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ABSTRACT

The item {(difficulty and discrimination) and test
{(reliability and wvalidity) statistics in classical test theory are
highly dependent upon the calibration sample of individuals used. The
estimates of item and test parameters in classical test theory is
valid within a range of interest along the characteristic measured.
Generally, this range of interest is the distribution of the
characteristic in some population, and the calibration sample used is
intended to be a random sample from that population. In such
populations, the extremes usually are poorly represented, and the
paramneter estimates are relatively poor at these extremes. For
criterion-referenced scales, the range of interest is defined by a
range of the characteristic rather than the distribution of that
characteristic in some population. The calibration sample must be
representative of that range of irnterest. When the range of interest
is appropriately defined, an appropriate calibration sample may be
selected, and classical test theory applies directly to
criterion-referenced scales. (Author/DB)
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L | ABSTRACT

ﬁany authors'have thoughﬁ classical test theory was
invalid for criterion-referenced tésts. The item (difficulty

ol ' B ‘ and discrimination) and test (reliability and validity)
statistics in classical test theor& are highly depeudent upon
'f‘ . ~ the calibration sample of iﬁdividuéle'used‘ We may speak of
the'estimatee of item and test parameters in classical test
theory as valid wiéhin a range of interest along the charac-
i fe: : teriétic measured. It has generally been the ease thatlthis
range ef interest is the distribution of the characteristic
in some population and the calibration sample used is intended
E%# - ' to be & random sample from fﬁat population. 15 such popula~-
tions, it’' is usually the ceée that the.extremes are poorly
represen;ed and_fhe pefameter estimateseare relatively poor
-at these extremes. ‘

For criterion—referenced scales the range of 1ntelcst is
defined by a range of the cha:acteriatic rather than the dis-
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tribution of that characreristic in some pnpulation. The
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calibration sample must be representati@e of that range of
interest. When the range of interest is appropriately defined,
an appropriate calibration sample may be selected, and classical

test theory applies directly to criterion-referenced scales.
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Classical Test Theory and Criterion-Referenced Scales

N M. I. Chas. E. Woodson

University of Califo:nia, Berkeley

A wide variety of definitions of "criterion-referenced test" have been
suggested (e.g., Glasér, 1963; Gliaser & Nitgo; 1971; Harris & Stewart, 1971;
ivens, 1970; Kriewall, 1969; Popham & Husek, 1969; Hively, Patterson & Page,
1968). Common to these definition is an emphasis on the interpretation of
test outcomes in terms of behavior. We shall take the position that
"eriterion-referenced" 1is not a property of the.test but of'qfscale for
interpreting the test (Woodson, 1973a), although 1t seems iikely that the
kind of scale one has in mind using with a test will have aﬂ impact on test
construction prbcedurés. Our definition of “"criterion-referenced" is close
to that of Glasef and Nitko (1971): "A criterion-referenced test is one
that is'deliberately constructed so as to yleld measurements that are directly

"iqterpretaﬁle in terms of specific performance standards." We would modify
this to refer to scales, and rather than limit ourselves to a éutoff score-
associated with a standard, place individuals on a scale interpretable in
terms of behavior. Therefore, "a criterion-referenced scalé is one that
yields measufementsldirectly interpretable in terms of some specific dimen-

sion of behavior." Note that it is not designed to most effectively rank

individuals within a population.
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In our Jjudgment, there has beeﬁ an oﬁer emphasis on determining
whether.an individual has exceeded a standard in order to stop instruction
oh that objective. Instructors need to know where ﬁhe individual is on
a dimensiodiiearning. For example, Woodson (1975c) found the effectiveness
of instructional steps differed considerably at different degrees of
learning. If other studies find this, degree of learning will be a signi-
ficant parameter in instructional models.

It has-beén argued that classical test theory does not Apply to
<Criterion;referenced tests (fopham & Husek, 1969) because under soma common
circumstances criterion-referenced test items and the tests themselves are
likel& to have nc variance and & lack of variancé makes the common statis—
tics (item difficulty, item discrimination, test reliability and test
validity) invalid or undefined. Woodson (1974) has argued that this argumen;
is falacious as all items and tests must have variance within the range of
interest for which Ehey are calibéated in order to prqvide any useful
inférmation.

The above argument suggests that classical test theory may therefore be
relevant t¢ criterion-referenced test and item analysis. The present paper
argues that this is the case. ‘

In ciassical teést theory,'iteﬁ and test parameters are estimated by
‘statistics from é calibration sample of individuais. For classical test
theory the calibration of a test or item must be done within a.population
of testees with appropriate variabiiity on tﬂe characteristic measured. The
distribution of the characteristic qf interest in the population sampled,
and therefore the distribution of the characteristic in the sampie, determines
in part the parameter estimates.' These statistics are known to be sensi-

tive to restriction of the sample.



Item difficulty within a popdlation, estimated b& difficulty within‘
the sample, obviously depends upon the distribution of the characteristic
in the sample. To skillful individuals, an item is much easier than to
less skillful individuals.

Estimates of item discrimination within a population are also sensi-
tive to the characteristics of the calibrétion sample uséd. If the cali-
bration is restricted in somé way, the estimates may be unreliable.

Test reliability within a population, the most commonly used parameter
to evaluate a test, is known to be sensitive to the characteristics of the
calibration sample.

fhese classical test theory statistics are referred to here as "within
the population* to emphasize the characteristic that they are bound by the
population which the sample represents. In most cases random sampling from
the population is aésumed, so the statistics apply for & specified population
of-testaes (z.g., &4th, 5th and 6th graders).

Another way of conceptualizing this situation is to refer to these
stétistical estimates of the parameteré'invoived as valid within a fange
of interest. For norm-referanced scales, the calibration sample Is a réndom
sample of a population, the distribution of the characteristic in this
population dgfines fhe range of interest. Such_a scale is norm~referenced
in that the scale is dependent upon the population répresented_bf the
calibration-sample for its mezning.

Criterion-referenced scales are scales whose meaning refers to the
characteristic.measured rather than the distributionlof the characteristic
in some population. 'It is therefore necessary to estimate item and.test

parameters with statistics valid for the range of interest within which the




test will be used. This can be done by specifying the characteristics of
the population for which the test is to be,calib;atedt

In the case of criterion-referenced scales, the items or test statis-~
tics also apply to a "range ¢f interest", that is,'a rahge of the character-
istic for which data ié avallable and the item andltest are calibrated.

In the norm-referenced test, this is|specified as the range of the charac-
teristic in the population. | . |

The same item and test statistics of classical test theory used for
norm-referenced scales apply'to ;riterion—referénced scéles, provided the
range of interest is appropriately specified. One way of specifying this
range of intevest (W. E. éoffman, personal communication) is to include in
the calibration sample equal numbers éf individuals who have received and
have not received rélevant instruction. Avmore general procedure is to
choose & calibration sample which conﬁains an.adequate representatiop of
the range of the characteristic to be méasured; |

Difficulty within the range of interest is therefore a relevant charac;
teristic for item anglysié. Discrimination within the range of interest is
the most useful statistic for the seleétion of items. Test resliability aﬁd
validity algo have the same meaning for ériterion-referenced scales as they
do for hcrmfrefefenced scales.

Note; howaver, that no ﬁéttér what the tyéé1&£&scale is being.used, if
the calibrgtion sample is highly reétricted, or not representative of the
range of interest, the item and test statisti;s are not ;alid estimates of
the parameters of interest. For example, if the ability of the calibration
sample is so high that the items of a particular test are tfivially easy,

this restriction_oflthe sample makes the statisties invalid for any range of



interest other than the one upon which the te=st was calibrated, and trivial
within that range_because the item (or test) does not discriminate.

The empirical characteristics of items within a.calibration sample
are used to select items for a test and thereby contributes to the deter-
mination of what a test measures., If a norm-referenced approach is taken,
items which do not measure & characteristic which varies within the cali-
bration sample tend to be discarded; and items which vary greatly within
the calibration sample tend to be selected. For criterion-referenced tests,

the reference is not a population but a range of a dimension of behavior.

Examples

Consider the problem of the development of a spelling test and related
norm-referenced and criterion-referenced scales. The characteristic involved
is spelling ability within the 500 most frequently misspelled English words.

The norm-referenced approach to construct a 10 item test would be:

1. ,Select a sample (not necessarily randomly) of the items,

2. Adminiscer to a calibration sample of individuals, randomly sampled
from the population which defines the range of iInterest within which
the item and test parameter estimates will be valid,

| 3. Compute item difficulties within the sample which are estimates of the
difficulty in the range of interest (about .5 is desirable),

4. Compute item discriminations within the sample (the higher the better),

5. Select the 10 itemé with the best discrimination estimates,

6. Norms are prepared f£or the population for which the test i1s designed
(7th, 8th, 9th graders),

7. Individual performance would be described in terms of how individuals

compared to the distribution of scores in the standardization sample




(e.g., rank order within 7th graders, or grade-equivalgnt scores) s

8. The’resulting scale . may be feferred to as spelling ability relative
to the distribﬁtiOn of abilities of a particular'population of persons
on those items which these persons differ most frequently.

The purpose cf this scale 1s to discriminate among persons on spelling

ability, thercfore items selected will tend to be ones on which persons

differ the most. In other words, differences émong persons in the cali-
bration sample will contribute to the definition of what is measured.

The criterion-~referenced scale approach éo construction of a 10 item
test:

1. Select a sanple (not necessarily randomly) of the items.

2. Administer the items to & calibration sample. The calibration Sampla is
seiected to be representative of the population of observations (range
of interest) for which the items and test are to be calibrsted. If an
instructional brogram is being assessed, this would include appropriate
;roportions.of persons to represent every value of the characteristic
in question iﬁ the range of iInterest.

3. Compute iteﬁ difficuleies within the calibration sample, (.5 would give
most effective measurement near the center of the range of interest,
other values are needed for the extremes).

4, Compute item discriminations within the calibration sample, (the higher
the better).

5. Select the 10 items with the best discrimination estimates within the

calibration sample. !

6. Scores of individuals are In terms of the selected items within the

range of Iinterest. An individual score on this scale does not rank




Lim with respect to others, but places him on a scale defined by the

items,

7. The resulting scale may be referred to as spelling ability on the
50C most misspelied words.

This scale is not dependent upon the distribution of the characteristic

in a gopulation.

Note that for the criterionjreferenced scale;, items are eliminated for
being inappropriate within the range of interest, which is not necessarily
the distribution cf the characteristic in some standardization popuiation.

natural
It may well be a range at the extreme of some,population of individuals.
It may also include observations on an Individual various levels of learning.

In the limiting case of a very short range of interest, item discrimina-
tion and test reliability go to zero.

In the limiting case of a very broad range of interest, observations may
be difficult to obtain to reliably estimate parameters. This ds quite
reasonable, we cannot calibrate a test by classical test theory for a range
of a characteristic of which we have few or no instances;

In the limiting éase where a population of individuals is randomly
sampled, we have, of course; the classical norm-referenced situation.

In short, the range of interest and therefore the calibration sample,
in which a test is developed and calibrated defines the range of the ~harac-
teristjic for which the test is useful.

This paper has taken the approach of using a calibration sample represen-
tative of the range of interest of the characteristié and using classical
test theory to develop and evaluate a test. This is necessary because the

estimates of item and test parameters used in clasaical test theory are




sensitive to the calibration sample. Modern test theory may well free us
of the burden of sample-bound calibration. The two-parameter logistic
model yields sample-free calibration in theory (Ra cli, 1966 ) and in practice
(Wright, 1968). There is also evidence (Woodson, 1973; Samgjima, 1973)
that the three-parameter normal-ogive model gives relatively sample-free
calibration. Sample-free calibration may not require the specification of
a range‘of interest. |

Pending fortunate developments in test theory, the developer of criterion-
referenced scales ié best advised to select a calibration sample represen-
tative of the range of interest of the characteristic to be measured, and
use the iteﬁ statistics and test stat. <cs of classical test theory,
bearing in mind that the estimates he parsmeters ¢btained are valid only

for a particular range of the char' ceristic in questiomn..
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