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Abstract

4 Model for Criterion-Referenced Tests Based on Use
by
Anthony J. Nitko

University of Pittsburgh

The nature and purpose of criterion-referenced testing is dis-
cussed in light of test design procedures. It i3 seen that the uses
t> which test results are put are the chief determiners of the appropriate
measurement model. A distinction is made betweea cut-off scores, criterion
scores, and mastery scores. The value of certain test construction pro-
cedures in designing criterion-referenced tests for use in adaptive in-
dividualized instructional systems 1s discussed and cautions in the use
of traditional procedures are rated., It is concluded that traditional
procedures cannot be avoided in some instances, but must be avoided in

others.,
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A Model for Criterion~Referenced Tests Based on Use
s

When the term "criterion-referenced test" 1s used (e.g.; by
Glaser and Klaus, 1962; Glaser, 1963; Glaser and Cox, 1968) it has a
somewhat different meaning from the two morz prevalent uses of the terms
criterion or criterion tests in educational and psychological literature,
One of these usages involves the notion of a correlation of scores, X,
-with a second set of scores, Y. The Y-scores, which may be a second test
or performance rating, for examnle, are nften termed criterion scores.
The degree to which the X-scores r2late to the criterion Y-scores is often
expressed by some type of correlation coefficient.

A second interpretation of the term criterion concerns the
imposition of an acceptable score magnitude as an index c¢f attainment.
Phrases such as "working to criterion-level" and '"mastery is indicated by
obtaining a score equivalent to 90 per cent of the items correct," are
indicative of this type of interpretation of criterion.

Neither of these two types of interpretations is quite what is
meant by a criterion-referenced teat. A criterion-referenced test is
one that is deliberately constructed to yield gcores that are directly
interpretabla in terms of specified performance standardas (Glaser and N{itko,
in press). Thus, "ehe standard [or critarion] against which a student's
performance is compared . . » is tha behavior which defines each point
along the achievement continuum (Glaser, 1963, p. 519)." Four things are
characteristic of criterion-referenced tests (Nitko, 1970):

Q
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(1) the classes of behavior that define different achievement
levels are specified as clearly as is possible before thne
test is constructed.

(2) each behavior class is ¢efined by a set of test situations
(i.e., test items or test tasks) in which the behaviors
can be displayed in terms of all their importaut nuances.

(3) given that the classes of behavior have been specified and
that the test situations have been defined, a representative
sampling plan 1s designed and used to select test tasks
that will appear on any form of the test.

(4) the obtained score must be capable of expressing objectively
and meaningfully the individual's performance characteristics
in these classes of behavior.

Criterfon-referenced tests have been used most often in instruc-

tional contexts, and in particular, in instructicnal procedures which

seek to be individualized with respect to the learner. It 1s in the

context of individualized instruction that questions have been raised con-
cerning the meaning of scores on traditional educational achievement tests and

their applicability to instructional deciesion-making. Thie, in turn, has led
some to question the applicability of traditionally used test ccnstruction
procedures. Ve are led to believe by some that, in individualized instructior
traditionsl test construction procedures are not at all applicable.
0f concern hare, then, is the use of teste in adaptiva individualized
1nstructional'systems. By "adaptive individualized instruction” it is meant
that the instructional system is 8o organized and mansaged that the content
and method of instruction varies with the individual characteristics of
X the student. In 4its ideal form, adaptive individualized instruction uses
Q .
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an analysis of a student’s characteristics co guide him through a course
of instruction specifically tailored to him.

Tn the discussion that follows, it is assuma¢ .nat the course of
instruction a learner wishes to undertake has been designed and that it
has these characteristics:

(1) the desired outcomes of instruction have been specified and
translated into defined domains of tasks. The student's
performance on these tasks will form the basis for inferring
his attainment of the desired outcomes.

(2) a s2quence of intermediate goals has been established and
these goals are arranged in a prerequisite order leading to
attainment of the terminal goals of instruction.

(3) various instrqctional procedures (methods) have been established
and are available to ihe learner. These instructjonal procedures
are designed for each intermediate goal and each terminal in-
structional goal.

The kind of tesfs we will corsider are those that are used to make
instructional decisions about individual pupile. This will leave out i
number of tests designed for such purposes as overall evaluation of the
course of instruction or tests designed especially for feedback to the
curriculum developer concerning course improvement.

| In adaptive 1ndi§idualized instructicn three general types of
decisions need to be made by the instructor and/or pupil. These decisiona
might be called placement, diagnosis, and attainment decisions, respectively
(Glaser and Nitko, in press) One decision concerns the placement of the
pupil in the instructional sequence. If the instruction is adaptive {t will
Q avoid teaching the studant that of which he already has command and will
r
J
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offer him new goals to learn. The information that 18 needed answers the
question, "Where in the instructional sequence should theSstudent begin

his stady?"” Tests built to provide this infocrmation are specific to the
content and psychological structure of the particular course of iastruction
with which the student is faced. (Psycholeopical structure means ordering
"sehaviors in a sequence of prerequisite tasks so that competence in an
early task In the sequence facilitates the learning of later tasks in

the sequence" (Glaser and Nitko, in press}.)

As an illustraticn a schematic representation of a hierarchical
sequence of instruction is shcwn in Figure 1. The lettered boxes represent
instructionaliy relevant behaviors tlat are in a prerequisite order. At

!
the bottom of the figure (helow the dotted line), are behavioré that are
prerequisite to the‘inetructional sequence at hand., These behaviors are
assumed to be learned pricr to the student's confrontation with this sequence,
The boxes in the hierarchy bear a prerequisite relationship to each other.
Thus, “E'" is prerequisite to "F," and "G" is prerequisite to "H.'" Parallel
columns of boxes are considered independent of each other from the learning
sequence point of view. Behaviors "I" and "J" are the terminal outcomes
for this inmstruc:ional sequence, Hence, "F" and "H'" are both considered
prerequisite to "I" and "J," but "¢" and "H" are not prerequisite to each
other.

Such a hierarchical specirication, when it is available, provides
a good "msp" on which an 1n§1viuua1 atudent can be located before actual
instruction begins. That is, one 18 assuming that each student needs to
be located or placed at some point in this learning sequence and that a
decision has not been made about the teaching technique that an individual

is to receive in order that he nay acquire the next sequential behavior.

6



Information provided by a placement test would result in a precfile for a
student such as the one shown in Figure 2. For this hypothetical student,
the profile indicates that he ha; learned prerequicites "A," "B," '"¢,"

and "D" and intermediate goals "E," "F,” and "G" well enough to proceed

with instruction on behavior "H," the next behavior in the learning sequence.

An efficient test for determining location In such sequences probably
would be of the branched or tailored type, particularly if the sequence was
long. The nature of such tallored tests is somewhat different than those
tailored tests which seek to order or locate individuals with respect to
some tralt, such as, general intellectual ability. In the instructional
situation one can take advantage cf the psychclogical structure of .the
subject matter. Thus, if an examinee was successful on items testing one
objective in the sequence, this S§UId indicate that {items from earlier objec-
tives in the sequence would be passed as well. If the hierarchy 1is valid,
an efficient procedure 1s to begin testing with those items from the middle
of the sequence and to branch to upper and lower points in the hierarchy
depending on the examinee's score (Ferguson, 1969),

It is probable that in individiaulized instructional systems where
the curriculum sequence consists »f a large number of instructional objectives,
for exemple an entire curriculum area, such neat hierarchies do not exist.
Nevertheless, some gequencing of instructional objectives is possible, An
example of this i{s shown in F;gure 3. Here an elementary mathematics cur-
riculum has been defined in terms of approximately 350 objectivas., The content
has bien broken down‘into t;n topics which are roughly in a prerequisite
ordor (from top tc bouttom in tha figure). Further, each topic has been
developed over a range of complex behaviors which are gleo in a rough pre-
requisite order (from Level A through Level G in the figure’. Each cell

o '
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of the grid represents several instructional objectives, and is called a
unit of instruction. Usually, the objectives in a unit can be arranged

in 2 learning sequence that leads to a few terminal goals for that unit.
The inset shows (hypothetically) how a short sequence of objectives might
look for one unit of instruction. In general, within a single unit, there
will be prerequisites from earlier toplcs and lower levels.

A student that Js new to this curriculum is given a two-stage place-
ment test (Cox and Boston, 1967). The first Is a broad-range test over the
curriculum. The results are used to place a student at a unit in each topic
c¢r content area. The second tast consists of a placement decision about
the particular objedtives within each unit. The broad-range test needs io
be given only once at the beginring of a course of study. After completing
the first unit of study, the student is given the second-stage test for the
next sequential unit. Thus, he 18 placed at each successive unit in the cur-
riculum.

The troad-range test actually 18 a battery of tests, one for each
topic. Each subtest would predict for each topic, the last unit in the
sequence from A to F 4n which the student would be successful. The student
would be given i{nstruction in tho next sequential unit for that topic. Figuvre 4
shows a completed firat-stage placemont profile for a hypothetical etudent.
Traditional item selecticn procedures which seek to maximize predictive
validity w§u1d seom appropriate for this type of broad-range test. If the
instructional sequence with}n a unit {s hierarchical, then one could select
items from the domains that deiine the ternsinal objectives of that unit, and
depend on the prerequisite nature of the hierarchy to subsume the other objec-
tives. 1f no such hierarchy exists, then selecting items from the domains of

all objectives would seem to be required, Care should be taken, however, in
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using correlational indices, since often thz absolute leavel of attairment
of unit skills is important.

Once a student is located at various points in the course or cur-
riculum, information is required that answers the question, "What insrcruc-
tional alternative will best adapt to this student's individual requirements
and thus maximize his attainment of the next instructionally relevant objec-
tive?f Placement inhtﬁe-éﬁr;iéulum‘does not specify the methods or kinds
of instruction that should be used with a particular student. Tests providing
this kiud of information might be called "diagnustie." I there is but &
single instructisnal method, then this is & n:ll decision.

One general class of tests required for this type of decision comes
cut of aptitude~-treatment-interaction research as defined by Cronbach and
Snow (Cronbuch, 1957; Cronbach and Snow, 1969) and suggestions for desiguing
them are found there. It should be‘noted that these tests need not be
criterion-referenced.

When instruction has been. coupleted, we are interested in whether
the student has learned the objectives. More often than not, a verbal state-
ment of an instructional objective implies that an individual ought to perform
quite ~ large domain of tasks., This is particularly true where gene;alization
and transfer are of primary importance. The type of test which seems to
provide'thia kird of information is a criterion-referenced test.

In 2onstructing such tests, empirical evidence must be provided to
support any contentions that the classes of test tasks from which the test
constructor samples do 1nd;ed reflect the behavior or competence of interest.
Th{s means careful tryout of itens and analysis of data. Domains of items
need Lo be carefully examined and, if necessary, stratified so that repre-

sentative sampling can take placa, Item enalysis is used both to etudy the
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characteristics of the items and to refine them. Elimination of items

on purely statistic grounds is poor practice generally in achievement test
construction andrbecomes increasingly serious in criterion-referenced testing.
™Me classes or domains of tasks which define a behavior are specified before
a particular foirm of a test 1s developed and to screen out some items from
inclusion on a particular test will change the definitions oi the behavior
categories (cf. Osburn, 1968). 7There 1s some evidence that tests constructed
from carefully defined domains of items possess reasonably guod paychometric
properties without prior statistical selection (e.g., Ebel, 1962; Hively,
Patterson, and Page, 1968).

Some would claim that criterion-referenced tests, particularly those
that attempt to measure a single instructional objective, ought to be homo-
geneous. It is well known that insistence on high item total-test correlations
may lower the content=-validity or representativeness of the test (Crombach,
1970a). Further, there appears to be no inherent reason why the behavior
classes specified by an instructional cbjective need to be homogeneous (cf.
Cronbach, 1970b). The opposite may be true of instructional objectives
dealing vwith gencralization and transfer of learning wiere one 13 concerned
in determining proficiency on a wide variety of tasks. Ta most cases with
these types of justructional tests, examination of iteam statistics, pax-
ticularly in Yight of preéious instructione) history, does reveal where
{tems or the instruction can be improved.

A further point in constructing criterion-referenced tests for
measuring the outcomes of 1Qa:ruction is that of determining mastery. It
has been mentioned that criterion-referenced testing does not necéssurily
imply that & cut-off score bt used. These tests are used to deternmine
the performan:ze characrﬁriatine of the examinee with respect to the defined
domain of tasks. What seema to be needed is to determine vhat level of
o .
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performance {or whet universe score in the Cronbach sense} 1s required at
each point in thec learning sequence in order to maximize success at the
next point in the sequeance (Nitko, 1970). There seems to be no inherenf
reason winy this could not differ for the individual and with the circum~
stances. Different studeats znd different instructional methods may need
differentylevels of proficiency either to continue with instructior or at
the termination of instruction. The mastery score with respect to a domain
of instructionally relevant tasks thus appears tc be a transfer of

learning problem.

Summary

In short, it is the use to which test results are put that Jeter-
mines thelr nature and the construction methodology. 1In instruction,
various procedures cannot be considered independently of the instructional
context in which they will be used. Particularly important is the inte-

gration of test design with instructional design.
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Figure 1

Hypothetical Hierarchy for a Sequence of Inatruction
Leading to Terminal Learning Goals "I" &nd 'J"
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Figure 2

Placement profile for a hypothetical student. (Shaded boxes
mean that che stulent has sufficlent mastery of theas
instructional goals to proceed with a new
instructional goal.)



Level of Complexity

Content

{Topic) A B C D E ¥ G
Numeration/Place Value * * * * * * *
Addition/Subtraction * * * * * * *
Multiplication * * * * * *
Division * * * * * *
Fractions * * * * * * *
Money * * * 4(::)

Time * * * //; *

Systems of Measurement ® *
Geometry * * * * * *
Applications * * * * * *

R o e e e e A e -

*
Indfcates a unit of instruction consisting of one or more instructional
objectives.

Figure 3
Example of curriculum layout for Individually Prescribed Instruction
elementary mathematics
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MATHEMATICS PLACEMENT PROFILE

Name WW«C/? Date J/ZQ___ Grade _ J_
7

School MMQ Teacher %ﬂo’,&ﬂéﬁ/l&oom /2.
7

: . Placed
Mathematics Placement Level A-C ot

i .
_
_
_

Numeration/Place Value

£
1

Addition/Subtraction

NN

WIIINE

Multiplication F

. A
Division ‘7//'74 ﬁ
Fractions é%y '{9/
Money ] ] Z / ——
Time ——

OO

Syetems of Measurement

W
<

X
fiometry ;é%i f—;‘l—_
Applications //?%% ﬁ'

Figure 4
Example of Placement Profile for a hypothetical student
Q ~ with respect to the mathematics curriculum of
]E[{J!: Individually Prescribed Instruction
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