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Comments on Criterion-Referenced Testing
Samuel A. Livingston
Educational Testing Service

The six papers in this issue summarize 10 years of theory development, empirical research, and
practical experience in criterion-referenced testing. Much of the theory development has focused on
questions and issues raised by Popham and Husek (1969), who pointed out that much of traditional
psychometric theory did not work well when applied to criterion-referenced tests. The six papers,
taken together, represent an attempt to answer four basic questions:

1. How should the reliability of a criterion-referenced test be measured?
2. How should it be decided how many items are needed in a criterion-referenced test?
3. How should criterion-referenced tests be used to make decisions about the people taking the

tests?
4. What kind of evidence should be provided for the validity of a criterion-referenced test?

Attempts to answer these questions have been complicated by the lack of a universally accepted,
unambiguous definition of the term &dquo;criterion-referenced test.&dquo; Glaser’s (1963) article, in which the
term first appeared, defined criterion-referenced measures as those that &dquo;depend on an absolute
standard of quality&dquo; (p. 519). However, Glaser went on to say that &dquo;the standard against which a stu-
dent’s performance is compared when measured in this manner is the behavior which defines each
point along the achievement continuum&dquo; (p. 519) and that &dquo;we need to behaviorally specify minimum
levels of performance...&dquo; (p. 520). These two ideas-absolute standards and behavioral test content
specifications-received varying degrees of emphasis from the different individuals who attempted to
develop criterion-referenced tests and to theorize about criterion-referenced testing. As a result, there
are now several different answers to some of the questions that Popham and Husek (1969) raised.

State Models

Probably the most basic theoretical issue in criterion-referenced testing is the question of whether
the skills measured by the test are effectively dichotomous or continuous. How this question is an-
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swered will, to a great extent, determine the approach to questions of reliability, test length, decision-
making, and validity. Both the dichotomous approach and the continuous approach are useful, but in
different testing situations. Which approach should be used depends on the skills to be measured and
the population of persons to be tested. Some tests, particularly those used for diagnostic purposes,
measure skills that are so highly specific that partial mastery is rare. For these skills, most of the per-
sons to be tested at any given time will fit into one or the other of two categories: those who can use
the skill correctly in most applications and those who can use it correctly in very few applications. For
tests of these skills, state models are appropriate.’

In the past several years there has been considerable progress in the development of psychometric
techniques based on state models. Much of this progress has been in the reduction of their depen-
dence on assumptions not likely to be met in the real world. Macready and Dayton’s paper in this is-
sue describes the progress that has been made in this area, much of it by these two authors. For ex-
ample, early papers on state models tended to include the assumption that all items on the test were
equally difficult. Macready and Dayton have presented several models that do not depend on this
assumption.

Standard Setting

Although state models are probably appropriate for some types of tests, they are clearly inappro-
priate for others. Once the assumption of an underlying dichotomy is abandoned, the problem of
setting standards must be faced: deciding how much of the skill measured by the test is sufficient to
place the examinee in the high-scoring group rather than the low-scoring group. Shepard has pointed
out that &dquo;standards do not exist in nature, waiting to be estimated by statistical techniques.&dquo; The im-
portant point of this statement is that the choice of a cutoff score on a test is not simply a statistical
problem but also a psychological problem. Standards exist in people’s minds but generally not in a
form that can serve as the basis for an objective decision rule. For this purpose, the standard must be
expressed in terms of some objective observable information such as a test score. Methods of choosing
a cutoff score are actually methods of expressing the personal standards of one or more people in
terms of the test score scale.

Some have used this fact to assert that the use of test scores to make decisions is basically an arbi-
trary process, no more objective than any other means of making decisions about people. Those who
hold this view ignore the fact that there are varying degrees of subjectivity. Applying judgment by
using a decision rule that is the same for all persons is more objective than applying judgment on a
case-by-case basis. Standards cannot be objectively determined, but they can be objectively applied.

What, then, are the characteristics of a good standard-setting method? First, the judgments it is
based on must be made by persons who are qualified to make them. Second, the judgments must be
made in a way that is meaningful to the persons who are making them. Third, the process must take
into account the purpose for which the test is being used. And fourth, the process must take into ac-
count the consequences of both types of decision errors.

There are three basic approaches to the task of translating implicit standards into a cutoff score
on a test:

’Skills of this type may be more common in mathematics and related fields than in most other academic subject areas. One
possible example of such a skill might be "finding the probability density of a function of two random variables with known
densities."
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1. The normative approach asks for judgments about groups of examinees, e.g., &dquo;What proportion
of last year’s students had adequate reading skills?&dquo;

2. The non-normative empirical approach asks for judgments about individual examinees. The
&dquo;borderline group&dquo; method and the &dquo;contrasting groups&dquo; method are examples of this ap-
proach.

3. The conjectural approach asks for judgments about the performance expected of hypothetical
&dquo;minimally competent&dquo; examinees. This approach includes the methods suggested by Nedelsky
(1954), Angoff (1971, pp. 514-515), and Ebel (1972, pp. 492-495), which do not require actual
test scores or responses of real examinees.

Shepard, taking an extreme position on the use of standards in program evaluation, states that
&dquo;because standards impose an artificial dichotomy, they obscure performance information about in-
dividuals along the full performance continuum. Therefore, standards should not be used to interpret
test data regarding the worth of educational programs.&dquo; The first assertion is true, but the second
does not follow. Any time data are summarized, information is lost. A statement such as &dquo;30% of the
city’s students scored below the level that a committee of teachers had selected as representing the
minimum arithmetic ability acceptable for a high school graduate,&dquo; is meaningful. It does not tell the
whole story, but it tells an important part of the story. True, it focuses attention on achievement gains
near the cutoff. In doing so, it may cause more educational resources to be directed at those students
who have an acute need for them and the ability to benefit from them.

Decision Theory
One of the most promising recent developments in criterion-referenced testing is the increasing

awareness of the relevance of decision theory. Van der Linden’s paper in this issue is a thorough and
precise mathematical presentation of decision theory as applied to educational testing. This very
thoroughness and mathematical precision may tend to discourage test users without a strong back-
ground in mathematics. Fortunately, test users who want to use decision theory to set cutoff scores do
not have to be able to follow a mathematical presentation of this type. Statistical decision theory, at
its simpler levels, is really common sense expressed in mathematical language, and using contrasting-
groups data to set a cutoff score is one of the simpler applications of decision theory. The data provide
an estimate of the relationship between an examinee’s test score and the probability that the ex-
aminee would be classified as a member of the higher group (e.g., mastery, success, adequate perfor-
mance). There are two types of possible decision errors: passing a member of the nonmastery group
and failing a member of the mastery group. Decision theory and common sense both tell us to mini-
mize the total harm from all the decision errors. If passing a nonmaster is twice as bad as failing a
master, two errors of the second kind (failing a master) can be tolerated for every error of the first
kind (passing a nonmaster). Therefore, if a person’s test score indicates that he or she is at least twice
as likely to be a master as to be a nonmaster, that person should be passed; otherwise, not. In this
case the cutoff would be the test score that corresponds to 2:1 odds, i.e., a .67 probability of mastery.

In using decision theory to choose a cutoff score, estimates are needed of the probability of mas-
tery, given the person’s test score. If these probabilities are to be estimated directly from the data, the
sample of persons at each test score level must be representative of the persons in the entire popula-
tion who have test scores at that level. This requirement will be met if the persons are selected at ran-
dom from the population. It will also be met if they are selected on the basis of their test scores. It will
not be met if they are selected on the basis of their mastery status (e.g., 100 masters and 100 nonmas-
ters).
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If there are test score data and mastery classifications from persons who have been selected on the
basis of their mastery status, decision theory can still be applied if one additional number can be esti-
mated : the proportion of the population who are masters. Bayes’ theorem can then be applied:

where
P means &dquo;the probability that,&dquo;
M means &dquo;the person is a master,&dquo;
N means &dquo;the person is a nonmaster,&dquo;
X means &dquo;the person gets test scoreX,&dquo; and
I means &dquo;given that.&dquo;
The process of collecting and using contrasting-groups data to choose a cutoff score on a test has

been summarized as follows (Livingston, 1978):

1. Determine the measure of performance for which the standard is to be set. In general terms,
we can tell this measure the test score....

2. Determine the type of performance that will serve as the basis for judging a person’s pro-
ficiency as adequate or inadequate. In general terms we would call this performance the cri-
terion performance....

3. Identify a population of persons qualified to judge examples of the criterion performance as
adequate or inadequate. Select a sample of these persons to serve as judges.

4. Identify the population of persons taking the test for which a standard is to be set and ob-
tain their test scores. Select a sample of these examinees, making sure the range of their test
scores is broad enough to include both the lowest and the highest scores that might con-
ceivably be selected as the standard.

5. Obtainjudgments of the examinees’ criterion performances by the judges.2 2
6. Analyze the data provided by these judgments to estimate the probability that an ex-

aminee’s criterion performance will be judged adequate, as a function of the examinee’s test
score.

These six steps make up the empirical study. Two remaining steps complete the standard-setting
procedure:
7. Determine the relative seriousness of the two types of possible errors: passing an examinee

whose criterion performance is inadequate and failing an examinee whose criterion perfor-
mance is adequate.

8. Set the standard at the test score level that results in an equal risk of the two types of pos-
sible errors, weighted by their seriousness in the particular decision-making situation for
which a standard is to be set. (pp.269-270)

Incidentally, if there are very few nonmasters in the population, or if the cost of failing a master is
high, the best decision rule may be to pass all persons regardless of their test scores. Koffler (1980)
found such a result for one of the eight tests he investigated.

2In this step the judges should make their judgments without any information about the examinees’ test scores.

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



579

Notice that it is not necessary to invoke the concept of &dquo;true score&dquo; when using decision theory
with contrasting-groups data. The final decision rule and the probability estimates used to determine
it will be in terms of observed scores.

Reliability

Probably the greatest challenge that criterion-referenced testing has posed to psychometric theory
is in the area of reliability. As Popham and Husek (1969) pointed out, the general concept of reliabil-
ity-the extent to which a person’s test score is consistent over different occasions of testing, forms of
a test, and so forth-is clearly relevant to criterion-referenced tests, but the classical definition of re-
liability as a correlation or a proportion of variance is not. The paper by Traub and Rowley in this is-
sue presents an excellent review of the various approaches taken by different authors who attempted
to resolve this dilemma. Traub and Rowley point out that the term &dquo;reliability&dquo; has been used to refer
to several different characteristics of a set of test scores. They emphasize the important distinction be-
tween the reliability of measurements and the reliability of decisions based on those measurements.
They also point out the distinction between two kinds of agreement: (1) between two parallel observed
scores and (2) between an observed score and the corresponding true score. (They refer to the first
type of agreement as &dquo;consistency&dquo; and the second type as &dquo;accuracy.&dquo;) In traditional psychometric
theory there is a simple mathematical relationship between the two types of agreement, but when
agreement is considered as being more than a correlation coefficient, the relationship is not so simple.

One interesting fact that is apparent from Traub and Rowley’s review is that the search for ways
to describe the reliability of criterion-referenced tests led to the application of some earlier mathe-
matical work on true-score estimation. This work, mostly by Lord (1965, 1969), had been available for
several years, but its relevance to the questions raised by Popham and Husek (1969) had not been rec-
ognized.

Test Length

Closely related to the problem of describing the reliability of a test is the problem of assuring its
reliability with respect to sampling of items, i.e., the problem of determining test length. Wilcox’s
paper in this issue deals directly with the question of how long a test should be. Wilcox presents for-
mulas that allow the test user to specify four aspects of the situation:

1. Whether the main concern is with true scores on the test itself or with inferences to an infinite
item domain;

2. The true score (or domain score) cutoff that defines mastery of the skills tested;
3. A desired minimum probability of correctly classifying a person as a master or nonmaster; and
4. How far the person’s true score or domain score must be from the cutoff in order for the speci-

fied minimum probability of a correct classification to be required.

Wilcox’s formulas translate these specified quantities into the minimum number of items required.

Validity
In the past few years the subject of test validity has received some serious attention in the form of

articles questioning some of its basic concepts (e.g., Guion, 1977, 1978a, 1978b; Messick, 1975,
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1979a, 1979b). Nevertheless, most testing professionals would probably agree with Cureton’s (1951)
definition of test validity as &dquo;how well a test does the job it is employed to do&dquo; (p. 621). Although they
would agree on this general principle, they often disagree on its application to specific testing situa-
tions. The important, practical, and often controversial question of test validity is what kinds of evi-
dence are necessary and sufficient to show that a test is doing its job adequately. The answer to this
question undoubtedly varies from one testing situation to another. It may vary so much that any at-
tempt to provide a general answer is doomed to failure. In some cases involving employment testing,
the question has been answered by the federal courts, but not always satisfactorily from the point of
view of those seeking guidance for future validation efforts.

Linn’s article in this issue reviews the latest thinking on test validity as it applies to criterion-refer-
enced tests and provides some practical guidance to those who must decide what kinds of validity evi-
dence to provide. The article includes two examples of attempts to provide evidence of test validity,
and the two attempts do indeed appear to be exemplary.

Probably the most important and controversial issue among experts writing about test validity is
whether content validity evidence alone can ever be sufficient to justify the use of a test. Linn follows
Messick (1975,1979,1980) in taking the negative position on this issue. The affirmative is represented
by Ebel (1961, 1977) and by the Uniform Guidelines on Employee Selection Procedures (Equal Em-
ployment Opportunity Commission, 1978). Ebel argues that in many cases the test serves to define the
characteristic it is intended to measure. Therefore, if the test items form an adequate sample of the
content to be tested, no additional evidence of the test’s validity is necessary.

Future Developments
In the past 10 years a great deal of creative work in the theory and practice of criterion-referenced

testing has been accomplished. What can be expected in the next 10 years, and what should we hope
for? Probably the greatest need and the greatest opportunity for further theoretical work are in the
area of test validity. What does it mean to say that a test is valid for a particular purpose? What kinds
of evidence are needed to show that it is valid? Do criterion-referenced tests require special types of
validity evidence? Notice that these questions involve both semantics and statistics. It seems likely
that the answers will depend on several characteristics of the test and the testing situation. The
answers will have to be expressed in practical terms to be of use to test makers and test users. Quite
possibly, they will consist of a series of &dquo;if-then&dquo; statements: &dquo;If a test with characteristics x,, xZ, x3 is
used in a situation with characteristics Yh Y2, then the user should provide validity evidence of types
» 

&dquo;

Another type of needed work is the translation of existing theoretical results into practical in-
structions that can be easily understood by professional test makers and test users who are not mathe-
maticians. In some cases, this effort will require the creation of computer programs to perform the
necessary calculations. Some work of this type has already been done in the areas of test reliability
and decision theory, but much more is needed.

Probably the greatest need for empirical research is in the area of standard setting. Do the differ-
ent standard-setting methods produce systematically different results? Are judges’ conjectures about
the performance of hypothetical minimally competent examinees consistent with the observed perfor-
mance of examinees identified as minimally competent or with the outcome of contrasting-groups
studies? Are judges’ subjective estimates of the proportion of masters in a population consistent with
their mastery judgments of individuals sampled from that population? Only a few such studies have
appeared in educational measurement journals (Andrew & Hecht, 1976; Brennan & Lockwood, 1980;
Koffler, 1980; Skakun & Kling, 1980).
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None of these questions can be answered definitively with one or two research studies; each of
them will require several studies with diverse tests and populations of examinees and judges. Clearly,
considerable research remains to be done.
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