1
and also count the total number of times any item is re-
scored. Incorrect items, coded 0, are recoded 1, indicating
credit is given for the item. If the item is already coded
1, the code is left unchanged and no record is made of the
occurrence of this type of transaction. There are three
lines of code for each item at this point in the routine.

For exampie, for item QAl:

1F (QA1 EQ 0) CAl=CA1+)
IF (QA1 EQ 0) COUNT=COUNT+I
IF (QA1 EQ 0) QAl=l

The first line of code counts the number of times item QAl is
recoded from 0 to 1. Similar coding is used for each item
being recoded. The second line of code appears in every
recode sequence so that a count can be taken of every

occurrence when any item is recoded from 0 to 1. The third
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line of code re-scores the item from O to 1. This sequence of
instructions is set up for those items judged too difficult.
Other items, not so judged, are not re?scored.
Add the item count to those learning objective scoring
counters created for {(only) those objectives involving items
which a;e judged too difficult. Then test each counter to
determine if four or more items, including re-scored items,
have been passed. If so, the corresponding learning
objective status counter is set to 1, indicating that the
learning objective has been passed. Six lines of code are
rquired at this point in the procedure. For example, for

objective A:

COMPUTE SCOREQA=SCOREQA+QA1
COMPUTE SCOREQA=SCOREQA+QA2
COMPUTE SCOREQA=SCOREQA+QA3
COMPUTE SCOREQA=SCOREQA+QA4
COMPUTE SCOREQA=SCOREQA+QA5
IF (SCOREQA GE 4) OBSTATA=1

Again, these objectives are set up only for those objectives
involving items judged to be too difficult. No other
objectives are re-scored.
Add the objective count to the counter NEWPASS. The pattern
of additions to this counter involves the addition of one
learning objective status counter for every objective in the
test, but they are a mixture of original and recoded status
counters. If an objective did not involve an item judged to

be too difficult, the original objective status counter was
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used. These have numeric tags in the last two positions of
their label. For example, the original objective status
counter for the third learning objective was labelled
OBSTATO03. But, if an objective did involve an item that was
Jjudged to be too difficult, the re-scored objective status
counter was used. These have a letter in the last position
of their label. For example, the re-scored objective status
counter for the third objective would be O0BSTATC.
Consequently, the contents of NEWPASS reflect the changed, or
re-scored, objective status count.

8. Create a revised sample file, u;ing the WRITE CASES procedure
card, on logfcal unit 9. This entails writing the 169
original variables from the original input file pius new
variables created specifically for recoding and tracking the
re-scoring procedure for items judged to be too difficult, in
a four card format.

9. Compare the mean of the original number of objectives passed,
represented by the variable NUMPASS, to the mean of the re-
scored number of objectives passed, which are represented by
the variable NEWPASS. The T-TEST procedure card, calling for

.a pairwise comparison, is used.

A maximum of only 30 permanent disk pages was available with the
computer account on which this sequence of routines was run.
Consequently, temporary disk files and computer tape had to be employed
as extensively in this phase of the analysis as they were in preceding
runs. Two hours, twelve minutes, and 21 seconds were required to run

this sequence of fourteen recode routines. |t was necessary to execute
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125 instructions, manually, at a terminal on line to the computer
system. These instructions were written out in advance of the session
to minimize the possibilities of execution error and to reduce the
amount of time needed to complete the sequence. The log for the entire

session is presented in APPENDIX H.

PHASE TWO

The t-test entailed in the last step, step 9, in the first phase of
this procedure had inadvertently produced erronecus results because the
original score data, by learning objective and items within objective,
was not reformatted to comply with the input requirements of the t-
tests. The following primary objectives of this first series of
computer runs had been accomplished successfully, however:

1. Re-score items judged to be too difficult under the criteria

established in this investigation.

2. Produce a new sample file for each of the 14 MEAP readiﬁg
tests used which reflects the result of the re-scoring
procedure.

A second series of computer runs was implemented to produce the
series of t-tests intended to evaluate the results of the re-scoring
procedure. The re-scored files produced in the first phase were used as
input to two SPSS control sets designed for the purpose: one
specifically for the fourth grade tests and the other for the seventh
grade tests. Both control sets involved 308 instructions designed to
re-tabulate the objective score data under a revised format compatible
to the t-tests produced. The statistical output for each of the 14 runs
was comprised of a set of descriptive statistics for the original and

the recoded score data plus the product of seven t-tests. The logical
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design of these routines was basically identical to the SPSS control
sets used in the first phase of the item re-score procedure cutlined
above. But, since the unique aspects of the input data had already been
accounted for in the first phase, an even more straightforward series of
control statements, identical though somewhat longer for each grade,
could be used at this point, because the input files now could be

-

processed in an identical fashion. Each of these runs accomplished five

purposes:

1. Count the re-scored items by learning objective.

2. Compute the number of objectives passed.

3. Store the recoded item count and objective pass/fail record
in a format which made these data suitable as input to the
statistical tests incorporated within each run.

L, Produce descriptive statistics and seven t-tests on item and
objective data.

5. Produce an SPSS system file for future use.

The t-test results produced in the output of this second phase of
the item re-scoring procedure were empioyed extensively in the analysis
done in this study. One final series of computer runs was necessary,
however, before this analysis could be given full attention. The
Statistical tests referred to briefly in this discussion were designed
to answer specific gquestions about item and objective performance
measured by individual MEAP reading tests given each year from 1973
through ]979: In addition to an interest in item and objective
performance measures each of these years, this research addressed the
question of whether or not there was a statistically significant change

in overall performance between the tests which evidenced the greatest
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rate of failure in learning objectives and the failure rate evidenced in
the 1979 tests.
COMPARING 1973 FOURTH GRADE AND 1974 SEVENTH GRADE LEARNING
OBJECTIVE PERFORMANCE TO 1979 LEARNING OBJECTIVE PERFORMANCE

Four additional Xz-tests were devised to compare performance on
items and on learning cbjectives between the 1973 and 1979 tests; and
also between the 1974 through 1978 (as a group) and 1979 tests. |t was
anticipated that performance in the 1973 tests for both grades would be
lower than any other year. In absolute terms, the 1974 tests, for both
fourth and seventh grades, showed minimum performance on items and
learning objectives at first. However, when the items that were not
carried forward from the 1973 test were eliminated from the 1973 test,
it was fully expected that 1973 would demonstrate the lowest levels of
performance. However, when the items and objectives that were not
carried forward to subsequent years were eliminated from the 1973 test,
it did so only in the case of the fourth grade students. The seventh
grade students evidenced slightly better performance in 1973 than they
did in 1974. Consequently, 1973 was the low performance year for fourth
graders compared to the 1979 test, and 1974 was the low performance year
for seventh graders compared to the 1979 test. There appears to be a
steady increase in level of performance measured from these base years,
for both fourth and seventh graders, each year until 1979. fhe bases of
comparison'are the items and cbjectives common to the tests each year.

The objective of the analysis at this point of the investigation
was to determine if there was a statistically significant difference
between the item and objective performance on the 1979 tests and the

year the least success was measured.
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There were 20 items, involving four objectives, dropped from the
1973 fourth grade test and 15 items, involving three objectives dropped
from the 1973 seventh grade test. The procedure employed to make the
1973 tests comparable to later years for comparison purposes, was to
drop items QC1 to QC5, QN1 to QN5, QO1 to Q05, and QW1 to-QwW5s from the
1973 fourth grade test; and to drop items QC]1 to QC5, QD1 to QD5, and
QT1 teo QTS5 from the 1973 seventh grade test. Each of these tests, then
became directly comparable, in terms of content, with all later tests
from 1974 to 1979. To accomplish this objective, the 1973 tests were
re-scored, less the dropped items, according to procedures outlined in
phase two of the re-scoring discussion above. An item score count,
before and after re-scoring, was made during this step which would be
directly comparable to the corresponding counts done for the years 1974
through 1979 accomplished in the preceding, phase two, procedure.

The next step was to create a single file for fourth and seventh
graders, respectively, comprised of 1979 data concatenated to the low
performance year data so that these files could be input simultaneousiy
to an 5PSS run which would compare differences in levels of performance
between the two benchmark years for each grade. The xz-tests per formed
during this phase evaluated changes between learning objective
performance means between the years and within the years before and
after items judged to be too difficuit had been re-scored.

SUMMARY

The limitations and assumptions which have been imposed on this
investigation by design or circumstances may be summarized as follows:

1. Fourteen random samples, prepared by the Division of Research

and Assessment, the State Department of Education, Lansing,
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Michigan, comprise the data used in the analysis. Each was
an official Sample-of-5000 drawn from MEAP tests given over
the seven year span from 1973 through 1979. The State of
Michigan has provided access for research purposes to samples
drawn from all students who take the Reading Test and the
Mathematics test each year since the inception of the
Michigan Educational Assessment program.

Exactly 1,000 students were drawn at random from each Sample-
of=-5,000. The entire Sample~-of-5,000 for each of the grades
for each of the seven years encompassed by this study is
considered too large. Such a sahple is likely to produce
stati;tically significant results in connection with
relatively small score differences simply because it is so
large. In addition, because of size, the Sample-of-5,000
would be too costly to process by computer with the funds
available in this investfgation. Consequently each sample
was reduced to 1,000 students. This number is compatible to
the available data processing budget yet the appropriate
degree of statistical power is retained. Larger saﬁples. it
was felt, would likely be wasteful of resources if not
completely unnecessary.

The anatysis conducted in this study pertains entirely to
fourth grade and seventh grade Reading Test samples.
Mathematics samplies are not considered. Therefore, all
inferences drawn from these analyses are confined to the
students who have taken the Michigan Educational Assessment

Program criterion-referenced reading test. Accordingly, no
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inferences are drawn concerning any other test administered
in Michigan, or elsewhere.

Individual student scores on test items constitute the basis
for determining the effectiveness of MEAP reading tests as
measures of reading achievement.

The percentage of Reading Test objectives, passed is employed
to determine the proportion of students taking the test who
are qualified for remedial reading instruction. Students
scoring below 40% of the objectives should be considered for
remedial education under guidelines established by the
Michigan Department of Education. Each test has either 19;
20, or 23 objectives depending on which Qrade level and year
it was administered. Every objective is measured by five
test items. To pass an objective, the student must answer
four of the five items correctly.

The cost of computer time is a major consideration in the
conduct of this analysis. Even at the reduced sample size
employed in the analysis, 14,000 individuals were considered,
on aggregate, in this study. Computer processing was,
therefore, limited to the analysis of item fit to the Rasch
model, and to t-tests and éhi-square tests of differences in
the number and proportion of students passing less than LO%
of the MEAP Reading Test objectives before and after items
which do not fit the Rasch model are removed from the
analysis.

The computer program used to perform analysis of fit to the

Rasch modeil, BICAL, will not process either a perfect score
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or a zero score. Such scores are eliminated from the

analysis on the grounds that they contain no useful

information respecting the measure of knowledge an individual
has of the latent variable intended to be measured by the
test. Persons using the program may specify even more
restrictive maximum and minimum score levels for elimination
from the analysis should they choose.

The decision was made in this analysis to eliminate scores

equal to 20% of the total test score possible in an effort to

eliminate from consideration those scores which could be the
result of random guessing by the test taker. No adjustment
was made to the upper sco}e limit included in this analysis.

Only the default limit of a perfect score, set by the BICAL

program, was dropped from the analysis at the top end of the

scoring range.

Under Rasch measurement theory:

a. an individual's test score is viewed as a sufficient
statistic. That is, the test score constitutes an
appropriate measure of the latent trait covered by the
test.

b. item-difficulty and person-ability are viewed as the
only two variables worth considering in test
measurement situations. Therefore, other variables
such as propensity for guessing and item
discrimination, often major concerns in classical
measurement theory, are considered doomed to fail and

probably irrelevant.



calibration of item-difficulty is independent of
persons taking the item, and, conversely, measures of
ability are independent of the items selected to
measure that ability.

items which do not fit the Rﬁsch model may yet be
retained if it appears that some factor other than
item-difficulty or person-ability was the cause: In
the process of calibrating test items to determine
degree of fit to the Rasch model, factors like guessing
and discrimination which could cause unexplained score
variance should be considered in the decision to keep
or reject an item. The objective, always, is to build

a pocl of items which "fit" the model.

10. in this study, it has been assumed that:

a.

the MEAP Reading Test score alone will stand as the
measure of person-ability. No factors other than
person-ability and item-difficulty need be considered.
no MEAP test item should be rejected on the grounds
that it is too easy, even though that item clearly does
not fit the Rasch model. This or any other grounds for
rejecting an easy item must fail in the case of any
criterion referenced test because there is a
presumption of content validity for such test items
which negates rejecting them because they are easy. It
is assumed in this study that all easy items belong in

the MEAP Reading Test because they are presumed to have
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content validity, no matter how easy these items may
appear to be.

c. every MEAP test item that is too di%ficult to fit the
Rasch model should be rejected. It is assumed that
items which are too difficult do not belong in a
criterion referenced test, Therefore the presumption
of content validity which saves easy items from
rejection in criterion referenced tests is not applied
to difficult items which do not fit the Rasch model.
These items are assumed to be too difficult.

d. students should be given credit for items that are too
difficult. |t was felt that for these particular tests
that it is unreasonable to penalize students with items
that are so difficult that they do not fit the Rasch
model, It is assumed that students would get an item
of appropriate difficulty for the test correct were
such an item present in place of the one, it seems fair
to say, did not belong in the test from the beginning.

e. students should retain credit for MEAP test items that
are easy. It was felt that easy items which measure
test objectives in a criterion referenced test such as
this, ought to be kept in the item pool despite their
lack of fit to the model.

The assumption that students should have credit for difficult MEAP
test items that do not fit the Rasch model has played a key role in the
design of this study. Proceeding on this assumption, tests were re-

scored in the analysis phase of this study to reflect credit for such
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items. Then a comparison is drawn between the proportion of students

passing less than 40% of the test objectives before this adjustment and

after this adjustment. The next chapter presents the results and

description of the data analysis performed in this study in the

execution of this overall design.



CHAPTER |V

RESULTS ~ DISCUSSION OF RESEARCH QUESTIONS AND
PRESENTATION OF ANALYSIS RESULTS

INTRODUCT i ON

THE RESEARCH QUESTIONS

Results of the statistical analysis performed in this investigation
are presented in this chapter. Five research questions are explored in
an attempt to evaluate the impact of MEAP Reading Test items which do
not fit the Rasch model. Since performance on MEAP tests is measured in
terms of passed learning objectives rather than passed items, item
failure is interpreted in this stﬁdy in terms of effect on the
probability for passing the objective associated with that item. Each
learning objective is measured by five items. The student is required
to get four of the five right to receive credit for the objective.
Since an optimum test item, in terms of Rasch measurement theory, should
correspond to reasonable expectations of person-ability, there are two
item-fit possibilities: one possibility is that an item is so difficult
as to be outside the acceptable limit of a hard item; the second
possibility is that an item is so easy as to be considered an unworthy
challenge of person-ability. Therefore, while items could potentially
be too ea;y as well as too hard in the normal course of item evaluation,
this is not the case here. Only those items which are too difficult to
fit the Rasch model receive special attention in this analysis.
Students who get these items wrong receive credit for them in this
analysis and then a comparison is made to determine the affect of this
procedure on the proportion of fourth and seventh grade students in

Michigan that would be eligible for remedial reading instruction. The

83
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five research questions developed in this chapter had to be resclved in
the order of precedence that is given to them in the discussion which

follows.

THE STATISTiCAL OR NULL HYPOTHESIS

in the process of seeking answers to these questions, four
statistical, or null, hypotheses are presented. The data developed in
the analysis has been organized in this chapter into thirteen
tables. Four of these tables support hypothesized findings. The other
nine are discussed in connection with unhypothesized findings or serve
to provide descriptive statistics associated with the samples used in
this investigation. All results reported in any of these tables pertain
to an N of 1000, the number in each of the 14 samples employed in this
investigation.

DESCRIPTIVE STATISTICAL ANALYSIS

Question 1: How many items in the MEAP Reading Test for the years

1973 through 1979 fit the Rasch model?

STATISTICAL ANALYSIS

Four tables were developed in the process of seeking an answer to
this question (i.e., Tabie 1 through Table 4). Each ‘table presents an
aspect of item-difficulty or item easiness encountered. The first three
tables in this group are summarized directly from the results printed at
the conclusion of each BICAL run. Table 2 shows the number from 1000
fourth grade and 1000 seventh grade students from 1973 through 1979 at
every score level from one item correct to a maximum, on the 1973 test
only, of 115 items correct. Table 3 shows the proportion which these

same students represent of the sample. Table 4 depicts the estimates of
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item difficulty computed by BICAL in log~odds terms. Table 1 presents
item fit in tabular form. Each item is unique. Wherever an entry
appears in Table 1 (i.e., "NO" or “Y"), the same item was administered
that year. A number of items were administered only in 1973. Items not

used from 1974 through 1979 are identified by a dash {(i.e., "=').

HYPOTHESEZED FINDINGS

No hypothesis was posed in connection with this research question.

UNHYPOTHESIZED FINDINGS

In this group of four tables, Table 1 is the one which has a direct
bearing on the answer to the first research question. The entry "Y'
identifies those items which fit the Rasch model!. Included in this
group are easy items which, in point of fact, do not fit the Rasch model
but were retained under the presumption of content validity. The entry
"NO" identifies those items which do not fit the Rasch model under the
criteria established in this study. The criteria for establishing a fit
statistic have been discussed at length in APPENDIX € of this
discussion. Briefly, the determination has been made here to reject all
difficult items having FIT MN 5Q values produced in the BICAL analysis
of 6.61 or larger. The value 6.61 has been interpreted as if it were an
F~statistic with one and five degrees of freedom at an alpha level of

0.05.



TABLE 1

DESIGNATION OF ETEM FIT WHERE "YES"™ IDENTIFIES ITEMS THAT EITHER FIT THE
RASCH MODEL OR THOSE VERY EASY ITEMS THAT DO NOT FIT THE RASCH MODEL
WHICH ARE RETAINED UNDER CRITERIA ESTABLISHED IN THIS STUDY AND WHERE
"NO*™ IDENTIFIES VERY DIFFICULT ITEMS THAT DO NOT FIT THE RASCH MODEL

FOURTH GRADE SEVENTH GRADE
ITEMS WHICH FIT THE RASCH MODEL: ITEMS WHICH FIT THE RASCH MODEL:
YES (i.e., "Y") DR NO YES (i.e., "Y") OR NO

1873 1974 1975 1976 1977 1978 1973 1973 1874 {1975 1976 1977 1878 1979
TOTAL TOTAL
ITEMS] 115 85 a5 95 95 95 g5 ITEMS] 115 100 100 100G 100 100 100
ITEM ITEM
LABEL LABEL
QAt . NO NO NG NO NO Y YIIQAT . Y Y \ Y Y Y \
QA2 Y Y Y Y Y Y Y]]QA2 | Y Y Y \ Y Y Y
QA3 \ Y Y Y Y Y Y]{QA3 . Y Y Y Y Y Y Y
QA4 . NO NO NO Y Y Y Y{{oeasq . Y Y Y Y Y Y Y
QAS . \ Y Y Y v Y Y1{]QA5 Y Y Y Y Y Y Y
QB1 A Y Y Y Y Y y|]aeB1 Y Y Y Y Y Y Y
QB2 . NO Y Y Y Y Y Y{jaesz . Y- Y NO Y Y Y Y
QB3 . NO NO NO NO Y Y Y||eB3 . NO NO NO NO NO Y Y
QB4 NO Y Y Y Y Y Y]|cB4 Y Y Y Y Y Y Y
QBS A Y Y Y Y Y Y1|eBS Y Y Y ¥ ¥ ¥ ¥
QcH Y - - - - - -]]QcH Y - - - - - -
Qcz2 . Y - - - - - ~l]Qc2 Y - - - - - -
QCca . Y - - - - - -]1]Qc€C3 Y - - - - - -
QC4 . Y - - - - - -11Q¢C4 Y - - - - -
QCs . \ - - - - - -1]QCs Y - - - - - -
QD1 Y Y Y A Y Y Y||QD1 Y - - - - - -
QD2 Y Y Y Y Y Y Y| jQD2 Y - - - - - -

98



TABLE 1 (continued)

DESIGNATION OF ITEM FIT WHERE “VES" IDENTIFIES ITEMS THAT EITHER FIT THE
RASCH MODEL OR THOSE VERY EASY ITEMS THAT DO NOT FIT THE RASCH MODEL
WHICH ARE RETAINED UNDER CRITERIA ESTABLISHED IN THIS STUDY AND WHERE
"NO* IDENTIFIES VERY DIFFICULT ITEMS THAT DO NOT FIT THE RASCH MODEL

FOURTH GRADE SEVENTH GRADE
ITEMS WHICH FIT THE RASCH MODEL: ITEMS WHICH FIT THE RASCH MOOEL:
YES (i.e., "Y") OR NO YES (i.e., "Y") OR NO

1973 1974 1975 1876 1977 1978 1879 1973 1974 1975 1976 1877 1978 1979
TOTAL TOTAL
ITEMS} 115 95 a5 95 a5 95 95 ITEMS] 115 100 100 100 100 100 100
QD3 . Y Y Y Y \ Y Yjjeoea . Y - - - - - -
QD4 . Y Y Y Y Y Y Y| Qb4a Y - - - - - -
QD5 Y Y Y Y Y Y Y] |QDs Y - - - - - -
QE1 . Y \ Y Y Y Y Y||QE1 A Y Y Y Y Y Y
QE2 . NO Y NO NO NO NO NO}|QE2 . Y Y Y Y Y Y Y
QE3 . Y \ Y Y Y Y Y}|QE3 . Y v Y Y Y Y Y
GE4 Y A Y Y Y Y Y||QE4 . Y Y Y Y Y Y Y
QES Y Y v Y Y Y YE|QES . Y Y Y A Y Y Y
QF1 Y NO ¥ Y NO  NO NOJQF1 . Y NO Y Y Y Y Y
QF2 Y A v Y Y Y Y]|QF2 . Y Y Y Y Y NO Y
QF3 Y Y Y Y Y Y Y|]QF3 . Y Y A Y Y Y Y
QF4 Y Y v NO Y Y NO|{QF4 . NO NO NO Y Y Y Y
QFS NO Y v Y Y Y Y||QF5 . Y Y Y Y Y Y Y
QG1 . Y Y Y Y ¥ Y Y1]QGt . Y Y Y Y Y Y Y
QG2 . Y Y Y Y Y Y Y{|aG2 Y Y \ Y Y Y ¥
QG3 . NO NO Y NO Y ¥ yY]|QGa Y Y Y Y Y Y Y
QG4 . Y A Y Y Y ¥ Y|]oG4 . Y NO Y Y Y Y Y
QoGS . Y v Y Y Y A4 YjlQGgs . ¥ Y \ Y Y A Y
QH1 Y Y Y Y Y Y Y1 1QHY ¥ NO Y Y Y ¥

L8



TABLE 1 (continued)

DESIGNATION OF ITEM FIT WHERE "YES" IDENTIFIES ITEMS THAT EITHER FIT THE
RASCH MODEL OR THOSE VERY EASY ITEMS THAT DO NOT FIT THE RASCH MODEL
WHICH ARE RETAINED UNDER CRITERIA ESTABLISHED IN THIS STUDY AND WHERE
"NO" IDENTIFIES VERY DIFFICULT ITEMS THAT DO NOT FIT THE RASCH MODEL

FOURTH GRADE

ITEMS WHICH FIT THE RASCH MODEL:
YES (i.e., "Y") OR NO

1973 1974 1975 1876 1977 1978 1979

SEVENTH GRADE

ITEMS WHICH FIT THE RASCH MODEL:
YES (i.e., "Y") OR NO

1973 1974 1975 1976 1977 13878 1979

TOTAL TOTAL

ITEMS] 115 9% 95 9% 95 a5 a5 ITEMS] #15 100 100 {100 100 100 100
QH2 . NO NO NO 4 Y Y YijQH2 . NO NO NO Y Y Y Y
QH3 . Y Y Y Y Y Y YIIOH3 . Y Y NO Y Y Y ¥
QH4 . NO Y Y Y Y NO YijoH4 . Y Y Y Y Y ¥ Y
QHS . Y Y Y Y Y Y Y]JQHS . Y NO NO Y A4 Y Y
QI1 Y Y Y Yy Y Y Y|joIt Y Y Y Y Y ¥ Y
QI2 . Y Y Y Y Y Y Yljoi2 . Y A Y Y Y Y Y
QI3 . Y Y Y Y Y Y YI]QI3 . Y A v Y Y Y Y
QI4 . NO NO Y Y Y Y|jQI14 \i Y Y Y Y Y Y
QIS . A Y Y Y Y Y Y]]QIS Y Y Y Y Y Y Y
Qut v Y Y Y Y Y][|Qu1 Y A4 Y Y Y \ ] Y
Qu2 . Y Y Y Y Y Y Y{{Qu2z . A Y Y Y Y Y
QU3 . Y Y Y Y Y Y Y{]Qu3 . Y Y ¥ Y A4 Y Y
Qu4 . Y Y Y Y Y Y Y[|QJ4 . Y ¥ Y Y Y Y Y
QUs . Y Y Y Y Y Y Y]|QuUS Y Y Y Y Y Y Y
oKt . Y Y Y Y Y Y Y]eKt . Y A Y Y A Y Y
QK2 . Y Y Y Y Y Y Yl|QK2 . Y Y Y Y Y Y Y
QK3 Y Y Y A\ Y Y Y]IQK3 . Y Y Y Y A Y Y
QK4 . NO Y Y Y Y Y]laK4 . Y Y \ Y Y Y Y
QKSs . Y Y Y Y Y Y Y{JQKS . Y Y ¥ Y A Y Y

88



TABLE 1 (conttnued)

DESIGNATION OF ITEM FIT WHERE "YES" IDENTIFIES ITEMS THAT EITHER FIT THE
RASCH MODEL OR THOSE VERY EASY ITEMS THAT DD NOT FIT THE RASCH MODEL
WHICH ARE RETAINED UNDER CRITERIA ESTABLISHED IN THIS STUDY AND WHERE
"NO* IDENTIFIES VERY DIFFICULT ITEMS THAT DO NOT FIT THE RASCH MODEL

FOURTH GRADE SEVENTH GRADE
ITEMS WHEICH FIT THE RASCH MODEL: ITEMS WHICH FIT THE RASCH MODEL:
YES (1.e., “Y") OR NO YES (1.e., "Y") OR NO

1973 1974 1975 1976 1977 1978 1978 1973 1974 1975 1976 1977 1978 1979
TOTAL TOTAL
ITEMS] 115 95 a5 95 95 95 95 ITENS| 115 100 100 1100 100 100 100
QL1 Y Y Y \ Y Y YIIQL1 . Y Y Y Y Y Y Y
QL2 Y Y Y Y Y Y YjpaL2 . Y Y Y NO NO Y Y
QL3 Y Y Y Y Y Y yljaoLa . Y NO A Y Y Y Y
QL4 . Y Y Y A Y Y YjjaL4 . Y Y NO Y Y Y Y
QLS . Y Y Y Y Y Y YIIQLS . Y Y Y Y Y Y Y
oM1 . Y Y Y Y Y Y YoMt . Y Y Y Y Y Y Y
QM2 . Y Y Y A Y Y Ypjamz . Y Y \ Y Y Y Y
QM3 . Y Y Y Y Y Y YEIQM3 . Y Y A Y Y Y Y
QM4 . Y Y Y Y Y Y Yjioma . Y Y Y Y Y Y Y
QM5 . Y Y Y Y Y Y Yi|amMs . Y Y . Y Y A Y A
ON1 . Y - - - - - =FJONT . NO Y Y Y Y Y Y
QN2 . Y - - - - - -1 [GN2 Y Y Y Y A Y Y
QN3 . Y - - - - - =]JGN3 . Y Y Y Y Y Y Y
QN4 . Y - - - - - -11GN4 . Y Y Y Y Y Y Y
QNS . Y - - - - - ~1|GN5 Y Y Y Y Y Y Y
Qo1 Y - - - - - -1]Q01 . Y A Y Y Y Y Y
Q02 . Y - - - - - -1jeoz2 . Y Y Y Y A Y Y
Qo3 . Y - - - - - -jjeo3 . Y A Y Y Y Y Y
Qo4 . Y - - - - - -{j0Q04 . Y Y Y Y Y Y Y

68



DESIGNATION OF ITEM FIT WHERE

TABLE 1 (continued)

“YES* IDENTIFIES ITEMS THAT EITHER FIT THE

RASCH MODEL OR THOSE VERY EASY ITEMS THAT DO NOT FIT THE RASCH MODEL
WHICH ARE RETAINED UNDER CRITERIA ESTABLISHED IN THIS STUDY AND WHERE
"NO™ IDENTIFIES VERY DIFFICULT ITEMS THAT DD NOT FIT THE RASCH MODEL

FOURTH GRADE SEVENTH GRADE
ITEMS WHICH FIT THE RASCH MODEL: ITEMS WHICH FIT THE RASCH MODEL:
YES (f.e., "Y") OR NO YES ({.e., "Y*) OR NO

1973 1974 1975 9976 1977 1978 1979 1973 1974 1975 1976 1977 1978 1979
TOTAL TOTAL
ITEMS] 115 95 95 95 95 95 95 |liTems]| 115 100 100 100 100 100 100
Q05 . Y - - - - - -]|qos . ¥ Y Y ¥ Y Y ¥
QP11 .| NO Y ¥ \{ Y ¥ v]{orPt . Y ¥ Y ¥ Y ¥ ¥
arP2 . Y Y Y Y ¥ Y vilopz .| N0 NO WO Y ¥ ¥ ¥
QPa . Y Y Y Y Y Y vi{jaora3 . v Y ¥ Y Y ¥ ¥
QP4 . Y Y ¥ ¥ ¥ Y v|jora . Y Y ¥ ¥ Y Y ¥
QPs . Y Y Y Y Y ¥ vflaors . Y Y Y Y Y Y ¥
QQ1 Y ' Y NO NO Y v|loea1 Y Y Y ¥ ¥ Y Y
Qo2 . Y ' ¥ Y ¥ Y vilag2z . Y Y Y Y Y Y Y
QQ3 . Y Y ¥ Y Y ¥ v||oas . Y Y v Y Y ¥ Y
QR4 . Y Y Y Y Y Y Y] |QQ4 Y Y Y Y Y Y Y
Q05 . Y Y Y Y Y Y. Y]||ogs Y Y Y ¥ ¥ Y Y
QR1 . Y Y Y Y Y Y Y||QRT . Y Y Y Y Y Y Y
QR2 NO NO Y Y Y Y vljoRr2 . Y ¥ Y Y ¥ Y Y
QR3 Y Y Y Y Y Y Y|{OR3 . Y Y Y Y Y Y Y
QrR4 . Y Y Y Y Y Y YIOR4 . Y Y Y Y Y Y Y
QRS . Y Y ¥ Y Y Y v|laors . ' ¥ Y Y Y Y Y
Qst . Y Y Y Y Y Y yljest . Y Y Y Y Y Y Y
Qs2 . ¥ Y Y Y Y Y vjles2 .| N0 NO  NO Y ¥ Y Y
Qs3 . Y 4 Y Y Y Y v|ljas3 . Y ¥ Y Y ¥ ¥ Y
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TABLE 1 (continued)

DESIGNATION OF ITEM FIT WHERE "YES" IDENTIFIES ITEMS THAT EITHER FIT THE
RASCH MODEL OR THOSE VERY EASY ITEMS THAT DO NOT FIT THE RASCH MODEL
WHICH ARE RETAINED UNDER CRITERIA ESTABLISHED IN THIS STUDY AND WHERE
*NO™ IDENTIFIES VERY DIFFICULT ITEMS THAT DO NGT FIT THE RASCH MODEL

FOURTH GRADE SEVENTH GRADE
ITEMS WHICH FIT THE RASCH MODEL: ITEMS WHICH FIT THE RASCH MODEL:
YES (1.e., "Y") OR NO YES (1.e., "Y"®) OR NO

1973 1974 1975 1976 1977 1978 1978 1973 1974 1975 1876 1977 1978 1979
TOTAL TOTAL
ITEMS] 115 85 85 a5 a5 95 a5 ITEMS] 115 100 100 100 100 100 100
QsS4 Y Y Y Y ¥ Y Y]]Qs54 Y Y Y Y Y Y Y
Qs5 Y Y Y \j Y Y Y{10S5 Y \ Y Y Y 4 Y
Qrt . Y Y Y NO Y Y v{jaT1 Y - - - - - -
QT2 Y ¥ Y Y Y Y yjjara Y - - - - - -
QT3 NG NO NO NO ¥ Y Y1]QT3 Y - - - - -
QT4 Y Y Y Y Y Y yjjeT4 Y - - - - -
QTS Y Y Y Y Y Y Y1]QT5 Y - - - - - -
Qut . Y Y Y Y Y Y Y| jQut Y Y Y Y Y Y Y
Qu2 . Y Y Y Y Y Y Y| |ou2 Y Y \ Y Y Y Y
Qua . Y v Y Y Y Y Ypjeus \i Y Y Y Y Y Y
Qu4 . Y Y Y Y Y Y Y]ou4 Y Y Y Y Y Y Y
Qus . Y Y Y Y Y Y Y]Qus Y Y Y Y Y Y Y
Qvi Y Y Y Y Y ¥ Yjevi Y Y Y Y Y Y Y
Qva . A4 Y Y Y Y Y Y[jave Y Y Y Y Y v Y
Qva . Y Y Y Y Y Y Y|ov3 Y Y NO NO NO NO NO
Qv4 . Y Y Y Y Y v Y]lava NO Y Y Y Y Y Y
Qvs . Y Y Y Y Y v Y[|avs Y Y Y Y Y ¥ Y
Qwi Y - - - - - ~| jow1 Y Y A Y Y Y Y
Qw2 Y - - - - - -1 1Qw2 Y NO NO NO Y v Y

16



TABLE 1 (continued)

DESIGNATION OF ITEM FIT WHERE "YES" IDENTIFIES ITEMS THAT EITHER FIT THE
RASCH MODEL OR THOSE VERY EASY ITEMS THAT DO NOT FIT THE RASCH MODEL
WHICH ARE RETAINED UNDER CRITERIA ESTABLISHED IN THIS STUDY AND WHERE
"NO" IDENTIFIES VERY DIFFICULY ITEMS THAT DO NOT FIT THE RASCH MODEL

FOURTH GRADE
ITEMS WHICH FIT THE RASCH MODEL:
YES (1.e., "Y") OR NO

1973 1974 1975 1976 1977 1978 1979

SEVENTH GRADE
ITEMS WHICH FIT THE RASCH MODEL:
YES (i1.e., “Y") OR NO

1973 1974 1975 1976 1977 1978 1978

TOTAL TOTAL

ITEMS| 115 85 g5 a5 95 95 g5 ITEMS) 115 100 100 100 100 100 100
Qw3 NO - - - - - -11Qw3 Y Y Y Y Y Y Y
Qw4 NO - - - - - -1]Qwa . Y Y Y Y Y Y Y
Qw5 Y - - - - - -11GWS . Y Y Y Y Y Y Yy

NUMBER OF VERY DIFFICULT FOURTH
GRADE ITEMS THAT DO NOT FIT THE
RASCH MODEL AND THE PERCENTAGE
THESE ITEMS REPRESENT OF THE
TOTAL NUMBER OF ITEMS

1973 1974 1975 1976 1977 1978 1979

NUMBER OF VERY DIFFICULT SEVENTH
GRADE ITEMS THAT DO NOT FOT THE
RASCH MODEL AND THE PERCENTAGE

THESE ITEMS REPRESENT OF THE
TOTAL NUMBER OF ITEMS

1973 1974 1975 1876 1977 1978 1979

TOTAL

% ALL
ITEMS

17 9 ] 8 4 3 3

4.8 9.5 6.3 8.4 4.2 3.2 3.2

TOTAL

% ALL
ITEMS

7 11 i1 4 3 2 1

6.1 11.0 11,0 4.0 3.0 2.0 1.0

4
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Table 1 reveals an overall decline in the number of difficult items
that do not fit the Rasch model during the seven year period of this
study from 1973 through 1979. This is generally true for the fourth
grade, though a temporary jump occurred in 1976. However, the downward
trend in fourth grade results resumed in 1977. 1In 1973, the seventh
grade results showed a lower number of items that did not fit the Rasch
model than the next two succeeding years. A decline in seventh grade
results began in 1976. The downward trend in fourth grade results,
which resumed in 1977, and the seventh grade results beginning with
1976, dropped below any of the preceding years in each grade. Thus both
grades demonstrate a successive, though small, decline in the incidence
of difficult items from 1977 through the 1979 tests. The incidence of
these very difficult items ranged from a high of 15% in 1973 to a low of
3% in 1978 and 1979, for the fourth graders, and from a high of 11% in
1974 and 1975 to a low of 1% in 1979, for the seventh graders. The total
number of difficult items which did not fit the criteria established in
this investigation from 1973 through 1979 were 17, 9, 6, 8, &, 3, and 3,
respectively, for the fourth grade and 7, 11, 11, &4, 3, 2, and 1,
respectively, for the seventh grade,

Table 2 suggests that no one score group has very many of the
students from the 1000 sampled, but a perceptible shift appears to occur
in the number of students at the higher scoring levels in both fourth
and seventh grades as time passes. This shift toward higher scores with
the passage of time is more apparent in Table 2A which presents the
quartile scores of the fourth grade and the seventh grade students. The
predominance of higher scores among seventh grade students in comparison

to fourth graders, that is revealed in this table, may be due to the
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fact that there are five more questions in the sevénth grade test than
were used in the fourth grade test from 1974 through 1979. It is
interesting to note that the first quartile scores in the fourth grade
are higher for 1975 and 1976 than the seventh grade counterparts despite
the use of fewer questions in the fourth grade test. There is probably
very little value in a direct comparison of fourth grade and seventh
grade scores as there may be little real difference between them at any
level. However, there is a pronounced increase in first quartile scores
for both grades between 1974 and 1979, the years tests within each grade
had the same number of questions, that is interesting. These increases
exceed 20 points in both cases. The second quartile scores also
increased, but by iess than half as much as the first quartile scores.
Third quartile scores increased by approximately four points and two
points, respectively, for the fourth and seventh graders from 1374

through 1979.
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TABLE 2 (continued)

NUMBER OF FOURTH AND SEVENTH GRADE STUDENTS AT EACH
SCORE LEVEL WHO CORRECTLY ANSWER EACH ITEM

FOURTH GRADE

NUMBER OF STUDENTS AT

EACH SCORE LEVEL

SEVENTH GRADE

NUMBER OF STUDENTS

EACH SCORE LEVEL

AT

SCORE
1973 1974 1975 1976 1977 1978 1979] [LEVEL| 1973 1974 1975 1976 1877 {978 1979
6 12 6 1" 9 5 4 24 3 8 8 4 3 3 3
4 3 10 12 4 4 1 25 2 " 7 7 2 3 1
7 i1 9 13 4 4 2 26 6 8 5 7 5 1 0
8 10 8 1 ] 3 3 27 10 S 12 5 2 1 1
1c 10 6 ic 4 3 S 28 3 7 7 8 0 0 1
9 15 13 5 1 2 6 29 12 10 10 8 1 4 1
17 7 7 ] 5 5 -] 30 6 8 8 4 1 2 1
7 13 9 2 4 6 0 31 5 9 10 1 3 2 4
15 6 8 7 6 6 6 32 6 " 8 7 3 6 2
7 11 4 9 13 9 7 33 7 i0 8 4 2 2 5
10 9 5 9 10 5 3 34 9 7 4 6 3 o] 2
i1 8 9 6 4 7 2 35 8 a 7 7 3 3 3
12 8 8 7 4 9 0 36 7 9 7 7 4 1 3
12 10 8 S 7 3 0 a7 7 8 3 9 2 4 1
7 6 6 8 2 6 4 38 7 11 1 3 3 4 4
9 9 4 7 3 -3 2 39 2 11 10 9 3 1 3
11 9 3 1 4 1 2 40 10 3 2 4 3 3 2
4 6 2 5 1 2 3 41 S 9 S 8 4 4 1
8 3 7 S 2 i 2 42 2 9 6 6 8 3 4
4 3 4 1 2 4 5 43 13 7 8 8 5 1 2
8 7 8 2 4 6 3 44 3 4 3 3 2 2 3
9 & 3 3 4 1 1 45 7 4 7 7 3 2 2
8 3 8 2 4 4 4 46 =) 6 6 B8 5 2 S
2 7 6 7 4 3 5 47 6 2 5 6 1 8 4

96



TABLE 2 (continued)

NUMBER OF FOURTH AND SEVENTH GRADE STUDENTS AT EACH
SCORE LEVEL WHD CORRECTLY ANSWER EACH ITEM

FOURTH GRADE SEVENTH GRADE
NUMBER OF STUDENTS AT NUMBER OF STUDENTS AT
EACH SCORE LEVEL EACH SCORE LEVEL

SCORE SCORE

LEVEL| 1973 1974 1975 1976 1977 1978 1979]|JLEVEL| 1973 1974 1975 1976 1977 1978 1979
48 -] 6 [} 3 4 4 2 48 7 6 10 4 § 3 4
48 8 a8 6 4 3 7 2 49 3 9 8 4 6 2 2
S0 6 5 3 3 6 7 e 50 3 8 7 5 5 3 2
S1 6 6 S 4 4 4 5 5% 4 4 6 12 L] 6 3
52 5 7 2 6 5 4 8 52 4 2 1) 6 5 5 4
63 4 S 4 4 4 S 4 53 3 7 1 8 1 4 3
4 6 4 S 6 8 5 8 54 3 2 3 8 8 S 4
55 5 10 L] 5 9 1 6 55 4 7 3 8 7 8 3
56 7 7 6 5 3 3 4 56 4 3 4 g 5 5 6
57 7 7 S 3 6 7 1 57 S 8 7 8 9 S 2
58 3 6 3 11 7 7 3 58 8 6 7 10 4 3 4
59 8 3 2 2 7 7 4 59 5 12 2 6 4 a8 4
60 6 5 7 4 14 4 6 60 6 10 12 5 S 4 6
61 7 6 12 7 7 7 13 6t 4 6 4 10 4 10 6
62 13 6 5 5 2 -} 2 62 7 1 10 3 6 6 4
63 6 9 7 6 4 10 7 63 4 12 1 8 6 5 4
64 8 9 S 10 10 8 4 64 7 6 S S 7 4 7
€5 3 12 9 7 6 5 5 65 6 9 10 7 3 9 7
66 7 16 7 7 13 12 3 66 8 L] 6 a 6 8 5
67 7 13 1" 8 12 7 12 67 S5 10 3 6 7 8 9
68 6 15 9 11" 8 6 9 68 7 1M1 8 6 g 5 5
€9 ;] 7 8 7 4 5 13 €9 7 7 9 3 5 10 S
70 7 15 7 10 7 10 S ¢ 9 10 8 4 5 7 -]
71 g 14 13 10 11 10 9 71 4 6 4 5 S 7 7

L6



TABLE 2 (continued)

NUMBER OF FOURTH AND SEVENTH GRADE STUDENTS AT EACH
SCORE LEVEL WHO CORRECTLY ANSWER EACH ITEM

NUMBER OF STUDENTS AT

FOURTH GRADE SEVENTH GRADE
NUMBER OF STUDENTS

EACH SCORE LEVEL EACH SCORE LEVEL

AT

1973 1974 1975 1976 1977 1978 1979] ILEVEL|1973 1874 {1975 1976 1877 1978 1979

momu'aqaaqmm

12
15
19
22

7 5 11 7
e 1 9 10
12 15 12 L
12 7 12 12
12 13 10 12
3 7 13 18
9 10 17 13
16 8 7
15 i 9 17
17 9 i6 15
18 12 18 14
13 15 i1 16
12 18 13 19
19 13 15 13

15 13 10 12 $12 T2
17 9 13 15 11 73
14 19 20 8 10 74
20 15 16 5 13 75
10 22 9 15 18 76
20 18 17 18 17 77
22 20 12 17 14 78
27 20 24 13 20 79
16 15 22 17 18 80
24 22 21 20 16 81
32 18 26 26 30 82
29 29 32 29 26 83
25 23 a3 36 33 84
35 26 27 a8 36 85

- - -
NRDa2aNONN~IRNDWW
F -y

37 30 38 50 43 86 10 19 23 19 25
52 45 34 41 43 87 3 27 18 17 28
42 46 51 65 53 88 B 19 28 24 28
46 48 48 37 60 89 16 24 29 27 26
49 49 62 52 60 80 13 22 R 3 28
30 as 50 87 68 91 13 26 37 38 46
39 49 53 50 S0 92 22 29 a8 40 44
28 48 37 56 48 83 14 46 3s 37 51
i8 21 37 34 42 94 22 51 44 48 57
i1 18 10 18 21 95 13 45 41 50 53

14
10
13

13
10
12

86



TABLE 2 (continued)

NUMBER OF FOURTH AND SEVENTH GRADE STUDENTS AT EACH
SCORE LEVEL WHO CORRECTLY ANSWER EACH ITEM

FOURTH GRADE
NUMBER OF STUDENTS AT
EACH SCORE LEVEL

SEVENTH GRADE

NUMBER OF STUDENTS AT
- EACH SCORE LEVEL

SCORE SCORE
LEVEL| 1973 1974 1975 1976 1977 1978 1979 JLEVEL] 1973 1974 1975 1976 1977 1978 1978

86 20 96 13 44 49 48 60 67 65
97 13 97 11 30 46 48 82 83 66
98 21 o8 23 26 39 32 53 51 45
99 25 a9 14 30 30 15 35 40 43
100 24 100 18 7 6 7 13 16 8
101 23 101 8 . .. ‘e . .
102 28 102 27

103 19 103 28

104 27 104 a

105 26 105 20

106 21 106 29

107 22 107 40

108 20 ics 36

109 22 19 ..

110 14 110 27

i 30 LR A 48

112 10 112 a2

113 5 113 23

114 7 114 13 .
115 2 115 4 .

66



TABLE 2A

SCORES OF FOURTH AND SEVENTH GRADE STUDENTS AT EACH
QUARTILE LEVEL

FOURTH GRADE
STUDENT SCORES AT
EACH QUARTILE LEVEL

SEVENTH GRADE
STUDENT SCORES AT
EACH QUARTILE LEVEL

Q
LEVEL} 1973 1974 - 1875 1976 1977 1978 1979 |LEVEL| 1973 1874 1975 1976 1977 1978 1979
Qf $2.45 50.18 59.92 60.00 65.22 69.45 72.34 Q1 64.50 54.31 57.23 57.03 74.24 74.91 79.96
Q2 84.93 75.25 79.43 80.23 82.16 83.47 84 .40 Q2 93.50 81.34 84.92 84.07 88.37 89.08 89.39
Q3 |101.01 85.10 87.19 88.23 88.49 89.11 89.34 Q3 {105.15 82.31 93.06 92.95 94.17 94.30 94.32
N ag99 998

1000 998 999 999 930

960 989 284 286 gg98 1000 999

001
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Table 3 presents basically the same information found in Table 2
but in terms of proportions of the total sample within each score group.
The most striking impression gained from this table is the information
that no score category contains more than 7% of the total sample and

-

that most, by far, contain 3% or less.
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SEVENTH GRADE
PROPORTION OF STUDENTS AT
EACH SCORE LEVEL
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TABLE 3 (contéinued)

FOURTH GRADE
PROPORTION OF STUDENTS AT

EACH SCORE LEVEL
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TABLE 3 {continued)

PROPORTION OF FOURTH AND SEVENTH GRADE STUDENTS AT EACH SCORE LEVEL WHO CORRECTLY ANSWER EACH ITEM

]

FOURTH GRADE SEVENTH GRADE
PROPORTION OF STUDENTS AT PROPORTION OF STUDENTS AT
EACH SCORE LEVEL EACH SCORE LEVEL

SCORE SCORE
LEVEL] 1873 1974 1975 1976 1977 1978 1979 |LEVEL]1973 1974 1975 1976 1977 1978 {1979
97 0.01 . 97 0.01 0.03 0.05 0.05 0.05 0.05 0.07
98 j0.02 . a8 0.02 0.03 0.04 0.03 0.05 0.05 0.05
898 (0.03 . 99 0.01 0.03 0.03 0.02 0.04 0.04 0.04
100 10.02. . 100 [0.02 0.0t 0.01 0.01 0.01 0.02 0.04
101 |0.02 . 10t JO.01 ... .. .. .
102 {0.03 102 10.03 .
103 |0.02 103 [0.03

104 10.03 104 |0.03

105 |0.03 105 [0.02

106 |0.02 106 |0.03

107 (0.02 107 }0.04

t08 J0.02 108 |0.04

109 10.02 109 [0.03 .

110 |0.01 . 11C (0.03 . .
111 10.03 . 111 |0.05

112 |0.01 112 f0.03

13 ]0.01 113 |0.02

t14 |0.01 . 114 {0.01 .

115 |0.00 . 115 {0.00 .

501
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Table 4 provides some ready indication of how consistently each
item administered from 1973 through 1979 retains a measure of
difficulty. For the most part, easy items, identified by positive logit
values, and hard items, identified by negative logit values, tend to
retain this easy or hard characteristic throughout the term of the
study. Some items, close to an ideal fit where the difference between
the difficulty value computed by the model and that expected under the
mode] would be zerc, change in sign occasionally as might be expected.
These items tend to have relatively small logit values in absolute
terms, indicating that they are very close to fitting the predicted
value, which implies a near perfect fit. In fact noc item does fit the
mode] perfectly. The zero values shown in ghe table identify those

items that were dropped from the 1973 test.



TABLE 4

ESTIMATES OF DIFFICULTY FOR EACH TEST ITEM MEASURED IN ‘TERMS OF LOG-0DDS

FOURTH GRADE

SEVENTH GRADE

READING TEST ITEM DIFFICULTY IN LOG-0DDS READING TEST ITEM DIFFICULTY IN LOG-0DOS
ITEM ITEM
LEVEL| 1973 1874 18975 1876 1977 1978 979|JLEVEL|[ 1973 1974 1975 1976 1977 1978 1879
QA1 1-0.85 -0.90 -0.92 -0.72 -1.00 -0.97 -1.24 QA4 0.09 0.54 -0.37 -0.53 -0.72 -1.26 -4.16
QA2 |-0.30 -0.33 -0.32 -0.15 -0.07 -0.07 -0.39 QA2 1.47 1.43 1.43 1.339 1.61 2.03 1.87
QA3 0.44 0.61 0.39 0.15 0.42 0.25 0.43 QA3 0.43 0.42 0.29 0.35 0.35 0.21 0O.31
QA4 |-0.26 -0.26 -0.21 -0.29 -0.19 -0.3t -0.22 QA4 0.43 0.63 0.34 0.35 0.46 -0.42 0.45
QAS 0.06 0.14 0.09 0.08 -0.03 -0.06 -0.07 QAS 0.68 0.84 0.72 0.62 0.61 0.68 0.69
Q8t }|-0.29 -0.19 -0.25 -0.23 -0.37 -0.42 -0.3% QB1 }-0.53 -0.34 -0.34 -0.41 -0.35 -0.20 -0.37
QB2 |-0.12 -0.02 0.07 O0.11 0.26 0.15 -0.07 QB2 [-0.9t1 -0.88 -0.67 ~-0.95 -0.98 -0.99 -1.13
QB3 |-0.90 -0.68 -0.72 -0.70 -0.8% -0.91 -1.26 QB3 |-0.58 -0.76 -0.63 -0.64 -1.96 -1.26 -1.00
QB4 |-0.18 -0.02 -0.15 0.00 0.00 0.12 0.12 QB4 0.67 0.56 -0.08 -0.19 -0.25 -0.48 -0.24
QBS |-0.33 -0.22 0.04 0.27 0.24 0.23 -0.11 Q85 | 0.33 0.63 0.60 1.05 0.98 0.94 1.0t
Qc1 1.70 0.00 0.00 0.00 0.00 O©0.00 0.00]} QCt1 ]-0.41 0.00 0.00 0.00 0.00 0.00 0.0C
Qc2 0.71 0.00 0.00 0.00 0.00 0.00 O0.00]] QC2 |-1.04 ©.00 0.00 0.00 0.00 0.0C 0.00
Qca 1.03 0.00 0.00 0.00 0.00 ©0.00 0.00f] QC3 |-0.896 0.00 0.00 0.00 0.00 0.00 O0.00
QC4 |-0.29 0.00 0.00 0.00 0.00 0.00 O.00f] QC4 |-0.63 0.00 0.00 0.00 0.00 0.00 0.00
QC5 1.12 0.00 0.00 0.00 0.00 0.00 0.00|] QC5 |-0C.88 0.00 0.00 0.00 0.00 0.00 0.00
QD+ }-0.35 -0.73 -0.56 -0.29 -0.29 -0.15 -0.30]| QD¢ 0.45 0.00 0.00 0.00 0.0C 0.00 0.00
QD2 |-0.30 -0.35 -0.17 -0.03 0.26 0.06 OQ.10|) QD2 |-1.04 0.00 Q.00 0.00 0.00 0.00 0.00
QD3 ]1-0.58 -0.61 -0.69 -0.43 -0.39 -0.32 -0.45 QD3 0.3t 0.00 0.00 0.00 0.00 0.00 0.00
QD4 0.48 O0.11 0.21 0.48 0.69 0.64 0.76 QD4 1.09 0.00 0.00 0.00 0.00 0.00 0.00
QDS |-0.04 -0.10 -0.04 -0.09 0.40 0.29 0.19|]| QD5 1.56 0.00 0.00 ©€.00 0.00 ©.00 0.00
QE1 |-2.25 -1.71 -2.12 -2.07 -1.92 -2.12 -1.81 QE1 .14 0.08 0.57 ¢.62 0.87 0.87 0.70
QE2 }-0.84 -0.49 -0.40 -0.64 -0.34 -0.29 -0.14 QE2 .43 0.47 0.72 0.83 1.01 1.00 0O.91
QE3 |-0.94 -0.77 -0.89 -0.86 -1.10 -1.17 -1.00}| QE3 |-0.76 -0.59 -0.07 -0.05 0©0.27 0.30 O.15
QE4 |-1.72 -1.28 -1.33 -1.28 -1.62 -1.85 -2.26 QE4 |-0.84 -0.55 -0.09 -0.07 -0.15 0.24 -0.16
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ESTIMATES OF DIFFICULTY

TABLE 4 {(continued)

FOR EACH TEST ITEM MEASURED IN TERMS OF LOG-0DDS

FOURTH GRADE

SEVENTH GRADE

READING TEST ITEM DIFFICULTY

READING TEST ITEM OIFFICULTY IN LOG-0DDS IN LOG-0DDS
ITEM ITEM
LEVEL} 1973 1974 1975 1976 1977 1978 1{1979||LEVEL| 1973 1974 {975 1976 1977 1978 1979
QES |-1.50 -1.34 -1.35 -1.49 -1.18 -1.74 -1.68 QES |-1.18 -1.07 -0.58 -0.61 -0.56 -0.26 -0.64
QF1 |-0.69 -0.41 -0.63 ~0.36 ~0.48 -0.45 -0.48 QF1 |-0.94 -0.88 -1.05 -0.99 -Q.70 -0.98 ~1.16
QF2 0.31 0.58 0.3% 0.29 0.5310.49 (.55 QF2 |-1.18 -1.03 -0.82 -0.72 -0.55 -0.69 -0.51
QF3 0.64 0.83 0.81 0.54 0.5710.64 0.61 QF3 |-1.33 -1.28 -1.41 -1.22 -1.57 ~-1.88 -1.78
QF4 0.08 0.28 0.41 -0.00 ©.16 }0.24 ~-0.01 QF4 |-0.42 -0.30 -0.10 -0.18 0.24 0.31 0.2
QF5 |-0.15 0.01 O.11 0.21 0.1t "0.15 ¢.23 QF5 |-0.88 -0.97 -0.57 -0.68 -0.77 -0.77 -0.69
QG1 [-0.44 -0.63 -0.41 -0.33 -0.36 +0.52 -0.44 QGt |-0.41 -0.64 -0.5% -0.65 -0.80 -0.70 -0.55
QG2 |-0.77 -0.80 -0.67 -0.76 -0.89" -0.54 -0.82 QG2 |-0.58 -0.42 -0.55 -0.50 -0.33 -0.47 -0.52
QG3 |-1.07 -1.42 -0.95 -1.03 -1.32 -1.03 -1.46 QG3 |-0.86 -0.89 -0.95 -1.38 -1.60 -1.51 -1.69
QG4 |-1.35 ~1.24 -1,12 ~0.96 -1,39 -1.21 -1.40 QG4 }-0.87 -1.04 -0.82 -0.91 -1.67 -1.91 -1.81
QG5 |-1.09 -4.29 -1.03 -0.87 -1.23 -0.92 -1.10 QGS |-1.14 -1.13 -0.93 -0.99 ~1.55 -1.95 -1.89
QH1 |-0.72 -0.69 -0.56 -0.37 -0.42 -0.65 -0.34 QH1 |-0.26 -0.43 -0.25 0.20 O0.14 0.16 0.39
QH2 |-0.55 -0.68 -0.77 -0.49 -0.49 -0.62 -0.68 QH2 [-0.54 -0.50 -0.48 -0.65 -0.72 -0.96 -1.07
QH3 |-0.76 -0.79 -0.76 -0.60 -0.56 -0.74 -0.82 QH3 1-0.26 -0.24 -0.28 -0.19 -0.40 -0.54 -0.45
GH4 |-0.49 -0.40 -0.59 -0.40 ~0.36 -0.49 -0.44 QH4 |-0.60 -0.62 -0.49 -0.71 -0.58 -0.62 -0.92
QHS |-0.83 -0.96 -0.88 -0.72 -0.54 -0.73 -0.82 QHS |-0.42 -0.46 -0.75 -0.13 -0.42 -0.00 0O.t8
QI{ 1-0.21 0.02 -0.00 0.11 -0.11 -0.29 -0.07 QIt 0.76 0.63 0.73 0.67 0.57 0.63 0.73
QI2 {-0.26 -0.36 -0.00 -0.31 -0.18 ~0.14 -0.05 QI2 1-0.26 -0.26 -0.34 -0.53 -0.92 -1.13 -1.18
QI3 ]-0.49 -0.51 -0.45 -0.65 -0.63 -0.65 -0.58 QI3 0.17 0.11 0.1t -0.06 0.19 0.21 0.20
QI4 |]-0.40 -0.25 -0.57 -0.38 -0.54 -0.20 -0.16 Ql4 0.23 0.38 0.20 0.18 0.48 0.46 0.49
QIS 0.21 0.7 0.75 1.85 1.78 1.79 1t1.98 QIS 0.29 0.45 0.43 0.31 0.31 0.27 0.46
QJ1 }|-0.73 -0.73 -0.69 -0.61 -0.94 -0.76 -0.51 Qui |-0.39 0.07 -0.06 -0.25 -0.11 -0.04 0.09
QJ2 |-0.28 -0.28 -0.09 -0.19 -0.13 -0.06 0.00 QU2 {-0.15 -0.09 -0.11 0.20 0.36 0.49 0.56
QU3 |-0.17 -0.34 -0.26 -0.34 -0.192 -0.10 -0.35 QU3 | 0.11 0.16 0.19 -0.06 0.23 0.05 0.22
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TABLE 4 {(continued)

ESTIMATES OF DIFFICULTY FOR EACH TEST ITEM MEASURED IN TERMS OF LOG-0DDS

FOURTH GRADE

SEVENTH GRADE

READING TEST ITEM DIFFICULTY IN LOG-0DDS READING TEST ITEM DIFFICULTY IN LOG-0DDS
ITEM ITEM
LEVEL] 1973 1974 1975 1976 1977 1978 1979||LEVEL| 1973 1974 1975 1976 1977 1978 1879
Qu4 1.6¢ 1.74 0.6t 0.865 0©.95 0.84 0.85 Qu4 0.30 0.35 0.23 0.21 0.48 0.44 0.50
Qus 0.48 0.76 2.00 1.35 1.21 1.23 1.48 QUS 0.37 0.32 0.22 0.03 0.08 O0.11 0.10
QK1 |-0.07 0.29 0.33 0.17 0.45 0.33 0.33 QK1 |-1.51 -1.43 -1.31 -1.60 -2.36 -2.51 -1.81
QK2 0.51 0.69 0.79 1.02 t1.24 1.29 1.3 QK2 |-0.08 -0.06 0.1% 0.23 0©0.50 0.33 0.11
QK3 0.16 0.06 0.34 C.40 ©.31 0.47 0.32 QK3 |-0.56 -0.64 -0.63 -0.37 -0.76 -0.47 -0.54
QK4 1-0.25 0.20 ©€.01 0O.16 1.33 1.49 1.58 QK4 |-0.75 -0.53 -0.48 -0.45 -0.80 -0.64 -0.78
QKS 0.48 0.70 0.74 ©€.26 0.35 0.43 0.61 QK5 | 0.79 0.95 1.20 1.21 1.30 1.42 1.39
QL1 0.42 0.16 1,22 1.07 1.18 1.23 1.27 QL1 {-0.21 0.05 -0.20 -0.10 -0.20 -0.36 -0.44
QL2 1.37 1.60 0.3t 0.26 0.42 0.36 0.46 QL2 |-0.48 -0.30 -0.43 -0.50 -0.73 -1.11 -1.20
QL3 0.44 0.57 0.0t 0.31 0.21 0.¢1 O.14 QL3 |-0.75 -0.40 -0.12 -0.19 -0.33 -0.22 -0.40
QL4 0.96 1.16 1.7% 1.87 1.58 1.95 2.27 QL4 0.04 ©.22 -0.51 0.58 0.55 0.70 0.62
qQLs 1.46 1.46 0.93 1.55 1.44 1.47 1.60]| QLS 1.13 0.96 1.04 0.88 1.12 1.02 1.14
QM1 1-0.49 -0.20 -C.18 0.31 0.14 0.24 0O.19 QM1 1-0.40 -0.44 -0.39 0.91 1.07 1.02 1.12
QM2 1-0.57 -0.37 -C.39 -0.26 -0.21 -0.24 -0.489 QM2 { 0.88 0.84 0.83 0.97 1.23 1.49 1.40
QM3 0.74 1.09 1.16 1.52 1.26 1.41 1{.63 QM3 1.66 1.3t 0.83 0.52 0.61 1.01 0O.68
QM4 0.49 0.62 0.68 1.00 0.93 0.88 1.13 QM4 0.28 ©.22 0.17 0.07 0©.21 0.28 0.22
QMs 1.47 1.58 t.96 2.92 2.14 2.28 2.35 QMS | 0.47 O0.50 ©.47 0.58 1.33 1.15 1.20
QN1 0.6 0.0 0.0 0.0 0.0 0.C 0.0 QN1 1-0.23 ©0.30 -C.19 -0.22 -0.35 -0.17 -0.19
QN2 0.5 0.0 0.0 0.0 0.0 O©0.0 0.0 QN2 |-0.46 -0.39 -0.48 -0.55 -0.42 -0.32 -0.59
QN3 i.80 o0 0.0 0.0 0.¢ 0.0 0.0 QN3 | 0.73 1.00 0.72 0.79 1.09 +1.10 1.10
QN4 0.8¢ 0.0 0.0 0.0 0.0 0.0 0.0 QN4 |-0.00 O.11 ©.12 -0.07 -0.11 -0.07 0.17
QNS .74 0.0 0.0 0.0 0.0 0.0 0.0 QNS 0.50 ©.41 0.32 0.3¢ 0.32 0.35 0.26
Qo1 0.33 0.0 0.0 0.0 0.0 0.0 0.0 Qo1 0.41 ©.89 0.43 0.48 0.57 0.64 0.58
Qo2 1.70 0.0 0.0 0.0 0.¢ 0.0 0.0 Q02 0.23 ©0.39 0.22 0.18 0.46 0.55 0.48
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ESTIMATES OF DIFFICULTY

TABLE 4 (continued)

FOR EACH TEST ITEM MEASURED IN TERMS OF LOG-0DDS

FOURTH GRADE

SEVENTH GRADE

READING TEST ITEM DIFFICULTY IN LOG-0DDS READING TEST ITEM DIFFICULTY IN LOG-ODDS
ITEM ITEM
LEVEL| 1973 1974 1975 1976 1977 {978 1979||LEVEL| 1973 1574 1975 1976 1977 1978 1979
Qo3 1.02 0.0 0.0 0.0 0.0 0.0 0.0 Q03 ] 0.5t 0.88 0.38 0.30 0.22 0.22 0.42
Q04 1.76 0.0 0.0 0.0 0.0 0.0 0.0 Qo4 0.45 0.16 0.13 0.03 0.31 0.2t 0.19
Q05 0.60 0.0 0.0 o0.C 00 ©0.0 0.0 Q05 | 0.5 ©0.89 1{.20 1.02 t.29 1.30 1.19
QP1 |-1.06 -0.87 -0.93 -0.73 -1.00 -1.03 -1.46 QP11 |-0.77 -0.72 -0.64 -0.74 -1.38 -1.43 -1.41%
QP2 |-0.89 -0.73 -0.76 -0.65 -0.81 -0.86 -0.70]] QP2 |-0.64 -0.35 -0.31 -0.03 -0.06 -0.05 -0.11
QP3 |-0.14 -0.18 -0.15 -0.21 -0.04 0.31 0.08 QP3 0.7 0.65 0.92 0.73 0.96 0.91 1.24
QP4 0.26 0.55 0.54 0.54 0.53 0.71 0.63 QP4 1.056 0.92 1.03 0.83 1{1.01 1.03 1.16
QPS 0.24 0.48 0.51 0.45 0.48 0.67 0.%56 QP5 0.74 0.3 0.87 0.95 1.12: 1.24 1.19
o 0.21 0.76 0.14 -0.51 -0.23 -0.45 -0.31 QQt }-0.95 -0.82 -1.03 -0.86 -1.587 -1.48 -1.43
QQ2 0.49 0.68 0.04 -1.15 -1.09 -1.30 -1.17 QQ2 [-0.69 -0.43 -0.39 0.54 0.76 0.78 0.91
QQ3 0.21 0.72 0.20 -0.07 0.11 0.17 0.41 QQ3 }-0.34 -0.41 -0.24 -0.43 -0.47 -0.47 -0.41
QQ4 0.34 0.57 0.41 -1.36 -1.468 -1.50 -1.214 QQ4 0.65 -0.45 0.82 0.55 0.57 0.70 0.7%
QQS | 0.06 0.16 -0.11 -0.84 -1.00 -0.72 -0.80{] QQ5 0.60 0.71 0.59 0.62 0.62 0.76 0.65
QR1 1-0.33 -0.15 -0.07 -0.07 0.19 -0.09 0.24 QR1 0.36 0.56 0.52 0.48 0.23 0.31 0.47
QrR2 |-0.81 -0.87 -0.75 -0.61 -0.87 -0.92 -0.89 QR2 }-0.27 -0.41 -0.22 -0.26 -0.15 -0.08 -0.17
QR3 |-0.11 -0.07 0.04 0.12 0.24 0.44 O0.16 QR3 }-0.69 -0.51 -0.59 -0.76 -0.55 -0.82 -0.78
QR4 0.13 0.39 0.15 0.25 0.15 0.07 0.0% QR4 0.50 0.62 0.45 0.59 0.73 0.52 0.70
QRS 0.13 0.14 0.35 0.92 0.35 ©0.51 0.63|| QRS 0.7 0.79 1.01 t.00 1.0t 1.06 0.82
Qs1 0.37 0.74 0.77 0.85 0.83 0.90 0.90]] 0st 0.28 0.38 0.31 0.35 0.40 0.26 0.28
Q52 |-0.19 0.06 0.21 0.38 0.31 0.65 0.74 Q52 |-0.67 -0.36 -0.37 0.57 0.28 0.56 0.61
Qs3 0.72 0.98 0.99 1.18 0.94 1.13 1.18 Qs3 0.11 0.33 0.49 0.29 0.10 0.41 0.39
QsS4 0.40 0.73 0.50 0.72 0.48 0.64 0.64 QsS4 0.53 0.40 0.3% 0.27 0.34 0.31 0.51
Qss 0.15 0.17 0.14 0.37 0.26 0.34 0.20]] 955 | 0.33 0.32 0.31 0.38 0.35 0.60 0.45
QT1 1.04 1.14 1.35 -0.65 -0.59 -0.89 -0.91 QT 1.35 0.0 0.0 0.0 0.0 0.0 0.0
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ESTIMATES OF DIFFICULTY

TABLE 4 (continued)

FOR EACH TEST ITEM MEASURED IN TERMS OF LOG-00DS

FOURTH GRADE

SEVENTH GRADE

READING TEST ITEM DIFFICULTY IN LDG-0DDS READING TEST ITEM DIFFICULTY IN LOG-ODDS
ITEM ITEM
LEVEL| 1973 1974 1975 1976 1977 1878 {1979 |LEVEL] 1973 19874 1975 1976 1877 1978 1979
QT2 |-0.09 0.32 0.35 0.34 0.41 0.31 0.4 QT2 1.42 0.0 0.0 0.0 0.0 0.0 0.0
QT3 |-1.27 -0.83 -0.87 -0.89 -1.23 -1.32 -1.18 QT3 i.73 0.0 0.0 0.0 0.0 0.0 0.0
QT4 1.286 1.74 1.87 0.73 0.77 0.68 0.80]|} QT4 1.46 0.0 0.0 0.0 ©0.0 0.0 0.0
QTS |-0.8% -0.66 -0.58 -0.31 -0.32 -0.32 -0.42 QTS 1.43 0.0 0.0 0.0 0.0 0.0 0.0
QUi |-0.50 -0.11 0.01 O.11 -0.05 -0.29 -0.34 Qui |-0.38 -0.12 0©0.32 -0.10 0.11 0.02 0.29
QU2 |1-1.143 -0.88 -0.86 -0.63 -0.48 -0.85 -0.88 Qu2 |-1.07 -0.78 -0.77 -0.91 ~0.85 -0.87 -1.24
QU3 1.0t 1.07 1.29 1.57 1.67 1.78 1.66 Qu3 0.67 0.10 0.38 -0.29 -0.26 -0.32 -0.55
QU4 |-0.22 -0.12 -0.03 0.12 0.24 0.01 -0.06 Qu4 0.14 0.19 -1.06 -1.22 -1.47 -1.68 -1.60
QUS |-1.10 -0.77 -0.84 -0.58 ~0.64 -0.62 -0.78 QuUs |-1.29 -0.99 0.29 0.03 -0.05 0.09 0.39
Qvi 1-0.33 -0.12 -0.02 -0.03 0.01 0.2t 0.34 Qve |-1.45 -1.34 -1.56 -1.62 -2.36 -2.57 -2.21
Qv2 1-0.85 -0.64 -0.63 -0.80 -0.77 -0.76 -1.02 Qva 1.31 0.45 0.64 0.87 {1.86 1.5 1.73
Qva 0.47 0.45 0O0.51 0.81 0.71 0.69 0©0.97 Qv3 |-0.35 -0.33 -0.32 -0.26 -0.16 -0.06 -0.23
Qv4 0.8 0.8% 0.28 0.60 0.54 0.65 0.43 Qv4 [-0.97 -1.10 -1.15 -1.20 -1.55 -1.81 -2.07
Qvs | 0.65 0.81 1.00 0.97 0.99 0O.82 1.05 Qvs 1.86 1.93 2.08 1.06 1.23 1.42 1.15
gwt |-1.10 0.0 0.0 0.0 0.0 0.0 0.0 Qwt [-0.74 -0.65 -0.86 -0.71 -1.10 -0.96 -0.98
Qw2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 Qw2 [-0.50 -0.46 -0.62 -0.57 -0.60 -0.92 -0.85
Qw3 1-0.77 0.0 0.0 0.0 0.0 ©.0 0.0 Qw3 0.46 0.45 0.49 0.44 0.6t 0.50 O.48
Qw4 |1-0.05 0.0 ©.0 ©0.0 0.0 0.0 0.0 Qw4 |-0.05 0.16 0.19 0.14 0.28 0.40 0.49
Qws 0.54 0.0 0.0 0.0 0.0 0.0 0.0 Qws 1.34 1.27 1{.27 1.38 1.51 1.86 1{.81
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Question 2: |Is there a statistically significant increase in the
measurement efficiency of MEAP reading tests after items which do not
fit the Rasch model, because they are too difficult, have been credited

to students who get these items wrong?

STATISTICAL ANALYSIS

Four tables were developed in the process of seeking an answer to
this research question (i.e., Table 5 through Table 8). Each table
presents a comparison of selected statistical properties associated with
the number of test learning objectives passed before and after credit is
given for missed items that are so difficult that they do not fit the
Rasch model. The first three tables in this group are summarized
directly from the results printed at the conclusion of each SPSS run
applied to the fourteen individual samples. Table 6 shows the effect
which the re-scoring process has on the average number of MEAP Reading
Test learning objectives passed. Table 7 shows the effect of this
adjustment on objective score variance, and Table 8 shows the effect on
the standard error of the objective scores. Table 5 shows the t-
statistic developed on the basis of a directional comparison between
Reading Test learning objective score means. With the exception of the
1979 seventh grade comparison, the t-statistics all exceed the critical
valjue. In 1979, there was one seventh grade item that did not fit the
Rasch model. It did not affect the corresponding learning objective
score. The 1973 learning objective scores include scores on those
objectives which are not actually administered all of the seven years

from 1973 through 1979.
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HYPOTHESIZED FINDINGS
Hypothesis H:OZ:

There is no statistically significant increase in the

measurement efficiency of MEAP reading tests after items which

do not fit the Rasch model, because they are too difficult,

have been re-scored and credited to sfudents who get these

items wrong at a probability level of 0.05, or less.

Table 5 indicates this hypothesis must be rejected.



TABLE 5

t-STATISTIC AND ONE-TAIL PROBABILITY LEVEL (i.e., ALPHA LEVEL) DERIVED ON COMPARISON

OF AVERAGE SCORE OF FOURTH AND SEVENTH GRADE STUDENTS ON MEAP READING OBJECTIVES BEFORE AND
AFTER DIFFICULT ITEMS THAT DO NOT FIT THE RASCH MODEL HAVE BEEN DELETED FROM THE TEST
FOURTH GRADE SEVENTH GRADE
t OR t-STATISTIC AND ONE-TAIL PROBABILITY t OR t-STATISTIC AND ONE-TAIL PROBABILITY
ALPHA ALPHA
VALUE VALUE
1873 1974 1975 1976 1977 1978 1979 1973 1974 1975 1876 1977 1978 1979
SAMPLE. SAMPLE .
SIZE. 1,000 1,000 1,000 1,000 1,000 1,000 1,000]|SIZE. 1,000 1,000 1,000 1,000 1,000 1,000 1,000
COMP. . COMP . :
t-VALUE [23.28 13.90 10.04 13.00 09.86 06.54 10.25||t-VALUE ]13.71 17.08 17.51 11.23 09.87 09.45 00.00
TABLE . TABLE .
t-VALUE 1.7t 1.73 1.73 1.73 1.73 1.73 1.73f|t-VALUE 1.7 1.72 1.72 1.72 1.72 1.72 t.72
AT ALPHA AT ALPHA :
0.05 0.05 .

OBJECTIVES DROPPED FROM LATER TESTS ARE INCLUDED IN THE COMPUTATION OF 1873 VALUES.

ST1
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In this group of four tables, Table 5 is the one which has a direct
bearing on the answer to this research question. The computed t-values
in this table were compared to c¢ritical t-values at an alpha level of
0.05: 1.71 for all 1973 tests; 1.72 for 1974 to 1979 seventh grade
tests; and 1.73 for 1974 to 1979 fourth grade tests. Excepting the 1979
seventh grade results, they all exceed the critical t-values which would
define areas of rejection under the alpha criteria established in this
study at 0.05, or five chances in one hundred occurrences. Therefore,
Table 5 demonstrates, with the one exception noted, that there was a
statistically significant shift in the average number of passed learning
objectives. No change, whatever, is indicated in the 1979 objective

score for seventh graders.

UNHYPOTHES I ZED FINDINGS

Tabte 6 reveals that reported average objective scores for the
fourth grade tests increased each succeeding year from 1974 through
1979. Excepting a drop from 1975 to 1976, a similar patterq is revealed
in the reported average objective scores for the seventh grade tests

from 1974 through 1979.



THE AVERAGE SCORE OF FOURTH AND SEVENTH GRADE STUDENTS ON MEAP READING OBJECTIVES BEFORE AND

TABLE &

AFTER DIFFICULT ITEMS THAT DO NGT FIT THE RASCH MODEL HAVE BEEN DELETED FROM THE TEST

FOURTH GRADE

SEVENTH GRADE

BEFORE/ AVERAGE SCORE ON BEFORE/ AVERAGE SCORE ON

AFTER READING OBJECTIVES AFTER READING OBJECTIVES

ITEM ITEM
DELETION| 1973 1974 1975 1976 1977 1978 1979 |DELETION|1973 1974 1975 1976 1977 1978 1978
BEFORE 12.6 11.5 12.7 12.9 13.6 14.0 t4.7 BEFORE 14.5 12.5 13.1 13.0 15.2 15.5 15.8
AFTER 13.3 11.7 12.8 13.0 13.7 14.1 14.8 AFTER 14.7 12.8 13.4 13.2 15.3 15.6 15.8

¥

OBJECTIVES DROPPED FROM LATER TESTS ARE INCLUDED IN THE COMPUTATION OF 1873 VALUES.

L11
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The average number of objectives passed after re-scoring is shown
in Table 6. Objective score behavior closely parallels the decline in
the incidence of difficult items which do not fit the Rasch model. Of
course it would seem reasonable to expect the total number of passed
items to increase as the incidence of very difficult items falls off,
and this is precisely what these data would suggest. The re-scoring
process has increased the average in every case but one; the 1979
seventh grade objective scores. However, since there were noc very
difficult items in that test, no change in objective scores could be
anticipated in the re-scoring process. The most noteworthy condition
suggested by this table is that the average objective scores before and
after the re-scoring process tend to converge, and the 1979 seventh
grade scores before and after re-scoring did converge completely. For
the most part, the re-scoring process resulted in little change of the
average, reported objective score. Most of the differences were one or
two tenths of a point. The improvement in fourth grade objective scores
was 2.1 points overall while the seventh grade scores improved by only
1.3 points during the period of this study. Fourth grade scores were
nearly two points below their seventh grade counterparts in 1973, but
closed the gap by eight tenths of a point at the end of the study period
in 1979. However, since there is one less objective in the 1974 through
1979 fourth grade tests than the sevenfh grade tests for those years,
there is probably no real difference between the grades on objective
performance.

Table 7 shows a general decrease in objective score variance over

the seven years of this study. (|t also shows that the general effect of
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the re-scoring process results in rather consistent reduction in that

variance.



THE SCORE VARIANCE OF FOURTH AND SEVENTH GRADE STUDENTS ON MEAP READING OBJECTIVES BEFORE

TABLE 7

AFTER DIFFICULT ITEMS THAT DO NOT FIT THE RASCH MODEL HAVE BEEN DELETED FROM THE TEST

AND

FOURTH GRADE SEVENTH GRADE
BEFORE/ SCORE VARIANCE ON BEFORE/ SCORE VARIANCE ON
AFTER READING OBJECTIVES AFTER READING OBJECTIVES
ITEM ITEM
DELETION| 1973 1974 1975 1976 1977 1978 1979] |DELETION| 1873 1974 1975 197¢ 1977 1978 19789
BEFORE 63.5 41.5 40.4 41.3 35.5 32.5 27.6 BEFORE 63.5 51.2 49.8 49.2 33.9 30.7 28.1
AFTER 55.9 39.5 38.9 33.4 34.5 31.9 26.9 AFTER 61.2 46.7 45.9 48.3 33.0 30.0 28.1

DBJECTIVES DROPPED FROM LATER TESTS ARE INCLUDED IN THE COMPUTATION OF 1973 VALUES.

0zt
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Again, the tendency for the data to converge is observed in Table 7
to follow much the same pattern that was observed in Table 6. Re-
scoring seemed to have its most pronounced effect on the variance for
1973 fourth grade objective scores and for the 1974 and 1975 seventh
grade scores. The re-scoring process tended to reduce score variance in
every test but the 1979 seventh grade test which had no excessively
difficult items.

Table 8 shows a general decrease in the standard error over the
seven years of this study. |t also shows that the general effect of the
re-scoring process is a consistent reduction in the magnitude of the
standard error. Once again, the tendency for the statistical results
produced in the analysis of the data to converge is demonstrated in
Table 8. Here the standard error of estimate follows the same pattern
as the average reading objective score in Table 6 and the reading
objective score variance in Table 7. That is, with the passage of time,
the process of re-scoring very difficult items in this study that do not
fit the Rasch model has less impact on data from the last year covered
in this study, 1979, than it did on data from the first year, 1973. The
differences which result in the objective score mean, variance, and

standard error as a result of this re-scoring process .tend to be small.



TABLE 8

THE STANDARD ERROR OF ESTIMATE ON SCORES OF FOURTH AND SEVENTH GRADE STUDENTS ON MEAP READING OBJECTIVES
BEFORE AND AFTER DIFFICULT ITEMS THAT DO NOT FIT THE RASCH MODEL HAVE BEEN DELETED ¥ROM THE TEST

FOURTH GRADE BEFORE/ SEVENTH GRADE
BEFORE/ STANDARD ERROR OF ESTIMATE AFTER STANDARD ERROR OF ESTIMATE
AFTER ITEM
ITEM DELETION

DELETION

1973 1974 1975 1976 1977 1978 1979| |DELETION]| 1973 1974 1975 1976 1877 1878 1979

BEFORE .252 .204 .201 .203 .188 .18B0O . 166 BEFORE -252 .226 .223 .222 .184 .175 .168

AFTER .236 .189 .197 .199 .{86 .179 .164 AFTER .247 216 .214 .220 .182 .173 .168

OBJECTIVES DROPPED FROM LATER TESTS ARE INCLUDED IN THE COMPUTATIDN OF 1973 VALUES.

zel
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Question 3: |s there any change in pattern regarding item fit to
the Rasch model which would suggest either an increase or decrease in

difficulty as items are used over time?

STATISTICAL ANALYSIS

Two tables were developed in the process of seeking an answer to
this research question (i.e., Table 9 and Table 10). Each table
presents information on the prospect of passing MEAP Reading Test
learning objectives over time in terms of the number of jtems passed
which make up each cbjective. Table 10 shows a tabulation, by
objective, of items that are too difficult to fit the Rasch model from
1973 ghrough 1979. This table includes a summary total and average of
these items, by year. Table 9 shows the xz statistic developed én the
basis of a comparison between the proportion of too-difficult items in
the last year of the sequence, 1979, and the preceding yeaf in which the
largest proportion of too-difficult items occcurred. Appropriate
adjustment was made to the 1973 item scoré for the fourth grade
students, the year most too-difficult items occurred for this group, to
delete items not carried férward in succeeding years so that only the
scores on items actually administered each of the years from 1973 to
1979 are compared. The seventh grade comparison is drawn between 1979
and 1974, the year when most too-difficult items occurred for this

group.

HYPOTHES | ZED FINDINGS
Hypothesis H:03:
There is no statistically significant decrease in the average

number of difficult items in the MEAP Reading Test over time,
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measured between the 1979 Test and the earlier Test that
contains the largest number of items that are too difficult to
fit the Rasch model, at a probability level of 0.05, or less.

Table 9 indicates this hypothesis must be rejected.



TABLE 9

X*-STATISTIC DERIVED ON COMPARISON

OF THE LARGEST PROPORTION OF DIFFICULT ITEMS TO THE 1979 PROPORTION OF DIFFICULT ITEMS IN
THE FOURTH AND SEVENTH GRADE MEAP READING TESTS WHICH DO NOT FIT THE RASCH MODEL

CATEGORY FOURTH GRADE CATEGORY SEVENTH GRADE
1973 1979 1974 1879
NUM. ITEMS 95 95 NUM. ITEMS 100 100
HARD ITEMS 15 3 HARD ITEMS 11 0
PROPORTION .16 .03 PROPORTION .11 .00
1973 COMPARED TO 1979 1974 COMPARED TO 1979
COMPUTED 570.751 COMPUTED 706.360
X*-VALUE Xt-VALUE
TABLE 27.59 TABLE 19.68
X*-VALUE/ Xt-VALUE/
ALPHA= .05 ALPHA= .05

STl



TABLE 9 {continue)

X?-STATISTIC DERIVED ON COMPARISON
OF THE LARGEST PROPORTION OF DIFFICULT ITEMS TO THE 1979 PROPORTION OF DIFFICULT ITEMS IN
THE FOURTH AND SEVENTH GRADE MEAP READING TESTS WHICH DO NOT FIT THE RASCH MODEL .

CATEGORY FOURTH GRADE CATEGORY SEVENTH GRADE
1973 COMPARED TO 1979 1974 COMPARED TO 1879
CRAMER'S ) 0.53421 CRAMER'S 0.59429
V-STATISTIC/ V-STATISTIC/
ALPHA= .05 ALPHA= .05

ITEMS DROPPED FROM LATER TESTS ARE NOT INCLUDED IN THE COMPUTATION OF THESE VALUES.

9¢1
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In this group of two tables, Table 9 is the one which has a direct
bearing on this research question. The critical value for the fourth
grade Xz statistic is 27.59 at 17 degrees of freedom. The critical
value for the seventh grade Xz statistic is 19.68 at 11 degrees of
freedom. Both of these values are determined at an alpha level of 0.05.
The '"COMPUTED xz" values shown in the table are critical at | in 10,000
occurrences. Therefore, the xz-statistics computed for both fourth
grade and seventh grade students exceed the critical XZ values which
would define areas of rejection under the alpha criteria established in
this study at 0.05, or five chances in one hundred occurrences. Table 9
demonstrates a statistically significant shift in the proportion of
difficult items which occurred in MEAP reading tests between the last
year covered in this analysis, 1979, and the preceding year, back to
1973 or 1974, in which the greatest number of difficult items occurred.

The Cramer's V statistic which corresponds to the respective fourth
grade and seventh grade Xz-value is also presented in Table 9. Cramer's
V provides a means for determining the strength of relationship measured
by the X2 value. Cramer's V corresponding to the fourth grade Xz is
0.53421, and Cramer's V corresponding to the seventh grade Xz is
0.59429, Both values suggest a moderate degree of association does
exist betﬁeen the proportion of difficult items that do not fit the
Rasch model in the years compared.

The number of items which fit the Rasch model under the criteria
established in this study for the entire sample-of-1000 fourth grade
students was 90,894 out of a possible 95,000, or 95.68%, in the 1973

test. The number of these items in the 1979 fourth grade test rose to

94,577, or 99.55%. The number of items which fit the Rasch model under
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these same criteria for the entire sample-of-1000 seventh grade students
was 97,680 out of a possible 100,000, or 97.68%, in the 1974 test. The
number of these items in the 1979 seventh grade test rose to 100,000, or

100%.

CRAMER'S V

The Xz-statistic determines whether or not two variables are
dependent or independent, but even when a significant relationship is
demonstrated, the statistic does not provide any indication of the
strength of this relationship (i.e., correlation).

By itself, chi-square helps us only decide whether our variables

are independent or related. |t does not tell us how strongly they

are related. Part of the reason is that the sample size and table
size have such an influence upon chi-square. Several statistics
which adjust for these factors are available. When chi-square is
thus adjusted it becomes the basis for assessing strength of

relationship. (Nie et. al., 1975, p. 224)

Cramer's V is a modification of the phi statistic and constitutes a
measure of correiation between two variables where one or both has more
than two values. It ranges from 0 to 1. "Thus a large value of V
merely signifies that a high degree of association exists, without
revealing the manner in which the variables are associated"” {(Nie, et.
at., 1975, p. 225). In this instance, Cramer's V is 0.53421 for the
-fourth grade sample and 0.59429 for the seventh grade sample. Both
values suggest a moderate degree of association exists between the

proportion of very difficult items in the 1979 test and the largest

proportion found in any previous test as far back as 1073.

UNHYPOTHESIZED FINDINGS
Table 10 reveals that by far the greater number of items that were

so difficult that they did not fit the Rasch model occurred in the first
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four years of the fourth grade test and the first three years of the

seventh grade test.



TABLE 10

DIFFICULT ITEMS IN THE FOURTH AND SEVENTH GRADE MEAP READING TESTS WHICH DD NOT
FIT THE RASCH MODEL SHOWN BY QUESTION NUMBER 1 TO 5 WITHIN TEST OBJECTIVE

FOURTH GRADE
NUMBER OF DIFFICULT ITEMS
(i. e., 1 to 5)

READING
TEST
OBJECTIVE

SEVENTH GRADE
NUMBER OF DIFFICULT ITEMS
(1. e., t to 5)
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DIFFICULT ITEMS IN THE FOURTH AND SEVENTH GRADE MEAP READING TESTS WHICH DO NOT

TABLE 10 (continued)

FIT THE RASCH MDDEL SHOWN BY QUESTION NUMBER 1 TD S WITHIN TEST OBJECTIVE

FOURTH GRADE
NUMBER OF DIFFICULT ITEMS

SEVENTH GRADE

NUMBER OF DIFFICULT ITEMS

READING (i. e., 1 to 5) READING {t. e., 1 to 5)
TEST - TEST

OBJECTIVE| 1873 1974 1975 1976 1977 1878 1979 ||OBJECTIVE|1973 1874 1875 1976 1977 {978 1979
L T L
L 1T v I 3 ..3. 3 B P
w .34, w---- —---- mmmes ——mmmm memes oo | . .2.. 2 -
TOTAL: . 17 b} 6 8 4 3 3 TOTAL: . 7 11 11 4 3 2 1
AVERAGE:| .15 G 06 .08 04 Q3 03 AVERAGE:| .06 .1 11 04 03 .02 .01

1€1
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Examination of Table 10 reveals that the total of very difficult
items was 29 for 1973 through 1975 for both the fourth grade and the
seventh grade samples. For the last three years studied, 1977 through
1979, the fourth grade total was only ten hard items, and the seventh
grade total was just four. For the fourth grade median year, 1976,
there were eight hard items; for the seventh grade median year, 1976,
there were only three hard items. This table reveals clearly that both
grades sncountered roughly the same proportion of hard items in the
first three tests covered by this investigation. In the fourth year,
the fourth grade students continued to experience about the same
propeortion of difficult items as this grade encountered in the first
three years. |In the last three tests studied, the incidence of hard
items in fourth grade tests dropped by better than 60%. Overall, almost
7% of the items encountered by the fourth graders were so difficult that
they did not fit the Rasch model. A decline of hard items in seventh
grade tests occurred sooner and to an even greater extent than it did in
the fourth grade tests. Overall, just over 5% of the items encountered
by the seventh graders were so hard that they did not fit the Rasch

model .
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Question L: Can a negative effect of items identified as being too
difficult to fit the Rasch model be demonstrated on the probability that
a student will pass the MEAP Reading Test learning objectives by re-
scoring these items in favor of the student and treating the items as if

they had been originally calibrated to fit the Rasch model?

STATISTICAL ANALYSIS

Two tables were developed in the process of seeking an answer to
this research question (i.e., Table 11 and Table 12). These tables
present information on the prospect of passing MEAP Reading Test
learning objectives over time in terms of probability. Table t2
presents the probability of passing each objective incorporated in the
MEAP Reading Test from 1973 to 1979. The table shows three
possibilities: the probability of passing each learning objective when
no item is too difficult (i.e., a probability of .33); when one item is
too difficult (i.e., a probability of .17); and when two or more items
are too difficult (i.e., a probability of 0). By definition, a passable
objective is an objective having four or more items that are not too
dffficult to fit the Rasch medel. Table 11 shows the Xz-statistic
developed on the basis of a comparison between the proportion of
passable objectives in the last year of the sequence, 1979, and the
preceding year having the smallest proportion of passable objectives.
Appropriate adjustment was made to the 1973 objective score for the
fourth grade students, the year in which the smallest proportion
occurred for this group, to delete cbjectives not carried forward in
succeeding years so that only the scores on objectives actually

administered each of the years from 1973 to 1979 are compared. The
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seventh grade comparison is drawn between 1979 and 1974, the year when

the smallest proportion of possible objectives occurred for this group.

HYPOTHESIZED FiNDINGS
Hypothesis H:Oh:
There is no statistically significant increase in the
proportion of passable learning objectives in the MEAP Reading
Test over time, measured between the 1979 Test and the earlier
Test that contains the smallest number of passable learning
objectives, at a probability level of 0.05, or less.

Table 11 indicates this hypothesis must be rejected.



TABLE 11

X*-STATISTIC DERIVED ON COMPARISON OF THE
SMALLEST PROPORTION OF PASSABLE OBJECTIVES TO THE PROPORTION OF PASSABLE OBJECTIVES IN THE 1979
FOURTH AND SEVENTH GRADE MEAP READING TESTS AFTER DELETING HARD ITEMS WHICH DO NOT FIT THE RASCH MODEL

CATEGORY FOURTH GRADE CATEGORY SEVENTH GRADE
1973 1979 1874 1979
NUMBER OF 19 19 NUMBER OF 20 20
OBJECTIVES OBJECTIVES
PASSABLE 16 17 PASSABLE 18 20
OBJECTIVES OBJECTIVES
PROPORTION .84 .89 PROPORTION .90 1.00
1973 COMPARED TO 1979 1974 COMPARED TO 1979
COMPUTED 331.158 COMPUTED 312.139
X*-VALUE X -VALUE
TABLE 11.07 TABLE 7.81
X1-VALUE/ X*-VALUE/
ALPHA=.05 ALPHA=.05

SET



TABLE 11 (continued)

X?-STATISTIC DERIVED ON COMPARISON OF THE
SMALLEST PROPORTION OF PASSABLE OBJECTIVES TO THE PROPORTION OF PASSABLE OBJECTIVES IN THE 1978
FOURTH AND SEVENTH GRADE MEAP READING TESTS AFTER DELETING HARD ITEMS WHICH DO NOT FIT THE RASCH MODEL

CATEGORY FOURTH GRADE CATEGORY SEVENTH GRADE
1973 COMPARED TO 1879 1974 COMPARED TO 1979
CRAMER'S 0.40691 CRAMER'S 0.35506,
V-STATISTIC/ V-STATISTIC/
ALPHA=.05 ALPHA=.05

OBJECTIVES DROPPED FROM LATER TESTS ARE NOT INCLUDED IN THE COMPUTATION OF THESE VALUES.

9¢1
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In this group of two tables, Table 11 is the one which has direct
bearing on the answer to this research question. The critical value of
the fourth grade xz statistic is 11.07 at five degrees of freedom. The
critical value of the seventh grade xz statistic is 7.81 at three
degrees of freedom. Both of these values were determined at an alpha
value set at 0.05. The computed Xz-values shown in the table are
significant at a probability less than or egual to 1 in 10,000
occurrences. Therefore, the Xz-statistic computed for both fourth
grade and seventh grade students are far in excess of the critical xz
values which would define areas of rejection under the alpha criteria
established in this study at 0.05, or five chances in one hundred
occurrences. Therefore, Table 11 demonstrates that there is a
statistically significant shift in the proportion of passable cbjectives
in MEAP reading tests between the last year covered by this analysis,
1979, and the preceding year, back to 1973 or 1974, in which the
smallest number of passable objectives occurred.

The Cramer's V statistic which corresponds to the respective fourth
grade and seventh grade Xz-value is also presented in Table 1i. Cramer's
V provides a means for determining the strgngth of relationship measured
by the XZ value. Cramer;s V corresponding to the fourth grade Xz is
0.40691, and Cramer's V corresponding to the seventh grade x2 is
0.39506. " Both values suggest a less than moderate degree of association
exists between the proportion of passable objectives in the years
compared.

The number of passable fourth grade objectives in the entire sample
of 1000 students was 18,310 out of a possible 19,000, or 96.37%, in the

1973 fest. The number of passable objectives in the 1979 test rose to
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18,901, or 99.48%. The number of passable seventh grade objectives in
the entire sample~of-1000 students was 19,638 out of a possible 20,000,

or 98.19%, in the 1974 test. The number of passable objectives in the

1979 test rose to 20,000, or 100%.

UNHYPOTHES | ZED F INDINGS

Table 12 reveals that the seventh grade MEAP Reading Test has a
higher percentage of passable reading objectives than the fourth grade
test for 1973, and for 1976 through 1979; the same percentage in 1975;

and a Tower percentage only one year: 1974,



TABLE 12

PROBABILITY OF PASSING TEST OBJECTIVES IN THE FOURTH AND SEVENTH GRADE MEAP READING
TESTS WHERE IT 15 ASSUMED THAT STUOENTS WILL ALWAYS GET DIFFICULT ITEMS WRONG

WHEN THOSE ITEMS ARE SO DIFFICULT THAT THEY DO NOT FIT THE RASCH MODEL

READING
TEST
OBJECTIVE

FOURTH GRADE
PROBABILITY OF PASSING READING
OBJECTIVES: .33 WHEN S ITEMS FIT;
.17 WHEN 4 ITEMS FIT;

AND O WHEN 3 OR LESS ITEMS FIT

1973 1974 1975 1876 1977 1978 1979

READEING
TEST
OBJECTIVE

SEVENTH GRADE
PROBABILITY OF PASSING READING
OBJECTIVES: .33 WHEN S 1TEMS FIT;
.17 WHEN 4 ITEMS FIT;

AND O WHEN 2 OR LESS ITEMS FIT

1973 §974 1975 1976 1977 1978 1979

—“NIVOVOZErARCHILDTMMODOMN>»

0 0 o .17 .17 .33 .33

o .17 .17 .17 .33 .33 .33
.33 - - - - -
.33 .33 .33 .33 .33 .33 .33
.17 .38 .33 1 AT AT 7
AT 17 .33 17 AT A7 Q
4717 o .17 o 0 +]

o .17 .47 .33 .33 .17 .33
.17 .17 .33 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
.17 .33 .33 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
.33 - - - - - -

.17 .33 .33 .33 .33 .33 .33
.33 .33 .33 .17 .17 .33 .33
.17 17 .33 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
A7 A7 7 0 .33 .33 .33

=-HNDOVOZEZTrXC=XToOoMmMOOD>»

.33 .33 .33 .33 .3 .33 .33
AT A7 0o .33 .33 .33 .33
.33 - - - - - -
.33 - - - - - -
.33 .33 .33 .33 .33 .33 .33
AT o .17 .33 .33 .17 .33
.33 .17 .33 .33 .33 .33 .33
.17 o o .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .3
.33 17 17 17 17 .33 .33
.33 .33 .33 .39 .33 .33 .33
.17 .33 .33 .33 .33 .33 .33
.33 .93 .33 .33 .33 .33 .33
47 47T 17 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
.33 .33 .33 .33 .33 .33 .33
17 47 47 .33 .33 .33 .33
.33 - - - - - -

6¢1



TABLE 12 (conttinued)

PROBABILITY OF PASSING TEST OBJECTIVES IN THE FOURTH AND SEVENTH GRADE MEAP READING
TESTS WHERE IT IS ASSUMED THAT STUDENTS WILL ALWAYS GET DIFFICULT ITEMS WRONG
WHEN THOSE ITEMS ARE SO DIFFICULT THAT THEY DD NOT FIT THE RASCH MODEL

READING
TEST
OBJECTIVE

FOURTH GRADE
PROBABILITY OF PASSING READING
OBJECTIVES: .33 WHEN 5 ITEMS FIT;
.17 WHEN 4 ITEMS FIT;

AND O WHEN 3 OR LESS ITEMS FIT

1973 1974 1975 1976 1977 1978 1979

READING
TEST
OBJECTIVE

SEVENTH GRADE
PROBABILITY OF PASSING READING
OBJECTIVES: .33 WHEN 5 ITEMS FIT;
.17 WHEN 4 ITEMS FIT;

AND O WHEN 3 OR LESS ITEMS FIT

1973 1974 1975 1976 1977 1978 1979

u
v

|
TOT.33 PROB:
TOT.17 PROB:
TOT.00 PROB:
TOT DROPPED:

% PASSABLE:

.33 .33 .33 .33 .33 .93 .33
.33 .33 .33 .33 .33 .33 .33
o - - - - -
11 1 14 12 14 15 16
8 7 3 6 4 3 1
4 1 2 ] 1 1 2
o 4 4 4 4 4 4
87% 95% 90% 95% 95% 95% 90%

U
v

w ...
TOT.33 PROB:
TOT.17 PROB:
TOT.00 PROB:
TOT DROPPED:

% PASSABLE:

.33 .33 .33 .33 .33 .33 .33
AT 7 AT AT T 1T 17
.33 .47 .17 .17 .33 .33 .33
16 11 42 17 18 18 19

7 7 6 3 2 2 1

0 2 2 0 o o 0

0 3 3 3 K] 3 3
100% 90% 90% 100% 100% 100% 100%

o%1
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Table 12 reveals that the seventh grade test has demonstrated a
fairly consistent tendency for a greater proportion of passable
objectives than the fourth grade test during most of the seven tests
studied. All of the test objectives were passable in the last four
years the seventh grade test was given. At no time did the percentage
of seventh grade test objectives fall below 90%. The percentage of
passable test objectives in the fourth grade test never reached 1003
during the seven year period covered by this study, but four years out
of the seven, 1974, 1976, 1977, and 1978, 95% of the test objectives
were passable. In 1973 the percentage of passable objectives was 87%,

pnd for 1975 and 1979, the percentage was 90%.
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Question 5: Do changes occur in the proportion of students who are
"qualified" for remedial reading instruction between scores reported on
MEAP Reading Test objectivés compared to the proportion of students who
would be qualified if scores were based solely on items which have been
re-scored to compensate for the adverse affect perceived in this study
by the method described? That is, does a change in proportion of
gqualified students occur when students are credited for too-difficult

i tems they have missed?

STATISTICAL ANALYSIS
One table was deveioped in the process of seeking an answer to this

research question: Table 13.
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Table 13 presents information on the change in proportion of
students qualified for remedial reading instruction in 1979 before and
after adjusting the learning objective scores that year to compensate

for items that are so difficult that they do not fit the Rasch model.

HYPOTHES I ZED F INDINGS
Hypothesis H=°5=

There is no statistically significant decrease in the
proportion of students passing less than 40% of the learning
objectives in the MEAP Reading Test administered in 1979
between objective scores reported that year and the objective
scores after the 1979 items which do not fit the Rasch model,
because they are too difficult, have been re-scored and
credited to students who get these items wrong at a
probability level of 0.05, or less.

Table 13 indicates this hypothesis must be accepted.

Table 13 has direct bearing on the answer to this research
question. This table presents a comparison of the proportion of
students scoring below LO% on objectives before and after all items
judged to be too difficult under criteria established in this study are
re-scored in favor of the student. This is the group which is qualified
for remedial reading instruction. Both the fourth grade and the seventh
grade results are shown side by side to highlight the differences and
similarities which this procedure has on these two entirely independent
samples.

Only one Xz statistic, for the fourth grade is computed because
only the objective scores of the fourth grade group changed on

completion of the re-scoring process. Before re-scoring, 136 fourth
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grade students passed less than 40X of the MEAP Reading Test objectives
for the 1979 test. By crediting students with items that do not fit the
Rasch model, which they got wrong, more students would be expected to
pass more objectives with the result that fewer would fall in the
remedial group. |In the case of the fourth grade students, these
expectations were met. The number in the 1979 sample qualified for
remedial reading instruction dropped from 136 to i129. However, this
change was not significant! For the seventh grade students, there was
no change whatever following the re-scoring process. There were 129
students qualified for remedial instruction in this sample before and
after the re-scoring process. Since there was no change in the
proportion of seventh grade students qualified for remedial instruction,
the computed xz value was zero.

Cramer's V was not computed for data in Table 13 because this
statistic is not appropriate to a 2 x 2 comparison as is the case here.
Cramer's V is applicable only to comparisons involving three or more

variables in either, or both, the row or column dimension.

UNHYPOTHES I ZED FINDINGS

The occurrence of hard items that do not fit the Rasch model has
declined from 1973 through 1979. As the proportion of these items
drops, the incidence of passable objectives can be expected to increase.
It appears that the factors prompting the dectine in hard items that do
not fit the Rasch model have all but eliminated such items in the 1979
test. There were only three in the 1979 fourth grade test and none in
the 1979 seventh grade test. for comparison, it is interesting to note
that there were 17 items that did not fit the Rasch model in the 1973

fourth grade test and 7 in the 1973 seventh grade test.
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" SUMMARY

Tables 1 through 4 are largely descriptive. That is, they provide
information on certain aspects of individual score categories and item
difficulty for the fourteen tests covered by this investigation.
Certainly no clear conclusions may be drawn from the data which they
contain. None is intended, th they give a feeling for the data which
suggests that there may be shifts in the measurement potential of these
tests over the years which, though perceptible perhaps, would be
difficult to interpret without some form of inferential analysis. The
‘shifts in meaning may exist in these figures, but they are subtle at
best and require further statistical analysis in probability terms.

Tables 5 through 8 are, again for the most part, largely
descriptive in that they are intended to provide descriptive information
on certain aspects of individual score categories and item~-difficulty.
However, Table 5 does present, with one exception, t-values for the
fourth grade and for the seventh grade in each of the seven years
spanned in this study that are larger than any critical t-value which
could be anticipated merely by chance. For 1002 cases, at an alpha
level of 0.05, the critical t-value varies from year to year from 1.71
to 1.73. With the exception of the 1979 seventh grade sample, all of the .
computed t-values are larger. Since there were no items which were too
difficult to fit the Rasch model in the 1979 seventh grade test, there
could be no difference in average reading objective scores before and
after item re-scoring in this instance, and there was none. Hence Table
5 portrays a statistically significant change in every test having items
Jjudged to be too difficult under criteria established in this study as a

result of the adjustment process used to correct the effect of these
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items. However, while the adjustment procedure adopted in this
investigation to eliminate the influence of overly difficult test items
produced statistically significant results which were in the direction
anticipated, the effect appears to be minimal and in rather steady
decline with each successive test. Table 6 shows these results. Table 7
and Table 8 tend to provide further confirmation. Therefore it seems
apparent that there may be other factors at work which have far greater
influence on average objective scores than the presence of items which
are too difficult to fit the Rasch model. |t can be demonstrated, in
fact, that the incidence of items judged to be too difficult to fit the
Rasch model declined significantly in both fourth grade and seventh
grade MEAP Reading Test results with the passage of time.

Table 9 demonstrates that there is a statistically significant
decrease in the number of difficult items, that is hard items that do
not fit the Rasch model, between the last year the MEAP Reading Test was
evaluated in this study and the preceding year having the most such
items: 1973 for fourth grade and 1974 for the seventh grade.

The results presented in Table 10 suggest that more items fit the
Rasch modei in the seventh grade reading test overall while both fourth
grade and seventh grade tests started out with comparable levels of
difficulty. Overail the percentage of items that fit the Rasch model,
or if they were so easy that they did not fit the model but enjoyed the
presumption of validity, ran better than 93% for the period of this
study. In the 1979 seventh grade test, only one item did not fit the
Rasch model.

Table 11 reveals a statistically significant increase in the number

of passable learning ocbjectives between the last year the MEAP Reading
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Test was evaluated in this study, 1979, and the preceding year having
the least number of passable objectives: 1973 for the fourth grade and
1974 for the seventh grade. A moderate correlation between the year of
the test and the number of passable objectives is demonstrated.

The results presented in Table 12 suggest that objectives were
easier to pass, and the results more consistent, for the seventh grade
students than the fourth graders. Overall the percentage of passable
reading test objectives has been high for both grades; above 95% in most
cases.

Table 13 supports the conclusion that there was no statistically
significant incre§se in the number of passable learning objectives in
the last year the MEAP Reading Test was evaluated in this étudy. 1979,
after hard items that did not fit the Rasch model are re-scored. There
was only one of these items in the seventh grade test and it had no
impact on the number of students in the sample who passed 40%, or more,
of the requisite learning objectives. Only seven of the 136 fourth
grade students were affected by the re-scoring procedure, and this did
not constitute a significant number,

While it seems clear that items which are so difficult that they do
not fit the Rasch model have materially hampered student ability to pass
MEAP Reading Test learning objectives in past tests, they had no such
effect in the 1979 test. The incidence of hard items has apparentiy
dropped off in MEAP reading tests to such a degree in 1973 to 1979 that
they can no longer be considered causevfor learning objective scores

below 4O% at the conclusion of this period of time.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH
CONCLUSIONS

The statistical analysis presented in the preceding chapter
demonstrates that the Rasch model may be used to evaluate learning
objectives, measured by multiple test items, in large criterion
referenced tests. )

The first research question deals with the determination of the
number of difficult items in 1973 through 1979 MEAP reading tests given
to fourth grade and seventh grade students. At no time is the number of
these items very large - never exceeding 10%¥ in any specific year. The
incidence of these very hard items is greatest in the early years of
this series of tests, and an overall decline is apparent in both grades
with the passage of time. Since the items which were evaluated in this
study did not change in content over time (oniy order of presentation in
each test changed) it seems likely that forces were at work which tended
to improve the fit of these items. And since all MEAP items are, in
this study, presumed valid in MEAP tests, lack of fit to the Rasch model
should not be charged to the possibility that these very difficult items
do not really measure the underlying trait sought to be measured by the
test as a whole. Such a conclusion might follow if the i{tems were not
consistent in content, but this is not the case. Furthermore, because
these are objective tests, the presumption must be that all MEAP test
items should fit the Rasch model and that any tendency not to do so most
likely is the result of factors unrelated to the items themselves. One
of the most likely among such factors is insufficient instruction to

prepare the student to answer related items. Since one of the primary
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objectives of the MEAP testing program is to focus learning on objective
performance which falls short of expectations, it is safe to say that
this was done in successive yeafs. Certainly there were many school
districts where this actually did happen, and the decline in items which
did not fit the Rasch model over time suggests that these efforts may
have been worthwhile.

The second research question deals with the issue of whether the
measurement efficiency of MEAP reading tests improves after hard i tems
that do not fit the Rasch mode! are credited to the student who gets
these items wrong., The question attempts to explore the effect which
items may have upon the probability of passing MEAP learning objectives.
The presence of items that do not fit the Rasch model does not
necessarily preclude a student from passing an objective. There are
relatively few such items and they may be distributed in such a way as
to have little or no affect on passing four out of the five items
designed to measure each objective, For example, the presence of one of
these very difficult items would not affect the score on an objective
for those students who already had four of the items right. However, a
statistically significant change in the number of items passed does
occur after hard items that do not fit the Rasch model have been re-
scored. Therefore, it seems likely that the presence of hard items that
do not fit the Rasch model do work to the disadvantage of students in
terms of the number of objectives passed. This relationship holds -
consistently for all but one of the fourteen tests: the 1979 seventh
grade test. These results suggest that the incidence of very hard items
is detrimental, despite their decline in occurrence, throughout thg

series of tests. The only case where a significant change did not occur
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was the single test in which there was only one hard item which did not
fit the Rasch model-~the 1979 seventh grade test.

This analysis has demonstrated that the presence of two or more
items, for a given objective, that do not fit the Rasch model work to
the disadvantage of students in that sucﬁ items materially affect their
ability to pass the learning objectives being measures.

The third research question deals with the posgibility that a
directional trend may be evident in item~difficulty over the period
covered in this investigation. There is an apparent decline in the
number of hard items that de not fit the Rasch model, over the years,
which suggests that this may be the case. Overatl, more and more items,
which were once too difficult, have fit the Rasch model with the passage
of time. The statistical analysis associated with this question leaves
little doubt that, over the seven year interval, there has been a
significant decline in the Jevel of difficulty associated with a number
of hard items that did not fit the Rasch model in the earlier years
covered in this investigation. Since the presence of items which are
too difficult to fit the Rasch model was shown to be materially
disruptive to students’ chances for passing MEAP reading objectives, it
seems reasonable to conclude that the decline in the level of difficulty
associated with such items did improve students' chances to a
significant degree. As noted in the preceding discussion of question 2,
it is apparent that as few as two very hard items that did not fit the
Rasch model have a detrimental affect on prospects for passing a MEAP
reading objectives. Though not measured directly, an opposite impact
should probably be credited to those items which are no longer so

difficult that they do not fit the Rasch model. |t seems reasonable to
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conclude that a decline in the ievel of difficulty formerly associated
with very hard items would have a significant, positive effect on
objectives passed.

A statistically significant decline in the difficulty level of
items that were at one time too difficult to fit the Rasch model is
presented in Table 9. Table 10 reveals that there were more of these
items in the MEAP reading tests given in the first three years covered
in this investigation compared to the last three years. As previously
indicated, the items themselves dit not change, only their apparent
level of difficulty changed. An important objective of these tests is
to focus instructiohal effort on those areas where objectives have not
been met, and it seems reasonable to conclude from these data that this
kind of corrective a?tion was taken. Increased instructional emphasis
is probably responsible for much of the decline in the rating of items
considered in previous years to be so difficult that they did not fit
the Rasch model.

The fourth research question deals with the effect items that are
too hard to fit the Rasch model have on the probability for passing
learning objectives between the year in which the smallest proporiion of
learning objectives were passed, and 1979, the last year in the
analysis. There is a statistically significant increase in the
proportion of objectives passed between the worst year and the last year
for both fourth grade and seventh grade students. Since probability is,
by definition, the proportion of possible occurrences of a particular
event to all possible events, the statistically significant increase in
the proportion of passed learning cbjectives denotes a significant

increase in the probability that a MEAP iearning objective will be
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passed. The decline in the level of difficulty, which results in a
corresponding decrease in the number of very difficult items, tends to
be linear. That is, the greatest number of such items occurs toward the
earliest years of the 1973 to 1979 interval, and a mere or less steady
drop in difficulty level for these items appears to occur throughout the
time period. The fourth grade data demonstrated this tendency from 1973
to 1979, where most of the very hard items which did not fit the Rasch
model in 1973 did so in 1979. The seventh grade data very nearly
demonstrated the same tendency, but the year 1974 had the majority of
these items in this case rather than 1973.

The fifth research question deals with the effect hard items whicﬁ
do not fit the Rasch model have on the proportion of students passing
less than L4O¥ of the MEAP reading objectives. The statistical analysis
was intended to measure change in this proportion for the 1979 test. In
fact a statistically significant change did not occur as anticipated at
the outset of thé analysis. In so far as the 1979 data is concerned,
recoding these very hard items resulted in an insignificant change in
the proportion of both the fourth grade and the seventh grade students
who passed less than LOX of the learning objectives. There were only
three of these items in the fourth grade data and only one in the
seventh grade data. The re-scoring prbcess resulted in a net decrease
of only seven fourth grade students that passed less than LOX of the
test's learning objectives and no change at all in the number of seventh
grade students passing less than L0% of these learning objectives. The
conclusion to be drawn as a result of this analysis is that the 1979
data had too few hard items to make any difference. Since there were

only a few very difficult items in the 1979 test, nothing has been
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gained toward understanding their impact upon the proportion of students
in need of remedial instruction,
SUMMARY OF CONCLUSIONS

The presence of items that do not fit the Rasch model was
anticipated in MEAP reading tests when this study was undertaken., The
data have revealed that such items indeed were in the 1973 through 1979
tests as expected. The incidence of these |items was expected, at the
outset of the study, to remain more or less constant throughout the
period investigated. However, contrary to expectations, this was not
the case. Probably it may have been erroneous to assume that the level
of difficulty for items encountered in MEAP tests which did not fit the
Rasch mode! would, from the outset, r;main constant. An important
objective of the Michigan Educational Assessment Program is to focus
additional attention on areas where learning achievement falls short of
expectations. |!f this is done properly, the incidence of items that do
not fit the Rasch model is likely to decline. |f such items belong in
these tests from the outset because they measure reasconable, though not
yet attained learning objectives, then it is irrelevant that they do not
fit the model at an earlier stage. Lack of fit to the Rasch model is an
important consideration in the initial stages of designing a criterion
referenced test. However, valid questions may be retained in such teﬁts
despite their lack of fit to the Rasch model.

Rasch measurement theory certainly implies that the proportion of
items that do not fit the Rasch model should remain constant through
repeated administrations of the same items and that the appropriate
procedure is to replace them by calibrated items--items that fit the

model. The initial presumption is that an item which does not fit the
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model may measure something other than the underlying trait which the
overall test is intended to measure. These items become candidates for
rejection. They should be dropped if lack of fit is significant, and no
rationale can be found in the circumstances of the test to explain that
lack of fit. However, there is a controverting assumption used in this
study that all MEAP test items are valid. This assumption forces a
degree of tolerance of jtems which do not fit the model which the ’
underlying theory possibly does not anticipate. Surely this is the case
if the assumption of content validity is accorded all MEAP items. Once
this assumption has been accepted in connection with criterion
referenced tests, then it would follow that all items, even items that
do not fit the Rasch model, must be retained without gquestion. The
underlying implications of all of these considerations are that every
item in these objective tests measures the underlying trait and that
lack of item fit probably means that persons taking the test are
inadequately prepared. This is the major conclusion to be drawn from
this investigation. Viewed from this perspective, Rasch measurement
becomes a means for determining the effectiveness of remedial
instruction programs over time.

Within such a context, Rasch measurement takes on a dual role when
applied to objective tests. ;First. it may be employed to advantage in
determining item fit in the initial stages of test development in
reaching decisions on whether to use individual items. !ts use, at this
stage, would augment established procedures of objective test design.
Second, if items that do not fit the Rasch model are allowed to remain
in a test after item calibration, the assumption is that the test taker

should know the item. It is irrelevant that the item is too difficult.
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In these instances, Rasch measurement should be applied to determine the
impact of programs designed to improve test performance over time. Both
applications of the Rasch model are most appropriaée. and desirable, in
connection with objective testing efforts like the Michigan Educational
Assessment Program. The first application focuses on items which may
not measure the underlying trait intended by the test under deveiopment.
Once it is determined that these items do measure the underlying trait
intended, and the test taker ought to know the answers despite present
difficuity, they may be retained in an objective test. The second
application may then be undertaken as an active part of the test
program, with greater confidence, as a measure of improvement or
declining performance on a set of consistent objective items over time.

Therefore, the assumption used initially in this study that very
difficult items do not belong in a criterion referenced test must be
qualified. Such items do not belong when those items have not been
carefully analyzed to determine content validity. Lacking this, such
items unduly penalize the student. However valid, difficult items that
do not fit the Rasch model do bhelong in a criterion referenced test. In
such a case, use of the Rasch mode} shifts from a determination of
possible inequity to a determination of performance improvement.

RECOMMENDATIONS FOR FUTURE RESEARCH

Rasch theory seems to promise objective measurement, but problems
of interpretation associated with the decision that an item does, or
does not, fit the Rasch model could withhold that promise. The issues
encountered during attempts to define and use the item fit statistic in
this research raised some important questions about the objectivity of

Rasch measurement which are fundamental to the practical application of
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this tool in test measurement. While Rasch measurement theory describes
an objective test measurement tool, Rasch measurement application may
entail too many subjective elements to make this possible in a practical
sense. Interpretation of the item fit statistic has changed over the
years. Conviction as to the appropriateness of a statistic in
determining item fit to the Rasch model, independent of subjective
considerations, seems to have softened over the years. Objectivity in
test measurement may yet be possible, but the tendency seems to be
growing to add subjective elements of interpretation to the use of an
item fit statistic, or at least increase the complexity of using the
statistic, so.that the result is a potentially impractical measure.
Further study of the need to augment Rasch measurement; the action
required in doing so; and the circumstances under which such action may
be required seems appropriate. The objective of this investigation
would be to identify and evaluate modifications applied to the
interpretation of Rasch theory in practice. An evaluation of the
apparent increased use of subjective elements in the interpretation of
the fit statistic in practice could be an important result from a study
of this kind.

Another study might be done on a comparison of the results produced
by BICAL and BICAL.3. The impact of the weighting procedures used in
the current BICAL program, BICAL.3, poses some important questions. The
current computer program emplioys a weighting algorithm which is designed
to offset the effect of an unexpected response in extremely wide tests
(i.e., tests having difficulty estimates greater than four logits in
width) . Some college entrance qualifying examinations, for example, are

up to 12 logits in width. In such tests, unexpected responses have an
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enormous impact on an individual's total fit statistic. The t-statistic
produced by BICAL.3 is weighted in such a way as to compensate for the
extreme impact of such items in these tests. However, since the average
test in education is three or four logits in width. The weighting factor
now used in the most recent version of BICAL may not be appropriate to
these narrower tests. This possibility was the major reason for u;e of
the earilier BICAL program rather than BICAL.3 in this investigation.
BICAL may have less tendency to mask bad fit in narrow tests than
BICAL.3. The objective of this proposed study might be to develop
guidelines in the application of different fit statistic algorithms to
tests of varying width: or, possibly, determination that the cdrrent
weighting method used in BICAL.3 is indeed appropriate to tests of any
width.

While the item fit statistic employed in this investigation appears
to be enough like an F~statistic to be interpreted as if it were one, it
is not truly an F-statistic. The Rasch measurement item fit statistic
is probably unique, and though it may demonstrate distribution
characteristics similar to one or more established statistical measures,
its probability distributions should be established. There are likely
to be a number of such distribution families with properties that vary
according to the number of score groups in the analysis and the number
of degrees of freedom involved. It would be a major undertaking to
establish such distributions. Nevertheless, it is a legitimate
question at this point in time to ask: What are the theoretical
limitations which should be pfaced upon the Rasch fit statistic? Until
this statistic becomes more clearly defined, prospective users of Rasch

measurement are likely to be reluctant to proceed. Curréntly the most
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knowledgeable proponents of Rasch measurement, Wright and his
associates, urge caution in using a purely statistical interpretation of
item fif analysis results. The prospective user may well ask "What
circumstances warrant the use of a Rasch fit statistic at all?" The
objective of this prospective research could advance understanding of
the item fit statistic in Rasch measurement and promote its more general
use or the invention of a more appropriate procedure.

Rasch measurement seems to offer a pragmatic means for objective
evaluation of item-difficulty and person-ability. In early attempts to
impiement the Rasch model "in the field," a manual methed for using the
medel on small tests was brought to the attention of prospective users.
In more recent years, however, the emphasis has been directed almost
entirely toward computerized analysis. At least this seems to be the
area in which most of the developmental work is occurring. There is a
real possibility that the Rasch measurement model may not, in fact, be
easy to use. |t does not help matters much to insist that the Rasch
model is easy to use when the preponderance of documented illustrations
emphasize the need for computer resources and considerable understanding
of a series of subjective side issues which could affect its
interpretation. There appears to be a considerable void in relatively
simple and straight forward applications of the model which would serve
to encourage its use. Future research into such applications would
determine if the Rasch model is really a practical device or just a

hope.



APPENDICES

161



APPENDIX A

DATA REQUEST AND ASSURANCES AGREEMENT

162



163

Edward Roeber, Supervisor Tuasday
Michigan Educationa) Assessment Program July 8, 1980
Box 30008 Detroit

Michigan Dapartment of Education
Lansing, Michigan 48909

Daar Dr. Roesber;

At last I am in s position to begin my research. My proposal was approved by
my advisory committee three wesks ago. A copy of the proposal summary is
enclosed for your information.

Also enclosed is a letter from my primary adviscr, Dr. Donald Marcotte, which
he was kind enough to write on wy behalf. He understands, as I am sure you do
also, that people in my position, attempting to complete a dissertation, need
all the help, encouragement, and patience they can get.

Tinally, I have completed and enclosed the "Data Raguast and Assurances
Agreement' form you gave me so many wonths ago. I am requesting the use of
the "Pupil Sample File" for the seven years 1973 through 1979 inclusive. I
am making tentative arrangements to secure three tapes onto which the data
can be copied following approval of my request. I understand that the data
will be made available to me, through your good offices, at no cost as the
result of the interest your office has had in working with graduate students
at Wayne's College of Education. I am deeply appreciative that such an
opportunity might be made available to me.

I hope that you will approve this request at your earliest convenience. I
want to assure you that use of the data made available to e as a result
will be confined to my dissertation. I am a friend of the Michigan
Educational Assessuent Program and hope that the Program too might in some
wvay benefit from my afforts.

Please tell me what I must now do to actually obtain the data which I am
requesting here. As always, I am prepared to come to Lansing on very short
notice if such a step would expedite matters. I realy lock forward to
hearing from you. I'm most aoxious to get started. Thank you, again, for
your time and attention.

Sincarely,

@M{/ 27! 472>

Doctoral Candidate, Educational Evaluation an Research

n/dm
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[ T T ery
MICHIGAN DEPARTMENT OF EDUCATION

. DATA REQUEST AND ASSURANCES AGREEMENT

Rptum THO copias to Michigan Ed A Program, Bex J0008, Lanang. M 48909,

DATA DESCRIPTION AND COST

REAP filas are availabia on magnetic computer taps which is S-track, 1600 bpi. Tha fellowing fiies ara available:
District, $chael, Pupil (A y ) and Pupil Sampie of 5000. The minimum cast of each file is uso.no plus pestags:

IM ansnymaus pupil file costs an sdditional 50.04 par pupil saiactad. The cest is payabie directly to W

™ upen ist of thair iveice., Each file salacied will be accempanied by a tape format. A mere
i-'-l'lth deaxviption of apch fiie 13 given on the back of this form. Pisase indi file selection{s) baiew,
DISTRICT FILE SCHOOL FILE PUPIL FILE PUPIL SANPLE FILE

X 1973,'74,'75, and

T3 19m3-74 0O 19713-74 ] seLzcTED PuPILS X 19e-m
Cl 191418 O -1 O acLrurns "X 1vmane
X 1978-79
O 1915-% O 197527 O 19m-7a
OTHER
O 1#e-m O wem . O 1v1e-3s O
3 wr-m O im-n O 1e1s-7¢
[ we-m
O i1v17-ma
ASSURANCES

The following sssurances are given te the Michigen Depawrtvant of Education in seturn for accens Lo duts for aducational
asearch purposes: -

Thw data supplind will be used esclusively under the direction of the ressarcher whesa nams appaars balow, and will net be
suppiied ts any sther individual, agency. o efganitation,

* Mo schee! or scheel districy, nar pnvy individual stall mamber of any scheel or sches! district will be idantified in any rapert
of the ressarch conducted with these dats.

The uxpense of shinining o copy of the raguired assessment date will be berne by the researcher,

The rassarcher will supply st least sna capy of ail completad rascarch reperts based upon these dats te tha Directer of the
Research, Eval and A Service, Michigan Depannmem of Education,

| cartify the abeve sssunncas will be followsd whils using duta previded by the Michigan Degartment of Bducation,

NAME PO TION OB TITL
Donald J. Mc Pharson Doctoral Clndidlu. Wayne State U., Detroit, MI
STACEY aDORENS cITY BTATE AND II» CODE
25 E. Palmer, Apt. #52 Detroit Michigan 48202

DaTE
July 8, 1980

. APPROVAL

7

o * HENATUAR

3 . : :

w OB TION DartTk

g
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APPENDIX C

THE ITEM FIT STATISTIC - EVOLUTIONARY CHANGES OF INTERPRETATION

Introduction

The fit statistic employed in this study is based upon the FIT
MN. SQ (i.e., the fit mean square). The FIT MN. SQ is a measure of
variance between the expected performance on an item, indicated by the
Rasch model, and actual performance observed on an item. [t is computed
in a manner quite similar to that used to compute variance, except that
each item score is subtracted from an "expected'" score on the item,
which is determined by the model, rather than from the overall score
mean.

The interpretation given the FIT MN. SQ in this study hinges on
expected values concepts. Technically, the FIT MN. 5Q values
constitute, in themselves, only the between group variance component of
the F-ratio:

2 2
5./ S,

where subscript b identifies between group variance and subscript w
identifies within group variance. How, then, is it possible to
interpret the numerator of this equaticon (i.e., the FIT MN, SQ) directly
as an F-statistic? |s not there a value in the denominator which must be
considered in this F-ratio? The answer to both of these questions lies
in the fact that the denominator indeed does have a value. |ts expected
value is one. Remember that the FIT MN. 5Q is really based on the
standardized residual for each ability subgroup: the FIT Z-SQUARED value
for each subgroup. Since it is a standardized value, the FIT Z-SQUARED
has an expected mean of zero; an expected standard deviation of one; and
an expected variance of one. Consequently, the value of the denominator
in the F-ratio in this instance is always expected to be one. Because
this particular F-ratio is always derived as a ratio of observed between
group variance, whatever it may be, to the expected within group
variance, which is always one, the denominator of this F-statistic is
always one. Therefore, the FIT MN. SQ appears to be an F-statistic:

Fcalc = FIT MN.SQ/1

170
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Is the Fit Statistic an F-statistic?

In a word - no. While it is derived in a way that is quite similar
to that used for computing the ratio of between sum of squares to within
sum of squares in analysis of variance, this fit statistic does not
conform to the F distribution exactly. Reference should be made at this
point to information obtained on this peint in a meeting with Mr Richard
Smith, Director of Testing, Mercer County Community College in Trenton,
New Jersey and Ronald Mead, Assistant Director of MESA, at the
University of Chicago the evening of June 6, 1981. The occasion was an
informal evening session after the first day of a three day seminar on
Rasch measurement at the College of Education, the University of
Chicago. The substance of this meeting is referred to in Chapter ({1,
It lasted nearly two hours and dealt entirely with the subject of the
“"item fit statistic" used in Rasch measurement and its interpretation.
At one point in the discussion, both Smith and Mead gave assurances
that the fit statistic used in Rasch measurement was close enough to the
behavior of an F-statistic that F-tables could be used to interpret the
statistic. However, when Smith was pressed to identify the statistic -
to give it a name, he preferred just to call it a fit statistic.

« +« « Wwe can demonstrate the distribution of this statistic, and
the distribution is fine. . .but it has to stand on its own. It
can not develop out of the argument that it looks like (some
statistic we are familiar with). . . these names (i.e., X2, F, t)
lead people to believe this statistic is really those things and
they're not. (Smith, 1981).

Comparison to more familiar statistics has been employed over the
years to aid in understanding this new fit statistic. At times the
distinction between a comparison and the real thing has become lost in
the discussion of underlying theory.

Smith indicated that for a time, Wright concentrated on the fit 2-
squared. Wright tried to interpret it as a X? with one degree of
freedom. Most of the discussion in MESA Research Memorandum 18 (Wright
& Mead, 1975) and Research Memorandum 23 (Wright & Mead, 1977¢) on fit
statistic interpretation treated the fit statistic as a X?~like
statistic based on the Z3, However, there has been a shift over the
years from emphasis on a X?* interpretation; to an F-statistic
interpretation; to, most recently, a t-statistic interpretation. With
each successive interpretation, a "weighting factor®” has been introduced
which modifies the value of the between fit mean square to compensate
for some shortcoming which experience had revealed in successive
interpretations of the fit statistic. There has also been a subtle
change in conviction. Wright's thinking has changed, apparentiy, from a
firm conviction in the sufficiency of Rasch fit analysis in terms of
clear statistical probability to a more cautious view calling for the
addition of further analysis and personal judgement on the
psychometrician's part. A comparison of the following passages from
MESA publications shows these changes of faith in a fit statistic. The
first passage is from Research Memorandum 18, published in March of
1975. :
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The third section of the table contains Z? statistics for testing
the fit of each item in each score group. They are approximately
distributed as chi-square statistics with one degree of freedom.
The first column on the right "FIT MN SQ" contains a statistic for
testing the fit of each item over all groups. Since the deviations
for the model were standardized in computing the Z2 statistics, the
mean squares have expected values of one, and can be evaluated as
F-ratios. . .(Wright & Mead, p. 18, 1975)

There was no suggestion in this publication that the F-statistic
interpretation given FIT MN SQ values output by the BICAL program needed
any supplemental interpretation. This conviction in the adequacy of the
fit statistic was reflected in Research Memorandum 23, published in
January of 1977.

A primary benefit from having an explicit mathematical model! for a
process is the possibility of making rigorous tests of how well the
observed data are predicted by the model. . . (Wright & Mead, p. 37,

1977¢)

By imptication, the Rasch model affords the possibility of making
such ""rigorous tests'. However, the same publication introduces a note
of caution respecting the interpretation of "a fit statistic".

All the test fit statistics presented in this section have the
appearance of chi-square {or mean square) variables, but recent
simulation studies (Mead, 1976) show that this distribution is not
exactly correct. Hence, exact probability statistics about lack of
fit are not possible. The chi-square distribution is a useful
background against which to judge these statistics,

however. (Wright & Mead, p. 42, 1977¢)

So it would appear that the emphasis placed on the X?
interpretation of the fit statistic warranted some caution. The
interpretation of this caution was left to the reader's judgement in
this case, but subsequent material published by MESA revealed that a new
approach to the fit statistic was in order. The concept of the '"Between
Fit t" statistic was cautiously introduced in Research Memorandum 23,c,
published in June of 1980.

In the search of measurable variables, tentative estimation of item
difficulties is only the first. In order for these estimates to be
useful as item calibrations, it must be established that it is
reasonable to treat the items in question as members of the same
measuring class. |If that is found to be reascnablie, then the
measurement of persons based on calibration of these items can
proceed. I|f not, then the available data must be reconsidered to
see if there are any subsets of items that may possibly belong to a
single common measuring class. |f that search fails, then no
"Measurement'' will be possible with these items.

The most natural fit statistic in BICAL, labelled "Between Fit t"
is derived directly from the "sample~-free" requirements of the
model. (Wright & Mead, p. 10,1980)
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While the label is again different, this t-statistic is based
principally upon the fit mean square concept. The evaluation of the fit
statistic to ity present form as a "t-like' statistic is interesting.
Though no great measure of importance is placed in this study upon the
current version of BICAL (i.e., BICAL.3) that is discussed in Memorandum
23.c, and the t-statistic that it produces, brief attention is given to
the subject in the subsequent sections of this appendix on the reasons
for using BICAL rather than BICAL.3 to determine item fit. For the
present, however, the only purpose is to track the development of the
fit statistic to its present state and comment where that development
has bearing on this research. The new t-statistic has been introduced
to MESA publications without fanfare. One who was not familiar with
prior MESA publications on Rasch analysis might not appreciate that it
is not an entirely new statistic, But, like its predecessors, it too is
based on the standardized residual. It seems, now, that the Rasch fit
statistic is in a state of flux. One of the concluding statements in
the section on fit analysis in this publication points clearly to this
possibitity.

It 'is unrealistic to expect the results of simulations to match the
ideal consequences exactly, but one can ask, "To what extent do the
results, and hence the algorithm they document, approximate these
ideals?"

This is an important question, as the ideals are the frame of
reference from which an experimenter must judge the fit of any real
data. . .{(Wright & Mead, p. 51, 1980)

. « « As sample or test spread out beyond typical values,
variations among the item mean squares for data simulated to fit
the mode] increases to twice that expected by the model. At the
same time, the total mean square falls slightly below its expected
value of one. When judging the fit of real data for either a wide
test (W>h) or a wide sample {5>1.0), it would seem reasonable to be
tolerant of item mean square dispersions somewhat larger than
expected, but to work toward average mean squares falling slightly
below one. (Wright & Mead, p. 53, 1980)

Thus, in a sense, the discussions has turned from unqualified
confidence in the fit statistic as the primary measure of fit to the
introduction of judgment to suppliement the fit statistic.

The most tangible difference between the forms of fit statistic
developed by MESA over the years is in the weighting factor applied to
the fit mean square component. In every case, the fit mean square is
based upon the standardized residual., This is labelled the FIT Z~
SQUARED in the version of BICAL used in this study. However, close
examination of the output produced by BICAL and BICAL.3, as well as the
computational formula offered to explain the fit statistic, reveals that
a weighting factor has been introduced to make the fit statistic more
tractable, The different versions of the fit statistic appear to have
evolved with greater experience in using Rasch analysis.
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The formula for the fit mean square produced by the version of
BICAL wused in this study was not fully developed in the documentation
received with the program. The earliest representation of the fit
statistic found in this investigation refers back to 1969. It is
presented as a chi-square in Research Memorandum 18 on pages 9 and 10.

Wright and Panchapakesan (1969) proposed a Pearson chi-square
statistic for testing if the item calibrations are person free,
This goodness of fit involves dividing the sample of subjects into
subgroups and using the model to predict the numbers in each group
expected to answer each item correctly. The test statistic may be
computed as

{(Wright & Mead, pp. 9-10, 1975)

where: C? = a chi-square-like fit statistic computed on the
total sample for one score level (i.e., level r).
k = the number of test items.
a, subscript ir = the total number of persons at score
level r who got item i right.
n, subscript r = the tetal number of persons at score

level r.
P, subscript ir = the probability that those persons at
score level r will get item i right.

This form of the fit statistic pertains to the total sample. It
tests '"goodness of fit" for persons in the total sample, who are at a
single score level, to one item. But - the statistic used in this study
to test goodness of fit pertains to persons in separate score subgroups
of the sample, who are at a single score level, to one item. This
statistic is computed by first computing the C? for each score level
subgroup established by BICAL and then dividing by the number of
subgroups. Since MESA notation is not consistent from Research
Memorandum 18 through Research Memorandum 23¢ in the various
computational formula presented for the fit statistic, The following
notation was established to facilitate comparison between them:

TFS = Total sample fit statistic on one item.

BFS = Between subgroup (i.e., score subgroup) fit statistic on
one item.

Z* = the standardized residual (i.e., FIT Z-SQUARED).
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= one item.

= one person.

= observed.

= expected.

: = variance of the sample.

= standard deviation of the sample.

= a number of persons that is less than all persons tested.
= a]]l persons tested.

= a score on one item.

= a score on all items,

= all test items. .

= all score subgroups produced by BICAL.
= a probability of success.

= some weighting factor.

X3 = chi-square statistic.

t = Student's t-statistic.

ZUOUVLOCOXX ZIJIO WV 0 < —

When notation from this set is applied to the MESA formula for C3,
it is transformed to:

This formula translates verbally to: The Total Sample Fit Statistic
on one item is equal to the number of items times one less than the
number of items times the observed score of all tested persons on the
item, minus the expected score of all tested persons on the item,
divided by the product of the expected score times one minus the
expected score, where P, subscript ei is the expected probability of
getting item i right.

The statistic which is used in this study to test the goodness of
fit is computed by averaging the standardized score subgroup residuals
produced by the version of BICAL used in this study. The total of these
residuals is equal to the total fit mean square (i.e., the TFS)}. That
is, summation of the standardized residuals for score subgroups is
another method for computing the total fit statistic. This average is
called the between fit mean square (i.e., the BFS). The formula for
computing the standardized residual (i.e., Z2 = FIT Z-SQUARE), which the
between subgroup mean squares is based upon, is:
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X -n P
_L=1 oi G
2 \
ZG w FIT Z-SQUARED = /
x=]

This formula translates verbally to: The standardized residual for
a score subgroup on one item is equal to the sum of cne less than the
number of scores on item i times the quotient of the square of the
difference between the observed score of all persons in the score
subgroups on the item minus the number of persons in the subgroup times
the expected probability of success on item i, all of which is divided
by the preoduct of one minus the expected probability of getting item i
right times the product of the number of persons in the subgroup times
the expected probability of getting item i right.

The theoretical base for the fit statistic used in this research
lies in the concept that the sum of individual score subgroup residuals
is equivalent to the total fit mean square. The underiying assumption
is that this is so because item fit has been shown in Rasch analysis to
be independent of individual ability. Hence, item fit is likewise
presumed to be independent of subgroup ability and even the ability
represented by the total sample. Therefore any measure of item
difficulty is, conceptually, the same whether it is based on a single
i tem-person interaction, or on the interaction of a subgroup, or the
total sample with that item. Consequently, the measure of variability
in item fit based on the total sample (i.e., TFS) is presumed equal to
the sum of the separate measures of variability in item fit based on
each score subgroup. This relationship can be expressed:

G
\
TFS = / 2°

i

Therefore, an average Z? value is presumed to be equivalent to the
TFS when interpreted by the appropriate number of degrees of freedom.
Since there were six subgroups produced for every sample used in this
study, the general form of the subgroup fit mean square values divided
by the number of subgroups (i.e., six subgroups) is:
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G G
\ \

BFS = TFS/G = / Z3/G = / Z/6
1 1

This is the computational form of the between fit mean square
applied in this research. It amounts to a simple average of
standardized residuals developed for score subgroups in the analysis.
Subsequent forms of the fit statistic have been weighted in various ways
to reflect changes MESA staff considered to be appropriate in the
interpretation of the fit statistic.

In Research Memorandum 23, on pages 37 through 39 Wright and Mead
introduced an approach to weighting the Z?, and consequently the between
fit statistic, as a "correction factor'" which would cause the Z? value
to more closely approximate a true chi-square with one degree of
freedom. Notation is modified somewhat in the following formuia from
the original text to facilitate comparison:

2
x =N P
L _L= oi ei
\ K
L

im]  xm]

TFS=

~ .~

NP 1-P
eij ei

According to Wright and Mead:

We obtain a chi-square statistic with one degree of freedom. The
multiplier K is a correction factor, usually near one, to inflate
the statistic to the equivalent of one degree of

freedom. (Haberman, 1973)

If all of the N are equal and P, subscript ei * (1 - P, subscript
ei) is nearly constant for all x and i, then K can be shown to be:

The intuitive motivation for this can be grasped easily by noting

that since i goes from 1 to L and x goes from 1 to N - 1, there are

L(N - 1) statistics TFS. But, having fit L - 1 item parameters and

N - 1 person parameters, there are only (L - 1) (N ~ 2) degrees of

freedom available.'" (Wright & Mead, p38, 1975)
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L (N-1)

L-1 (N-2)

Wright and Mead then apply an appropriate modification of K to the
standardized residual to obtain a single "corrected! score subgroup Z?
as follows:

GX?

where: Kze =

(L=-1) -1

These standardized score group residuals may be summed to obtain an
expression equivalent to the total fit mean square statistic TFS. That
ist '

\
TFS = / 22

Therefore . . . TFS Yspecifically asks the question would all score
groups give the same estimate of difficulty for item i 7" (Wright &
Mead, p.39, 1977¢) The BFS procedure, according to Wright and Mead,
'gives a chi-square statistic with G degrees of freedom." (Wright & Mead

p. 39, 1977¢)
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In Research Memorandum # 23.c, Wright and Mead introduce a further
refinement to the fit statistic which continues to employ weighting, but
in a slightly different form, and the fit statistic is no longer
described as a chi-square. The concepts of the "total fit t" and the
"betwean fit t" statistic are introduced in this memorandum.

The fit statistic continues to be based upon the standardized
residual, but the current form of the weighting factor appears in the
expression:

\
BFS = / 23 K

where: K -
Gt

t-1 @-1)

Interpretation of the fit statistic is not .currently described in
chi~square terms. The weighted between fit mean square statistic has
been run through a transformation procedure which has converted it to a
"t-1ike' statistic, and one which in current literature on the subject
is described in t-statistic terms. This transformation is referred to
by Wright and Mead as follows:

Finally, this mean square between groups can be expressed in the
standardized form

1/3
t = ay -a+ 1.0/a
Bi Bi

1/2
where: a = (L.5(M - 1))
This t-statistic tests whether the observed item characteristic

curves have a common shape and slope. |t has an expected value of
about zero and a variance of about one. (Wright & Mead, p.11, 1980)

The Iimplications of Weighting Factors

The consequences of weighting the standardized residuals used in
computing the between fit mean square are considerable. The
standardized residual in this study is not weighted. Using the value K
= | to represent this fact, the fit statistic produced in this study may
be expressed by the expression:
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\
BFS = / Z3/G * K

To see what happens to BFS when K is interpreted as a wetghtung
factor, consider the example in the next paragraph.

Using a test length of L = 100 items and a score subgroup count of
G = 6, the following weighting factor values are produced using the
weighting formulas which are presented in Research Memorandum 23 and
23.c, respectively:

LG 100.6
K = - 1.21
GX?2
(L-1) G-1 (99 (5
L 100
K = - - .2
Gt
t-1 @6-1) (99) (5)

Tests in this research range from 95 to 115 questions and 6 score
subgroups were always produced by the analysis. These factors mean that
the interpretation placed on the fit statistic produced by this analysis
would first have to be inflated by approximately 20% for compatibility
with the chi-square interpretation (i.e., Research Memorandum 23).

Then, the fit statistic would have to be deflated by B80% for
presentation to the t-transformation and compatibility with the t-
statistic interpretation (i.e., Research Memorandum 23c).

What is the correct interpretation of the fit statistic? Probably
there is no clear answer to this question at this time for every
evaluation situation. It would be safe to say that Wright and his
associates at MESA would favor the current t-statistic interpretation
outlined in Research Memorandum 23c.

The Decision to lUse BICAL

BICAL.3 employs a weighting factor in computing the fit statistic;
BICAL does not. This was a decisive difference in the decision on which
program to use. While there was ample opportunity to use BICAL.3 in
this investigation, there are two reasons that this was not done.

First, the unweighted between fit mean square is a more conservative
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statistic simply because it has not been modified by a weighting factor.
Thus, even if it were to be interpreted as a chi-square, the values
computed by the program are seventeen to nineteen percent smaller than
Wright has recently thought appropriate. Second, it may be questionable
that the current, weighted between fit mean square, transformed to a t-
like statistic, as developed by BICAL.3, has produced a more appropriate
statistic than the unweighted fit mean square which has been used. This
last point was raised during a discussion with Richard Smith in
Chicago. Smith, in a general review of fit criteria development,
pointed out an important distinction to be made between BICAL'S
unweighted between fit mean square used in this study and BICAL.3's fit
t-statistic which was considered. The current between fit t-statistic
is deliberately more robust than the unweighted between fit mean square.
Smith indicated that the reason MESA had gotten away from emphasis on
the unweighted fit mean square was their experience in evaluating
National Board examinations. Some Board tests were up to twelve logits
wide, compared to the three or four logit widths typically found in
education., When a person who is at the high extreme of ability gets an
item at the extreme low end of difficulty wrong in a test that is twelve
logits wide, the squared residual is enormous! As Smith said:

. + . the probability of that is absolutely incredible. Can you
imagine what that one intervention would do to a persons's total
fit statistic? He could have 999 other items that fit perfectly
and one that does not, and it would send his fit statistic to the
moon. (Smith, 1981)

This is exactly what was happening on certain individuals taking
National Board tests. MESA was encouraged to deveiop a fit statistic
where this would not happen. The fit t-statistic was the result. While
no reference is made in Research Memorandum 23.c¢ to this situation,
Wright and Mead do point out the need for a more '"robust' statistic.
Referring to the total fit means square:

It too could be squared and summed, this time over all persons, to
form a total mean square for the evaluation of fit., The resulting
mean square, however, is very sensitive to unexpected responses
which are far off target. This is unfortunate because when a
response is far off target, that is when the item and person are
far apart so that the difference between person ability and item
difficulty is many logits, then not only is there very little
useful information about either person or item in that response,
but we hardly expect, nor do we need to expect, the model to hold.

An alternative approach which has similar asymptotic properties,
but is more robust against off-target data is to weigh each squared
residual by the information P, subscript vi * (1 - P, subscript vi)
it contains and so calculate the information weighted mean

square. (Wright & Mead, p. 12, 1977¢)
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However, Smith felt the weighted fit mean square produced by
BICAL.3 could mask item fit discrepancies which might warrant attention.
He preferred the opportunity to personally evaluate a ‘“shaky" item fit,
rather than having the program make the fit determination to the extent
that the current program does. Wright and Smith do not agree on this
point. There is no way to know who is correct, but it seems preferable
to use the unweighted statistic. This preference is based on lack of
comparative knowledge on just how robust the current t-statistic really
is. 1t was unlikely that the MEAP tests could be so wide, in any case,
as to require use of an especially robust statistic. These feeling were
born out in the analysis. The following table shows the range of item-
difficulty for each of the 14 samples,



TABLE C-1

1973-1979 MEAP READING TEST ITEM DIFFICULTY IN LOGITS

4TH GRADE TTH GRADE .
ITEM DIFFICULTY VALUES IN LOGITS ITEM DIFFICULTY VALUES IN LOGITS
Year
DIFFICULTY DIFFICULTY
LOW HIGH RANGE RANGE LOW HIGH
~-2.25 1.80 4.05 1973 3.37 -1.51 1.86
-1.71 1.74 3.45 1974 3.36 -1.43 1.93
-2.12 2.00 4.12 1975 3.61 -1.56 2.05
-2.07 2.12 4.19 1976 3.01 -1.62 1.39
-1.92 2.14 4.06 1977 4.22 -2.36 1.86
-2.12 2.28 4.40 1978 4.60 -2.97 2.03
~2.26 2.35 4.61 1979 4.08 -2.21 1.87
The av?rage range value :s 3.94 1?gits for all 14 sar:nples.

£8T
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The range of item-difficulty was least in the 1976 seventh Grade
test at 3.01 logits. The greatest range in item-difficulty occurred in
the 1979 fourth Grade test at 4.61 logits. The average value is 3.94
logits for the 14 samples. Therefore none of these tests entail the
extreme ranges in item~difficulty which is the primary rationale for
using a robust fit statistic. Since the condition which the current
weighting procedure is designed to correct is not present in these data,
there does not appear to be any pressing need in this study to employ
the current Rasch analysis computer program, BICAL.3, to cope with
extremely large residuals. Instead, the strategy was adopted to choose
the more conservative, but straightforward, statistic in this study
which is produced by BICAL. It will identify lack of apparent item fit
to the Rasch model for these data without weighting the fit statistic.
As indicated, weighting introduces a procedural refinement to the
analysis which is debated today among MESA staff. While the concept of
controlling illogical extremes is something to consider, which weighting
is designed to do, the need is not apparent in these data. Test width
here is within the limits of common educational experience. The
objective nature of the tests considered in this study also suggests
that the items have a high content validity built right into them.
There is probably less reason to expect extreme residuals in these tests
than might be implicit in norm referenced tests. I|n any event, there is
no convincing necessity for weighting the fit statistic in this study.
By deciding to use the least refined fit statistic of those which might
have been used in this study, the decision comes down squarely on the
side which emphasizes interpretation of item fit in probability terms.
That is, the decision was made to emphasize a statistical )
interpretation. Such an interpretation of item fit is appropriate to
this analysis. But this approach would be of great concern to Wright.
It is not consistent with his present thinking on the point. He
expressed his position very effectively in a letter dated May 8, 1981:

Your work with MEAP sounds interesting and | would be very happy to
give you whatever counsel on your use of Rasch measurement | can.
| am thinking in particular of the fit statistics.

Do not be compulsive about fit decisions based on statistical
values. The fit statistics draw your attention to items on which
irregular behavior has occurred. Begin with the "worst" items and
try to discover why each item did not fit. Examine the test and
alternatives of each item carefully. Look at the distribution of
incorrect choices. Can you find reason for the items not fitting?
If so, then you will be happy to have had your attention drawn to
them and will deal with them according to what you decide is wrong
with them., As you work in from the "worst'" items you will come to
a point where either the fit statistics have become ordinary (mean
squares nearer to 1.00 than 0.7 Or 0.2, or standardized mean
squares nearer to zero than 2 or 3) or you cannot see any reasons
for misfit. It is all right to stop at that point. A few marginal
items will not damage the measurement you make.
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In any case, whenever you use some of these calibrated items to
measure a person you will want to check the extent to which that
person has used the items according to their calibrations. This
quality control of person fit will protect you and your respondents
from being misled by meaningless measures from invalid

responses.' (Wright, 1981)

Wright's position on item fit analysis would appear to be more
cautious than the approach which has been taken in this investigation.
He counsels, in particular, against being "compulsive about fit
decisions based on statistical values.!" This is very sound advice which
can, no doubt, be well supported on both logical and conceptual grounds
as a general rule. However, the decision to apply purely statistical
criteria in this study to determine item fit is defensible. The
corollary issues are discussed more fully in the concluding chapter of
this study, but this difference goes to the heart of Rasch analysis
applicability. Rasch analysis is introduced in the literature as a
statistical tool. Early discussions offered sound arguments in support
of the theoretical integrity of the Rasch modeil in mathematical terms.
However, experience in working with the model appears to have revealed
some shortcomings in a purely mathematical interpretation which are
important to the application of the model. It is very likely that the
Rasch model is theoretically sound. Nevertheless, the Rasch model may
not be ready for use in an applied psychometric environment. There
appears to be a growing body of more subjective concepts involved in the
application of the model than was first thought necessary. As the
subjective component grows, the practical application of the model may
diminish to a point that the Rasch model is no longer a concept which
can be seriously considered outside psychometric research laboratories.
Such a measurement tool, that is interpretable by a very select few,
will be a great disappointment to those seeking objective psychological
measurement.
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UN NAME
COMMENT
COMMENT
DATA L1§1

CoMienT
INPUT MEDIUM
N OF CASES

COMPUTE
COMPUTE
COMMENT ==
CONDE SCRIPTIVE
OPTIONS
STATISTICS
cOMMENT
FREQUENCIES

GBTioNS
STATISTICS
FINISH

DESCRIPYIVE STATISTICS FOR PILOT (1973) SAMPLE OF 4TH GRADERS

T EERED (3) /1 RECTYPE 2-3,GRE0E §-6.5Ex &,

QCt 70 OCS 14-18,004 YO QUS 10-24,
QEY YO QES 26-30.QF 1 TO QFS 32-36,
0Gi Y0 OGS J8-42,QHi T0 OHS 44-d8,
Ol1 T0 QIS 50-54,001 T0 QUS 56-60,
oK1 TO QS €2-66.0L1 TO QLS 68-72/3

o1
Q01
. o9y
051
Qu1
.aut

DISK

DATA FOR THIS RUN IS ON LINE FILE

AGEYRS 10-11 _AGEMOS 13-14,
NUMPASS 16- 17 ,NUMIRTED 19-20,
TOTQUEST 32-24,

DBSCOROY TD OBSCOR2I 26-48,
_0BSTATO! 0 0BSTAT23 S0-12/2
A1 TO QAS 2-6,08¢ TO OBS 8-12,

10 oM5 2-6,QNi TO QNS 8-13,

T0 005 14-18,0PY TO OPS 20-24,
Y0 Q05 26-30.QRt TO ORS 32-36,
10 055 38-42.071 10 015 44-48,
T0 QU5 SO-54.0V1 TO QVS 56-60.
T0 gws 62-66

(UNKNOWN
TRANSPACE = §0000

FRAE
AGE~

¥ 108+ 0000
0000

FRACT IONSAGEMOS* 0833

AGE~
AGE =
AdiE
3,4
ALL

INTE

AGE+AGEYRS
AGESFRACTION

GERWSEX(-9,1)

HUMPASS NUMTRIED( -9.23)

Ol TO gwsl-9.t)

OBSCOROY TO OBSCORZ3{-9.5)
___OBSTATO! TO OBSTAT23(-8,1)
7.8

T-PILOTSE’

LBT
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UN NAME LINE FILE FOR PILOT {1973) SAMPLE DF 4TH GRADERS
COMMENT
FILE NAME  PILOT4
COMMENT
COMMENT
COMMENT ) DATA FOR THIS RUN IS ON LINE FILE ‘-FOURTH’
DATA LISY FIXED RECTYPE 1-2,GRADE 33-34,SEX 46 (A),
AGEYRS 49-50, AGEMOS S$1-57,
NUMPASS 63-64 ,NUNTRIED 65-66,
QAY TG OAS 638-542 (A),
Q81 10 083 643-647 (A),
gci 10 ocs é4d-€52 (4).
o001 10 ODS 653-657 (A).
GE? TO QFS 658-662 (A),
" gF i TO oF% 663-667 (a),
QG1 TD QGS 668-672 (A),
QH1 TO OHS 673-677 (A},
“otd Vo oI5 678-e82 (A).
QJ1 TO OUS 683-687 (A),
oK1 TO OKS 688-632 {A).
‘oLt 1O OLS 693-697 (a),
QMt TD QWS 698-702 (A),
QN1 TO QNS 703-707 (A),
001 T0 005 708-712 (A),
QP1 TO QPS5 T13-717 (A),
Q1 70 003 718-722 (A),
QR 10 QRS 723-737 (a),
Q51 TO 053 728-732 (A).
Q11 TO QTS 733-737 (A},
T QUi Td gus 138-742 (a),
Qvi TO QVS T43-747 (A).
QW1 TO QwS 748-752 (A),
o85coroi To OBSCOH2d 798-820.
OBSTATO! TO OBSTAT2I 866-888 (A} .

COMMENT
inpuT MEDTUN T OISk
N OF CASES UNKNOWN
ALLOCATE  TRANSPACE® 10000
SANPLE T 0.9877
SELECT {F (RECTYPE EQ 17}
RECODE GRADE , AGE VYRS, AGEMOS . NUMPASS ,NUMTRIED,
T gescoroi 10 OBscor2) (sum--sl/
SEX (BLANK*-9)('B°=1)}('G"=0)(ELSE=-T)/
QA1 TO QWS (BLANK=-9)(’s’=1) . L L
(ras, i@, €8, 06, 't‘.'F'.'G'.'H'.'l'.'d'.'K'-O)
(ro-, '0'-0HELSE-'7U
OBSTATO! 1O OBSTAY2) (BLIM(--SH Y1)
t-iw=0f(i0, G°=0)/
COMMENT
VALUE LABELS  GRADE (O4)4TH GRADERS {07)7TH GRADERS/
’ §Ex {1)Bovs {G)GrRLS/
OBSCORO1 TO OBSCOR23
{O)NO QUEST RIGHT (t)ONE QUEST RIGHT (2)TWD QUEST RIGHT
(I}THREE QUEST REIGHS l4)FOUR QUEST RIGHT (SIFIVE QUEST RIGHT/
OBSTATO! TO 0BSTAT23
(1)DBYECTIVE PASSED (-7)0BJECTIVE NOT PASSED
{-9)0BJECTIVE BLANK/

COMMENT
MISSING VALUES GRADE,SEX,AGEYRS,AGEMOS ,NUMPASS . NUMTRIED,

68T



QAt TO QWS ,DBSCORDY TO DBSCOR2I,
OASTATO! TD OBSTAT23 (-7.-9)

COMMENT
COUNT
COMMENT

COMMENT
Raw oDTEUE UNITE

COMMENT
WRITE CASES.

READ INPUT DATA
FINISH

T YoToUESTaGid O ows (1)
THE FOLLOWING CARD DESIGNATING LOGICAL 1/0 UNIT #9 1S OPTIONAL

{tx,F2.0,1%,F2.0.1%.F1.0,1X,F2.0, 1X F2.0,

¥x,F3.0, 1%, #4.6,1%,F3.0, 1%, 33F i.0, ix,23F 1.0/
1X,5F 8.0, 1%,5F1.0,1X,5F 1.0, X ,5F1.0,
1X,5F 1.0, 1X.9F 1.0, 41X SF1.0. 1X.5F§.0.
X, 86 0.0, iX.85F1.0, iX.5F 0.0, 1X,5F 1.0/
1%,5F1.0, 1X,5F1.0, 1X,5F 1.0, 1X,5F 1.0,
1X,5F1.0, X, 5F1.0,1X ,5F .0, IX,5F1.0,
X BEQ.0, iX.5¢ 1.6, iX,5F .00
RECTYPE ,GRADE , SEX, AGEYRS , AGEMOS ,
) NUMPASS  NUMTRIED , TOTQUEST,

ORSCOROY TO UBSCORI3,DBSTATOV 1O 0ASTAT23,

QA1l
. 9L
at
omy
Qa1
Qut

TO QAS.QB1Y TO 085,0CH
10 QES.QF! TD GF5.QG1

‘10 018,041 10 oul. oki

10 OMS,ONt TO ONS,Q01
10 00%.0Rt TO ORS.0S{

“i0 GuS.ovi 10 avs.QWi

10 QCS5,001
70 065, oMY

T ow%.oLi

T0 005,0P1
10 955,011
10 ows

T0 005,
10 OHS,
1o OLs,
10 0PS,

To 0%S5,

06T



APPENDIX F
BICAL ~ A COMPUTER PROGRAM FOR USE IN CONDUCTING RASCH ANALYSIS .

CODING BICAL CONTROL CARDS

Introduction

Two versions of the Rasch analysis computer program, supplied by
the Department of Education at the University of Chicago, were
considered in this study: BICAL and BICAL.3. The earlier version,
BICAL, produced the Rasch analysis which is the basis for the analysis
and conclusions developed in this investigation. The rationale for this
choice will be developed in a subsequent part of this section. While the
later version of the Rasch analysis program, BICAL.3, was also applied-
to all fourteen samples considered in this study, the results appeared
to be more reilevant to considerations for future research than the
objectives of this study. Some additional comment was made on this
possibility in the concluding section on recommendations for future
research in Chapter V of this study.

The documentation which supports the information in this section on
coding the control cards necessary to use the earlier version of BICAL
is limited. There were two items of significance which accompanied the
copy of the BICAL program obtained from Wayne State University: 1) a
copy of Research Memorandum Number 18, CALFIT, Sample-Free |tem
Calibration with a Rasch Measurement Model, published by the Department
of Education of the University of Chicago in March of 1975 (Wright &
Mead, 1975), and 2) four pages of material entitle "How to Use 'BICAL'
with no author or date of publication specified. Memorandum 18 (Wright &
Mead, 1975) describes an even earlier version of BICAL than was used
here known as CALFIT. Memorandum 18 is a good general reference on
Rasch analysis and proved to be accurate in its description of control
card format parameters for the BICAL program used in this investigation,
as far as it went. However, there is no reference in that memorandum
respecting parameters seven to fourteen in the second control! card
format. Also, the output tables for the example problem in Memorandum 18
(Wright & Mead, 1975) differ in a number of important respects from that
actually produced by the program using Sample-of=-5,000 data. The four
pages which made up the second reference source proved to be complete
and very helpful in learning how to code the program control cards but
there was no explanation of the output which could be expected from the
program. There does not appear to be any single source covering the
complete documentation for the BICAL program acquired by Wayne State
University. |t appears that as a substitute, documentation for CALFIT
was probably provided by the University of Chicago supplemented by the
four pages of material on control card coding for "BICAL'".

The combination of these two references and experience in actually
using the program are the basis for most of the material in this
appendix. While Memorandum 18 (Wright & Mead, 1975) and the four page
supplement were drawn upon heavily in developing this material, neither
document is quoted directly here as there is nothing to be gained in
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doing so. Any attempt to correlate them directly with this material
could be confusing without serving any useful purpose. While the coding
procedures outlined in this appendix does have some general application
to using other versions of the BICAL program, it is intended to have
specific application to the version of that program provided for use in
this study. However, comments apply to both versions uniess otherwise
noted.

The Control Card Formats

The control cards which are required to run either version of the
Rasch analysis computer program considered in this study, BICAL or
BICAL.3, are similar in appearance and function. These cards amount to
a set of parameter statements which, in affect, tell the program
essential facts about the data being processed, and the way it is to be
processed. They describe the data and instruct the program where to
locate the material being processed in the data file; what to label that
material; and which of two alternative processing methods to apply to
it. Mistakes in specifying any of the data parameters which the program
requires will certainiy result in an unsuccessful run, often without any
indication that an error condition is present and occasionally at the
risk of interminable, and expensive, looping through the program
instruction sequence without any indication whatever that there is a
problem. The program does not have error indications for a number of
problem conditions which experience has shown are easily encountered.
Therefore, it is in the user's best interest to be extremely careful in
setting up a set of run control cards.

The earliest version of the Rasch analysis computer program used in
this study, BICAL, has eight control card formats. The later version,
BICAL.3, which was considered but not used, has nine. Each control card
format discussed here conveys one, or more, parameters to the program.
Usually only one contrel card is necessary for each format, but there
are exceptions. General coding requirements, for both versions of
BICAL, as well as the coding used in this study, are described in the
following paragraphs.

Format 1 (both BICAL and BICAL.3), the "Title Card": Used to
identify each computer run with a title up to 80 characters in length.
One card is coded anywhere in columns 1 to 80 with a job title of the
user's choice., This card must be included even if the user elects not to
title the job. A typical heading for the BICAL runs in this study was:
"FITTING 1973 MEAP TEST RESULTS (FOR FOURTH GRADERS) TO THE RASCH
MODEL".

Format 2 (both BICAL and BICAL.3), the "input Description Card":
Used to describe up teo fourteen data description; computer program

processing; or computer system parameters. Again, only one card is used
for this format. This is the most complex control card. Only
specifically designated columns may be used for each parameter. Five
columns have been allocated to each one, though it is highly unlikely
every position will ever be used to code any parameter. Parameter codes
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go in the rightmost, or low-order, positions. All of the coding done on
this card is either numeric or blank. The 14 format parameters and
corresponding coding schemes, and the card columns dedicated to them,
are as follows:

1. The total number of test items is entered in card columns
1 -5,

The number of test items must be specified.

2. The minimum number of persons desired in each score group
(i.e., persons at a certain ability level), which the

program sets up as part of the analysis, is coded in card
columns 6 - 10. The program will establish up to six score
groups ordered from least to most ability. I|f the user
does not specify score group size, the program will use a
group size of 25 persons by default. The default value of
25 persons was coded for minimum score group in this
investigation for every computer run.

The minimum score group size is an optional parameter.

3. The minimum score to be considered, or included, in the
analysis is coded in card columns 11 - 15. Persons who

score below this minimum are automatically eliminated from
the analysis by the computer program. Candidates may be
expected to get one question in five right by chance since
all MEAP reading test items are multiple choice with five
alternatives. It was decided in this study that purely
chance scores should not be considered in the analysis.
Therefore scores equal to 203 of the total possiblie correct
for each test were set as the minimum acceptable scores in
this analysis.

The documentation for both BICAL.3 and BICAL indicates that the
program will not inciude any person in the analysis who has either a
perfect score or who misses every item.

Subject to these conditions, the minimum score parameter is
optional. '

4. The maximum score to be considered, or included, in the
analysis is coded in columns 16 - 20. Persons who score
above this maximum are automatically eliminated from the
analysis by the BICAL program. This value was set at 114
for all 14 computer runs employed in this study. The
program will not process a perfect score, therefore,
whatever number of items in a given test, the maximum score
which will be processed by BICAL is one less than the
maximum possible score. Consequently, the program was able
to discern both the correct number of test items, and one
less than that number, throughout this analysis.
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The range of the maximum score value must lie between one more than
the minimum score specified in paragraph "3" above and one less than the
total possible score. If a value is not specified for the most current
version of the program (i.e., BICAL.3), a value equal to 903 of the
total possible test score will be selected as the default value by the
program. The documentation for CALFIT gave no indication of the
consequences which follow if a maximum score parameter is not given.

Subject to these limitations, the maximum score parameter is
optional.

5. The total number of columns which make up the input record
are placed in card columns 2t - 25. Whenever meore than one
card is used in the input record, the user must specify a
number for this parameter which would include, at the very
least, up to the last significant column position in the
last 80 positions, pluss a full 80 positions for each
previous ''card" used for data on each person taking the
test.

The total number of columns which make up the input record is a
mandatory parameter.

6. The calibration code is placed in card column 30. The
program can employ two methods to estimate test item-
difficulty: "PROX" and "UNCON'". The user selects PROX by
placing a "1" in column 30. The alternate UNCON is
specified by a blank or a "2" in column 30.

The calibration code is a mandatory parameter. |f the user does not
specify either 1 or 2 for PROX or UNCON respectively, and leaves column
30 blank, the program will assume the intention is to use UNCON. 1In a
sense, a blank is a default value which will bring the more generally
usefui, but more expensive, UNCON method for estimating item difficulty
in terms of computer processing time into operation.

7. The scoring code is placed in card column 35. The program
scores all test responses dichotomously: correct or
incorrect. The BICAL documentation refers to four code
values in the scoring code parameter:

a. blank Or "0" (zero) directs the program to score
items correct or incorrect on the basis of whether
or not the item response corresponds exactly to
(i.e., is equal to) the scoring key, which is the
sixth control card format.

b. "1" (one) indicates to BICAL (BICAL only - do not
use with BICAL.3) that the data is already scored.
By implication, the program employs the response
directly as scores (i.e., 1 for correct and 0 for
incorrect). Any other values than 1's or 0's would
be unacceptable to the program if code 1 is used.
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¢, "2" directs the program to score test items correct
on the basis that item responses are less than or
equal to the key values; incorrect If they are’
greater than the key values.

d. '"3" directs the program to score the test items
correct on the basis that item responses are
greater than or equal tc the key values; incorrect
if they are less than the key values.

Here again, a blank is, in a sense, a default value
which has the same effect as code 0. Therefor conscious selection of a
scoring code is forced upon the user, making it a mandatory parameter.
though it is not so identified in the documentation.

8. Logical input unit code is placed in card column 40. This

code identifies the logical unit which the computer will
use to read the data input file when that file is not
incorporated into the control card set. The usual
convention is to identify these logical input-output units
by number.

While the documentation implies that this is not a mandatory
parameter, the user again must make a conscious determination of the
appropriate input unit for the test data. A blank will direct BICAL to
specific action as effectively as any operable logical unit code.

9. The starting column {i.e., the first column) of the data
accompanying the test scores which identifies the student
who took the test is entered in columns 4L and/or 45.

This parameter was not mentioned in any of the documentation
supplied with BICAL. |t may not be operable in this version of the
program. This description is based entirely on material from Memorandum
23.c (Wright & Mead, 1980). This column indicates the starting point of
a data identification field. The end of this field is designated by the
next parameter. This field ranges in size from a minimum of one to 20
columns in width, Not only does it provide a means of entering
identification information with score data, but this field also serves
as identification of output from the program. Should the user elect to
employ this optional capability of the program, it is possible to
generate a new data file on each individual in the analysis which
contains score data, an ability estimate in logits, a score histogram,
and an ability/item-difficulty plot.

If a value is not designated, the program assumes column 1 by
default.

10. The ending column of the data identification field is
entered in column 49 and/or 50.
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This parameter was not mentioned in any of the formal documentation
supplied with Wayne University's copy of BICAL (Wright & Mead, 1975).
It may not be operable in this version of the program. This description
isabased entirely on material in Memorandum Number 23.c (Wright & Mead,
1980) .

11. The logical output unit code is placed in card column 55.

This parameter was not mentioned in any of the formal documentation
supplied with Wayne University's copy of BICAL (Wright & Mead, 1975).
It may not be cperable in this version of the program. This description
is based entirely on material in Memorandum Number 23.c (Wright & Mead,
1980) .

This code identifies the logical unit which the computer will use to
output a new data file on each individual in the analysis, should it be
desired. This optional file contains score data on ability estimate in
logits, a histogram, and an ability/item=-difficulty plot. The output
file provides for seven individual variables in addition to
identification data: raw score, ability in logits, abiiity standard
error, total t fit, mean square standard deviation, weighted mean
square, and standardized response residuals. To implement this BICAL.3
option, additional JCL (i.e., job control language) cards would have to
be included with the program source code, and the program would have to
be recompiled. Detailed specifications for representative JCL cards
will be found in the BICAL.3 documentation (Wright & Mead, 1980, pp. 89
- 90).

12. The twelfth parameter, coded in _card column 60, was used
for a different purpose in BICAL than it is in BICAL.3.
In the earlier version of the program, this parameter can
be used to piace limitations on the histograms and tabies
which the program produces. In the current version, it is
used to set limits for screening persons who do not fit
the Rasch mode]l from the analysis which estimates person-
ability and/or item-difficulty.

the codes used in each version, and their purpose are presented,
for comparison, as follows:

BICAL BICAL.3
b, O : Print all plots. b, 0 : No one deleted for misfit.
1 : Omit score histogram. GT 0 : Persons whose total t fit
2 : 0mit fit plots. is greater than CFiT/10
3 : Omit both. will be deleted for
misfit.

(Wright & Mead, 1977, p. 105) (Wright & Mead, 1980, pp. 80 - 90)
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13. The simulation mode of the program can be induced by
coding any value greater than 0 (zero) in card columns 6]

- 65.

This parameter was not mentioned in any of the formal documentation
supplied with Wayne University's copy of BICAL (Wright & Mead, 1975). It
may not be operable in this version of the program. This description is
based entirely on material in Memorandum Number 23.c (Wright & Mead,
1980) . However, the simulation mode '"could" be operable with this
version of the program if access to two random number generator
subroutines were provided by the user, or if linkage to the two random
number generators which were at one time accessed by this program at the
Wayne University Computer Center were again provided. Access to these
random number generators, as presently coded in the program, is no
longer operable.

While this parameter is no longer operable in the version of BICAL
used in this study, BICAL.3 does contain its own random number
generators which can be activated by this parameter.

14, The fourteenth, and last, parameter in the second format

card is coded in _card columns 66 - 70.

This parameter was not mentioned in any of the formal documentation
supplied with Wayne University's copy of BICAL (Wright & Mead, 1975).
It may not be operable in this version of the program. This description
is based entirely on material in Memorandum Number 23.c (Wright & Mead,
1980) .

This parameter controls the output of item statistics which BICAL.3
has the capacity to generate. This option was not implemented in this
study at any point. BICAL.3 produces elaborate statistical tables and
charts without implementing this option which more than adequately serve
the purposes of this study. The primary advantage, and purpose, of this
option is that it affords a means of generating individual item
statistical data in a form which makes it useful as input to further
computer processing and analysis. Though not attempted here, this
option could be an extremely useful feature of the program for
researchers interested in concentrating on item analysis or in creating
large test item banks, neither of which pertain ‘in this investigation.

Format 3 (BICAL.3 only), the '"Variable Format Card": Used to inform
the program of the number of single column fields, which are each read
as alpha-numeric data, which comprise the input record. Coding begins
in the first card column. A single field is coded "(A1)". the form
"(NA1)" is used to code up to 80 (single column) fields, where N
represents the number of fields from 1 to 80. When more than 80 columns
are required, the form "(80A1/. . ./NA1)" is used. Each slash (/)
represents a new input record ''card" of, up to a maximum of, 80 columns,
and N represents the number of fields in the last card. All
specifications prior to the last card identify a full 80 columns.




198

The total number of columns specified in this parameter card must
equal the number specified for the total number of columns which make up
the input record for parameter 5 of Format 2.

Format L4 (BICAL.3)/Format 3 (BICAL), the 'Item Name Card(s)': Used

to provide test item labels up to four characters in length. BICAL.3
documentation indicates that this format is mandatory (Wright & Mead,
1980) , where the BICAL documentation does not (Wright & Mead, 1975).

As many of these cards may be used as needed to provide a label for
each item in the test. Up to 20 item labels may be specified per card.
Coding should begin in the first column of the four column fields set
aside for each label, but this is not mandatory so long as a label does
not overlap two fields. The first label field is columns 1 through 4 on
each card; the second label field is 5 through 8; etc.

Format 5 (BICAL.3)/Format 4 (BICAL), the '"Column Select Card(s)":
Used to indicate to the program how the data in the input record is to
be used. Three uses may be specified for data in the input record: 1) A
blank or "0'" (zero) indicates that one column is to be skipped; 2) A "1"
indicates that the column is to be used; 3) An "&" (ampersand) indicates
that the column is to be skipped, as a blank or zerd would indicate, but
the ampersand identifies a label and is also counted in the total number
of items specified in the first parameter of Format 2, though the item
is excluded from the analysis. This code makes it easy to delete test
items on subsequent analysis that do not fit the Rasch model without
changing any of the other format card parameters.

Format 6 (BICAL.3) /Format 5 (BICAL), the '"Scoring Key Card(s)':
Used to present the scoring key to the program. The same number of
cards must be prepared here as are prepared for the preceding format.
The entries on these cards reflect all of the correct item responses in.
the positions corresponding exactly to the item responses in the input
record. A blank, or any symbol, may be used in columns identified by
the column select card(s), Format 5, to be skipped as they will be,
appropriately, ignored.

Format 7 (BICAL.3) /Format 6 (BICAL), the '"Options Labels Card':

Used to identify up to 20 multiple choice alternatives in BICAL.3 and up
to 5 in BICAL. The program keeps track of the number of times each
response alternative to an item is chosen. The user should enter
whatever symbol, letter, or number is used to identify responses. |f
five responses were identified by the first letters of the alphabet, for
example, this format should be coded "A B C D E'.

Format 8 (BICAL.3) /Format 7 (BICAL), the '"Data Card(s)": Use to
store item score data when that data is presented to the computer as an
integral part of the control card set. The control card set may be
actually read from punch cards run through a punch card reader, or from
disk or tape files. Either way, the test data can be incorporated with
the control card set if the user wishes., However, it is often more
convenient to present the data to the computer apart from the control
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card set. This approach makes it unnecessary to consciously separate
data from the control cards on multiple test runs, for one thing. |If
the data is not read as an integral part of the control card set, this
format is not used.

Format 9 (BICAL.3)/Format 7.a (BICAL), the "End of Data Card(s)":

Use te indicate to the program when the end of the score data card file
has been reached. Code an asterisk , "#", in column 1. BICAL.3
documentation instructs the user to use the same number of these format
cards as the number of cards in a single input record (Wright & Mead,
1980) . Nothing is said in the BICAL documentation about using more than
one of these format cards (Wright & Mead, 1977).

Format 10 _(BICAL.3)/Format 8 (BICAL), the '"Simulation Header Card':
Use to direct the program to simulate the data input rather than read it
from a card, disk, or tape file. Enter "SIMULATE" in the first eight
columns of this card, |f this format is used, it must be followed by
the next format card.

Format 11 (BICAL.3)/Format 9 (BICAL), the "Simulation Task
Description Card'": Use to describe four statistical characteristics the
user desires the generated sample to have and a seed number for the
programs's random number generator.

This format was not mentioned in any of the formal documentation
suppiied with Wayne University's copy of BICAL (Wright & Mead, 1975). It
may not be operable in this version of the program. This description is
based entirely on material in Memorandum Number 23.c (Wright & Mead,
1980) . When this option is used, this format must be used in conjunction
with the preceding format card.

Five parameters are associated with this format. The first four
parameters are mandatory in every simulation run. The fifth parameter
is mandatory in the first run in a sequential series of simulation runs.
Only specifically designated columns may be used for each parameter.
Five columns have been allocated for each one. Parameter codes go in
the rightmost, or low-order, positions. All coding in this card is
numeric or blank. The five parameters and corresponding coding schemes,
and the card columns dedicated to describe them, are as follows:

1. The range of item difficulties which the user desires the
program to simulate is coded in ¢columns 1 - 5,

2. The total number of persons which the user wants the
program to include in the simulation is coded in card

columns 6 - 10.

3. The mean ability of the test group that the user desires
the program to simulate is coded in card columns 11 - 15,

4. The standard deviation of the test group that the user
desires the program to simulate is coded in card columns
16 - 20.
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5. The seed number to initiate the program's random number
generator is coded in card cotumns 21 -25 of single

simulation runs. |f a continual series of runs is being
made, this parameter must be coded only in the first
control card set of the first run in that series. The
parameter is left blank in all other control card sets in
that series.

Format 12 (BICAL. Format 10 (BICAL), the "End of Job Card'': Use
to indicate to the program when the run is terminated. Code four
asterisks, "&&&x", in the first four columns of this format. Only one
of these format cards is used in a single run. However, numerous tests,
each described by a corresponding set of control card formats, may be
included in a single run. This format must be used every run,

Otherwise the program will continually loop in search of additional
control card sets.

Aspects of Control Qgrd Formats Specific to this Study

It is hoped that the preceding section presents sufficient general
information on completing BICAL control cards to enable most prospective
users to implement the program. The following discussion in this
section is concerned with certain impressions developed as a result of
applying BICAL to the MEAP Reading Test samples employed in this
investigation. Further discussion of these points is raised in this
section in an attempt to reduce the risk of confusion to those persons
who wish to be able to use BICAL but may never encounter the concerns
raised in this study which were associated with certain card formats.
Most of the control card formats were so easy to use that they raised no
questions. The following paragraphs relate only to issues raised in
using control cards for analysis of the data in this study. Each
paragraph is identified by the specific format in question and, where
applicable, the parameter number associated with the point under
discussion is indicated to facilitate reference back to the general
material in the preceding section.

Format 2, Parameter 1: The MEAP tests studied here had either 95
items (i.e., the 1974 to 1979 fourth grade tests); 100 items (i.e., the
1974 to 1979 seventh grade tests): or 115 items (i.e., both the fourth
grade and seventh grade tests administered in 1973). However, all
control sets used in this investigation were coded "115" in the field
designating the number of test items to take advantage of a property of
the BICAL program which makes it possible to reduce the number of
repetitive coding changes otherwise necessary, without the very real
risk of making errors in the process. The point to be made here is that
it was not necessary in this study to change the item number parameter
for each BICAL run. The program will automatically delete test items
from the analysis which no-one taking the test gets right. For this
study, items not given in the 1974 through 1979 MEAP tests were all
coded "0" for every student with the result that these items were
ignored in the analysis for those years. This has precisely the same



201

affect as if they had not been present at all, which is the desired
affect, without risking the multitude of potential errors which would
have to be avoided in reformatting data files and control cards to
actually delete the questions dropped from the 1974 through 1979 tests.

Format 2, Parameter 2: The BICAL program automatically tries to
establish at least two score groups (i.e., ability groups), and can
create up to as many as six. Should the user not specify score group
size, the program will use the default value '"25" and attempt tov set up
ability groups with at least 25 persons. When this happens, there must
be at least 50 persons in the sample or the program will not be able to
create this default minimum number of groups (i.e., twoe groups).
Actually the user may specify any size score group, but fewer tihan 10
is hot recommended. The number of score groups created by the program
in a given run is a function of the minimum group size specified and the
total number in the sample. The program first attempts to establish six
score groups of approximately equal size, and will do so as long as none
is smaller than the specified minimum. |f this does occur, the program
will repeatedly drop one score group and redistribute the sample acrcss
a successively small number of groups until the minimum size requirement
specified by the parameter is met or the program finds that at least two
groups of minimum size are not possible. Since 1000 persons were in
every sample studied here, there was never any chance that there would
be fewer than six score groups. Each group has approximately 166
persons in it throughout this analysis.

Format 2, Parameter 3: The minimum score chosen for each of the 14
analysis done in this investigation was chosen to eliminate scores which
were possible purely by random guessing. Each question has five
alternatives, suggesting that a minimum score equal to approximately 20%
of the total score possible would be appropriate for this purpose.
Scores exactly equal to 203 of the total possible correct for each test
were chosen. This amounted to 23 correct for the 1973 fourth and
seventh grade tests having 115 questions each. |t was 19 for the fourth
grade tests and 20 for the seventh grade tests, respectively, for the
years 1974 through 1979. The latter tests had 95 and 100 items
respectively. Had the minimum score values chosen for this
investigation not been used, the value "1" probably would have been
chosen as an appropriate alternative. Nothing is said about guessing in
the documentation accompanying BICAL.3 or BICAL. Nor is guessing
mentioned as a major concern in the MEAP literature. While guessing may
be a major concern under some conditions, it does not appear to be a
problem in this study. The adjustment made here for guessing simply
provides a more conservative estimate of item~difficulty. This is the
primary reason for making any adjustments for guessing at all in this
study.

This is an example of an optional parameter. Persons using any
computer program should be aware of the consequences of not specifying
an optional parameter on how the program will run. [t is not enough to
know how specifying a parameter will affect the anatysis. It is a
mistake to assume that no value is required by the computer program
simply because none is required for the intended analysis. The user must
understand that the computer program will invariably substitute a
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default value in such cases, and it may not cause to happen what the
user assumes, or desires, will happen. Something should be specified by
the user. Conversely the program will stop whenever it attempts to use
an undesignated parameter that is mandatory. But the fact that computer
programs automatically provide default values for optional parameters,
and the consequences, often escapes the notice of a casual user. Good
program documentation details the presence, value, and affect of default
parameters. Good coding practice suggests that the user consciously
code an acceptable value in the analysis even though a parameter is
represented as optional. This approach avoids unacceptable surprises at
the conclusion of the computer run.

BICAL does not consider a person in the analysis who has a score of
zero or a perfect score. However the program will include a person with
a score of 1. For the reasons indicated, the decision was made in this
study not to accept scores below 20% of the possibie total!. Scores
below this level would not provide the quality of analysis sought.
Therefor a minimum score vaiue of 1 would not have been acceptable in
this study. However, this probably is the default value for the minimum
score parameter. The BICAL.3 (Wright & Mead, 1980) and the CALFIT
{(Wright & Mead, 1975) documentation differ on this important point.
CALFIT documentation says nothing about a default value or the
acceptable range for this parameter. The user can net know for certain.
He, or she, must guess. This is dangerous. Guessing what a computer
program will do can have disastrous results . It may do the unexpected.
Whenever an erroneous parameter value could have such resuits, it is far
safer to consider the parameter to be 'critical" to the study.

Therefore throughout this investigation, the practice of specifying an
acceptable value for a program parameter was adopted whenever the
program documentation suggests that the parameter, as in this case, is
opticnal. While nothing was said about the default value or the
acceptable range of values for the minimum scores parameter in the BICAL
documentation (Wright & Mead, 1977c), the BICAL.3 documentation (Wright
& Mead, 1980) specifies both., The BICAL.3 documentation specifies a
default value equal to 40% of the total test score possibie. This value
is unnecessarily restrictive for the purposes of this study.

That it is present illustrates the danger in assuming that the
default value for a parameter in effect for one version of a program is
still in effect for a later version. Here the shift has gone from an
apparent value of 1 in CALFIT and BICAL to 40% of the total possible
score in BICAL.3. BICAL.3 allows the user to specify a range for the
minimum score from 1 to one less than the total possible score. |If a
user left the parameter blank in the analysis of a 100 item test because
a minimum score of 1 is appropriate to the analysis, BICAL would
substitute 1 for this parameter, but BICAL.3 would substitute 40!

Format 2, Parameter L: The nature of MEAP tests is such that a
large percentage of the students taking them might score 100%. This
could be considered a fortunate outcome in the tests considered in this
investigation. In any case, there is no reason to deliberately
eliminate high MEAP scores at any level no matter how frequently they
may occur. The value "114" was chosen to set the maximum possiblie score
at the highest possible level. This value is one less than the number
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of questions (i.e., 115) in the 1973 fourth grade and seventh grade
reading tests. These two tests were the largest of the fourteen
considered in this analysis. The six other fourth grade tests had 95
items. The six other seventh grade tests had 100 jtems. As indicated
previously, the BICAL program was presented with 115 items in every
case, but the program ignored the excess items above the actual number
in the test.

When the initial BICAL control set was coded and run, during the
first week in April of 1980, only the CALFIT documentation was available
at that time {Wright & Mead, 1975). It indicated that this parameter
was optional. The decision was made at that time to specify the maximum
value which could be given to the score parameter to insure that the
highest scores acceptable toc the program would be processed. |t is
essential to this analysis that the maximum score be as large as
possible for every sample processed in this study. There is no
indication in the BICAL documentation (Wright & Mead, 1977c) that the
program has a default value. Documentation for BICAL.3 (Wright & Mead,
1980) refers to a default value of 90% of the total number of test
items. Had the value of 1L not been specified as the maximum score,
subsequent runs on the newer version of BICAL would have substituted
"104" as the maximum score. This would have had a serious negative
affect on this analysis. The range of the maximum score value is also
specified in the BICAL.3 documentation (Wright & Mead, 1980. p. 88)
where nothing is said on this point in connection with the earlier
versions.

Any valiue set by the person using the program must be chosen by
criteria which are important in the user's own judgement.

Format 2, Parameter 5: The BICAL program reads data in 80 column
increments. Some users will recognize this input format as a 'unit
record”, The important thing to understand about this format is that it
must be at least large enough to include all of the input data. It can
be larger. |f all of the input data can be included in a single 80-
column increment, then the value specified for the total number of
columns which make up the input record may be set anywhere from the last
column data in the analysis is to appear, up to and including column 80.
For example, if input data ends at column 57, this parameter may be any
value between 57 and 80. However, if more than 80 columns are needed to
store the input data, or if the user elects to employ more than 80
columns without placing data in every column from 1 to 80, more than one
80-column increment must be used.

In this investigation, three 80-column increments (i.e., unit
records or cards) represented each person-record. The last signhificant
position in the third card was column 66. Therefore, the value 226
(i.e., B0 + BO + 66) could have been specified in this study for this
parameter, since the format of the input data would be found in cne
logical record between column | of the first card and column 66 of the
third card. This parameter is intended to specify a minimum number of
columns in contiguous 80-column increments which would encompass a
single person~record. Therefore since 226 columns would do this, the
number 226 would have satisfied the requirements of this parameter.
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However, the user must carefully note the exact position of the last
data character in using this approach. |f the number is too small, the
last position(s) of significant input data will not be read by the
program. |If there are blank positions after the data, the user can
specify a large enough number for this parameter to make column counting
unnecessary and yet insure that the appropriate input data would be
considered. For these reasons, the decision was made to specify a value
of 240 for this parameter which is equal to three full 80-column
increments.

Format 2, Parameter 6: PROX is an abbreviated method for
calibrating item-difficulty. It is quite accurate so long as the input
sample is symmetrical (i.e., normaily distributed) and the test is a
"long' test. Both conditions should be present if the user is to
consider using PROX. Unfortunately, the CALFIT documentation (Wright &
Mead, 1975) does not provide any suggestions on the number of items in a
long test. The tests in this investigation are very likely long enough
for PROX to be considered since they have 95 to 115 items, but the data
is not symmetrical.

MEAP Tests favor high scores. Hence score groups tend to be very
negatively skewed. For this reason the decision was made not to use
PROX in this study. Since the greatest appeal of this method is
computational efficiency, when compared tc the alternative UNCON,
selecting -the most appropriate method of calibrating item-difficulty was
a concern in this study. It involves considerable computer processing
time and this was expected to be a major expense consideration.

However, the inappropriateness of PROX to the data in this investigation
left no alternative than to choose UNCON. This method for approximating
item-difficulty is appropriate for all test data, but it should be used
exclusively whenever that data is generated from a 'short" test or when
the data is skewed. Again, test length was not a factor here, but the
fact that the data tended to be seriously skewed was the determining
factor in the decision to use UNCON. All fourteen samples are
negatively skewed in this study. Therefore UNCON was chosen as the
method for estimating item-difficulty throughout this investigation.

format 2, Parameter 7: BICAL, the version of the Rasch analysis
program used in this investigation , responds to a scoring code of ''1"
as if all of the item responses presented to the program have already
been scored. This was the scoring code used for all of the computer
runs employed in this study. MEAP Sample-of-500C data contains both
actual responses and scored responses for each test item. However, only
the scored responses (i.e., 1 for correct and 0 for incorrect) were used
here. The documentation for the later version of the program (Wright &
Mead, 1980, p. 89), BICAL.3, indicates that the code "1" should not be
used to indicate scoring code at any time. However, though subsequently
corrected and rerun, the first series of runs using BICAL.3 were
inadvertently made on all 14 samples using code 1 for this purpose
without any indication of difficulty. Apparently the admonition against
using code 1 with BICAL.3 to indicate scoring procedure does not
adversely affect scoring binary (i.e., 1 for correct and 0 for
incorrect) responses where the correct response will always match the
key.. There was no error indication generated by BICAL.3 when code 1 was
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used, and the scoring output was identical to that produced when the
samples were rerun. Therefore, it appears that the reruns probably were
unnecessary in this instance, but the prospective user is cautioned not
to ignore the admonition against using code 1 for the scoring code with
the more recent version. Very likely data responses other than 1's and
0's (i.e., binary responses) may not be scored correctly if the user
chooses to ignore this admonitien. A possible explanation why code 1
worked here despite the warning may be that BICAL.3 defaults to a blank
scoring code, or the blank equivalent, when 1 is used, and the program
then scores on the basis of responses equivalent to the key. 0Or,
possibly, the program treats responses as being already scored under
these conditions. From the speculation that binary coded responses
would be treated identically if code 1 were used as it would if either
code O or a blank were used as the scoring code, while non-binary
responses would not, it may be accurate to further speculate that the
use of code 1 may now be discouraged merely to simplify coding this
parameter. However, when the programmer currently responsible for
maintaining BICAL, a Miss Susan Bell, was asked why use of code 1 was
discouraged, she said that "the binomial coding method initiated by code
1 was no longer used'. This option was instituted after BICAL but
before BICAL.3 was released.

Format 2, Parameter 8: Very commonly the logical input unit code
used on the Wayne State University computer system may be specified by
either coding "3, 5, B, or 12" for this function, depending on the code
used to record the data and the device (i.e., disk, tape drive, etc.) on
which it is stored. In this application, a blank or 0 (zero) legical
unit code will be interpreted by the BICAL program as logical input unit
5. The program will attempt to read the data from the punch card
reader. The logical input unit code 5 is implemented on most computer
systems, but the user may specify any logical unit code which has been
implemented on the computer system being used to run the analysis. Tape
or disk files are the other common source of input data for computer
runs. All samples used in this study were transferred from tape onto
disk files. The logical unit code 8 designates disk or tape input to
the Wayne University computer system, and this code was used to identify
the logical unit number in every computer run employed in this study.

Format 2, Parameter Q: Since there was no wish to produce
individua) files on persons taking these tests in this study, the option
which would make it possible to identify such in formation was not
implemented here. The default value "1" in the first column of the
identification field was coded throughout the analysis. In fact, this
parameter may not even be operable in the version of BICAL which is used
in this study.

Format 2, Parameter 10: A code of O (zero) was used for the ending
column of the data identification field. As indicated in the previous
section, this parameter was not mentioned in any of the documentation
supplied with the program by Wayne Computing Center personnel (Wright &
Mead, 1975). However, it is mentioned in the BICAL documentation
{(Wright & mead, 1977¢) and also in the BICAL.3 documentation (Wright &
Mead, 1980).
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The latter material indicates that this individual record
identification field may be coded with from one to 20 digits. The
number, from 1 to 20 entered in this field indicates to BICAL.3 the size
of the identification field. While a larger value than 20 may be
entered in this field, the program will default to 20. This is the
maximum size of the data identification field permitted by the program.
Since there was no intention to use the data identification field in
this study, the affect of coding the starting column parameter 1 and the
ending column parameter 0 (zero) which caused BICAL to default to a one-
column identification field in the first data column, was of no
consequence. By coding ! for this parameter, the same end would have
been accomplished and the intent of the program's authors would have
been met fully. An end column value is called for in the later
documentation and it should fall between 1 and 20. But, experience in
using the program with 0 (zero) coded for this parameter has shown that
the program will operate without difficulty. There is no indication in
the BICAL documentation what the results would be if this parameter were
left btank. |t should be noted in retrospect at this point that great
difficulty was experienced in interpreting the BICAL documentation which
was available at the early stages of this investigation. |t became
necessary to seek out the help of Ernie Bauer who has extensive
experience with the program. DOr Bauer is the Director of the Assessment
Office of the Qakland (County) School District in Pontiac, Michigan.

The Oakiand School District had been experimenting with Rasch
measurement since 1977 and had successfully implemented the BiCAL
computer program on a number of occasions.

In the first meeting with Bauer, he indicated that personnel in his
office had also found early BICAL documentation difficult to use, but he
was now in a position to provide the additional information needed to
impiement the version of BICAL being used in this investigation. He
suggested use of O (zero) for this parameter and all of the remaining
parameters from 11 on in the second format card. His department had
used this approach successfully in runs against test data from his
school district. Since there really was no interest in the functions
which these parameters, according to the later documentation, would
provide, the decision was made to followed Bauer's advice. The program
worked at this stage, and so the decision was made to retain zero codes
in the last five parameters, including this one, throughout this study
on the second format card. Nevertheless, a few added comments
respecting the use of the remaining parameter in the second format card
may be of interest to those wishing to use BICAL.3, the more recent
version of the BICAL program. All of the remaining comments in this ’
section on the remaining parameters in the second format cards are based
entirely on the documentation for BICAL.3 (Wright & Mead, 1980).

Format 2, Parameter 1}1: The numbers "4, 6, 9, and 11" may be used
to designate logical output units on the Wayne State University computer
system. Usually unit 9 would be considered for this purpose in
connection with the Rasch analysis program. The user would code 9 in
this instance to output run results on either the card punch or to
computer tape or disk files., No file will be output if a blank or 2zero
is coded for this parameter. As previously indicated, this parameter was
not used in this study. it is coded O (zero) for every computer run.



207

Format 2, Parameter 12: This parameter, too, was coded 0 (zero) in
ali of the computer runs in this study. The effect of this parameter
varied between BICAL and BICAL.3., In BICAL, it affected the printing of
all histograms and plots generated by the program. In BICAL.3, this
parameter simply prevented the elimination of persons from the analysis
which did not fit the Rasch model. BICAL.3 will automatically eliminate
persons who do not fit the Rasch model. This is an extremely valuable
feature in some forms of analysis which is not available in BICAL. Both
versions of the program eliminate items which do not fit the Rasch
model. This feature of BICAL.3 could have been a useful adjunct to this
investigation, perhaps, but there are important properties in BIiCAL, the
version of the Rasch analysis program used here, which caused it to be
selected in preference to BICAL.3 as the basis for the analysis done in
this study.

Format 2, Parameter 13: Both BICAL and BICAL.3 can be induced to
read artificial, or randomly generated, data rather than run against
actual, or live, data. This simulation mode feature would be of
interest to the researcher wishing to study the properties of the Rasch
model and/or the computer program using controlled data input. Since
there was no present interest in these matters, the value 0 (z2ero) was
coded for this parameter for every computer run, thereby directing the
program to process the actual score data presented to it.

Format 2, Parameter 1k4: BICAL.3 has the capacity to generate
statistics in a form suitable as input te further computer analysis by
other programs. The primary advantage, and purpose, of this option is
that it affords a means of tying the output of the Rasch analysis
program to any form of software package which may be available and
understood by the user.

Format 3 (BICAL.3 only}: Since the input records used in this
investigation were comprised of three full 80-column card formats, the
variable format card would be coded (80A1/80A1/80A/). This format is
mandatory with BICAL.3, but it wan not used at all with BICAL. This is
the most notable difference between coding the format cards for the two
versions of the program as they were employed in this study.

Format 4 (BICAL.})(Format 3 (BICAL): | tem names were used

throughout this study. Scored items are grouped by learning objective
in the Sample-of-5000 record; five items per objective. |tem names used
in this study have been tied toc 23 objectives in the MEAP program. Each
ocbjective is coded "A" through "W", Therefore, the five items in the
first objective are labelled '""QA1, QA2, QA3, QAL, and QA5". The five
items in the second objective are labelled '"QB1 through QB5'", etc. The
last five items, for the 23rd objective, are labelled "QW1 through Qws5".
identification of items for objectives dropped in the 1974 through 1979
tests were retained in the input record but not scored or analyzed.
Therefor, 115 test items were identified in every computer run,
including those items associated with objectives that were dropped after
1973. Each item, in every test analysis, can be identified as to the
objective which it is intended to measure.
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Format 5 (BICAL.3)/Format L4 (BICAL): Since there are three data
input cards to each BICAL and BICAL.3 run executed in this study, three
corresponding column select cards were prepared. Because the first data
card had only demographic data, none of which was to be input to the
computer program, all 80 columns in the first column select card were
coded 0 (zero) to cause these entries to be bypassed by the program.
Scored test items were coded 1, for correct, and 0 (2ero) for incorrect,
in groups of five. Beginning in column 2 of the second and third column
select card, 1's were coded in groups of five, corresponding to the
positions of the scored responses in the data file. Each group of five
responses is separated by a blank in the data file, so a zero was coded
corresponding to the card columns separating item groups of five each.
Eight trailing 2eros in the first column select card, and fourteen in
the second, correspond to the unused positions in the last two data
cards. The "§" code is not used in this study as it was not the purpose
of this analysis to investigate the affect items which did not fit the
Rasch model have on test analysis. No further analysis was made of test
results once non-fitting items were identified. The analysis here
focuses on the affect of non-fitting items on the probability a student
will pass the objectives set for the test.

Format 6 QBICAL.32£Format 5 (BICAL): Zeros are used in the first of

the three scoring key cards to correspond to the demographic portion of
the input record. Every column of the second and third scoring code
card was coded "1" in this study. Since 1 is the correct answer and by
coding every column of the scoring key cards, this coding scheme
guaranteed presentation of the correct answer (i.e., "1" in this study)
to the item in the corresponding column select cards. The zero coding
in the column select cards simply caused the surplus, unnecessary 1's to
be ignored.

This approach saved the unnecessary work of counting scoring key
card columns to insure that only those which correspond to the column
select and input data are used. Thus considerable chance for making
mistakes in coding key cards was avoided in this study. Unfortunately
this approach to coding scoring key cards can only be used when correct
answers are jdentified, as here, by the same symboi (i.e., "1").
Gtherwise, an accurate key must be carefully prepared to insure that the
right code gets into the right column.

Format 7: Since, at first, the BICAL documentation (Wright & Mead,
1977¢) on the use of the options label format card was misinterpreted,
five alternatives as follows: "1 2 3 4 5", Only two responses, "0
(zero) and 1", should have been used. Because of this coding error,
which was not discovered until all of the BICAL runs had been completed
successfuliy, the program tracked five responses: "0 1 2 3 4", However,
all responses fell under either 0 or 1, corresponding to incorrect and
correct responses respectively, as they should. Therefore, there was no
need to recode this parameter and rerun the samples.
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Format 8 (BICAL.3) /Format 7 (BICAL): The data was entered from one
disk file and the program control cards from another for all of the runs
made in this study. The placement of the data in the record, and the
data itself, determines how the data format card is to be coded. |f the
data is not read as an integral part of the control card set, as in this
study, this format should not be used.

format § (BICAL.3)/Format 7a (BICAL): Since all of the input data
in this study was on computer disk files rather than punch cards, the
end of data card format was not used.

IMPLEMENTING BICAL

Problems Encountered in Coding BICAL Control Cards

Coding control cards to implement the Rasch analysis computer
program was difficult for both versions, BICAL and BICAL.3, used in this
study. The attempts tec code the cards and use BICAL began in September
of 19B0. Coding problems encountered at that time were not resclved
until March of 1981. Attempts to use BICAL.3 began in late May of 1981.
Problems in coding the control cards were again encountered. In
addition, the BICAL.3 source code would not compile at first without
serious errors. These difficulties were ultimately resolved the seventh
of July, 1981.

BICAL: BICAL, the earlier version of the Rasch analysis program,
was obtained from the Wayne State University Computer Center in the
Spring of 1979, The decision had already been made not to support the
program. By the time BICAL could be used, in September of 1980, there
was no one at the Computer Center who could provide any assistance.

BICAL Documentation: The documentation received with BICAL was
brief and unclear. |ts source was not indicated on much of the material
received with the computer code and no one at the University Computer
Center could track it down.

BICAL Modification: This version of BICAL includes an automatic
interrupt which referenced two random number generators that once were
available in the Wayne University Computer Center public program files.
However the references had been changed and the two subroutines called
by the program no longer worked. Reference to one of the routines
sunder another label in Wayne's revised public file dictionary could be
found, but the other never was. Considerable time and effort was spent
in tracking this down because there was no way of knowing if the two
random number generators were required to run BICAL. It turned out that
they were not relevant in any way. The program interrupt may be safely
bypassed by entering " IGNORE" at the terminal and the program would
proceed to function. It now seems apparent that Wayne University
Computer Center personnel had modified the BICAL program to utilize
random number generator routines in the program's simulate mode which
were more to their liking than the random number generator which is part
of the program. That part of the program no longer functions.
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After considerable trial an error, the first partially successful
BICAL run was accomplished in January of 1981. While all of the
axpected output was generated, the program had been looping during most

-of the eight minutes it was allowed to run before being manually
terminated. The cost of this first attempt was $44.03. To learn what
had gone wrong, a meeting was set up with Bauer a second time, in early
March. Enough was learned at this meeting to correctly prepare the card
coding necessary to successfully run BICAL for the first time on March
8, 1981. The final run against the last of the 1k sample in this study
was completed April 7, 1981. The next step in this investigation was to
determine from these analysis which test items did not fit the Rasch
model. At the suggesticon of Bauer, a meeting with his assistant,
William Veitch, was arranged for the morning of April 17, 1981 to
discuss item fit criterija.

It was during this meeting with Veitch that the existence of an
even more recent version of BICAL, BICAL.3, became known. Knowledge
that a more recent version of BICAL was available forced a considerable
delay in this study. It was felt that it should not proceed if the more
recent Rasch analysis program could be more appropriate.

The BICAL.3 program that was ordered, and subsequently received on
May 23, would not compile despite accompanying assurances that it had
been compiled and tested at The University of Chicago. Investigation
revealed one major coding error and two minor program design problems
which became apparent only with tests involving 100 questions or more.
Unfortunately, these problems proved difficult to solve. They were not
resolved until the seventh of July, 1981. All fourteen samples in this
study were run against BICAL.3 in an early morning terminal session that
iasted a few minutes short of four hours on that date.

Two major references which have considerable information on item
fit are: 1) Research Memorandum #23 (Wright & Mead, 1977¢), and 2)
Research Memorandum #18 (Wright & Mead, 1975). The later reference
presents a fine discussion of the Rasch evaluation model and CALFIT, a
version of the Rasch analysis program which preceded BICAL. Memorandum
18 has only historical value now to persons interested in using BICAL.
However in April of 1981, it was one of only two documents which could
be located at the time that spoke to the application of the item fit
statistic in Rasch analysis with some authority. The authors of both of
these monographs, Wright and Mead, had been most active in promoting
understanding of the Rasch measurement concept and in developing and
disseminating the computer program for its implementation. Dr Benjamin
Wright is the Directer, and Ronald Mead the Assistant Director, of the
Department of Education Measurement and Statistical Laboratory at the
University of Chicago. Both men have been extensively involved with
development of Rasch measurement in all of its aspects. The development
of an item fit statistic has been the subject of much of their attention
and both of these monographs address the topic of applying an item fit
statistic to Rasch measurement. Unfortunately, Memorandum 18 and
Memorandum 23 presented only an abbreviated treatment of this major
point, and a number of questions related to item fit could not be
resolved through their help alone.
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Problems experienced in this study concerned with interpreting the
statistics produced by BICAL were discussed with Veitch. In particular,
concern was expressed with the concept of an item fit statistic. The
literature is unclear on this point and the more effort that was given
to resolving this confusion, the more it seemed to take hold. Veitch
pointed out that what might be perceived to be contradiction in the
literature was more likely the result of changing conviction on the part
of the authors. He felt that Memorandum 18 and Memorandum 23 were
probably seen by their authors a ''true'" at the time they were written,
but that their perception of a fit statistic has undergone an
evolutionary change. He provided a copy of Research Memorandum #23.c
(Wright & Mead, 1980) which represents the most recent published
statement on using the Rasch analysis computer program: the version
referred to as "BICAL.3". Veitch suggested that this study should not
be completed without first investigating the most recent application of
BICAL. He felt that there might be even more differences between present
and early practice which should be considered in this research. He was
correct, of course. Subsequent study of Memorandum 23.c revealed that
the discussion of an item fit statistic was different from either
Memorandum 18 or Memorandum 23.

Veitch pointed out that he, Bauer, and several other personnel in
the Oakland Schools Assessment Office had found it necessary to contact
both of the authors of these memorandum, Wright and Mead, over the years
respecting new developments in Rasch measurement and the applications of
the BICAL program. On one occasion, the Oakland Schools District hosted
Mead in Pontiac. He came to the District offices to explain the
application of BICAL. On that occasion there was considerable
discussion respecting the application of an item fit statistic. Veitch
then explained his understanding of the application of a item fit
statistic. |t was the most definitive explanation so far encountered,
but presentation of the content and outcome of this part of our
discussion must be ignored for the present. They wiil be brought out in
more detail in succeeding sections of this discussion where they are
more relevant. Veitch's mention of the more current version of BICAL
forced resolution of item fit questions to be postponed. This study
could not proceed until more was known about the new program called
BICAL.3.

CODING PROBLEM SUMMARY

Problems encountered with BICAL.3 because the program would not
compile or run properly due to coding errors are inexplicable. This is
especially true since the program was represented as 'tested" and output
data was supplied with the source code that was represented as output
from that very source code. These were serious and time consuming
errors, yet their occurrence is very unlikely to happen again. But,
they might, or at least equally unexplainable problems might occur when
any new user attempts to implement an unfamiliar computer program.
These events emphasi2e the reality that computer programs do not always
work as intended, even when they have been developed and tested by, as
in this case, the most thoroughly competent and reputable source.
BICAL.3 worked very well once these few functional coding problems
encountered were eliminated.
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There were also some problems encountered in coding the control
card set for use with BICAL.3 which, for a time, prevented the program
from working which were every bit as exasperating as those found in the
source code. The same set of control cards that worked well for BICAL
caused problems when they were used with BICAL.3. Though the program
ran, BICAL.3 would only process the first 60 questions of every test
presented to it. The program ignored the remaining questions, ranging
in number from 35 to 55, depending on the test. The problem was traced
to the Variable Format Card. This card was not part of the BICAL
control card format set. It had been placed in the BICAL3 control set
between the Data Description Card and the item Description Card(s),
which are the second and third, respectively, BICAL format cards. The
Variable Format Card was, at first, coded incorrectly as follows:
(24OA1) . Correct coding, as indicated in the prior discussion of Format
3 (BICAL.3 only), Variable Format Card, is: (BOA1/BOA1/80A1). Only the
first 80 columns were being read by the incorrect format. The BICAL.3
documentation did not indicate how input records which involved more
than cone unit record should be coded on the Variable Format Card. This
problem is representative, in a symptomatic sense, of the basi¢c problem
that has pervaded all BICAL and BICAL.3 documentation, |t is often too
abbreviated to be easily understood by the person interested in using
any version of the Rasch analysis computer program.

The documentation leaves a great deal to be desired. The material
that is available serves reasonably well as reference for persons who
may already know how toc use the program or for data processing
specialists, The uninitiated user is at a considerable disadvantage
because the material may be too abbreviated for his purposes. The most
serious problem encountered with the documentation in this investigation
seemed to resuit from the fact that this research involves tests having
more than 100 questicons and the fact that a relatively large amount of
demographic data is part of each record. The documentation appears to
be geared to tests having fewer than 100 questions and input records
with a minimum amount of identification information in each record.

This more limited conception of the tests which will be presented to the
program cculd explain why the problems encountered in this investigation
were not anticipated in the descriptive material for setting up run
control card parameters. Several control card specifications, when
interpreted literally as described, would not work when applied to the
data in this study. The program did not work and there was no
indication of the cause.

A more extensive example might help. The documentation describes
using this program on a comparatively short test given for a few peopie
and very little demographic information accompanies the score data.
While the descriptive material adequately describes control card
preparation for such a test, it is not adequate for larger test records
which include extensive data unrelated to the scores. In any case, more
complete documentation would have been extremely helpful toward the
implementation of this research.
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PROGRAM EXECUTION

A typical MTS run command used to execute BICAL was: RUN BICAL
5=CONTROL 6=-QUT B=~SAMPLE. To execute BICAL.3, the run command was:
RUN NEW.BICAL 1=-0ONE 2=-TWO 5=CONTROL 6=-QUT B=-SAMPLE. The later run
command included the "1=-0ONE" and "2=-TW0" elements at the suggestion of
the Wayne State University FORTRAN consultant who assisted in efforts to
get BICAL.3 to run. Since the consultant did not know how the program
functioned exactly, he felt that these elements provided access to
"scratch" input and output files should they be needed by the computer
system. It later came to be apparent that they were not needed, but
these elements were allowed to remain in the BICAL.3 run command. The
elements of both run command forms are described as follows:

1. BICAL and BICAL.3 are the names of permanent MTS line files
which contain, respectively, the BICAL and BICAL.3 object
(i.e., compiled) code.

2. -ONE is the name of a temporary MTS scratch or work file
available to the preogram for containing internally
formatted data generated by the computer system.

3. -TW0 is the name of another temporary MTS scratch or work
file available to the program for containing internally
formatted data generated by the computer system.

4. CONTROL is the name of the permanent MTS line file which
contains the program format control cards.

5. -0UT is the name of a temporary line file available to the
program to contain the program output.

6. -SAMPLE is the name of a temporary MTS line file from which
the program reads input data.

The data files were transferred to fourteen temporary line files
from computer tape, using *FS RESTORE commands. Since there were
repeated runs requiring clearing of the temporary file -QUT, the
decision was made to set up a run file which contained the following MTS
instructions:

GET ~ONE

GET -TwO

GET -0UT

EMPTY -ONE

EMPTY -TWO

EMPTY -QUT

RUN NEW.BICAL 1=-ONE 2=-TWQ 5=CONTROL 6=-QUT 8=-SAMPLE

To exscute a program run, first copy cne of the samples to -SAMPLE
and then enter: "SOURCE RUN", where "RUN'" is the name given to the run
file. For example, one instruction sequence might be:

COPY -SAMPLES TO -SAMPLE
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SOURCE RUN

On execution of the SOURCE command, the computer system could read
the contents of the run file, executing each command in sequence, as it
appears in the run file. A similar approach was used to run BICAL, but
without reference to 1=-0NE or 2=-TWO.

Program Running Time

Since the first successful BICAL run cost over $4i4, the prospect
that the computer processing in this study might easily exceed the
financial resources available for that purpose was of great concern.
There is no indication in the documentation about running time for
either BICAL or BICAL.3. The program is occasionally referred to in the
Rasch literature as an "efficient program", but little else is said
about what the user should expect in running it. Probably it is
efficient, considering the great number of complex tasks which it
performs. BICAL consists of 18 subroutines comprised of 1373 lines of
FORTRAN code. BICAL.3 consists of 20 subroutines in 1767 lines of code.
Yet either form of the program will read scores for 1000 students who
have taken 115 items and generate 40 pages of tables and graphs in less
than 90 seconds on the Wayne University AMDAHL/6 computer system.

However, syntax errors in coding the program control cards can lead
to endless looping of this program in the run mode, with attendant high
CPU charges. Run time guidelines would be helpful to the new user to
provide some point of reference when the program is in trouble. There
are no error indicators or automatic program interrypts built into the
program which will automatically terminate a bad run, nor error messages
which will notify the user of problems.

A stopwatch was used on all runs in this study. Most run times
ranged between a minute and 15 seconds and a minute and 50 seconds. All
runs were done very late at night when traffic on the computer system
was at an absolute minimum, so there is probably very little queuing
delay in these times. There is no doubt measurable inaccuracy in this
timing methed, but experience has shown that 1000 cases on 115 items,
using UNCON the most elaborate of the two item difficulty estimation
procedures, should probably execute in approximately 90 seconds. ’
Knowledge of "typical” run times has proved to be very helpful in this
study on those occasions the program did not run correctly, or not at
all.
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INTERPRETING BICAL OUTPUT

Introduction

Output generated by the BICAL program employed in this study
includes a representation of the control card set; two tables showing
results of data editing; two histograms; one table/ogive; two tables;
and four plots; all reproduced on 20 to 24 pages. An example of this
output, based on the 1974 fourth Grade MEAP test, is presented in the
last section of this appendix.

Qutput Format

Page | partially presents the contents of the program control card
formats used. The Title Card, Format 1, contains: "FITTING 1973 - 1979
MEAP TEST RESULTS (FOR FOURTH GRADERS) TO THE RASCH MODEL". The |nput
Description Card, Format 2, is identified in the printout by the tabel
"CONTROL PARAMETERS". There are 19 parameter fields on this card; each
is five columns wide. Only 12 are actually functional in the version of
BICAL used in this study:

1. Columns 1 - 5 are labelled "NITEM". This field holds the
total number of test items considered in the analysis: 115.

2. Columns 6 - 10 are labelled "NGROP". This field holds the
minimum number of persons desired in each score group: 25.

3. Columns 11 - 15 are labelled "MINSC". This field holds the
minimum score to be considered, or included, in the
analysis: 19,

L, Columns 16 - 20 are labelled ""MAXSC'". This field holds the
maximum score to be considered, or included, in the
analysis: 114,

5. Columns 21 - 25 are labelled "LREC". This field holds the
total number of columns which make up the input record:
240.

6. Columns 26 - 30 are labelled "KCAB". This field holds the
calibration code which directs the choice of item
calibration methods available in the program: 2.

7. Columns 31 - 35 are labelled "SCORE". This field, the last
containing a mnemonic label, holds the scoring code which
directs the choice of item scoring methods available in the
program: 1.

8. Columns 36 - LO are labelled "1". This field holds the
logical input unit code which directs the choice of logical
input unit that the program is to use for reading data: 8.




216

9. Columns L1 - L5 are labelled "2". This field holds the
starting column (i.e., the first column) of the
identification data which are part of the card(s)
containing the test scores: 0.

10. Columns 45 - L& are labelled "3", This field holds the
ending column of the identification data which are part of
the card(s) containing test scores: 0.

T1. Columns 51 - 55 are labelled "4". This field holds the
logical output unit code which directs the choice of
logical output unit that the program is to use for
outputting data: O.

12. Columns 56 - 60 are labelled "5". This field holds the
histogram code which directs the choice of producing or
not producing the histograms and/or plots available in the
program: 0.

13. Columng 61 - 65 are labelled "6". This field holds the
simulation code which directs the choice of inducing the
simulation mode by using a program, integral random number
generator in the program: 0. This parameter is not
operable in the version of BICAL used in this study.

14, Columns 66 - 70 are labelled "7". This field holds the
code used in later versions of BICAL (i.e., specifically
BICAL.3) to control the output of individual item
statistics. While a code 0 (zero) appears in this field
in the printout, this parameter was not implemented in the
version of BICAL used in this study.

15. Columns 7! - 90 are labelled, across five column
increments, "8" through "11". No parameter has been
implemented in these fields in any version of BICAL to
date.

The |tem Name Card, Format 3, does not appear in the printout. The
Column Select Card, Format 4, is identified in the printout under the
label "COLUMNS SELECTED", below the line of asterisks and O's, at ten
coiumn intervals. There are three select cards in this run. The first
is all O's. The next two are comprised of 0's and 1's. The Scoring Key
Card, Format 6, is identified in the printout under the label "KEY".
There are three key cards in this run. Each one is labelled. The first
is all 0's. The next two are all 1's,

None of the remaining six possible format cards are represented in
this printout. The balance of page 1 is devoted to a printout of the
first complete record encountered in the data file and an indication of
the number of items and the number of subjects input to the computer
program for analysis. The first record is identified in the printout
under the label "FIRST SUBJECT". There are three cards in every person
record. Each one is labelled. The first card contains extensive
demographic and MEAP test performance data on the individua) student.
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The next two contain the MEAP reading test scores on that individual.
Scores are grouped by test objective; five items to each objective. The
number of items presented te the program is 115. This number appears
after the label "NUMBER OF ITEMS". The number of items is constant
throughout this analysis. The number of subjects presented to the
program, in this instance, is 998. While there are 1,000 students in
every one of the fourteen samples considered in this analysis, the BICAL
program will determine in advance of any further processing whether or
not any students in the sample got either all items right or all items
wrong. Either way, such persons will! be eliminated from further
analysis. Apparently there were two individuals who either got all
items right, or they got all items wrong, in this sample.

Page 2 is actually three pages long in this printout. Only the
first page is labelled "PAGE 2". |t presents the number of persons, by
item shown in ascending sequence, who selected the different
alternatives possible with each question. The table is capticned
"ALTERNATIVE RESPONSE FREQUENCIES". Beneath the table caption are nine
columns labelled "SEQ NUM, ITEM NAME, O, 1, 2, 3, 4, UNKN, and KEY",
respectively. The numbered columns identify the item alternatives.
Since ‘there were only two alternative possibilities in this analysis,
incorrect and correct identified by O and 1 respectively, it would have
been more tidy in this instance to code two options, O and 1, rather
than five, 0 through four, as was done. The sequence number, as it
appears in the test data, appears under the column heading SEQ NUM. The
three character label given to each item in this analysis appears under
the heading ITEM NAME. The alphabetic portion of the name corresponds
to one of 23 learning objectives measured in the MEAP reading tests
between 1973 and 1979. The numeric portion of the name identifies the
first through fifth item which corresponds to'a given learning
objective, coded "A'" through "W". The number of persons getting each
item wrong (i.e., code 0) or right (i.e., code 1) appear under the
appropriate column headings. No person appears under alternatives 2
through L4 because, as indicated earlier, these were not legitimate item
alternatives in this analysis. All jtems were coded, so there are no
entries under the column heading UNKN. Since the data was already
scored, there are no entries under the column headed KEY.

Page 3 presents output which is the result of further refinement of
the input file, prior to actual item calibration. This page amounts to
a record of persons and items dropped from the analysis according to the
control card parameters and/or program limitations. BICAL will not
process either a perfect score or a zero score. This limitation is
build into the program. The user may specify even greater limitations
on the score range through entries in control card Format 2. On taking
these restrictions intoc account, the program will proceed to apply them
to the sample being analyzed. The record of persons and items dropped
from the analysis as a result appears on this page. Page entries are
treated in the following discussion in the order which they appear.

The number of persons dropped from the analysis because they get
all the items wrong was 2. This number appears after the label "NUMBER
OF ZERO SCORES". The number of persons dropped from the analysis
because they got all items right was 0. This number appears after the
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label “"NUMBER OF PERFECT SCORES". The number of items presented to the
program for analysis was 115. This number appears after the label
""NUMBER OF ITEMS SELECTED". The number of items in this analysis which
were given names by the user was 115. This number appears after the
label "NUMBER OF ITEMS NAMED". There is a user set lower limit of 19
items in this analysis which determines the score beiow which a student
will be dropped from the anaiysis. The number 19 appears after the
label "SUBJECTS BELOW'" which in turn is followed by the number "10"
which is the number of persons dropped from the analysis because they
scored below 19, There is also a user set upper limit of 114 items in
this analysis which determines the score above which a student will be
dropped from the analysis. The number 114 appears after the label
"SUBJECTS ABOVE" which in turn is followed by the cipher 0 which is the
number of persons dropped from the analysis because they scored above
114. Thus two persons were dropped from the analysis because they got
all items wrong and ten were dropped because they fell below a score of
19. Twelve, in total, were dropped from the analysis leaving 988 of the
original 1000 records for input to the succeeding phases of analysis
performed by the program. The number 988 appears after the label
"SUBJECTS (N CALIBRATION". The sum of subjects presented to the program
for full analysis, 988, pluss the students dropped because of user set
scoring limits, 10, equal 998, the total number of subjects considered
up to this point in the program. The number appears after the label
"TOTAL subjects'. Not only does BICAL reject subjects from the analysis
who fail to meet certain scoring criteria, but the program will also
eliminate items from the analysis which no-one gets correct.

JTwenty items were dropped from the analysis because nho-one got
them right. The balance of page 3 is devoted to a presentation of the
items dropped and to a summary of the entire person/item editing process
which BICAL has performed up to this point. BICAL will drop any item
no~one gets right., |t happens, in this instance, that the 20 items that
were dropped from the analysis were the twenty items dropped from all
fourth grade MEAP reading tests from 1974 on. Since they were not
given, no one could get them right of course. The technique was adopted
in the analysis of deliberately scoring all items dropped in fourth
grade and seventh grade reading tests from 1974 through 1979 as 0.

Since no one got them right, the program dropped these 20 items from the
analysis without having to make changes to input record formats at the
considerable risk of causing input error problems if mistakes were made
in the process. Since there were no other items in the analysis which
no one got right, only the twenty items dropped from the '74 through '79
tests appeared at this point in the printout. The dropped items appear
in a table captioned "REJECTED ITEMS". Beneath the table caption are
three columns labelled "ITEM NUMBER, |TEM NAME, and ANSWERED CORRECTLY'".
The sequence number of the dropped item, as it appears in the test data,
appears under the column heading "ITEM NUMBER". The three character
labet given to each item in the analysis appears under the heading "ITEM
NAME". The number of persons getting each of these items right appear
under the heading "ANSWERED CORRECTLY'". The program does not print
sequence number over 99 in this table. Therefore, the seguence numbers
for items QW1 through QW5 (i.e., items 111 through 115) print as
asterisks (*x), indicating that the number is too large for the space
provided by the program to print it. At this point, BICAL will re-tally
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the number of persons which should be retained in the analysis. When
items are dropped, it becomes possible that a person whose score
includes one or more of these items no longer meet the score parameters
set for the run. This happened here.

The number of subjects deleted (i.e., 2) from the first pass
because they missed all items is repeated after the label "SUBJECTS
DELETED". The fact that an additional subject has been deleted after
dropping the 20 items s reflected in the number 987 which appears after
the label "“SUBJECTS REMAINING". This number is one less than the number
of persons retained on the first pass, 988, which appears after the
label "SUBJECTS IN CALIB'" above.

Deletion of 20 items from the original 115 items presented to the
program leaves a possible score of 95. The total number of items
deleted, 20, and the resultant total score, 95, appear after the labels
"“|ITEMS DELETED" and "POSSIBLE SCORE" respectively. This is appropriate
for the 1974 fourth grade reading test as there were only 95 items
actually in the test. The minimum score of 19, set by the user,. appears
after the label "MINIMUM SCORE". The program sets the maximum possible
score at a level one less than the maximum number of acceptable items
which, in this case, amounts to a score of 94. This number appears
after the label "MAXIMUM SCORE". At this point, BICAL has completed
editing person and item acceptability according to score parameters
which are either set by the program and/or by the user. The balance of
the program output is based upon items and persons which meet or exceed
these parameters. In this example, that means that the remaining
apalysis sample of 1000 1974 fourth graders taking the MEAP reading test
proceeds on the basis of 95 items and 987 students.

Page 4 is actually two pages long in the printout. Only the first
page is labelled 'Page 4". It presents the first of two histograms
produced by the program. Under the heading "DISTRIBUTION OF ABILITY",
this histogram shows the "COUNT" and '"PROPORTION" of students taking the
test who score at every possible scoring level in this test from 1 to 95
items correct. This chart is a graphic representation of test group
ability in terms of the proportion of that group at each score level.

Page 5 is actually two pages long in the printout. Only the first
page is labelied '"Page 5". It presents the second of two histograms
produced by the program. Under the heading "DISTRIBUTION OF EASINESS",
this histogram shows the "COUNT" and "PROPORTION" of students taking
the test who gets each item correct. This chart is a graphic
representation of item-difficulty in terms of the proportion of that
group that succeeds in answering each item correctly.

Page 6 is actually two pages long in the printout. Only the first
page is labelled "PAGE 6". |t presents the results of the item-
difficulty estimation processing in tabular and ogive form. There are
two procedure alternatives: "PROX" and "UNCON". The procedure chosen
for this example BICAL run is indicated by the phrase "PROCEDURE USED
UNCON" in the upper left corner of the page above the table portion of
the printout. UNCON is an item-difficulty estimation procedure which
often requires more than one iteration. That is, it is a procedure
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which may repeat, or cycle, two or more times in an attempt to reach an
optimum result. UNCON cycles until further repetitions would afford
little or no improvement in the item-difficulty estimate. There were
three iterations in this run, which is indicated by the phrase "NUMBER
OF ITERATIONS = 3" which also appears in the upper left corner of the
page, just below the procedure identification. The tabular portion of
this page has two parts.

The first part of the table is comprised of columns headed
"SEQUENCE NUMBER, ITEM NAME, |TEM DIFFICULTY, STANDARD ERROR, and LAST
DIFF CHANGE", shows the estimates of individual item-difficulty
developed by the UNCON procedure. |tems appear in the same sequential
order which they have in the input data, accompanied by the user
assigned names. The mean item-difficulty is set at zero. |tems which
actually have fewer correct answers than the Rasch model has predicted
for the size and ability level of the sample produce negative difficulty
values. On the other hand, when the cbserved score exceeds the scored
predicted by the model, item~-difficulty is positive. Predicted
performance on any one item is based upon performance of the sample on
the other items. For example, if 80% of the group got all the other
items in a test right, 80% of the group would be expected to get any
given item right. This 80% ability level of the group, then, is set as
the mean ability level of 0 (zero). Items exactly equal in difficulty
to that ability level, therefore, have a mean difficulty level of O.
But, if a smaller proportion of the sample actually get an item right
than their ability level would suggest should happen, the item-
difficulty is negative. Wwhen more persons taking the test than expected
get an item right, the item-difficulty is positive, The standard error
is presented to the right of each item-difficulty estimate. The last
column shows how much adjustment in an item difficulty estimate occurred
between the tast and the next to last iteration of the estimation
procedure. This column provides an indicator of the stability which has
been accumulated in the difficulty estimates. Small numbers in this
column, suggest little difference between the Tast two estimates. When
these differences become small enough, on aggregate, the estimation
procedure is terminated. .

The second part of the table is comprised of columns headed '"RAW
SCORE, SCALE ABILITY, and STANDARD ERROR" shows the estimates for person
ability at each of the score levels possible in the test. Ability
estimates complement item difficulty estimates and are also developed
independently of item=difficulty by the UNCON procedure. All possible
raw score levels are shown in descending order. Corresponding to each
score level is an estimated ability level in logits, accompanied by the
standard error of that estimate. The mean and standard deviation of
group ability is shown at the bottom of this table: "MEAN ABILITY =
1.34" and "SD OF ABILITY = 1.50",

Jhe third part of this table is an ogive labelled "TEST
CHARACTERISTIC CURVE". This is a graphic representation of the ability
estimates from -1.77 to 4.83 logits. It portrays the range of ability
over scores ranging from 16 to 94 on this test.
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Pages 7 and 8 comprise one table with three parts: "ITEM
CHARACTERISTIC CURVE, DEPARTURE FROM EXPECTED 1CC, and FIT Z-SQUARED".
|tems, by sequence number and name, are shown in the two leftmost
coiumns of the first part. The entries correspond to the items, in all
three parts, under the column headings 1ST GROUP, 2ND GROUP, 3RD GROUP,
FOURTH GROUP, 5TH GROUP, and 6TH GROUP".

BICAL will estimate from two to six score level (i.e., ability)
groups. Each group will have approximately the same number of persons,
but there may be considerable variation in score range between groups.
In this example run, the program created six groups ranging in size from
150 persons to 184 persons. The range of scores in the first group. is
22 points; the second group 25 points; the third group 10 points; the
fourth group 7 points; the fifth group 4 points; and the sixth group 5
points. These ability groups provide a means of comparing different
aspects of item performance between different levels of ability. The
three parts of this table show the development of three facets of the
“item fit statistic" which will be used to determine whether or not an
item fits the Rasch model and should be retained as a legitimate part of
the test or thrown out because it does not fit the model.

The first part of the table (i.e., the ITEM CHARACTERISTIC CURVE)
presents the proportion, within each ability group of the students who
are in that ability group, which actually get each item right. For
example, 30% of the students in the first group got item QAl right while
99% of the students in the sixth group got it right. These values, from
each ability group, should correspond approximately to the item
characteristic curve at the respective ability levels represented by
each group.

The second part of the table (i.e., the DEPARTURE FROM EXPECTED
ICC) presents the result of subtracting the proportion of students in an
ability group which the model predicts will get an item right from the
proportion actually observed getting it right. Negative values indicate
that the predicted value was larger than the observed value. These
differences are "item residuais'". Positive residuals result when
observed proportions are larger than predicted proportions. These
residuals, from each ability group, represent the extent of departure
from the item characteristic curve at the respective ability level
represented by each group. These item residual values constitute the
basis for the fit statistic desired. At this point, they are comparable
to deviation from mean values in that they constitute measures of
variance and have both positive and negative values,

The third part of the table (i.e., the FIT Z-SQUARED) presents
these item residual values in standardized form. This final step is
accomplished by squaring each residual and dividing the result by the
standard deviation of all of the squared residuals across every item
within the group. This statistic has a number of the characteristics of
the Z-score or Z-statistic. The similarity in method used to compute
the statistic is quite evident for one thing. Therefore this statistic
is labelled in the printout "FIT Z-SQUARED", Despite evident
similarities to the Z-statistic, however, this statistic should not be
interpreted like a Z-score. In fact, no effort is made in this study to
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interpret this statistic by any standard. Application of any item fit
statistic is subject to considerable discussion. |t is the one aspect
of Rasch analysis in greatest need of definition at this time. It is
not the objective of this research to add to that definition, but to
apply Rasch analysis in its present state of development to a specific
situation. The statistic to be applied here is the average FIT Z-
SQUARED computed, as one might expect, by summing the individual FIT Z-
SQUARED values across the six ability groups and dividing that sum by
the number {i.e., 6) of ability groups. This statistic is found under
the last column of part three of this table, captioned "FIT MN. SQ.".

Pages 9, 10, and 1! comprise one tabie with three parts: "SERIAL
ORDER, DIFFICULTY ORDER, and FIT ORDER". Items, by sequence number and
name, are shown in the two leftmost columns of the first part. |tems,
identified by sequence number and name, are shown in descending item
difficulty order in part two. Items, identified by sequence number and
name, are shown in descending fit mean square order in part three. The
entries, in all three parts, correspond to the items under the column
heading *ITEM DIFF, DISC INDEX, and FIT MN SQ“.

BICAL presents items in three ways in this table to facilitate item
analysis. Each of the three parts of this table includes the fit mean
square statistic. The third part is the most useful table in this
analysis. The fit mean square in this table lends itself directly to
application of the fit statistic because it is arranged in ascending
order. It is a simple matter, once the c¢ritical value for the fit
statistic has been determined, to isolate those fit mean square values
which are larger.

Pages 12 through 15 each present a plot. They are, respectively,
"ITEM Z SQUARE (Y) VERSUS PROB (RIGHT) (X), FIT MEAN SQUARE (Y) VERSUS

DIFFICULTY (X), FIT MEAN SQUARE VERSUS DISCRIMINATION (X), and
DISCRIMINATION (Y) VERSUS DIFFICULTY (X}". The plotting symbol is the
item sequence number on all four plots. Since the program apparently
was not designed to plot sequence numkers larger than 99, items with
sequence numbers from 100 to 115 do not appear intelligibly on these
plots. Various combinations of 0O (zero) and special characters, or a
blank, represent sequence numbers in this range. The reason for the
symbols results from the fact that the computer is misinterpreting these
three digit numbers, because insufficient space has been allotted to
print them properly, and printing what symbo} it "thinks'" apply. This
is one of the more graphic examplies, and consequences, of the assumption
implicit in the program's design which is that tests presented to it
would be no larger than 99 items. These plots tend to be rather "busy"
in the runs done in this study. For example, the plot of ITEM Z SCORE
(Y) VERSUS PROB (RIGHT) {X) on page 12 attempts to present 690 sequence
numbers (i.e., 115 items by 6 ability groups), while at the same time
the program is unable to properly represent sequence numbers over

99! Digits are run together frequently so that it is difficult, at best,
to determine if the numbers represent one, two, or three digit sequence
number. Consequently, this plot is impossible to interpret. The next
three plots attempt to represent only one series of sequence numbers
from 1 to 115 each. All fail! to represent sequence numbers over 99
properly. However they are interpretable. Nevertheless, none of these
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plots contributed any significant insight to the objectives of this
investigation. They are intended as a visual representation of various
relationships which might be elements in the final determination of
whether or not to keep an item which does not fit the Rasch model. The
fact that an item may not fit the model should be tempered by the
possibility that outside factors, such as guessing, insufficient time,
and the like, may cause an item not to fit the model. However the
intelligent use of these plots is very difficult to imagine in the
absence of a thorough grounding in their use and interpretation. The
l1imited amount of documentation that is available on the subject
describes their use in connection with a limited example which lacks any
of the sample size, score distribution, or test design considerations
relevant to the data used in this investigation.

There is no intent in this investigation to do further analysis of
item fit beyond the point of determining that the item's fit mean square
has exceeded the critical value. This fact is taken in this
investigation as sufficient reason for rejecting the item. That is,
item fit to the Rasch mode]l has been determined entirely on the strength
of the fit statistic used in this investigation. This study is not
concerned with examining possibilities which may have caused an item not
to fit. Conseguently, these plots have little more than passing
interest here. They have not been used in any way to evaluate item fit,
or for any other purpose, in this investigation.

THE FIT STATISTIC

APPENDIX C: THE ITEM FIT STATISTIC - EVOLUTIONARY CHANGES OF
INTERPRETATION, focuses on the item fit statistic. Rasch measurement .
seems to promise truly objective measurement, but problems of
interpretation associated with the decision that an item does, or does
not, fit the Rasch model could withhold that promise. The issues
encountered during attempts to define and use the "item fit statistic"
in this research raised some important questions about the objectivity
of Rasch measurement which are fundamental to the practical application
of this tool in test measurement. While Rasch measurement theory
portrays an objective test measurement tocol, Rasch measurement
application may entail toc many subjective elements to make this
possible in a practical sense. Interpretation of an item fit statistic
has changed over the years. This has made it a bit difficult to
comprehend for the purposes of this investigation. Conviction as to the
appropriateness of a statistic in determining item fit to the Rasch
model, independent of subjective considerations, seems to have softened
over the years as well. Objectivity in test measurement may yet be
possible, but the tendency seems to be growing to tack subjective
elements of interpretation to the use of an item fit statistic, or at
least increase the complexity of using the statistic, so that the result
is an impractical measure. Before proceeding with this study,
considerable time and effort was devoted to gaining a working
understanding of an item fit statistic. Like the application of the
BICAL computer program at the early stages of this study, the more
understanding was socught, the more elusive the concept of an item fit
statistic became. The concept is undergoing change. That is why, most
probably, it seemed so hard to pin down at first. APPENDIX C attempts



224

to give some perspective to the evolutionary change of the item fit
statistic concept. Once understood, users will have to decide for
themselves what emphasis should be placed on a purely statistical
interpretation of item fit compared to some combination of statistical

and subjective considerations.



FITTING 1973-1979 MEAP TEST RESULTS (FOR 4TH GRADERS) TO FTHE RASCH MODEL
CONTROL PARAMETERS
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FITVING 1873-1979 MEAP TEST RESULTS (FOR 4TH GRADERS) TO THE RASCH MODEL

NUMBER GF ZERD SCORES T TE T

NUMBER OF PERFECT SCORES ]

NUMBER OF ITEMS SELECTED 118
NUMBER OF JTEMS NAMED 118

SUBJECTE BELOW
SUBJECTS ABOVE 114 Q
SUBJECTS 1N CI

TOVAL SUBJECTS e9s

REJECTED ITEMS

CYETEN TTITEMT ANSWERED T

NUMBER  NAME  CORRECTLY

SCORE
SCORE

SCORE
SCORE

SCORE
4 SCORE

SCORE
SCORE
SCORE

SCORE
 SCORE

SCORE
SCORE
y sCoRE

SCORE
SCORE

“SUBUECTS DELETED &
SUBJECTS REMAINING

U EME DELETED & g6
» POSSIBLE SCORR +» @B

T
MAXIMUM SCORE » 94

i RCORE T

SCORE T
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FITTING 19T7J3-1978 MEAP TEST RESULTS (FOR 4TH GRADERS) TO THE RASCH MODEL
SCORE DISTRIBUTION OF ABILITY

COUNT PROPORTION 2 4 [ [] 10

—.l .IIIIIQDI.I.CIICOIII.IIICloll.tlllIOOCI..D..lto-
4 \ 5.56" Rt * A " " .
2 o o0 1 1
- N 00 & 1
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F 3] 16 6.0 "IXXXNKXRXAXX i
3s [ 0.01  IXXXXXXX 1
L399 .0.01  DXXXXXXXXNX 1
& [] 0. 00000000 |
419 [} 0.00  1XXXXXXX 1
42 3 0 .0.00 Doxx 1
4 3 000 hxxx T T o S
44 7 0.01  IXXXXXXXX 1
48 8 0.0t EXXXXXXX 1
46 3 0.60  faan T T T
41 ? 0.0 XOXXXAXX 1
LAY 8 0.0 EXXXXXXX 1
49 [ ] 0,01 oo i
50 -] 0.01  IXXXXX 1
81§ 0.00 IXXXNXXX !
LEH] ¥ 060 DXxxxxxxi i
53 5 0.01  [xxxxX 1
L . 0.00 1

PAGE 4

0194



DORMNALMYI0O

fG(SClOC)O%DO(}O()OH:s(IQ(’O

B~ i~ Rt~ R4

P00 0000000000000000

.. 9.9
6.0
0.04

e D9
0.0
0.0

... 004
0.0
0.0

9.0
6.0
0.0

..9.0
6.0
0.00

- m.

T ERXRXAAKK KX

RN AAAXRR

RN XXX KA

W: 0

(=X~ =}

- G ik 4

EXXAAXNXKXNAX
EXXXXRXAX

{834
BINNKX

EXXXXXXX
LXXNOU0KXX

IXXXXXAAKXXX XXX
EXRXXXNNRARXXXKXNAKK

X000 XXX XXX
EXXXXXNXN

TUEROOOOOR0OEENN0ET T

EXXXXXXMKNAXXNAXX
IXXAXXANXKNK XA

IXRAXKIOONEKRAAANXXANXWKRX

L BXRXOOOOUOONDOOOODEEXR - -
EXiainonnx X

EXXXXEAAXKNXLAN XXX XK

3 EXNXXXXAAMKXXAKKUAUMMXXUNRKARK
DOOOENOOOE KON

EXNNNKANMNAXMUAXXNUNXXXKNEXAAX XK N
124300200 00030 X306 20 5 3¢ 3000 20NN %KX

N0 XN N XX KK XN X X
0006000000 X00ENE0KN0EXXX XK XK XXX XXX XX
CDOOOOOOOEEXKXOOCOCEGONEONNEOEENX XXX
EX000XXXN0X0XXXXAWKN XX XXX ANHAXK

[Ri3 b ettesddetistidedsesiofestsitsistis]
EXRXXXXAAUXAKANAAXAARNXXAAXXANXAKOOXAAAXRXAARXAAN
TEXOO0EO000K00000000EX A NXN0ERK X8 XXX X ’
F0000X00000K XIO000E000K00K KX K NN XK
Pt ioteisesebiottetidsiiatidsssesiet iy
5635003 00 3 033 3003 K30 B X 3 00X X 3 3 X0 X X3 X 30 XXX
EOCONE000EN00X 000X KK X KUK AN KNX XN

DOOIXXXOEEeXx -

TEAXRRAXXNERX

FuLL SCALE «'6.04

B T R R R T N R e e A e N N L L L T Y

1€e



1TEM
COUNT rnnonarlou
el 6
2 7182 0.77
3. .87 0.64
éTT sy .16
3 658 0.7
.8 Tas 0.8
il 0.73
s 804 0.81
8. .1 073
0" ¥ad o 76
[ T ] 0.02
17 764 0
8" 796
12, 703 .
.20 731 0.74
&1 a9a 0.91
127 7182 0.79
.33 814  .0.82
34 eed 0.88
23 869 0.88
2 172 0.78
a7 63% G.6e
28 591 0.60
.28 678 0.68
30T .93
31 008 0.82
.32 0.83
a3 0.69
34 a6
.35 86 Q.88
3% T eos
804
1L
T4
834
. 7 |5, o
766
784
v e asavanmns 152 -
P11} ]
46 809 .
7 156  0.77
48 763
lg 441
.50 603 = O
817 676
82 GIS .
53 T0 oM
84 83 0.70
58 612 0.82
% €95 0.70
877 460 0.47
S8 634 0.64
59 837 0.5¢

FITTING 1973-1978 MEAP TEST RESULTS (FOR 4TH GRADERS) TO THE RASCH MODEL

DISTRIBUTION OF EASINESS

Joes
T 30000000506 3 X 30609095 X0 33X 3 30000 303X X 30K XX X X
EXXXXXXXXTIAXXAXXXXANXXKKAXX XL X XXKNH XXX
DXXAXXXAAXXAXXAXLXXXXNNXK AKX N
FXX0OGK XX XXX AXKXANKKAAAX XXX NN
IXXXXNXNAXKHHXXLAXKH UK XK NN HXKN XN KX
Ritietiectistddiiedotdebsdsiistiteed
000K 00X X000 XXX ILXEXN KK NN X N XM
(bbb eiestdotissddstistidttdtisssss st
IXXXXXXAXIOOKAXNAXXXNXXAXXX XA XXX AKX
U000 00 060000 XX X000 X KX X % XX
BI000K00CCK 0008 O0CCOE0KR OO0
T20266 20303028 0000003 360020000 2060200 0000030000 N XX

TTEXXAXARI AR XK KOO XX XXX K XA AKX KKAKK K

L2C0XCR0ICE0 30200300 3 X200 300X X0 00X X 302 XX X
fRette bbb et iqbes et otioviibrsesdstdy

R K00 XK IO0EKXHOE0K KA NN XXX XX KOO

T30 X000 XN 36 09 36 3000 3 3303303 % 3 00X X XX M
pptetettdttdtdde et i ot bssitsedititedse]

TERXRMRCIN OO KX XAXE XXX XX RKKK KKK XA AR HA % K

20000 X 20000006 0008 300300300 3 3 3636 3 36 3¢ 36 3020 30 3303 3 0036 0 000 X WX
TES0C000 000000606 X 00 3 000 X 0030303 000000 X X XNXX XXX

TTERMOO0KNK000K KK KN KON AN XXX

IXXXRXXKERKAXKKRKAK AR KHXANXAAK
EXNXXOOOCXXNXXXAXXAAXXXXNXK XXX XXX

300000 000X 000X X0 N000K 300X X KX XK
EXXO00O000OC0E00NN00E0000EN00N00X XXX XX
2OHUICO0 0000003 I 008 203K 20000 2008 XU N XXX

TEAO0O00000000000EONN0NONEENRXX XXX XXXXXKE T

000000 X 00K XX 036 303K 33 3 33030 X 3006 33 2006 000 X M X
TXNXHOOOOONCKOMOOUONOONONXXOEXAXXX
120050000000 K008 X0 0X 000000 XX X XXX K
IO 0000 0000000003 X8 300K X000 XXX XX
IOCOCK00ECCO000EKOOCK OO0 I0E XN KX KN

XK EREN AKX R AKA AN X AKX XXX

TEXORXEC00E 000000 0206 20X X X 3303033 30X 330X X X
T20RXCX00000 0000003 000K XXX KM KX X KX K

L OUOOEOOOO0NEX XK XN XX XXNKKKAA

TO000K 000X K000 XXEX XX KX AX
CEREXXXAAXK XA NAK KN XK KX INK XX XXX XXX
E30000000DO0N0NN0ONE0NKKNKXK -
F0O00 XXX XK ORIC XX KN XXX KK XX
[Biesdo st st iodedosdettettabtidtioesetty
B 30000 0000000000K 0K KXX XXX AAX K
EXXAAXARAKCHNX XA XA AN K
CERXXXAXXHAAXRAXHANK XN AN ANNE XA

XXX XAXAXXNAXKHKARHXXNKAAXKK AN
EXC00000X 000X 00X 000NN XXX XX
TX0000000X 00000000 LXK X NN

TIXRIOOEXAXXRKRAXAXAKENXKXAXAARKXANK

IXXOOOOORXR XXX KR XRKXRKK R KKK XX

L DOODOOOEECOEXEXCCXNECCNKK XX KX XX XXX
EXXRXXXXXNAKKRAARX KK AX XK

X0 IOCK XK I KN 000K X000 XX X X
IXRXAXARRKXKIOONOONAN KA XN KX XA

10

.l.‘o........-oi.......‘o[

Aulnnﬂqc--—.-tuln-s-—-—-u—lﬂ-|-m-|-‘-l-&-|-.--m-|nIﬂ—l-m—l-ﬁul-t—--Nnc-ﬁ-l-h

PAGE §&

(4%



XXX 0000000 XXX AK
FAAXXXAXNNXOONONTLRR XN XXX XXNNX XN XN
CIXXXXXAONONOOEKNK XXM KKOEOX XXX XK AAX
F2000000 000X X X3 X0 XX XX XX
EXOO0OXXXXXIOENXKX X AAXKAARX XXX XXX
CIDRKEXXXX XXX KX XAX KK

X000 X006 X0 XX KX H XN K XK % X
[Bi3 o33 ediitsaetietististdsedseddassssssvy
IXXXXXNKAAXXXXXNNOOKIEAXKHXLXXXXAAKX
TUERAXH R AR KINNKKAEKHNNINAXXXXXAXNA
IXXNXXAX XXX IANK XXX KN K AN XK KX K X
GRlieieetddeddtiveivqtestiseisots
TXXXOONXNAARKX XA KKK KK IAKXK AKX
000000000000 X000 XX XXX XX XX
L DODOOOCOODONEOOEEORK NN XXX XXX
X006 000K KX X003 20X X X X X
EXXICRAHNKK KKK XK KKK KKK K KKK KK XN AN K
L DXXXXXOOOOOOCOO XXX XXX XXXANNNAK NN XK X XXX K
EXX0000O0OOCNKERX XXX X XXX XA XX
X0O0000¢00E000000000C000X KX XX
CERERXANAARKOOOCERIOORAXAAXAAAXXXAR XX
FAXXKIAAXKOXOXXHXKXOXXXXRAKRKA
EXXX0000C000000KE000E00000E XX XXX
IR ititetisttebisttiotbedneisiiy

10000 00000K 00K 00K 300X XK X0 XX
T000000000X 00K X000 XX KX X XX
Rt etisttittiettetiitissey
T200300 000306 3 3 00 X 3K X X0 3 XX XXX X
T00E00000E000REON00E XXX KX XXX XXX
L DOOOOOOOOOONEXNCEEK XN

E2000000X 000K M0 0 XXX XX HX KN NAXXAKK
00000008 003000 3 323030003 00K 2000 X IO X XN XXX AN
CEOUONOOOOEKONKONOCOONEX XXX XN XXX XX XK
XXX KKK XN IO XXX K X :
EXO0X00000000K0000000K 000K XK X X XX
et iied titidssdanineiitedjpistississtitise
T 20000 00K 300K 000 000K 30X 000 X X 0 M XXMM KX XX n
OOOOODEXOOENE XXX AAXNXXXXXXK XX XXX AKX XA X
L EXXXMEXOONCRXXXRKNNXNHIOONENAAX XN X
DOOOOO00BONENRRIOONEA XXX XA K%
TXUXNKOOONXHHX AKX XXX XXX XN KXHAKX

TRULL ScALE U100

PuUB AN NOORODHBRADEN DA

uo»wu—:-uqsao;nuu:—nu:uu N eSS

I R R NS B N TN HT RN I

Y iy

0000DO000C0000000000000000000000000000
---i—-uin---.-u.-.---—-.——-u—-n--——-:—-—--.l-u-——.———

C UM = aN &

1 H
i oo
-3 H.R B R

1354



FITTING 1973-1979 MEAP TEST RESULTS (FOR 4TH GRADERS) TO THE RASCH MODEL PAGE &

PROCEDURE USED UCOM - e e . . .
NUMBER OF ITERATIONS = i '

SEQUENCE 1 IHeW |7 RTEN T 7 SYANDARD T LAST DIFF T1 Raw  SCALE STANDARD o o,
NUMBER [ NAME I DIFFICULTY ERROR CHANGE 1 SCORE  ABIL1YY ERROR TEST CHARACTERISTIC CURVE
T TR T T - 0 ee Ve i -
2 1 0A2 1 n 9 0.12 I .
2 1 Qa3 I I n 0.5 I .
"""""" 4 1 7oad 1 [T S 1 0.%2 | ’ .
S L QA5 1 11 so 0.47 1 .
¢ [ o8 1 11 90 B AL L .
3Tt oBd Ul it “es 0.43 | w7
s I o083 1 11 us 0.40 1 .
U L 11 a7 L 0.38 1 T
10771 08871 it a6 0.96 7} J
¢ 1 Qo1 1 11 ss 0.34 1 .
A7 1 _oD2 1 1185 L.0.34 1 L
T Tob3 Ul 1 e . 0.33 1 é
9 1 op4 | 11 83 2.14 0.22 1 .
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211 oEi 1 e 1.9% 0.30 i .
22 1 QE2 1 11 8o 1.86 0.29 1 .
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2477 qea i i 1 1.78 0.29 §° .
25 1 Q€S I I 1. 1.10 0.20 1 .
.26 1 oFt 1 .7 1.62 0.2y 1 s
21 Tt oFaTd 1 76 1.83 0.27 1t e
28 1 oF3 s 1.4a 0.26 1 )
29 I QFe I i 1.48 0.26 I .
""" 30 1 o8l I 1a 1.d1 0.26 1 L
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3 1 odi' i 17 e 1.69 0.24 i s
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3 17 oHe T 117 66 0.93 0.24 1| é
40 1 gHS ] 11 &6 0.92 024 1 .
.2 1 5 VO O 1r €5 .a.87 0.3 1 *
a7 et it~ 64 G.84 o233} L
4 I o113 1 1t &3 0.76 0.23 1 .
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5i7 1 okiT 1 it 786 0.40 0.22 1| ]
52 1 ox2 1 I 56 0.40 0.22 1 .
53 1 ok3 1 11 ss 0.38 0.22 1 .
54 0 oxkd i I se 0.3 0.22 1 Lo
55 1 ks | 1 s 0.26 0.22 1 .
$6 1 oL 1 . sz 0. 0.22 1 ¢

7ET
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] I 0.087 -0.001 I1 48 0.02 0.22 I .
R W .. .09~ -0.002 I1 47 -0.03 0.22 I ¢
i 0.077 0.008 1 & -0.03 0.22°1 .
1 0.080 0.001 Il 46 -0.08 0.22 ¢ . ¢
1 0.076 Q.007 I1 43 -0.13 0.22 1t b
B | " 0.098 0.004 1i 44 -0.11 0.22 | L
1 0.03% -0.004 11 43 -0.22 0.22 .
L o.087 ~ -0.000 I1 42 . =0.27 0.22 1 ..
| 0.080 000 11 a2 ~0.27 0.22 | .
1 0.081 0.002 I1 41 -0.32 0.22 1 .
b ..0.019 0004 11 40 -0 L 022 1 o
1 0.079 6.003 11 Je -0. é1 0.22 1 .
1 0.079 0.004 1 3a -0.46 0.22 1 .
L . 0.080 . 9003 11 37 -0.8% L0121 1 b
i 0.084 o.00i TR 31 -0.8i 0.22 1| .
1 0.087 -0.000 I1 36 -0.56 0.22 I .
L c.088  -0.004 I 3% = -0.61 023 T iy
1 6.08¢ -0.000 " i1 dd -0.66 6.23 1| ‘
1 0.082 0.002 1 33 -0.12 0.23 1 .
.1 0.004 . 0001 I1 33 -0.72 0.2 1 *
i 0.078 0004 i M -0.7% 0.22 1 ¢
1 0.084 0.000 1 N -0.02 0.23 1 .
1 0.0M8 _6.00% 11 30 -0.87 - 0.23 1 .
6.079 0.00d 11 29 -0.93 0.23 i e
0.083 0.001 11 28 -0.98 0.24 1 .
o077 0006 II 28 = -0.98 0.2¢ 1 -
6.08d 0.002 11 27 -1.04 0.2¢4 1 .
0.097 -0.004 Il 26 -1.10 0.24 1 .
0.07¢ 0008 I 2% = -t1.1& .0.24 1 Lt
0.094 -0.004 i 2a -1.33 0.28 '} é
©.086 -0.001 11 23 -1.28 0.25 1 .
0.098 -0.004 11 23 -1.28 ~ 0.23 1 b
6.077 0.00%  §1 22 <1.34 0.2% i J
0.087 -0.001 It 21 -1.41 0.26 | .
0.09  -0.004 11 20 -1.48 0.26 1 .
0.087 -0.00f il 18 -1.k8 6.27 | J o
0.094 -0.003 Il 18 -1.62 0.27 1 .
o.08f =~ 0.002 11 18 -1.62 027 1§ *
0.078 0.004 1i 7 ~1.69 0.28 i .
0.079 0.004 11 18 -1 0.28 1 » .
L R P R T W W W e e e e e . R W S e = [ PRy pRpEpEpRy PREpEEN LT L DT T Pyl pEpRpapy PSR
T RoOT MEAN SQUARE =7 ' 0.004 MEAN ABILIYY = .34 -4 <3 -2 -0 0 ] E] 4
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4



0INNIINDD 378Y)

. ' r
: Po-e i ] v
I PRI -3
© H - L]
' : : i g
fegeReee 89 A ET
PaW N el b - 1TEmM
i ; i vuml's
- b (i e N
H ; H ] i
0:00 0:0 0 O T
- . e L N ¥ U
Rubzugrehasy -33=uu-ouuu.ﬁnﬂgz3333?3333255§32““8ngl
. . ]
000000000 00I00000C0000000000600000000000000000000 ! B |
e Y YL -nn-aon-.-u-.u-uuuan--uquuuqnquau.‘uhnam gE:
‘“—.'-l-“‘-l-ﬂ-—a "Nﬂﬂﬂuﬂnu.“"u“Huou—.ﬂ“o.u-‘.u- LR - N i
H i L)
$000000000000006000000:00000 oooooocoooooooooooooooo‘.ggi
* N N e W ‘un.‘ﬂeﬂ‘@."' ."'ﬂ(‘ﬂ'ﬂ"'.'.ﬁ‘ 335 3 5] ﬂ.ﬂ.ﬂ-‘olgal
:I'i HOFD.G:—n.luinnh NS dabd i tasORNLN a.u-oom: !
‘o pqpp@ppoooooooooooooooocoooooooooaoooooooooooooEggs
H- . 3532&:2328333332°3=333=333238323=58332332328»3-igrl
B N !
0000000 EC0000000000=-00-000000000=000000000~ ooo-oooi§33
g ::E22333233=w2.n8238u-n-uu 528888 233338 L8388 %,
-oﬁop@pp¢ppgpp  --r-~oo-o-o_ooo-ooooooooo---ooo-ocwi925
izass3eagreass 2238389828928 ER 8T
D e O A St Gt B b b e, b —n-m--—-——-;—--é-—-:—--.---.—-—-—n——-.--—.———:—-—.:
H k : ' ' ' ' : : : : . :
$000000060506055060 1B
i-z8:5382822338283 154
. i T ek :g o
{e0i000806066566 . 1By
2382228222223282583 1§81
O :
égpé&ﬁé#ooéoooooooocoooopgppqooooooooooo‘ csdoi Bl
1R2285S838R353223883823338%88288%28sE ogeges 335§°E
Eéﬁéé&oé&éooaopppgppqppuoé&ééé6oooooooooocooooocoooEggi
1258882890223 2833233828882%8sos828882 8222583338883%  §%
. . 1 '
Eé&éééoégép&poooooooaéoaéoéééé6oooocaeoooooaoooooooiggi
38392&833993°°3338332°98333335232288°3°233223332293Ev::
'
" 1 ] L]
‘:6oééoooooooooooooooooéoéooéééoeéponccaooooooaoooooEﬁzi
1882583838828 2822883288283858388% 8°°3.°°°°°°393°°8825§zl
.--‘--"-ﬁ’----—-------‘uuuu-—hhﬂﬂ----‘---—--‘-“&H--'-—-'.n-’:
.. ! L] ‘
Eaaﬁ ﬁb.-s-‘--‘tlﬂ-DdNhﬂ@uﬂ-Doﬂus—uuuouuuo.nun»-ouuuno=:g;.i
. 8
'Epqq--uou--auu—uOnooJAua-o .uoooonaooon-ouounAnoo-ig@i
:-.'”.WUO“Uh"‘lQR—NQ- B0 -k ; O—QDﬁauo-ﬁoﬂ- W e - -Ho—ﬁ:'ﬂ§5=
Ew-conuoooulouoonubuuaadnoucooa-yuou_ounnoauo-ou--aEg%:
:'i.u-“on.ﬂ.o”uxuiuunﬂxn-ﬂ“..ﬂd. u-uanuoo-oﬂun-uonuﬂﬁuﬂw:'buE
toS0l00eTeonasnONaAlSpasruoT  RERUGAEOO 0 a el ZeSusoa~vipal
:-Q--lu-Au--uuau.u.aoo.-l.cu--;*uu..-uﬂuu@onu-&u‘nncecu.u 'II:.':
v.a&uo-u..U-Oo.-.nn'.Au-&.:--Anau-:‘:UOH‘-JOOHI'AGQOGDDHUUM-A gg—.:
B -1
‘;on--o-w-c-u---nuo-n«u-u‘-uoo-» .ounou;-aoduuu-souuuau vx
tedosFmonmooONOONNANLLOD - ouo—uuu-OOan——o-gnuousnoo igei
,_:-»--na'nouu-u.;—u.--.---uuu-c —oo.unuooohq-nc-u.n..o..u:-a::
) 1
23:23333-5 3:332!3:23“23 uSSS3392:83333233352=3==:Eg*i
3 H H H i - v

9ez

3AUND DI1S18ILDVEVHI Wiil

1300m HOSYH 3HL 0L (SHIAYHED HLF BOJ) SAINSIY 1SIL 4VIM BL8)-CLBI DNILLTS

231 6G31034X3 Wouid JuNluvdio

QIUVYNDS-2Z 313

i 39vd



PAGE @&

FIT 2-SQUARED

NUMBER UNEXPECIED ANSWERS

FITTING 1973- 1979 MEAP TEST RESULTS (FOR 4TH GRADERS) TO THE RASCH MODEL
ITEM CHARACTERISTIC CURVE

]
]
]
)
]
[
.
[l
]
1
]
"
1
t
¥
|
'
'
]
1
1
[
1
)
]
L]
]
.
'
1
[
[
]
]
]
]
[
]
]
'
]

cemmmm e b ———————

Fiv .
I MN.SQ.

4TH BiH @tH |

W0
GRP GRP GAP GRP GRP GRP

4TH T S¥H  6TH 1 isT

NUM  NAME | GROUP GROUP GROUP GROUP GROUF GROUP | GROUP GROUP GROUP GROAW GROUP GROUP 1

b

28D

‘2D

R

SEQ 1FEM

- & ﬂl"‘ a0~ ﬂl !! !! ID Il Ll b " Rl 1 B 4 NI Ph I‘ ﬁl'(: Ny O C)

el -4 B X 3] LX)

NMORBN R NGB0~ == rrReRoOnN—.- a6~
-unn2~—.-01ﬂvn-n-h-u-u—ovOunmhun—nv vnuvon—ao
I

MmMOoOQeeAsseOrOOne UHHRFUOIOQG«—MCQOGO
GD-C' fﬂ UI - ¢‘ I’ Il <) ‘? C’ o- ll i - Cldﬂ (: l! o <> tl»f! Il C! ‘) " '- - t) !I C’

GI . ‘D - f! - C) f‘

NNOOON0.00-nw-n—uoo-——ntwoo'-ha-—nr-'

-ononOu-an'hnuﬂunﬂvnanu—ahoho'wﬂv

--u--oooonuuonnoovOUQno—«ovuoo

£l ~ " II -o 1' o M C‘ l‘ ‘I'l‘ - F- -- ll - - w Y Il e W o II fl Iﬂ l' 1. f’ -0 " - w 1‘ l! I! @ ()

ounvnonpann»oo-v'—nooocoo Q.H"h
ﬂI :0 - Mo

O??O?Q?OOOOQOOOOOOOOOOOOOOO&OOQOOOOOOOOOOQﬂOO

oooooooédeaobogp?opoooocoqqgoopg poooQQdoonoé

i DA 3 .

I

SCORE RANGE

[l

, N n=—=& (2] " -y ~ & " Lul Nt
$0833432255528853235355285538I235333855855853
OQO?OQQOOOD??OOQ9????O???O?O?OOOOOQ??OOOOOOO?

- ™ ] - X

3238238882 8552880552533 358t ngeTgT 3og 0y
OOOOO??OOD??b?ﬂOOOQO99?0?OOOOOOQOOO??O??OOOOO
'-—-‘“--'—--:-—-“H—'--—‘pﬂIIIZ---‘--‘----u-'—hﬂ--_-‘-lﬂﬂﬂﬂﬂ
oy - - HDONGRN ' K- X B N ii -~ 2; AR M ol ol L X X-.] E; E; g X
LN K- N RN N K E-N-N-E N3 ¥ K ¥ 3 L NN NN -§-H K- NN K ¥-B CB lﬂ ‘e ‘l

ooooaooooco-onooooooo-ooooddd‘dd

Tt 32 -u-m.n—achmvos gvnnov-@o
PRI PESANARN OO RSDD

NOE YNNI EOS Y :a "~ BN W OTNE ‘3 ll RO~ awTamQ0
II " SO NRNE~TRRADrACRARIOE OO0~ AP® ORANONNRD™ -

Qﬂmﬂs'ﬂﬂ-'gﬁ.nh-'FDFﬁQGQFNON
TOONQADVTONOISORNONOI~A-D SO TNN

DOOOOQOOOOOOOOOQOdO000000000000

MAONMIN Y Q=R Y
° a0 L] 2

QI -~ - II . O N OR e W !l oy W ll - - il oW = i‘ -

II OmOMm=0un: Ql - II"' - 0 ll ™ lﬂi‘ [ ] un- = ll"' [ el B ﬂh T tl X N QI [ Xl

Rt —nnnnn—nuﬂnnunnnnunnnnuun nnq«nnnun«
ooeooooooocooooooooccooaoocoooco O00QO000000

B T T T

'Fvbnﬂﬂnﬂ

hvenon-ﬂﬂwvh—bvﬂnn-nou.. OOQO#.-OQun-annovnon

on-onnaoohvv.«ooa—nn-ucnn«o—on—on--oan—cooood

uhunnouQONnue—nw-hn nno-oon-a---—ouu..«n-vnau
nnnnonooo—w

uuo-«noopﬂooanvovv---o-vo'QOPnnoo-o-—-ﬂuoOOOﬂ

Il f! II Il C"' QI CD QI -~ Iﬂ LA R !I (' !)II 0- CI !' ‘, f' ihl' ll ‘: - LB Nl --- !- !! Il l‘ Ul f\ 1. Il r- |I Il
‘t o ll II !1 up - !~ - |1 o

“-ﬂ-‘--—--ﬂ--------—-H-ﬂﬂ_---”ﬂ"----‘------ﬂ----—-
Ll B s Pl 0 Oie e

5888335 aSooo 00033030 33 80830 So03888.

9c9°ooooooooooooocooooooooooooooooooaooo?oo9c

3883355-3839553853335355358385835833383583338%
5285535588358355535553533583553552883°5835383

- 9 - - [ [x) - w:
888°28835°8538°358533585358598585-18542535838%
OQOOQOO???QO??Q?OOOOOOOOQOOQO°Q9°POOOOOD?°OOO

QO*O‘OO—OQQ

& .o n e~ l’ o O 0 —
AR OPORONIIOIDNO

OOOOQOQOOOOOOOOOOOOOO'OQOOOOGQOOOOOOOOODOOOOd

9000OOOOOOODODOOOOOQQQOOOOOOOOOOO300900000006

nnunmh-ong
OOOOOOOG@OO

T T
nnvunnuvn«hovnnnnunvnrnnv-nn«nw n—pnpnnhohvﬂq
OOOOOQOOOOOOOOOOOOOOOOOOQOQOOOOO ODOQOQOOOOOQ

ﬂﬂ.ﬁ-ﬂﬂ'ﬁ-ﬂﬂzl"-ﬂﬂ'U!-'N='=;33;3:=2:=-Nﬂ'lﬂ;;g;g
1 3508588288383553833838885555555556553333333553
' f' L ; .m o
P Er N M P A R I R R R on AR
[ . . H e g Y= R e wm
’ :

237

LR,
Lol
™ m
LN X

160 184 166

..PLUS®TOO MANY RIGHT =
MINUS=TO0 MAHY WRONG

162
3.47

3-89 2,81

19-36 39-64 65-73 76-03 84-80 089-94 N+ 168
1.19

MEAN ABILITY -0.93 0.20



238

_ ®eswesvsesvreseneney

880 1 o°E
sr'0 ri '€
£9°0 ] B E
680 -] B4
€90 W'
03°0 1 8¢
80 et
e’ 0 et
LT8O 1 pET,
18°0 [T 2 1
ty'o e
.o ) £OE
"0 L8
19°0 E6'}
%o .80
880 e
%0 8L’
90 Lty
150 &9
§6°0 9}
S0 ) ey
.1 0] s
%0 t4-30
180 ] 0Eh
150 [ ] )
[4-M] 8T’y
50 e
95°0 (148 }
sr'o ot
Ly'0 $8°0

9006:00000900000Q000
00C0000:000000000;:000

Q0

©0000000:0009000:000000:
[-E-E-N-N-E-R-N-U-N-R-L-)--L] OO;QQOF

ol LN L
2T 8

2010833853

-3 3
- -

-w.,
0000 000000000000 000C0~*0.r~0

00000c0000e00e0c0acd8 R3S

o0

N e i

99©0000006008000G00

) 000000000000000CC0

esasnsgny

110
Ti10

ir
L8
L
LO}
*Qa)
cr
<8
£4:)
z€
-4
ir

i1t

SE
104

GINNIAKOD 378Y1

-

L L L L L R e e R e o e e e e e e L L
[ 13
E ]

NN ANTOTTANETTTO " = rR N TNOANRON " = IMN = NaAOM=NY=0N===nM

st}
LT
&0}
804
LB
804
"0 69 0-
LB 100
IiL'o aL'o
0%°0 [ M)
L..08°0 . 950
8L°0 v O-
| 1 FE M-
$ip Wy

-
- -
P
o~
-~
oo
[

YO Ve
[ F 2 ot 0~
(X 40

LOTp. . 49°0:
[ X4 &€ 0-
[ | 3 EL 0~

L0000
00 o0
00 o0

L0000
0’0 00
8 Tt 0~

LW} EO0-
L A ) 29 0-
FA ) £0°0-

LOE}. . 8O-
| [ 1 ro
(1) ot ' O-
6L°Q %0

Mo Bp
£ro sy

I 1

Iro 9

vi0 vy
€10 ¢

102

LI0 t¥
SHO OF
yHO 6E

190 1€

540 OF

rid 6C
€40 Wt

.. £40 LE

140 ot
$30 ST
230 oE
€30 £t
T30 LT

05 nv xoMl
iy as1a

" w3guo 114

¥3080 ALINDI4310

TURONE T 4910 7T I N
2510 WIiL WLl DiS
T e

7300w HISYY 3HL DL (SH3AVHED HIY H04) S1INS3IH 1SIL 4VIN BLEI-CLSI DNILL]Y



239

QINNTINDD 318Y1

PPNV INANIREGSetvides RO asInEBES

oL's L0°L 180 SAD O1}

$ro 0% 100 10}

69°'6 69°0 690 ¥AD B0} 9604 ¥t O 150 16 $10 001
rre I£°} 06 0- iv0 0E'S F3) €L'o rsSo v r10 66
EE'8  ZLO . 100 . S0 0C ] WL oF £L'0  EOD €9 €10 96
[ - LT L@ 0- tnd L@ €96 1 1 oL 0 SN 8% z1d 18
808 1L’ 0 [ 14+ 740 6 JE'OT [ 4] €9°0 M0 TS 140 98
L1086 | VE'L. SEO- _ w¥O P ] 3L} {60 _ §9°0  T0O IV £50 S6
(1 L9°'0 801 Emd €9 [+1- 28 A [ 1] 190 SI0 S» SO 8
| 1-38 2N 9% 0 | 2 ) $¢0 0D (4 M ] to 90 N0 »3 €50 co
409 OEW  SEO- IO PY | 99§ 6LO 190  EWE . S0 z8
i9°L L1 ] 9°0- THO (LE [4. 244 [+ 95°C 40 1T 150 18
sc'tL [ 2 - €90 €E 9§ -1 180 €10 9S <30 08
Q1L . O’ ZLO  EOD EQ 66 BL 150  v00 y@ ..vH0 6§
[+ 11 § [ X4 ) L0 €50 sé [~ | 14 [ 38] rdd 6L cud o@
(328 §L°0 8 O I IS es’e 96 r'o Sdd O® Zud 18
Y9 TLO Wy 110 96 ¥t 48 £9°0  EAD 90} . 1ud e
| A ] (4} 89%°0- 1HD 9C [T ] | }4 [ r0 &8 <00 GO
LIS ] [ 8C°'0 PHO 68 't ] ] tE O T1i0 18 00 »e
(€8S B0 IS0 KOS | §5'9 Gt 620 . 1% 16 . EOD €8
9% 9L'0 i%'0 E0 8% #0°'6 [¥3 g0 ri0 62 o0 Y
L] L1} or 'o- rHO 8¢ L1 i} €9 oto o S 00 18
08§ OCH . B0- 1809 | L't O 90 500 50 . §d0 OB

] aL'o 19°0 EY0D € [«] I (34 FAl:] 650 &6 vdd 8L
L1 -] Lo’ - 1 ] 0 6% ot [+ Mo 170 98 Cd40 #L

L BdO AL
idb 92

1
1
1
1
1
1
!
1
I
!
}
1
1
1
1
L}
1
1
i
1
1
!
1
1
LPETS BETL 6LTO- CHO BE ] E9') )
¥e'S 190 ero- TaoEz 1 eee W2
5
!
1
1
i
1
1
|
i
t
I
i
1
!
1
1
!
1
1
1
t
I
¥
1
!

) [ - [ R} oL o SN0 8% 11 2 Y 11 110 ] re© 8 o0 "0 - s0b S¢
Q.. B 198 yrL_ Z0°0-  y80 8 Tz 16 90°0  Z50 z8 0000 00 v0OPL
. [+ >0 -] v £EL'o SO »8 . 800 End ES o0 [+ ] (v ¢} o0 €L
) (o7 A -1 -1 Mo sro 0% *2°C AN o0 VID )P o0 K o0 tod L
0. V. te.. %O ‘0. 10018 | 00 0 .00 S S 1. .00 Q... 0°Q. . 4004L
: tL'v T $10 004 o0 0 00 AD Fi) 00 0 [+ 2 +] SND OL
N EL' Y oL Tno tol 00 0 00 cAD €It 00 00 00 *ND 69
Qb WY NEh L SE0- | 200 {1 00, 00 00 _ ZANZI4 [ 00 00 00 _ €N Sy
) 8G°y or-i SN S04 0’0 [+ [+ 2+ AD i [+ 2+ ] c'0 00 tNO L%
09°'0 [ 33 J | 1} 00 9 Lo+ o 00 €ob ¢l o0 00 o0 IND 59
A0 F AGY  CEh £40 91 00. 00 . 00 Tod YSBL  GLO RS} SMO 69
8%°0 ey or'y 140 9L o0 o 00 100 3L j4 M) to'}) 90 0 »9
0%'0 oL [ 1] €30 €T o0 [+] [+ 2 +] SNO OL i9°® %0 80 Emd €9
S 30 T T X T TS S 3 30 ¥2 S00. 00 00 o069 WZp 80| . (C0-.  EMO TS
120 E6°€C | [ rdd 8L o0 0 00 ENO 99 | [ -1 ] - N0 1y
»®'0 re’'c | (483 Svo s o0 o 0'0 TNO 19 85" 9 L0 S 09
N I B Y- N Tdo L | 00 0 00  _ IND 99 9§ L0 270 86
6 0 8T [ M e £ EE's L 10°0 40 OF - | ] E10 8S
09°0 $9°C 8l €end ey 00 0 00 €20 G4 $9°C4 t3°'0 W0 1S
15°0 03°C 1L (90  SI0%K 00 .. 00 .00 _ ¥O¥ ] 0L 080 170 95
L8 0 F1-3 4 | 13} sHD Oy 0’0 [+] o0 €230 € €SS | J A SN §S
[ 4 s ] [ - 2 4 "wo L 2 ] o GF 00 [+] 1 '+ ] N £€9°0 nid s
tQ €E°C . 611 EEO-  S80 O 090 © 00 .99°0 CEWO €5
180 itc 0} L= o0 vt 00 [+] 00 [+ N0 6
0!.'0 st'eE ot 19°0- €0l 91 Q0 o0 00 ‘Q N0 1S

4 ﬂn‘--m--—-uu——‘n-a——-—-—-—-—uu-l—m-nm--nuu—nm——--—-.-l-l

‘4410 IMYN NN ] DS
1

vy xN] 4110
CETR Wil 03s 1§ 4

25140 Wil

T wiowd widas

¥3080 114
01 30vd 13000 HISYH 3HL DL (SHIOVHD HIY BO04) S1INSIY 1531 dVIN SLB)-CL6} DNILLLA



240

»
95°0- =0SNM.DSIO Tr'0 «0SNWs31410 6§°'0- «3510.4410Q NO1AYI3880D 809 "a's
¢ 8c'y NYIN
90 I tT'tr ZE'0 104 €nod 1 . [+] "t 1
ot 0 | S . % £ o080 850 240 1T 1 €8°¢C ‘0 i "o sr 1
,,,,,, TE'Q ] JEOZ PSO890  TWIE | §9°ZF 90 0%} WS |
L£°0 I rs 8 SL°0 s SHO 69 1 '8 ‘o s Swd ¢ I
8E°0 1 36 [ M +] L 710 66 1 889l 1 sl 10 09 |
860 L. j4E) EO 00 . g ws | 90§ oy ewes |
LEOQ 1 88°'9 ZL'0 L 108} 10 09 1 'S ‘0 [ 13 ] 110 88 1
SE'D 1 Z8'sl 09 0 [ M1 €40 ®C 1 e ] 60 cwd £9 1
VPO [ SEEI  £LO 880  ESOCE | EZEy ZEQ . (O} . ENO €Oy }.
SE'0 1 s%°0%) t9'0 09 Ty is 1 SE'EY "0 260 £50 ¢8 1
oL'o 1 oT'C) [ 1 9% 0- €ad ¢ T €38 "0 68°0 ¥AD 60 3
¥9°0_F WOM4 ZE'h  ERO- €006 [ 8BS 090 €8O . €40 0T [
[ {0+ ] I 95'0) 990 rL'0 150 18 T oL's ) ie 0 sAD O 1
A +] I €r0O} LT v 0~ 140 92 T &iv's 0 3L°0 100 18 I
d43ISIE [ OS N NON] 4410 INYN WN 1 OS5 Mm XONT 43J1Q INYN N 1
INIOd I it13 asiao L EFR] W3Ll 03S I 114 510 wail W3Ll O3S 1 114 5140 witt w3itl 93
843080 113 ¥3IOH0 ALNDE441d 83080 1¥i8as
b 30V JI00N HOSYH 3HL OL {SHIOYED HLP ¥OJ) -S1INSIV 1531 4VIN 8i8)-CL8) DNILLIY



FITTING 1973-197T9 MEAP TJESY RESULTS (FOR 47H GRADERS) TO THE RASCH MODEL
ITEM 2 SQUARE (v) VERSUS PROB{RIGHTY)IX)

PROBI{RIGHY)
__PLOT SYMEOL * SEQ NUMBER
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i 45 LT ) 57 96 (] 2993 " i 609648 1820935 1
1 4842 4651 8647 396 4654 83 93197780 2 972933 1
r 99 SEA) O 47998284 29 49 B142 49635660 200248 84471701007807 I
I #3 896 793 g 3197 [ 8162260 O 3123 590804 183820 10648576 |
0.01 49 g2 78 @81 3580 9019 2028 8204599929065094646197496306 9345 404 |1
1 1

PAGE 12

T#e



PLOT SYMBOL = SEQ NUMBER

FITVING 1973-1970 MEAP TEST RESULTS (FOR 4TH GRADERS) YO THE RASCH MODEL PAGE 13
FIT MEAN SQUARE (Y} VERSUS DIFFICULTY (X)
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FITTING 1973- 1970 MEAP TEST RESULTS {FOR 4TH GRADERS) TO THE RASCH MODEL PAGE 14
FIT MEAN SQUARE (Y) VERSUS OISCRIMINATION {X)
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FITTING 1973-1979 MEAP TEST RESULTS (FOR 4TH GRADERS) YO THE RASCH MODEL

OISCRIMINATION (¥) VS DIFFICULTY (X}

PAGE 18
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APPENDIX G
SPSS CONTROL SET EXAMPLE FOR TRANSFORMING SCORES ON MEAP OBJECTIVES IN
SAMPLE OF 5,000 DATA

WHEN ITEMS THAT DO NOT FIT THE RASCH MODEL ARE RESCORED

245



SPSS BATCH SYSTEM 08-31-81 PAGE 1
SP5S FOR 05/360, VERSION H, RELEASE 8.1, AUGUST 15, 1980

CURRENT DOCUMENTATION FOR THE SPSS BATCH SYSTEM

ORDER FROM MCGRAW-HILL: SP5S. 2ND ED. (PRINCIPAL TEXT) ORDER FROM SPSS ENC.: SPSS STATISTICAL ALGORITHMS
SPSS PRIMER (BRIEF INTRO YO SPSS) SPSS POCKET GUIDE, RELEASE 6
SPSS UPDATE (USE W/SPSS,2ND FOR REL. 7 & B) KEVWORDS: THE SPSS INC. NEWSLETTER
DEFAULT SPACE ALLOCATION.. ALLOWS FOR.. 102 TRANSFORMATIONS
WORKSPACE 71680 BYTES 409 RECODE VALUES ¢ LAG VARIABLES
TRANSPACE 10240 BYTES 1641 I1F/COMPUTE CPERATIONS
1 EDIT ,
2 RUN NAME RESCORING 1973 THROUGH 1978 4TH GRADE ‘NO-FIF ITEMS‘
3 COMMENT
4 FILE NAME RESCORE
S COMMENT
6 COMMENT
7 COMMENT DATA FOR THESE RUNS (1.E., 14 RUNS}: RSAMPLE1-RSAMPLE 14
8 COMMENT
9 VARIABLE LIST RECTYPE,GRADE.SEX.AGEYRS, AGEMOS,
10 NUMPASS  NUMTRIED, TOTQUEST .
i 0BSCORQ1 TO OBSCORZ23,0B5TATO! TO OBSTAT23,
12 OA1 TO QAS.081 YO 0BS,0CI TO OC5.Q01 T0 ODS,
12 QE! TO QES.QFY TO OFS.0G! TO OGS,0Ht TD OMS,
14 Q11 TO QI5.QuU1 T0 QUS.0KI TO OKS.QLY TO QLS.
15 OM1 TO OM5.ONY TO ONS.COY TO Q05.0Pt 10 OFS,
1 Q01 TO QO5.QR1 TO ORS.QS1 TO Q55.0T4 TC oS,
17 QU1 TO QUS,QVY TO QVS.OW1 TO QWS
18 COMMENT
19 INPUT MEDIUM  DISK
20 N OF CASES UNKNOWN
21 COMMENT
22 INPUT FORMAT  FIXED (9X,F2.0.1%,F2.0,1X,F1.0.1X,F2.0,1X,F2.0,
23 1%X.F2.0.1X.F2 0,1X,F3.0, 1X,23F1.0, 1X,23F 1.0/
24 1X,561.0, 1X,5F1.0.1X.5F 1.0, 1X,5F 1.0,
25 1X,5F 1.0, 1X,5F1.0, 9%, 5F1 .0, 1X,.5F 1.0,
26 1%.5F1.0,1X 5F1.0, X, 5F 1.0, 1X,5F ¢ .0/
27 1X.5F1.0,1X,.5F 1.0, 1X,5F 1.0, 1X.5F1.0,
28 12,510, 1X.5F1.0. tx.5F 1.0, 1X,SF 1.0,
29 X,5F 1.0, 1X,5F1.0, 1x,5F 1.Q)
30 COMMENY

ACCORDING 70 YDUR INPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS
VARIABLE FORMAT RECORD COLUMNS

RECYYPE £F2.0 1 2- 3

9%z



RESCORING 1973 THROUGH 1979 4TH GRADE "NO-FIT ITEMS® O8-31-81 PAGE 2

ACCORDING TO YOUR INPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS

VARIABLE FONMAT RECORD COLUMNS

GRADE F2.0 ] 5- &
SEX F1. 0 ] 8- B
AGEYRS F2.0 ] 10+ 11
AGEMOS F2.0 ] 13- 14
NUMPASS F 2. 0 [} 16- 11
NUMTRIEDO F 2. © t 19- 20
TOTQUEST F 3. O 1 22- 24
0BSCOROY F 1. © t 26~ 26
OBSCOROZ F t. O t 27- 27
085COR0O3 F 1. O \ 8- 28
OBSCORO4 F 1. O 1 29- 29
OBSCOROS F 1. O 1 30- 30
DBSCOROE F 1. O | - N
OBSCORO? F 1. O [} 32- 32
DBSCOROA F 1. O 1 33- 33
0BSCOROS F 1. © [} 34- 24
08SCORIO F +. O 1 35- 2%
0BSCORYY F 1. © [} 36- 36
_OBSCOR12 F 1. © 1 ar- a7
0BSCORId F t. O ] 38- 38
0BSCOR14 F 1. © ] 39- 39
O0BSCOR1IS F 1. © 1 40- 40
OBSCOR16 F 1. O ] 41- 4
0BSCORY7? F 1. O 1 4z~ 42
OBSCOR{A F t. O 1 43- 43
08SCOR19 F 1. © 1 44- 4a
0BSCOR20 F 1. © 1 as- 45
0BSCOR2Y ¢ 1. © 1 46- 46
0BSCOR22 F 1. © ] 47~ a7
0BSCOR23 F 1. O ] 48- 48
OBSTATO! F 1. © 1 50- SO0
OBSTATO2 F 1. O 1 st- 51
OBSTATO3 F 1. O ' 52~ 52
OBSTATO4 F 1. O [} 53- 53
OBSTATOS F t. © ] 54- 54
OBSTATOE F 1. O 1 §5- 55
DBSTATOT F 1. © 1 56- 56
oBstatos F 1. © i 57- 57
0BSTATOS F 1. O 1 53~ 58
OBSTATIO F 1. C 1 59- 59
OBSTATI1 F 1. O 1 60- 60
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RESCORING

1973 THROUGH 1979 4TH GRADE

‘NO-FIT ITEMS®

as-31-89¢

ACCORDING TG YOUR INPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS

VARIABLE

OBSTAT 12
OBSTATI]
OBSTAT 14
0BSTATIS
O0BSTATIG
0BSTATY7
OBSTATIS
OBSTATIS
O8STATI0
0BSTAT2¢
OASTAT22
0BSTAT23
oAl
QA2
Qa3
LTV
QA%
Qai

FORMAT RECORD

AN TM AR A AAT T T TN AT MTAAMNMANNMNATNANTNIANANMAATNTEIAATN
- ek L e e W Mh S e mm Ak b A e A A T UD A S ek mh wh ab mb mh wh ok ke m S W e e e e e

[-R-R-N-N-E-J-N-N-F-R-y-N-R-R-Y-R-F-f-J-R-NoJ.B+X-NaRaNNoR.N-Y-F-X-R-R-F ¥ -N-F-¥-]
RIS R RS RS A AIID A R A3 AR 3 R AP B R AT R MDA B3 R A B3 R B it kot ot b b ik bt o e

COLUMNS
61- &1
62- 62
€3- 63
64- 64
€5- &5
66- ©6
€7- &7
68- &8
69- 69
10- 170
- 7Y
12- 72
2- 2
- 2
- 4
5- 5
- &
a- @
9- 9
10- 10
- 11
12- 12
14- 14
15- 15
16- 16
17- 17
18- 18
20- 20
21- 1
22- 22
23- 1
24- 24
26- 26
21- 27
28- 28
29- 29
30- 20
32- 32
23- 13
34- 24
a5- 25

PAGE
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RESCORING

1973 THROUGH 1979 4TH GRADE 'NO-FIT JTEMS®

08-31-81

ACCORDING TO YOQUR INPUT FORMAT, VARIABLES ARE 10O BE READ AS FOLLDWS

VARIABLE

FORMAT RECDRD

MMM AN RN AN AT AN ARAATRTARNANATNIANNAN AN RN AR

b b ks e ey M W AR N Ak A b ok M v e me Bh ik mh b mh e WL b ma WP M mR M AN b b b k= w

[=R-R-g-X-R-X-N-R-F-¥-JN-R-¥-J-N-R-N-J-N-X-J-R.N-R.N-F-N-N-J-R-N-N-F-N-N.N-N.-N-N-§.]

W Wl b W W WA RN AR R R AR R AR R R R AR A R AR AR R R A AR AN AN

COLUMNS
36- 36
3s- 30
39- 39
40- 40
a“u- a
4a2- 42
- 44
45- 45
46- 46
47- 47
4a8- 48
50- S0
%51- 59
52- S2
53- 53
S54- 54
56- 56
57- 57
sa- 58
59- 59
60- &0
62- €2
63- 63
64- 64
65- 65
66- 66
€8- €8
€9- 69
70- 10
- T
72- T2
2- 2
- 3
4- 4
8- 5
6- &
- &
9- 9
10- 10
- 11
12- 12

PAGE

4

6%¢



RESCORING

1873 THROUGH

1979 4TH GRADE

*‘NO-FIT 1TEMS®

08-31-81

ACCOROING 7O YOUR INPUT FORMAY, VARIABLES ARE TD BE READ AS FOLLOWS

VARIABLE

001
Q02
Q03
Q04

005

oP1
QP2
QP
apd
ors
Qo1
QG2
003
0od
905
QR Y
oR2
QR3
QR4
RS
051
Qs2

0s3

as4
Q55
(18]
Q12
ar3
Q14
ors
QU1
Qu2
[+ Tx]
Qu4

Qs

avi
ov2
vl
ove
ovs
Qv

MMM AT ANTANNTARAARAARTAAANATRMAANAANT AN ANAANARAAR TN

- A ER Ak AR uh o ek b ek ek mk vk ok ms e kP T EE N R NNk RS S Ak b eh oA b b b b e em

FORMAT

CO000QOO0O00000000000000000QOCOIVODOD00000D00

RECORD

W W W WL W WL W LWL W W W Wi bW W W DWW WO W WYY W WD

COLUMNS
14- 18
15- 15
16- 16
17- a7
18- 18
20- 20
21~ 21
13- 22
23- 23
24- 24
26- 26
27- 27
28- 28
29- 129
30- 30
32- 32
13- 2
34- 24
35- 35
26- 36
8- 38
39- 139
40- 40
a1 4
4z2- 42
- 4
4%5- 45
46- 48
a7- 47
4B- 48
50- 50
$1- 54
52- 52
53- 53
s4- sS4
§6- 56
s7- 57
s8- 58
s9- 53
60- 60
62- 62

.

PAGE
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RESCORING 1973 THROUGH 1979 4TH GRADE *NO-FIT ITEMS® 0B-31-81 PAGE

ACCORDING TD YOUR INPUT FORMAT, VARIABLES ARE D BE READ AS FOLLOWS

VARIABLE FORMAT  RECORD  COLUMNS

- . F1.0 3 63- 63
owy Ft1.0 3 G4- 64
Qwd Ft1.0 a €5- €5
QWS Fi1. 0 3 66- €6

THE INPUT FORMAT PROVIDES FOR 169 VARIABLES. 169 WILL BE€ READ
17 PROVIDES FOR 3 RECORDS ('CARDS‘) PER CASE. A MAXIMUM OF 72 ‘COLUMNS® ARE USED ON A RECORD.

31 ALLOCATE TRANSPACE = 30000
SPECIFIED SPACE ALLOCATION.. 'ALLOWS FOR.. 200 TRANSFORMATIONS
WORKSPACE 51920 BYTES 1200 RECODE VALUES + LAG VARIABLES
TRANSPACE 30000 BYTES 4800 [F/COMPUTE GPERATIONS

32 COMPUTE COUNT =0

33 COMPUTE _ CA1=0

34 COMPUTE CAer0

35 COMPUTE CB2+0

36 COMPUTE CB3=0

37 COMPUTE CB4=0

38 COMPUTE CE220

39 COMPUTE CF1s0

40 COMPUTE CFé=0

41 COMPUTE CFS=0

42 COMPUTE . €G30

43 COMPUTE CH2*0

44 COMPUTE CH4«0

45 COMPUTE Cl4=0

46 COMPUTE CK4+0

47 COMPUTE cPi=0

48 COMPUTE cQ1=0

49 COMPUTE CR2+0D

50 COMPUTE CT1=0 .

51 COMPUTE cr3=a

52 COMPUTE CwW3:0

53 COMPUTE Cwa=0

5& COMPUTE SCOREQA=0

55 COMPUTE SCOREQB*0

56 COMPUTE SCOREQE=D

57 COMPUTE SCOREQF =0

58 COMPUTE SCOREQG=0

58 COMPUTE SCOREQH=0

60 COMPUTE SCOREQL -0

61 COMPUTE SCOREQK =0

€2 COMPUTE SCOREQP=0

63 COMPUTE SCOREQQ=0

64 COMPUTE SCOREQR=0
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RESCORING

1973 THROUGH 1979 4TH GRADE

&%
66
67
68
69
70
7%
72
73
74
75
76
17
18
79
8O
1]
82
83
84
[ 1]
[
ei
1]
89
90
91
g2
93
94
95
86
97
-1 ]
99
100
101
102
103
104
105
106
197
108
109
1o
it
112
113
114
118
116
"

COMPUTE

COMPUTE ~

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE

‘NO-FIT ITEMS’

SCOREQT 0
SCOREQW=0
08STATA2Q
OBSTATE*0
OBSTATE=Q
OBSTATF=Q
0ASTATG=0
O2STATH=0
OBSTATI=O
UBSTATKe0

' DBSTATPeO

0BSTATQ=0
085TATR=0
08STATT=0
0BSTATW=0
NEWPASS=Q

toat
(Qat
Qa1

(Qad
(Qad
{oB2
{082
{082
(083
(83
(o83
{oB4
(QB4
{QB4

- (QE2

(OE2
{0F2
(OF1
(aF1
(QF ¢
{oF4
{QF4
(QF4
iors
{OFS
{QFs
{062
{0G3
(0GI
(oH2
(OH2
{QH2
{oHa
(OHa
(QH4
Q14

€Q O}
€0 0}

CA1=CA1+Y
COUNT *COUNT S §
QA=
CA4=CA4s i
COUNT =COUNT+ {
- TYR)]
CB2-CB2+1
COUNT =COUNT+ ¢
082=1
CBJ+CBA+ 1
COUNT «COUNT+ 1
QB3= 1
CB4=CB4+
COUNY =COUNT + {
oB4=1
CE2=CE2+ 1
COUNT=COUNT +1
QE2+1

CF1=CF 1+
COUNT =COUNT+ |
QF1=1
CF4=CFas )
COUNT =COUNT* 1
QF 41
CF5+CF541
COUNT=COUNT+ 1
QF5= 1
CGI=CGI* 1
COUNT «COUNT+ ¢
0G3=1
CH2:CHZ4 {
COUNT =COUNT+{
QH2=1
CHA=CHA+ ¢
COUNT »COUNT + 1
QHazt
Cla=Cla+

o8-J1-at

PAGE
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RESCORING

1973 THROUGH 1979 4TH GRADE ‘NO-FIT I1TEMS’

"e
118
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

140 1

1414
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
(11
162
163
i64
165
166
167
168
169
170

1F
i¥
iF
i
I
IF
iF

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
IF

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
1F

COMPUTE
COMPUTE
COMPUTE
COMPUTE

COMPUTE

114
COMPUTE
COMPUTE

COMPUTE

COMPUTE
COMPUTE
iF

COMPUTE
COMPUTE
COMPUTE

(Q14 EQ O) COUNT=COUNTS |
{014 EQ O) Qla=y

(K4 EQ O) CKA=CKd+1
(Ox4d €Q O) COUNTCOUNT+1
(Ok4 EQ 0) Qxa=1t

(OP1 EQ Q) CPi~CPis1
(OP1 EQ D) COUNT»COUNTS1
{0P1 EQ O) oP1=1

{QQ1 EQ O) CQI+CQI+t
{001 EQ O) COUNT=COUNTs¢
10G1 £Q 0) QQt=1

(QR2 €£Q O) CR2=CRZ¢1
(OR2 €Q O) COUNT=COUNT+1
(0R2 €Q O) QR2=1

(QT1 EQ O) CTI=CTH+t
(QT1 EQ O) COUNTSCOUNT+1
(QTt £Q ol QT1=1

(QT3 EQ O) CTI=CTI+
(QT3 EQ O) COUNT=COUNT+1
{013 EQ 0) Q3=

(QWd EQ O) CwWi=Cwi+i
(QW3 EQ O) COUNT=COUNT+1
{QW2 £EQ O) Owd=1

{OW4 EQ O) CWa=CWa+1
{OW4 EQ O) COUNT=COUNT Y
{ow4 EQ 0O) Qwart
SCOREQASCOREQA+QA 1
SCOREQA*SCOREQA+QA2
SCOREQA=SCOREQA+QAD
SCOREQA=SCOREQA+ Qa4
SCOREQA=SCOREQA+QAS
(SCOREQA GE 4) DBSTATA«1
SCOREQB=SCOREQB+NG 1
SCOREQR=SCOREOR + 082
SCOREOB=SCOREQB+NBI
SCOREQE+SCOREQR+084
SCOREOB:=SCOREQB+QBS
{SCOREDB GE 4) DASTATB=1
SCOREQE *SCOREQE+QE 1
SCOREQE =SCOREQE +QF 2
SCOREQE ~SCOREQE +QE 3
SCOREQE =SCOREQE+QE4
SCOREQE «SCOREQE +QES
{SCOREQE GE 4) OBSTATE=1
SCOREQF =SCOREQF +QF 1
SCOREQF =SCOREQF 3QF 2
SCOREQF *SCOREQF +QF 3
SCOREQF «SCOREQF +QF 4
SCOREQF »SCOREQF *OF 5 )
(SCOREQF GE 4) OBSTATF=i
SCOREQG~SCOREQG+QG1
SCOREQG=SCOREQG+0QG2
SCOREGG=SCOREQG*QG)

08-31-81

PAGE

£6T



RESCORING 1873 THROUGH 1978 4TH GRADE *NO-FIT ITEMS’ 08-31-81 PAGE

171
112
173
74
(kL3
176
177
178
179
180
181
182
183
184
183

COMPUTE
COMPUTE
¥

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
1f

COMPUTE
COMPUTE
COMPUTE
COMPUTE

COMPUTE

IF
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
IF

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
1F

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COoMPUTE
IF

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
IF

COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
1F

COMPUTE

COMPUTE

COMPUTE
COMPUTE
COMPUTE
IF

COMPUTE
COMPUTE

SCOREQG=SCOREQG+QGL
SCOREQG=S5COREQG*QGS
(SCOREQG GE 4) OBSVATG=1
SCOREQH* SCOREQHQH 1
SCOREQH=SCOREQHQHZ
SCOREQH«SCOREQH+QHI
SCOREQH=SCOREQH OH4
SCOREQH= SCOREQH*QHS
{SCOREQH GE 4) OBSTATH=1
SCOREQI=SCOREQI*Q) 1
SCOREQT=SCOREQI*QL2
SCOREQI=SCOREQI+OII

. SCOREQI=5COREQI+Ql4

SCOREQIsSCOREQI+QIS :
(SCOREQI GE 4) OBSTAT[=1
SCOREQK»SCOREOK+ 0K |
SCOREOQK =SCORE QM+ OK2
SCOREQK = SCOREQK +QK3
SCOREQK=SCOREQK +QK4
SCOREQK =SCORE QK +0KS
(SCOREQK GE 4) OBSTATK=t
SCOREQP=SCOREQP+QP Y
SCOREQP =SCOREQP+OP2
SCOREQP=SCOREQP4QP]
SCOREQP *SCOREQR+QP4
SCOREQP =SCOREQP+OPS
(SCOREQP G 4) DBSTATPs1
SCOREQO=SCOREQQ4CQY
SCOREOQQ=5COREQQ+QQ2
SCOREQQ*SCOREQNQ+00QI
SCOREQQ=SCUREQQ+GQ4
SCOREQQ=SCOREQQ+*CQS
{SCOREQQ GE 4) OBSTATQ=1
SCOREQR+SCOREQR+QR 1
SCOREQR+*SCOREQR+QR2
SCOREQR=SCOREQR+QRI
SCOREQR=5COREQR +QR4
SCOREQR»SCOREQR+QRS
(SCOREQR GE 4) OBSTATR=1
SCOREQT=SCOREQT+QT1
SCOREQT=SCOREQT+QT2
SCOREQT=SCOREQT4QTI
SCOREQT=SCOREQT+OT 4
SCOREQT =SCOREQT +QTS
(SCOREQT GE 4) 08STATT»1
SCOREQW=SCOREQW+ QW ¢
SCOREQW=SCOREQW+ QW2
SCOREQW=SCOREQW+QWI
SCOREQW=5COREQW+ OWa
SCOREUW=SCOREQN+OWS
{SCOREQW GE 4) OBSTATWs{
NEWPASS=NEWPASS4OBSTATA
NEWPASS=NEWPASSSOBSTATE
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224 COMPUTE NEWPASS =NEWPASSOBSTATOD
225 COMPUTE NEWPASS=NEWPASS+«OBSTATOA
226 COMPUTE NEWPASSSNEWPASS+OBSTATE
227 COMPUTE NEWPASS=NEWPASSSDBSTATF '
228 COMPUTE NEWPASS*NEWPASS +ORSTATG
229 COMPUTE NEWPASSaNEWPASS+ORSTATH

230 COMPUTE NEWPASS*NEMPASS+GRSTAT]
231 COMPUTE "\ NEWPASS*NEWPASS+OBSTATIO
232 COMPUTE NEWPASS=NEWPASS+OBSTATK
233 COMPUTE NEWPASSeNEWPASS+OBSTATI2
234 COMPUTE NEWPASS«NEWPASS+DESTATII
233 COMPUTE NEWPASS=NEWPASS4ORSTAT 14

236 COMPUTE  NEWPASSeNEWPASSHDBSTAT1S
237 COMPUTE NEWPASS *NEWPASS+OBSTATP
238 COMPUTE NEWPASS*NEWPASS+OBSTATO
239 COMPUTE ~ NEWPASS*NEWPASS+DBSTATR ¢
240 COMPUTE NEWPASSeNEWPASS+DBSTATIO -
241 COMPUTE NEWPASS=NEWPASS+OBSTATY
242 COMPUTE NEWPASS=NEWPASS+OBSTATZ
243 COMPUTE NEWPASS*NEWPASS40BSTAT22
244 COMPUTE HEWPASS*NEWPASSSOBSTATY
245 COMMENT ) B ) ) )
246 WRITE CASES 11X, F2.0,1%.F2.0, 1X,F1.0,1X,F2.0, ix.F2.0,
247 1X,F2.0,1%.F2.0, 1X F3.0, 1%, 23F 1.0, 1X_ 23F1.0/
248 3 ) 1X.5F1.0, IX,5F1 .0, 91X 5F1.0,1X,5F1.0,
249 1X,5F1.0,9X,5F9.0, X 5F1.0.9X ,S5F1 .0,
2%0 IX,5F4.0, 41X ,5F1.0, 1X,5F1.0,1X,5F1.0/
251 1X,5F 1.0, 1%, 5F1.0,1X,5F 1.0, 1X,5F 1.0,
253 1%, 5Fi.0,1X,5F1.0, 1% 5F1.0, IX ,5F1.0,
253 1%,5F1.0,1X,5F1.0, 1X,5F 1,0, £X.Fd4.0/
254 2tF3.0,1x F2.0)
255 RECTYPE .GRADE , SEX ,AGEYRS , AGEMOS ,
256 NUMPASS ,NUMTRIED, TOTQUEST,
257 DBSCOROY TO OBSCOR23,0BSTAYC! TO CBSTAT2Y,
258 QA1 TO QAS,.0B1 70 OBS,0Ct TOD QCS5.G01 10 0DS,
259 QE) TO QES,QF Y TO QF5.QGY 10 QG5,0H1 1O OHS,
260 ) Q11 TO QI5.GUI TO QJS.0KY 10 GX5,.0L1 TO QLS.
261 QM1 TO QMS5,QNt TO ONS,Q0t TO Q0%.QP1 1O OPS,
262 0Q1 TO Q05.0R1 TO QN5 0St TD QSS.QTY 1O QTS,
263 OUt TO QUS,QVY TO QVS5,0W1 TO OvS
264 ’ COUNY ,CA1,CA4,CB2.CB3,CB4,CEZ.CFI1, CF4. CFY,CRD, oo
265 CHZ ,CH4 ,CI4,CKd ,CP1,CQ1,CR2,CT1,CT3,CWI, Cua ,NEWPASS
266 CDMMENT

TRANSPACE REQUIRED . . 21300 BYTES

213 TRANSFORMATIONS o
O RECODE VALUES + LAG VARIABLES
T84 1F/COMPUTE OPERATIONS

267 T-TEST . PATRS=NEWPASS WITH NUMPASS
268 OPTIONS 2
269 COMMENT

seets T-TEST PROBLEM REQUIRES 56 BYTES OF WORKSPACE *****
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270 READ INPUT DATA
271 FINISH

NORMAL END OF JO8.

271 CONTROL CARDS WERE PROCESSED.
O ERRORS WERE DEJECTED.

‘NO-F1T 1TEMS’

OB8-31-81

PAGE

"
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APPENDIX H
LOG OF COMPUTER RUNS USING BICAL TO PROCESS
FOURTEEN RANDOM SAMPLES TAKEN FROM

SAMPLE OF 5,000 DATA

257



LOG ON AT 20:05:10 ON 08-31-81
MFILES
FOURTHTJ MODELTTH RUNSAM  SAMPLE SEVENTI SEVEN74 SEVEN?S SEVENYe
#LIST RUN SAM
>"RUN®" DOES NOT EXIST.
>Enter replacemant or "CANCEL®.
TCANCEL
#LEST RUNSAM

> GET -OUT
GET -NEWSAM
EMPTY -OUTY

L EMPTY -NEWSAM L
RUN *SPSS S+CONTROL 6=-0UT 8+-SAMPLE 9=-NEWSAM
LIST -OUT(LAST-5)
RUN *FS Q=T+

YyVvVYVvVvVvyy
NN LN -

# END OF FILE
SEDIT RUNSAM
:MOVE 3 3 1 ) L
: C 1.5 EMPTY -OUT T
:RENUMBER
H N B S
GET -OuT’
EMPTY -OUT
. GET -NEWSAM
EMPTY -NEWSAM
RUN *SPS5S S=CONTROL €=-DUT Bs-SAMPLE Se-NEWSAM
. _LIST -OUT(LAST-S)
: RUN *FS O=*T+
:A 5 ;CONTROL; -CONTROL ;
: §  RUN *SPSS S=-CONTROL 6=-DUT B=-SAMPLE 9=-NEWSAM
18
7EMPTY -CONTROL
TEMPTY -SAMPLE

wAORNELD N -

?
1 REFAMBER
P 1oL o
: GET -ouT ’ '
EMPTY -DUT
GEY -NEWSAM
" EMPTY -NEWSAM
RUN *SPSS S=-CONTROL 6=-0UT B=-SAMPLE 9=-NEWSAM
EMPTY -CONTROL
EMPTY -SAMPLE
LIST -DUT(LAST-S)
RUN *FS O=*T*

OB NARADN -

1 STOP
#MOUNT 0620 9TP *T* VOL+=00062C RING=IN "MEAPTI74’

# 0620 9TP °*T* VOL=000620 RING=IN ‘MEAP7374°

# *T* (D620): Mounted on TACT

¥RUN *FS O=eTe

¥EXECUTION BEGINS 20:10:38

*RESTORE RSAMPLE! -SAM1

= FILE 23 "RSAMPLEI(1)" HAS BEEN QUEUED FOR RESTORAYION
*RESTORE RSAMPLED -SAM2

= FILE 24 "RSAMPLEJ( 1}~ HAS BEEN QUEUED FOR RESTORATION
=RESTORE RSAMPLES -SAMS

= FILE 25 "RSAMPLES(1)" HAS BEEN QUEUED FOR RESTORATION
=RESTORE RSAMPLE7 -SAMT

= FILE 26 "RSAMPLET7(1)® HAS BEEN QUEUED FUR RESTORATION
=RESTORE RSAMPLED -~SAMS

SEVENT?

SEVENTE

SEVENTZ

BST



® FILE 27 "RSANPLES{1)* HAS BEEN QUEUED FOR RESTORATION

=RESTORE RSAMPLE 11 -SAM11

e FILE 28 “RSAMPLE1t(1)* HAS BEEN QUEUED FOR RESTORATION
=RESTORE RSAMPLE 13 -SAM13

= FILE 29 "RSAMPLE13(1)" HAS BEEN QUEUED FOR RESTORATION
*RESTORE RSAMPLEZ -SAM2

= FILE 30 "RSAMPLE2{1)" HAS BEEN QUEUED FOR RESTORATION

“RESTORE RSAMPLE4 -SAM4

e FILE 3% *RSAMPLES( 1)~ HAS BEEN OUEUED FOR RESTYORATION

=RESTORE RSAMPLEG -SAMG

= FILE 32 "RSAMPLEG(1)™ HAS BEEN QUEUED FOR RESTORATION

=RESTORE RSAMPLES -SAMB o ]

= FILE 33 °"RSAMPLEB{1)* HAS BEEN QUEUED FOR RESTORATION

“RESTORE RSAMPLE 10 -SAMIO

= FILE 34 "RSAMPLEYO(1}" HAS BEEN QUEUED FOR RESTORATION
=RESTORE RSAMPLE 12 -S5AM12

= FILE 35 "RSAMPLE12(1)" HAS BEEN QUEUED FOR RESTORATION
=RESTORE RSAMPLE14 -SAM14 o A

" FILE 36 "RSAMPLETA{1)" HAS BEEN QUEUED FOR RESTORATION
=RESTORE (68) -FOURTHTI

#GET -SAMPLE
#READY .

* FILE 68 "RECODE.TJ.4TH.GRADE.NO.FITV.1TEMS(1)" HAS BEEN QUEUED FUR RESTORATION
*RESTORE (69) -FOURTHT4
= FILE 69 "RECODE.T4. 4TH.GRADE .NO.FI1T _1TENMS{1)" HAS BEEN QUEUED FOR RESTORATION
=RESTOGRE (70) -FOURTHTS o
= FILE 70 "RECODE.7S.4TH.GRADE.NO.FiT. ITEMS{4)* HAS BEEN QUEUED FOR RESTORATIDN
*RESTORE (71) -FOURTHTE
= FILE 71 *RECODE.76.4TH.GRADE.NO.FIT.ITEMS{1)® HAS BEEN QUEUED FOR RESTORATION
*RESTORE (72) -FOURTHTI
= FILE 72 "RECODE.77.4TH.GRADE .NO.FIT.ITEMS(1)" HAS BEEN QUEUED FUR REETORAYION
*RESTORE (73) -FOURTHTA )
= FILE 73 “RECODE.78.4TH.GRADE.NO.FIT ITEMS(i)* MAS BEEN QUEUED FOR RESTORATION
»RESTORE (74) ~FOURTHTY
= FILE 74 “RECODE.79.4VH.GRADE.NO.FIT ITEMS(1)* HAS BEEN QUEUED FOR RESTORATION
«STOP
= FILE 23 "RSAMPLE1(1)* ... HAS BEEN RESTORED TO -SAM¢
* FILE 24 "RSAMPLEJ(f)* ... HAS BEEN RESTORED TO -S5AM3
* FILE 25 “"RSAMPLES(1)® ... HAS BEEN RESTORED TO -SAMS
* FILE 26 “RSAMPLE?(1)® ... HAS BEEN RESTORED TO -SAM7
= FILE 27 "RSAMPLES(1)" ... HAS BEEN RESTORED TD -SAM9
= FILE 28 "RSAMPLE11{1)* ... HAS BEEN RESTORED TO -SAM1Y
= FILE 29 "RSAMPLEI3(4)" ... HAS BEEN RESTORED 7O -SAM13
= FILE 30 "RSAMPLE2{1)* ... HAS BEEN RESTORED TO -SAM2
* FILE Ot "RSAMPLE4{1)* ... HAS BEEN RESTORED TO -SAM4
®» FILE 32 "RSAMPLEG{1)" ... HAS BEEN RESTORED TO -SAMG
* FILE 33 "RSAMPLEB(1)" ... HAS BEEN RESTORED TO -SAMB
= FILE 34 "RsampLEYO(1)* ... HAS BEEN RESTORED TO -SAM1O
= FILE 35 "RSAMPLES2(1)* ... HAS BEEN RESTORED ¥0 -SAM12
= FILE 36 "RSAMPLEI4(1)" ... HAS BEEN RESTORED 10 -SAM14
* FILE 68 “RECODE.73.4TH.GRADE .NO FIT.ITEMS{1)¢ ... HAS BEEN RESTORED TO -FOURTH7I
* FILE 69 “RECODE.74.4TH GRADE.NO.FIT. ITEMS(1)* ... HAS BEEN RESTORED TO -FOURTH74
® FILE 70 “RECODE.75.4TH.GRADE .NO.FIT_ITEMS(1)® ... HAS BEEN RESTORED TO -FOURTH?S
= FILE 71 "RECODE.76.4TH GRADE .NO.FIT_ITEMS(1)" ... HAS BEEN RESTORED TO -FOURTHTE
= FILE 72 "RECODE.77.4TH.GRADE.NO . FIT ITEMS{1)" .. HAS BEEN RESTORED TO -FOURTHZ7
* FILE 73 "RECODE .78.4TH.GRADE .NO.FIT ITEMS{1)* . HAS BEEN RESTORED TO -FOURTH?A
® FILE 74 "RECODE.79.4TH . GRADE .NO.FIT.ITEMS{1)* ... HAS BEEN RESTORED TO -FOURTH?9

. #EXECUTION TERMINATED T=17. 605 $2.35
#GET -CONTROL
#READY .
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#COPY -FOURTH73 TG -CONTROL
#COPY -SAM{1 TO -SAMPLE
#SOURCE RUNSAM

» GET -OUT
AREADY

# EMPTY -OUT
#DONE ,

# GET ~NEWSAM
#READY. .
# EMPTY -NEWSAM
#DONE .

# RUN *SPSS S=-CONTROL 6=-OUT 8+-SAMPLE 9=-NEWSAM
FEXECUTION BEGINS 20:26:44

SEXECUTION TERMINATED T=18.378 $3.04
# EMPTY -CONTROL

FDONE .

# ENPTY -SAMPLE

FOONE . o

£ List -DUTILAST-5)

» 532

> %33 . o . .

> 7 534 252 FINISH
> 535 © NORMAL END DF JOB.

> s36 252 CONYROL CARDS WERE PROCESSED.
> 537 " 0 ERRORS WERE DETECTED.

# END OF FILE

# RUN *FS Q=*T¢ o
#EXECUTION BEGINS 20:28:20
= DO YOU WISH TO CONTINUE?...ENTER *V" OR °N*

134

*SAVE -OUT T.5TATS.FOR.73.4TH.GRADE

* FILE "T.STATS.FOR.T3.4TH.GRADE(2)°® ... HAS BEEN SAVED
wSAVE -~NEWSAM RECUDED.73.ITH‘GRIDE.SAIPLE . .
« FILE “RECODED.73.4TH.GRADE .SAMPLE(2)" ... HAS BEEN SAVED
S0P

SEXECUTION TERMINATED T»2.569 $.37
SEMPTY -NEWSAM ’

#DONE .

FRUN *PAGEPR SCARDS=*PGF(20)+-0UT o
THEXECUTION BEGINS  20:32:09 ety
*PRINT® ASSIGNED RECEIPT NUMBER 617291 - .t ’
*PRINT® 617291 HELD o ‘

*PRINT® 617291 RELEASED TO CSCO(SP), 15 PAGES.
#EXECUTION TERMINATED T»0.368 $.60
#COPY -FOURTHT4 TO -CONTROL
FCOPY -SAMI TO -SAMPLE

#SOURCE RUNSAM

¥ GET -0UT
¥READY .

» EMPTY -OUTY
#DONE .

# GET -NEWSAM
#READY

# EMPTY -NEWSAM
#DONE .

# RUN *SP5S5 5=-CONTROL 6+-0UT B--SAMPLE 9+-NEWSAM
#EXECUTION BEGINS 20:33:27

SEXECUTION TERMINATED T=15.85 $2 61

# EMPTY -CDNTROL

#DONE .
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# EMPTY -SAMPLE

#DONE .
# LIST -QUT(LAST-5)

> i1

> 4ar4

> 475 . 195 FINISH

> 476 O NORMAL END OF J0B.

> ar7 195 CONTROL CARDS WERE PROCESSED.
> 478 O ERRORS WERE DETECTED.

# END OF FILE

# RUN *FS Oeefe

#EXECUTION BEGINS  20:24:50

« DO YOU WISH TO CONTINUE?...ENTER “Y* OR "N"
'3

=SAVE -QUT T.STATS.FOR.74.4TH GRADE

® FILE “T.STATS.FOR.74.4TH GRADE(1)™ ... HAS BEEN SAVED
#SAVE ~NEWSAM RECODED.74.4TH.GRADE . SAMPLE

= FILE "RECODED.74.4TH. GRADE .SAMPLE(1)" ... HAS BEEN SAVED
=*STOP

FEXECUTION TERMINATED T»=2.53% $.36

SEMPTY -NEWSAM

#DONE .

#RUN *PAGEPR SCARDS®*PGF(20}+¢-0UT
#EXECUTION BEGINS  20:38:16
*PRINT® ASSIGNED RECELPT NyMBER §i9ias - -l -,
*PRINT® 617295 HELD
*PRINT* 617295 RELEASED TO CSCO(SP), 14 PAGES.
#EXECUTION TERMINATED T=0.326 $.56
#COPY -FOURTH?S TG -CONTROL
#COPY -SAMS TO -SAMPLE
#SOURCE RUNSAN

# GEY -OUT
#READY . )

& EMPTY ~QUT
#DONE .

& GLT -NEWSAM
#READY .

# EMPTY -NEWSAM
#DONE .

‘# RUN SSPSS 5«-CONTROL 6=-0UT 8+-SAMPLE 9=-NEWSAM
#EXECUTION BEGINS  20:40:03

#EXECUTION TERMINATED T=15.308 $2.51
# EMPIY -CONTROL

#DONE .

# EMPEY -SAMPLE

#DONE ’

# LIST -DUT(LAST-5)

> 455

> 456

> 457 17T FINISH
> 458 O NORMAL END OF JOB.

> 459 177 CONTROL CARDS WERE PROCESSED.
> 460 O ERRORS WERE DETECYED.

# END OF FILE

# RUN *F5 Q=T+

#EXECUTION BEGINS 20:4%:35

= DO YOU WISH TD CONTINMUE?. . ENTER "Y* OR °N"

A4

»SAVE -OUT T STATS FOR.75.4TH.GRADE

= FILE "V.STATS.FOR.75.4TH.GRADE(1)® ... HAS BEEN SAVED
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=SAVE -NEWSAM RECODED.7%.4TH.GRADE .SAMPLE

= FILE "RECODED.7S.4TH.GRADE.SAMPLE(1)" ... HAS BEEN SAVED
=STOP )

FEXECUTION TERMINATED T2 501 $.38

FEMPTY -NEWSAM

#DONE .

FRUN *PAGEPR SCARDS=4PGF(20)+-0uT

#EXECUTION BEGINS  20:46:07

*PRINT* ASSIGNED RECEIPT NUMBER &17207

*PRINT* 617297 HELD .
*PRINT* 617297 RELEASED TO CECO(5P), 14 PAGES.
JEXECUTION TERMINATED T=0.312 $.56

#COPY -FOURTH?6 TO -CONTROL

#COPY -SAM7 7O -SAMPLE

#SOURCE RUNSAM

# GET -our
#READY

# EMPTY -OUT
YDONE .

» GET -NEWSAM
#FREADY,

# ENPTY -NEWSAM
#DONE .

# RUN *SPSS 5=-CONTROL 6°-0QUT 8=-SAMPLE 9~-NEWSAM
#EXECUTION BEGINS 20:47:12

SEXECUTION TERMINATED T=15.917 $2.63
# EMPTY -CONTROL

#DONE .

¥ EMPTY -SAMPLE

#DONE . o

# LIST -QUT{LAST-S)

> 4713

> 474 . . R

> 418 ) 185 FINISH
> 476 O NORMAL END OF JOB.

> 4717 195 CONTROL CARDS WERE PROCESSED.
> ire O ERRORS WERE DETECTED.

# END OF FILE

# RUN ‘fS_ QueTe* ) )

FEXECUTION BEGINS  20:48:26

= DO YOU WISH TO CONVINUE?...ENTER "Y" OR *N*"
7Y

‘aSAVE <QUT T_.STATS FOR.76.4TH.GRADE

= FILE "T.STATS.FOR.76.4TH GRADE(1)* ... HAS BEEN SAVED
*SAVE -NEWSAM RECDDED.76.4TH.GRADE . SAMPLE

= FILE "RECOOED.76 .ATH.GRAOE .SAMPLE{1)" ... HAS BEEN SAVED
=SFOP

#EXECUTION TERMINATED T=2.452 $.35

#EMPTY -NEWSAM

#DONE .

#RUN *PAGEPR SCARDS=*PGF(20)+-0UT

#EXECUTIDN BEGINS  20:51:39

*PRINT* ASSIGNED RECEIPT NUMBER 617299 <

*PRINT* 617299 HELD )
*PRINT* §17299 RELEASED TO CSCO(SP), 14 PAGES.

#EXECUTION TERMINATED 7=0.298 $.56

#COPY -FOURTHTI? TO -CONTROL

#COPY -SAMI TO -SAMPLE

#SOURCE RUNSAM

¥ GET -ouT
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SREADY.
# EMPTY -0UT

#DONE.

# GET -NEWSAM

#READY,

¢ EMPTY -NEWSAM
#DONE .

# AUN *SPSS S=-CONTROL G=-0UT 8+-SAMPLE 9+-NEWSAM

SEXECUTION BEGINS 20:52:39

FEXECUTION TERMENATED Te14.603 $2.41
# EMPTY -~CONTROL

SOONE.

# EMPTY -SAMPLE

#DONE .

# LIST -DUT{LAST-5)

> 43%

> 436

> 437 S 159 FINISH
> 438 O NORMAL END OF U0B.

> 439 159 CONTROL CARDS WERE PROCESSED.
> 440 O ERRORS WERE DETECTED.

# END OF FILE

# RUN *FS QeeTe

#FEXECUTION BEGINS  20:51:43 o
= DO YOU WISH TO CONTINUE? .. .ENTER “v* OR
7Y

*SAVE -DUT T.STATS.FOR.77.4TH.GRADE
« FILE *T.STATS. FO#.77.aTH.GRADE( 1) *
=SAVE -NEWSAM RECODED.77.4TH.GRADE . SANPLE
= FILE "RECODED.77.4TH.GRADE.SAMPLE(1)"
=$TOP

SEXECUTION TERMINATED T22.577 3.7
NEMPTY -NEWSAM

#DONE . '

FRUN *PAGEPR SCARDS=*PGF{20)+-0UT
#EXECUTION BEGINS  20:56:58 e
*PRINT* ASSIGNED RECEIPT NUMBER §{730%
Attn ... *PAGEPR Cancelled.

*PRINT* 617305 HELD

*PRINT* §1730% CANCELLED.

SEXECUTION TERMINATED T1:0.076 $.05
#RUN *PAGEPR SCARDS »*PGF(20)+-0UT
#EXECUTION BEGINS  20:59:37

*PRINT® ASSIGNED RECEIPT NUMBER 617306
*PRINT® 617306 HELD o

Attn ... *PAGEPR Cancelied.

*PRINT* §17306 CANCELLED.

FEXECUTION TERMINATED T=0.281 s.08
#COPY -QUT -HLDTBATH

#LIST -HLD7BATH

> 1 15PSS BATCH SYSTEM

> 2

>»ATTN?

#SLIST -HLDTBATH(LAST) . B

> 440 O ERRORS WERE DETECTED.

# END OF FILLE
”
FATTNY

”
#ATTN!

e

. HAS BEEN SAVED

... HAS BEEN SAVED

0oa-3i-01
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SRENAME -HLDTBATH -HLOT74TH
FDONE .

#COPY -FOURTHTE TO -CONTROL
#COPY -5AM11 TO -SAMPLE
SSOURCE RUNSAM

# GET -OUT
#READY .

” EMPTY -OUF
#DONE . L

# GET -NEWSAM
AREADY.

# EMPTY -NEWSAM
#DONE .

# RUN °*SP5S Se-CONTROL 6=-DUT B=-SAMPLE S=-NEWSAM
SEXECUTION BEGINS 21:0%:56

#EXECUTION TERMINATED T»14.309 $2.36
# EMPTY -CONTROL

#DONE.

# EMPTY -SAMPLE

SDONE ,

# LIST -OUT(LAST-S)

» 432

> 433

> 434 ) 156 FINISH
> 435 0 NORMAL END OF JOB.

> 436 156 CONTROL CARDS WERE PROCESSED.
> 437 O ERRORS WERE DETECTED.

# END OF FILE

# RUN *FS O=oTe®

PEXECUTION BEGINS  21:07:05

= DO YOU WISH YO CONTIMUE?.. ENTER *v* DR *N*

1

*SAVE -OUT T.STATS.FOR.78.4TH GRADE )

* FILE "T.STATS.FOR.78.4TH.GRADE(1)}" ... HAS BEEN SAVED

~SAVE -NEWSAMRECOOED.78.4TH. GRADE . SAMPLE

= ¢¢¢ ERROR *¢ FILE *-NEWSAWRECODED.78 4TH GRADE. SAMP® __ IS EMPTY1?7?
= CANCEL THE SAVE?... ENTER Y OR N

7

= CANCEL THE SAVE?... ENTER Y OR N
W

= SAVE CANCELLED...ENTER NEXT COMMAND

w see ATIN

=SAVE -NEWSAM RECODED .78 4TH GRADE . SAMPLE
* FILE "RECODED.78.4TH.GRADE.SAMPLE(1)" ... MAS BEEN SAVED
=sSTOP
FEXECUTION TERMINATED T+2.654 RC=4 $.40
SEMPTY -NEWSAM
'Dm‘! I Lo mie 4 ez deesi e wiziieiizioid rm PN P Y
FRUN SPAGEPR SCARDS=éPGF(20)4-HLDIT4TH
#EXECUTION BEGINS  21:11:37

*PRINT* ASSIGNED RECEIPT NUMBER 617315

*PRINT* 617315 HELD '

*PRINT® 617315 RELEASED TO CSCO(SP), 13 PAGES.
#EXECUTION TERMINATED ¥+0.27 $.53

PRUN *PAGEPR SCARDS=°*PGF({20)+-0U7

SEXECUTION BEGINS  21:13:30

*PRINT® ASSIGNED RECEIPY NUMBER 617316

*PRINT* 617316 HELD

*PRINT* 617316 RELEASED TO CSCO(SP), 13 PAGES.
SEXECUTION TERMINATED T1=0.304 $.53
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#COPY -FOURTHTS TO -CONTROL
#COPY -5AM1] TO ~SAMPLE
#SOURCE RUNSAM

‘& GET -OUT
SREADY,

s EMPTY -OUT
#DONE .

¥ GET -NEWSAM
#READY.

# EMPTY -NEWSAM
#DONE

# RUN *SPSS S5e-CONTROL 6=-DUT 8«-SAMPLE O+-NEWSAM
PEXECUTION BEGINS  21:14:52

FEXECUTION TERMINATED V=14, 254 $2.36
# EMPTY -CONTROL

#DONE .

# EMPTY -SAMPLE

FDONE . L

£ LIST -OUT(LAST-§)

> 426

> 427 o L
> 428 o " 150 FINISH
> 429 ©O NORMAL END OF JOB.

> 430 150 CONTROL CARDS WERE PROCESSED.
> 431 O ERRORS WERE DETECTED.

# ENC OF FILE
# RUN *FS Omere
"#EXECUTION BEGINS ~ 2i:16:05
= DO YOU WISH TO CONTIMUE?. . .ENTER *Y" OR °N"
Y
=SAVE SOUT ¥ S8TATS rFOl 78 4VH ERADE
* FEILE “T.STATS.FOR.T79.4TH GRADE(t)" ... HAS BEEN SAVED
*SAVE -NEWSAM RECODED.78.4TH.GRADE .SAMPLE
* FILE "RECODED.79.4¥H . GRADE.SAMPLE(1)* ... HAS B8EEN SAVED
=StoP
FEXECUYTION TERMINATED Te2.456 $.36
AEMPTY -NEWSAM
#DONE .
#RUN *PAGEPR SCARDS=*PGF(20)+-0uT
#EXECUTION BEGINS  21:19:24
*PRINT® ASSIGNED RECEIPT NUMBER 617318
*PRINT* §17318 HELD
*PRINT* 617318 RELEASED TD CSCO{SP), 13 PAGES.
#EXECUTION TERMINATER T=0.278 %.53
#RUN *PAGEPR SCARDS=°*PGF(20)4-10G
PEXECUTION BEGINS  21:20:03
*PRINT+ ASSIGNED RECEIPT MUMBER 617319
*PRINT® 617319 HELD
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DONE .

#COPY SEVENTI TO -CONTROL
#COPY -SAM? TO -SANPLE
#50URCE RUNSAN

# GET -OUT .
#READY,

¥ EMPTY -0UT
#DONE .

# GET -NEWSAM
#READY .

& EMPTY -NEWSAM
#OONE .

# RUN SSPSS S=-CONTROL G+-OUT $=-SAMPLE 9=-NEWSAM
SEXECUTION BEGINS 21:21:43

PEXECUTION TERMINATED Te1S.411 $2.55
# EMPTY -CONTROL o ‘

#DONE .

# EMPTY -SAMPLE

#DONE .

# LIST -DUT{LAST-%)

> 462

> 463

> 464 184 FINISH

> 463 O NORMAL END OF JOB. S

> 466 184 CONTROL CARDS WERE PROCESSED.
> 467 O ERRORS WERE DETECTED.

% END OF FILE

# RUN FS Dwste

SEXECUTTON BEGINS  21:22:56

= DO YOU WISH TO CONTIMUE?...ENTER "Y" DR “N"

v

«SAVE -OQUY T.STATS.FOR.73. TTH. GRADE

= FILE *T.STATS.FOR.73.7TH.GRADE{2)" ... HAS BEEN SAVED
*SAVE -NEWSAM RECODED.T3J.7TH.GRADE.SAMPLE

= FILE "RECODED.73.7VH.GRADE.SAMPLE(2)" ... HAS BEEN SAVED
=STOP

#EXECUTION TEAMINATED 7.3 .%4 $.57

SENPTY -NEWSAM

#DONE .

#RUN SPAGEPR SCARDSPGE(20)+-0ut

#EXECUTION BEGINS  29:26:20

*PRINT* ASSIGNED RECEIPT NUMBER 617321

*PRINTS 617321 HELD

*PRINT® 617321 RELEASED TO cscotsol. 14 PAGES.
FEXECUTION TERMINATED T=0.32 $.56

#COPY SEVENT4 TO -CONTROL

#COPY -SAMA TO -SAMPLE

#SDURCE RUNSAM

‘# GET -DUT
AREADY .

# ENPTY -0UT
#DONE .

# GET -NEWSAM
#READY. )
2 EMPTY -NEWSAM
#DONE .

#F RUN *SPSS Se»-CONTROL €=-0UT 8a-SAMPLE 9+-NEWSAM
#EXECUTION BEGINS  21:27:20

#EXECUTION TERMINATED T=15.67 $2.60

# EMPTY -CONTROL
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#DONE .
& EMPTY ~SAMPLE

,DONE' . " PR - . - . S isias B
# LIST -DUT(LAST-8)

480

‘.‘ - . [T wemr e Biw k- o- -

482 202 FiNISH

an) O  NORMAL END OF 08.

484 202 CONTROL CARDS WERE PROCESSED.

" 488 O ERKROAS WERE DETECTED.

YV VVVYY

# END OF FILE
# AUN °FS OseTe

FEXECUTION BEGINS 21:28:21

= DO YOU WISH TO CONTINUE?...ENTER *Y" OR °N®

Y
sSAVE -OUT 1.STATS.FOR.74.7TH GRADE

= FILE "T_SFATS_FOR.T4.TVH.GRADE(1)* ... HAS BEEN SAVED

*SAVE -NEWSAM RECODED.74.7TH.GRADE .SAMPLE L
= FiLE "RECODED.74.7TH,GRADE.SAMPLE(1)" ... HAS BEEN SaviD

«ST0P

_WEXECUTION TERMINATED Ye2.%09  §$.36

#EMPTY -NEWSAM

#DONE .

#RUN *PAGEPR SCARDS=*PGF(20)+-0UT

#EXECUTION BEGINS  24:31:50

*PRINT* ASSIGNED RECEIPT MUMBER 817328

*PRINT® 617326 HELD =~ ‘ .
*PRINT* 617326 RELEASED TO CSCO(SP), 14 PAGES.
FEXECUTION TERMINATED T«0.2301 $.56

#COPY SEVENTS TO -CONTROL

#COPY -SAMG TO -SAMPLE

#SOURCE RUNSAM

# GET -DUT
#READY

# EMPTY -0UT
#DNNE . .

¥ GET -NEWSAM
#READY .

# EMPTY -NEWSAM
#DONE

# RUN *SPS5S 5=-CONTROL 6=-0UT B8=-SAMPLE 9=-NEWSAM
#EXECUTION BEGINS 21:33:07

FEXECUVION TERMINATED T=i5.713 $2.60

# EMPTY -CONTROL

#DONE , o

# EMPTY -SAMPLE

#DONE .

# LIST -OUT(LAST-S)

> 480

> 481

> 482 ) 202 FINISH

> 483 "0 NORMAL END OF JOB.

> 484 202 CONTROL CARDS WERE PROCESSED.
> 485 O EANONS WERE DETECTED.

» END OF FICE

7 RUN *F§ OwsTe '

JEXECUTION BEGINS  21:34:20
v DO YOU WISH FO CONTENUE?...ENTER “v* OR °N®
1]

*SAVE -DUT T.STATS.FOR.TS.7TH.GRADE

192



® FILE "T.STATS.FOR.7S.7TH.GRADE(1)" ... HAS BEEN SAVED
«SAVE -NEWSAM RECODED.7S.TTH.GRADE . SAMPLE

= FILE "RECODED.73.7TH.GRADE .SAMPLE(1)" ... HAS BEEN SAVED
=STOP

JEXECUTION TERMIMATED T1e2.55 $.37

YENPTY -NEWSAM

#DONE .

#RUN *PAGEPR SCARDS=*PGF{20)+-0UT
#EXECUTION BEGINS  21:37:32
*PRINT* ASSIGNED RECEIPT NUMBER €17337
SPRINT* 617327 HELD
*PRINT* 617327 RELEASED TO CSCO(SP), 14 PAGES.
FEXECUTION FERMINATED T=0.338 $.57
#COPY SEVENTG 10 -CONTROL
¥COPY -SAMB TO -SAMPLE
#SOURCE AUNSAM

5 GEV -0Ut

#SREADY.

# EMPTY -OuUT
#DONE .

# GET -NEWSAM
FREADY . e
# EMPTY -NEWSAM
#DONE .

# QUN *SPSS Se-CONTROL 6=-O0UT B+-SANPLE 9+-NEWSAM
#EXECUTION BEGINS  21:28:32

SEXECUTION TERMINATED T=14.62 $2.42
& EMBRTY -CONTROL

#ODONE .

# ENPTY -SAMPLE

#DONE .

# LIST -OUT(LAST-S) -

> 433

> 43e

> 435 157 FINISH
> 436 O  NORMAL END OF JOB.

> 437 157 CONTROL CARDS WERE PROCESSED.
> 438 O ERRORS WERE DETECTED.

# END OF FILE

# RUN *FS O=*T*

#EXECUTION BEGINS 29:39:38

= DD YOU WISH 10 CONTINUE?...ENTER “Y* OR "N*
v

=SAVE -OUT T.STATS.FOR.76.7TH.GRADE

* FILE "T.STATS.FOR.76.7TH. GRADE(1)* ... HAS BEEN SAVED
*SAVE -NEWSAM RECODED.76.7TH.GRADE . SAMPLE

= FILE “RECODED.76.7TH.GRADE.SAMPLE(1)" ... HAS BEEN SAVED
*STOP

YFEXECUTION TERMINATED "T=2.54 = §.37

#EMPTY -NEWSAM

#DONE .

#RUN *PAGEPR SCARDS«+pGF{20)+-0ut
#EXECUTION BEGINS  21:43:01
*PRINT* ASSIGNED RECEIPT NUMBER 617330
*PRINT* G17330 HELD
*PRINT* 617230 RELEASED 10 csco(sw) 13 PAGES.
FEXECUTIDN TERMINATED T=0.28 .53
#COPY SEVENTT TO ~CONTROL
#COPY -SAMIO TO -SAMPLE
#SOURCE RUNSAN
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» GET -DUT
FREADY .

» ENPTY -OUT

#DONE .

# GET -NEWSAM

FREADY . -

2 EMPTY -NEWSAM

#DONE .

# RUN *SPSS S=-CONTROL 6=-OUT 82-SAMPLE 9=-NEWSAM
JEXECUTION BEGINS 2i:44:00

FEXECUTION TERMINATED Te=14.659 $2.43
# EMPTY -CONTROL

#DONE .

» EMPTY -SAMPLE

#0ONE , A

# LIST -OUTILAST-8)

> 433

> 434 - . . .

> 435 " T 157 FINISH
> 436 O  NORMAL END OF JOS,

> 437 157 CONTROL CARDS WERE PROCESSED.
> 438 O ERRORS WERE DETECTED.

# END OF FILE

# RUN *FS O=*Te o

#EXECUTION BEGINS  2i:4%:0%

= DO YOU WISH TO CONTINUE?...ENTER °Y" DR °N"
7Y

=*SAVE -OUT T.STATS FOR.T7.7TH.GRADE

= FILE "T.STATS . FOR.77.7VH.GRADE{ )" .. . HAS BEEN SAVED
=SAVE -NEWSAM RECOODED.T77.7TH.GRADE.SAMPLE
= FILE "RECODED.T7.7TH.GRADE.SAMPLE{ 1)~ ... HAS BEEN SAVED
=STOP

#EXECUTTON TERMINATED T+2.533 $.37
FEMPTY -NEWSAM

#DONE .

#RUN *PAGEPR SCARDS=*PGF{20)+-0UT

FEXECUTION BEGINS  21:48:19

*PRINT* ASSIGNED RECEIPT MUMBER 617333

*PRINT® €1733) HELD L o
*PRINT® €17333 RELEASED ThO CSco{sP)}, 13 PAGES.
FEXECUTION TERMINATED T=0.282 $.53

#COPY SEVENTS TO -CONTROL

#COPY -SAM12 TO -SAMPLE

#SOURCE RUNSAM

# GET -OUt
#READY .

# EMPTY -DUT
MDONE.

# GET -NEWSAM
#READY .

# EMPTY -NEWSAM
#DONE .

# RUN *SPSS Se-CONTROL G=-OUT 8=-SAMPLE 9+-NEWSAM
#EXECUTION BEGINS  29:49:15 '
#EXECUTION TERMINATED T=id. 11 $2.234

# EMPTY -CONTROL

#DONE o

¥ EMPTY -SANPLE

#DONE .

# LIST -OUT(LAST-S)
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> 415

> 416

> 417 139 FINISH

‘> 498 T @ NORMAL END DF JoOB.

> 419 139 CONTROL CARDS WERE PROCESSED.
> 420 O ERRORS WERE DETECTED.

# END OF FILE
# RUN *FS QeeT*
FEXECUTION BEGINS  21:50:20 ) o
® DO YOU WISH TO CONTINUEZ?...ENTER “¥= OR °N"
7Y
*SAVE -OUT T, STATS_FOR.78.7TH.GRADE o
* FILE "7 .STATS.FOR.7T8. 7TH. GRADE(1)}* .. . HAS BEEN SAVED
«SAVE -NEWSAM RECODED.78.7TH.GRADE.SAMPLE
= FILE "RECDOED.78._7TH.GRADE .SAMPLE(1}" ... HAS BEEN SAVED
=STOP
FEXECUTION TERMINATED T=2.669 $.39
FEMPTY -NEWSAM
#DONE .
#RUN *PAGEPR SCARDS=*PGF(20)+-0UT
#EXECUTION BEGINS  21:34:13
"SPRINT* ASSIGNED RECEIPT wNumBER §17336
*PRINT* 617336 HELD
__*PRINT* 617336 RELEASED TO CSCO{SP), 13 PAGES.
_ #EXECUTION TERMINATED T10.276 $.83
#COPY SEVENTY TO -CONTROL
#COPY -SAMYA TO -SAMPLE
"ASOURCE RUNSAM ’

* GEV -DUT
FREADY .

¥ EMPTY -DUT
#DONE .

# GET -NEWSAM
#READY .

¥ ENPTY -NEWSAM
#DONE .

# RUN *SPSS 5 -CONTROL €=-0U7 B=-SAMPLE 9s-NEWSAM
#EXECUTION BEGINS  21:55:16

JEXECUTION TERMINATED Te$3.421  $2.22

# EMPTY —CONTROL

#DONE .

# EMPTY -SAMPLE

#DONE .

# LIST -QUT(LAST-S)

> 39y

> 398

> 399 121 FINISH

> 400 O  NORMAL £ND OF wOB.
» 409 129 CONTROL CARDS WERE PROCESSED.
» 402 O ERRORS WERE DETECTED.

# END OF FILE

# RUN *FS O»*T5

#EXECUTION BEGINS  21:56:19

= DO YOU WISH TO CONTINUE?...ENTER "Y" OR "N°*
E1 ]

oSAVE -0W7T T.STATS.FOR.79.7TH.GRADE

= FILE "T.STATS.FOR_T9 TTH.GRACE(1}" ... HAS BEEN SAVED
«SAVE ~NEWSAM RECODED.T9.7TH.GRADE.SAMPLE

« FILE “RECODED.79.TTH.GRADE.SAMPLE{ 1}" ... HAS BEEN SAVED
=5TOP

-

e
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PEXECUTION TERMINATED Te2.39% $.37
FEMPTYY -NEWSAM ,

# Assuming “SEMPTY® for “EMPTYY". OK?
70K

#DONE .

#RUN *PAGEPR SCARDS=*PGF{20)+-0UT
FEXECUTION BEGINS 21:59:50

*PRINT* ASSIGNED RECEIPT NUMBER €17338
*PRINT* 617338 HELD

*PRINT* 617338 RELEASED ¥d Cscolsp), i3 PAGES.

SEXECUTION TERMINATED T=0, 27 $.53
#FRUN *PAGEPR SCARDS=*PGF(20)¢-10G
#EXECUTION BEGINS  22:00:22

*PRINT® ASSIGNED RECELPT NUMBER 617339
*PRINT* 617339 HELD

w .

1L2



BIBL I GGRAPHY

Anderson, E. B. The numerical solution of a set of conditional
estimation equations. Journal of the Royal Statistical

Society B, 1972, 34, L2-54.

Anderson, B., Cooley, W., Holliday, A., Mosley, W. and Turnbull,
A, B. Report of the Michigan Educational Assessment
Program's External Advisory Panel on Evaluation. Lansing:
Michigan Department of Education and National Assessment
of Educational Progress, 1977.

Anderson, J., Kearney, G. E. and Everett, A. V. An evaluation of
Rasch's statistical model for test items. The British

Journal of Mathematics and Statistical Psychology, 1968,
21 231-238.

Baker, C. C. T Directory of Mathematics. New York: Hart publishing
Company, Inc. 1966.

Brink, N. E. The effect of item discrimination and range of item
easiness on the standard error of ability estimate using
the Rasch model. Dissertation Abstracts. 3947-A, 1970.

Brink, N. E. Rasch's logistic model vs. the Guttman model. Journal
of Psychoiogical Measurement, 1972, 32, 921-927.

Cypress, B. K. The effects of diverse test score distribution
characteristics on the estimation of ability parameter of
the Rasch measurement model. Dissertation Abstracts,
2761-A, 1972,

Curtledge, C. M. A comparison of equipercentile and Rasch equating
methodologies. Dissertation Abstracts, 5i141-A, 1977.

Dayton, C. M. The Design of Educational Experiments. New York:
McGraw-Hill Book Cecmpany 1970.

Dinero, T. E. A computer simulation investigating the applicability
of the Rasch model with varying item
discriminations. Proceedings Annual Meeting of the
National Council on Measurement in Education, San
Francisco, 1976.

Douglas, G. A. Test design for the Rasch psychological
model. Dissertation Abstracts, LL27-A, 1975.

Draba, R. E. The Rasch model and legal criteria of a "reasonable"
classification. Dissertation Abstracts, 245-A, 1979.

Education Laboratory. How to Use '"BICAL," Chicago: University of
Chicago, 1976.

272



273

Epstein, K. |. An empirical investigation of criterion-referenced

testing model. 17th Annual Conference of the Military
Testing Association, Ft. Benjamin Harrison: United States

Army, 1975.

Good, C. V. (ed.) Dictionary of Education. 3 ed. New York:
McGraw=-Hi 1)l Book Company, 1973.

Grunlund, N. E. Measurement and Evaluation in Teaching. 3 ed. New
York: Macmillan publishing Co., Inc. 1976.

James, R. C. (ed.) Mathematics Dictionary. 3 ed. Princeton: D. Van
Nostrand Company, Inc. 1968.

Laska, S. A. J. Influence of time of calibration on Rasch model
item difficulties., Dissertation Abstracts, 3247-A, 1979.

Magnussen, D. Test Theory. Reading: Addison-Wesley Publishing
Company, 1967.

Michigan Department of Education Staff. A Staff Response to the
Report: An assessment of the Michigan Accountability
System. Lansing: Michigan Department of Education, 1974.

Michigan Educationa! Assessment Program Staff. Michigan Educational
Assessment Program Grades 4 and 7 !tem and Objective
Handbook. Lansing: Michigan Department of Education, no
date.

Michigan Educational Assessment Program Staff. Student performance
Expectations. Lansing: Michigan Department of Education,
no date.

Michigan Educational Assessment Program Staff. Questions and

Answers About the Michigan Educational Assessment
Program. Lansing: Michigan Department of Education, no

date.

Michigan Educational Assessment Program Staff. First Report,
Objectives and Procedures 1974-76. Lansing: Michigan
Department of Education, 1974.

Michigan Educational Assessment Program Staff. Technical Report,
Michigan Educational Assessment Program. Lansing:
Michigan Department of Education, 1977.

Michigan fducational Assessment Program Staff. Interpretive Manual
1978-79. Lansing: Michigan Department of Education,
1979.

Michigan Educational Assessment Program Staff. The Status of Basic
Skills Attainment in Michigan Public Schools. Lansing:
Michigan Department of Education, 1979.




274

Michigan Educational Assessment Staff. DRAFT: Communications Skills
Objectives -- Reading -- Speaking/Listening --
Writing. Lansing: Michigan Department of Education, 1579.

Minium, E. W. Statistical Reasoning in Psychology and Education. 2
' ed. San Jose: John Wiley & Sons, 1978.

O'Reilly, R. P., Schuder, R. T., Kidder, R. S., Salter, Hayford,
P. D. The Validation and Refinement of Measures of
Literal Comprehension in Reading for Use in Policy
Research and Classroom Management. Albany: The University
of the State of New York, The State Department of
Education, Division of Research, 1976.

Passmore, D. L. An application of the Rasch one parameter logistic
measurement model to the national league for nursing
achievement test in normal nutrition. Dissertation
Abstracts. 963-A, 1974,

Porter, J. W. The virtues of a state assessment program. Phi Delta
Kappan, 1968, 57-10, 667-668.

Porter, J. W. The accountability story in Michigan. Phi Delta
KaEEanp ]972. 5"-2' 98—99'

Porter, J. W. Spotlight on Michigan: what are we getting for our
tax dollar? Compact, 1973, 71=5 19-21.

Porter, J. W. Task force '74k: recommendations for better

schools. National Association of Secondary School
Principles Bulietin, 1975a, 59-391, 19-24.

Porter, J. W. If | were a school board member. Colerado Journal of
Education Research, 1975b, 14-3, 2-7.

Porter, J. W. Education: the challenging frontier. Colorado Journal
of Education Research, 1976, 15-3, 18-22.

Porter, J. W. Michigan's edu-checkup. Social Policy, 1977, 8-2

L1-bi.
Porter, J. W. The limits of school power. Phi Delta Kappan, 1978,
59~-5, 319-320. .
Public Law 95-561. Title | - Amendment to Title | of the Elementary

and Secondary Educatjon Act of 1965, 1978B.

Rasch, G. Probability Models for Some intelligence and Attainment
Tests. Copenhagen: Denmarks Paedagogiske Institute, 1960.

Rasch, G. On general laws and the meaning of measurement in
psychology. Proceedings of the Fourth Berkly Symposium on
Mathematical Statistics and Probability. Berlely:
University of California Press, 1961, &4, 321-333.




275

Rasch, G. An individualistic approach to item analysis. P. F.
Luzarsfeld and N. W. Henry {eds.), Reading in
Mathematical and Sccial Science. Chicago: Science
Research Associates, 1966a.

Rasch, G. An item analysis which takes individual differences into.
account. British Journal of Mathematical and Statistical

Psychology, 1966b, 19-1, 4g9-57.

Rentz, R. R. and Basheur, W. L. Equating Reading Tests with the
Rasch Model. Athens: Kesen Laboratory, College of
Education, University of Georgia, 1976.

Roeber, E. Personal interview, Lansing, Michigan, May 2, 1980,

Ryan, J. P. and Hamm, D. W. Practical procedures for increasing the
reliability of classroom tests by using the Rasch

mode). Proceedings, National Council of Measurement in
Education, San Francisco, 1976.

Wells, R. A. The probabilistic interpretation of test scores
calibrated by the Rasch model. Dissertation Abstracts,
Lo12-A, 1973.

Whitely, S. E. and Dawis, R. V. The nature of objectivity with the
Rasch model. Journal of Educational Measurement, 1974,
11-12, 163-178.

Whitely, S. E. Models, meanings and misunderstandings: some issues
in applying Rasch's theory. Journal of Educational
Measurement, 1977, 14-3, 227-235.

Willmott, A. S. and Fowles, D. E. The Objective Interpretation of
Test Performance. Bootle: NFER Publishing Company Ltd.,

1974.

Wright, B. D., Panchapakesan, N. A. A procedure for sample-free

item analysis. Educational and Psychological Analysis,
]969' 23. 23"“8 .

Wright, B, D., Mead, R. J. CALFIT: Sample-Free Item Calibration
with a Rasch Measurement Model, Research Memorandum
Number 18. Chicago: Mesa Press, 1975.

Wright, B. D. Misunderstanding the Rasch model. Journal of
Educational Measurement, 1977a, 14-3, 219-225.

Wright, B. D. Solving measurement problems with the Rasch
model. Journal of Educational Measurement, 1977b, 14-2,
g7-116.

Wright, B. D., Mead, R. J. BICAL: Calibrating ltems and Scales with
the Rasch Model, Research Memorandum Number 23. Chicago:

Mesa Press, 1977c.




276

Wright, B. D., Stone, M. H. Best Test Design: Rasch
Measurement. Chicago: Mesa Press, 1979.

Wright, B. D., Mead, R. J. BICAL: Calibrating items with the Rasch
Model, Research Memorandum Number 23c. Chicago: Mesa

Press, 1980.




ABSTRACT

USING THE RASCH MODEL TO EVALUATE TEST ITEMS FOR
GRADE 4 AND GRADE 7 MICHIGAN EDUCATIONAL
ASSESSMENT PROGRAM CRITERION-REFERENCED READING
TESTS ADMINISTERED 1973 THROUGH 1979
by
DONALD JOHN MCPHERSON

April, 1983

Advisor: Donald Marcotte, Ph.D.
Major: Educational Evaluation and Research
Degree: Doctor of Philosophy

This study investigates whether or not Rasch measurement is
appropriate in connection with tests given under the Michigan
Educational Assessment Program (MEAP)? These are criterion referenced
tests which measure reading and mathematics achievement of students at
the fourth and seventh grade levels. Limitations of score variability
is a desirable outcome and scores tend to be strongly skewed on the high
side. Therefore, traditional test evaluation methods are likely tc be
less effective when used in the analysis of MEAP scores than might be
expected if they had been designed as norm referenced tests. The Rasch
model appears to offer a better standard of measurement in this type of
situation. The model is named for a Danish mathematician who originally
posed the concept in 1960: Georg Rasch. Rasch devised a simple two-
parameter model {i.e., item-difficulty and person-ability) that employs
raw test scores directly as measures of achievement. BICAL, a computer
program developed by the Measurement and Statistical Laboratory (MESA)

of the Department of Education at The University of Chicago to perform
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Rasch analysis, is applied in this study to scores from fourteen MEAP
reading tests taken by fourth grade and seventh grade students from 1973
through 1979. A "fit statistic" is generated by the program which is
used to determine the fit of MEAP reading test items to the Rasch model.
The statistic is interpreted as an F-statistic with one and five degrees
of freedom at an alpha level of 0.05. Items that did not fit the Rasch
mode] were found in all but one of the fourteen tests considered in this
investigation. The results of the analysis that was done indicate that
the use of Rasch measurement may be appropriate in connection with MEAP
regding tests in the development of test items and as a means of
measuring improved of declining achievement over time. However, while
Rasch measurement seems to promise truly objective measurement, there is
a real possibility that the Rasch measurement model may not, in

practice, be easy to use.
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