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II The number of new educational programs has increased dramatically
N. since the'Xid-sixties. While some programs are minor extensions of
CJ older programs, others represent completely new educational approaches.

The importance of comprehensive summative and formative evaluations of
pr these new programs is clear It is equally clear to many administrators,

v4 program developers, and evaluators that criterion-referenced tests are

C7.3
an essential type of instrumentation for conducting program evaluation

RAJ
studies. Unfortunately, nearly all of the recently developed criterion-
referenced testing technology applies to test development and uses with
individual scores (for example, to monitor student progress, to diagnose
student learning needs, and to certify students as high school graduates).
In program evaluation, group information is of central importance. It
is not the case,, as some have assumed, that testing technology developed
for use of test scores with individUals is optimal for this purpose.
We suggest that there is some misdirection in testing projects due to
this basic misunderstanding. Pour steps in test development are
different: (1) approach to item selection, (2) assessment Of'reli-
ability, (3) standard-setting methods, and (4) methods of test score
reporting. The purposes of the paper will be to consider the first two
steps and offer methods for handling them in preparing and using criterion-
referenced tests in program evaluation studies. In'addition, prior to
considering the two steps, a brief comparison of norm- referenced testing
and criterion-referenced testing within the context of program evaluation
is offered and a model for developing and validating criterion-referenced
tests is introduced.
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Construction and Use of Criterion-Referenced
Tests in Program Evaluation Studies',2

Janice A. Gifford and Ronald K. Hambleton3
University of Massachusetts, Amherst

The following questions are often addressed in order to determine

the effectiveness and hence the impact of as educational program:

Are the objectives worthwhile?

Are the stated objectives being achieved?

How does one program compare with another in accomplishing
a common set of objectives?

What changes should be made to improve program effectiveness?

The formal, systematic search for answers to these and similar

questions is termed program evaluation. During the past ten years, several

models of evaluation have emerged (Glass & Ellett, 1980). Since there is

no single accepted definition Of program evaluation, these models differ in

varying degrees, in the set of questions addressed,and in the phases

of the program implementation that are examined: Rather than attempt to

present, compare,and contrast the major evaluation models here, the

reader is referred to any of the several excellent discussions of

1The project reported herein was performedpersuant to a grant
from the National Institute of Education, Department of Health,
Education and Welfare. However, the opinions expressed herein do
not necessarily reflect the position or policy of the National Insti-
tute of Education and no official endorsement by the National Institute
of Education. should be inferred.

2Laboratory of Psychometric and Evaluative Research Report No. 102.
Amherst, MA: School of Education, University of Massachusetts, 1979.

3We would like to thank H. Swaminathan for his helpful comments
on an earlier draft of.the paper.
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evaluation models (Glass & Ellett, 1980; Perloff, Perloff, & Sussna,

1976; Popham, 1975; Worthen & Sanders, 1973). However, in its most

general form, program evaluation may be thought of in terms of three

phases. Phase one consists of the examination and evaluation of the

goals of a program. That is "Are the stated purposes of the program

of value?" Phase two consists of the examination and evaluation, of

the processes of the program. For example, "Are the processes such

that they facilitate the attainment of the stated program goals?"

Finally, phase three focuses on the measurement of program outcomes.

That is, "Have the stated goals and objectives been achieved?"

In order to answer questions raised at any of the three phases,

a program evaluator must begin by drawing on many of the measurement

techniques commonly usedby social, psychological and educational

researchers. For example, in order to study the adequacy of the goals

of a program, measurement may take the form of needs assessments,

attitude scales or preference scales. In phase two, for examination

of the process, questionnaires, interview schedules, and observational

instruments may be helpful. Attitude scales, performance tasks and

paper and pencil achievement measures are exaMpleS of techniques avail-
.

able for the measurement of program outcomes.

Since educational programs, in particular, are generally directed

toward goals such as the acquisition of particulai knowledge or skills,

or the advancement to some desired performance level or achievement

level by those individuals served by a program, it is crucial that an

evaluator employ a performance or achievement instrument sensitive

enough to adequately reflect the ability of a group or of the indi-

viduals in terms of the specific goals of the program. Unfortunately,

4
4

6



-3-

norm - referenced paper and pencil inatrumeitt development techniques are

less than ideal for constructing tests to measure individual and group

accomplishments in relation to a set of program goals. Norm- referenced

test development methods, which are well-known are aimed toward producing

tests to reliably and validly rank or compere examinees. However,

evaluators require test development methods that will permit them to

design and to use instrumentation to determine what individuals and

groups can and cannot do in relation to a set of program goals. Criterion-

referenced test development methods provide the answer since criterion -

referenced tests are constructed to permit the interpretation of

individual or group test scores in relation to a set of well-defined

objectives (Popham, 1978a).

Norm - referenced tests and criterion-referenced tests are designed

to achieVe different purposes and therefore the approaches to test

construction and test score interpretation will also differ. When

these two types of tests are used incorrectly, problems' arise. For

example, Carver (1975) argues convincingly that Coleman et al. (1966)

in a well-known and often cited study of the impact of schooling used

inappropriate instruments (norm- referenced tests rather than criterion-

referenced tests) and therefore the data do not address the important

question under study,-that of the relationship between school differ-

ences and level of achievement.

1.1
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Following ten years or so of psychometric research, a well-

developed technology for building. criterion- referenced tests and

using the derived test scores. exists (e.g., Bambleton & Eignor, 1979a;

Popham, 1978a). Unfortunately, this technology is designed to con-

struct tests for use inevaluating the performance of individuals

in relation to a set of well-defined goals or competency statements

and therefore when group performance is of primary interest, as it

is in.program evaluation studies,, variations from the usual ways for

building and using the tests will be necessary.- Four steps in test

development are different: (1) approach to item selection, (2) assess-

ment of score reliability, (3) standard-setting methods. and (4) methods

of test score reporting. The purposes of this paper will be to consider

the first two steps and offer methods for handling them in preparing

and using criterion-referenced tests In,program evaluation studies.

In'addition, prior to considering the two stepi, a brief comparison

of norm- referenced testing and criterion-referenced testing within the

context of program evaluation is offered and a model for developing

and validating criterion- refaced tests is introduced.

6
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Comparison of Criterionaerenced Tests
apd Norm-Referenced Tests in the Context

of Program Evaluation .

The educational program evaluator, in the search for a suitable

instrument, will quickly discover that the great majority of instruments

are norm- referenced tests. For. example, more than 95% of the instru-

ments listed in the Eighth Mental Measurement Yearbook (Buros, 1978)

are norm-referenced tests. Although criterion-referenced measures

have not been used to the same extent as norm-referenced measures,

there is a growing awareness of the importance of criterion -

referenced measurement.

Generally, a norm- referenced test cannot be distinguished from

a criterion-referenced test by appearance alone. The differences

revolve primarily around three areas: specification of test content,

the selection of items, and interpretations of the scores. In com-

paring CRTs to NRTs, it should be kept in mind that the of NRTs

is to represent "ability" in terms of other individuals, while the

goal of CRTsis to represent "ability" in terms of a given domain of

content.

The first step in the construction of any test is to specify,

in some manner, the content domain to be measured by a test. It is

common for developers of both types o- tests to begin with objectives. With

criterion-referenced tests, however, it is essential to describe the objectives

7
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in considerably more detail. Added clarity Can be obtained by offer-

ing a sample test item, describing appropriate item content and

specifying characteristics and types of answersthat can be used as

distractors in objective test items.. "Expanded objectives" (or

"domain specifications") facilitate the preparation of test items to

measure objectives and improve the clarity of test score interpretations.

The second phase of test construction involves the development,

analysis, and selection of items. With norm-referenced. tests, a

large set of items is initially constructed to reflect the objectives

outlined in step one. Preliminary forms of the test are constructed

and administered to examinees similar to those for whom the test is

intended. Later, the items are studied in terms of their difficulty

and discrimination. Since the major purpose of a norm-referenced test

is to compare an individual's performance, knowledge, or skill, to

that of some reference group, a suitable norm - referenced test will be

constructed with those items that contribute most to maximizing test

score variability. Comparisons among examinees are more reliable when

test scores are dispersed widely. Hence, the final item selection is

dependent not only on the objectives of interest, but also on the

statistical characteristics of the available items.

On the other hand, since the universe or domain of items is

specifically defined for a criterion-referenced test, item selection, typically,

consists of selecting a set of representative items from the domain.

If more than one objective is measured by a test, a set of representative

items from the domain of items matched to each objective is drawn.

Item statistics play a secondary role.to item representativeness in

criterion-referenced test item selection.

8
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Finally, test scores are reported and used in a way consistent

with the test's purpose. A norm referenced test score is reported as a

raw score and one or more derived scores (for example, percentile scores, age

or grade-equivalent scores, and standard scores). Raw scores alone

have very little meaning. Inferences cannot be made as to what the

individual knows or does not know. The derived scores give specific

information concerning the relation of an individual's knowledge,

skill or ability, to that of a particular reference group. The score

(or scores) on a criterion-referenced test, however, provides informa-

tion concerning the relationship of an individual's knowledge, skill

or ability to a given specified domain of content.

The intrinsic differences between criterion-referenced and norm-

referenced measurement have important implications for their use in the

evaluation of educational programs. A major shortcoming of the use of

norm - referenced tests in program evaluation results from the discrep-

ancy between the content covered by a test and the content of the

program that is being evaluated. The tests that are most commonly

used in evaluations are used nationwide and arebased onin

oration of objectives of programs from all over the country -: Each

program has different instructional objectives and the instruction of

particular objectives may occur at different times. The overlap of instruc-

tional objectives and test objectives will not usually be complete and

the degree of overlap will change from program to program. This is

particularly true in compensatory educational programs, where the

objectives may be more basic and specific than the general objectives

reflected in norm-referenced tests. Moreover, each curriculum
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typically depends on the people teaching the program and their priorities

and emphases. In general, it will be difficult to find a atandardized

achievement test where the content closely matches the content goals of

a particular program being evaluated. It is not uncommon therefore to

hear the charge of "unfairness" when a norm-referenced test is used

in program evaluation.

A aecond source of the discrepancy between test content and program

objectives arises directly from a major purpose of norm-referenced tests,

i.e., to compare an individual's performance, knowledge or skill to

that of some reference group. In order to effectively obtain this

type of information from a test, the test must be constructed with

that purpose in mind. Consequently, norm-referenced tests consist of

test items that contribute most to maximizing test score variability.

In the process of choosing items that contribute sufficiently to test

variability, those contributing less to variability are eliminated.

It is clear that items tapping concepts taught successfully by a

great number of teachers will contribute little to test score varia-

bility (most students will answer the items correctly) and will be

eliminated, while the items measuring pure reasoning ability will have

greater variability and will be retained. In other words, many

instruction-related skills are systematically eliminated, and the

variation that remains is primarily due to the effects of non-instruction

related variables. When- "easy" and "difficult" items are deleted,

resulting tests look less like achievement tests and more like aptitude

tests (Popham, 1978b). If an instrument is to be sensitive to the

10
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learning process, its content must be carefully matched to that of the

program. Since, at present, many programs to be evaluated are innova-

-,

Live, not only are the instructional methods different, but often the

goals and objectives of these programs are different from those of the

traditional program. As a result, a norm-referenced test score may

be inapproriate since it does not indicate knowledge in terms of the

instruction. It would often be a mistake to judge a new program

according to the standards of a traditional program.

Criterion-referenced tests, however, are constructed or can be

selected specifically to match the goals and objectives of a program,

and since item quality depends exclusively on the ability of the item

to reflect the domain, this match is not lost in the item selection pro-

cess as it may be in a norm-referenced test. Consequently, criterion-

referenced test scores, assuming the test from which the scores are

derived is constructed and administered properly, are valid indicators

of performance or achievement in relation to the instructional

objectives of the program.

Perhaps the greatest advantage of using criterion-referenced

measurement in the evaluation of educational programs result from

the range and quality of information obtainable from the test scores.

Because of the match between the test content and instructional

objectives, criterion-referenced scores permit a description of an

individual in terms of clearly specified domains of content. For

11
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example, it may be said that a student has mastered 60% of a set of

program objectives. However, it is not always the case that infor-

mation is required on each individual or all objectives. Particularly

in program evaluation, an evaluator often will want to know how some

group of students in general has been affected by an educational

program rather than any given individual. Since this is the case,

it is possible with criterion-referenced testing to make very efficient

use of items. A procedure referred to as "item-examinee sampling"

provides for optimal efficiency in information gathering when there

are practical limits on the number of items that can be reasonably

administered to an individual. This topic will be considered in

detail in a later section.

In mot evaluations of educational programs it is not only

important to know something about the achievement of those served by

a.program in terms of the prescribed objectives, it is also valuable

to be able to compare the performance of individual in a program to

the performance of various other groups. Even though criterion-

referenced tests are not constructed specifically to maximize vari-

ability of test scores and the frequency distribution of the test

scores may be homogeneous and hence less useful for ranking

individuals, norm-referenced interpretations of criterion-referenced

test scores can be made and can be of considerable value. As long

as objectives are held in common, comparisons of criterion-referenced

test scores among examinees or groups of examinees can be made.

Articles by Ebel (1978), Popham (1978b), and Mehrens and Ebel

(1979) provide additional insights into the topics considered in this

section.

12



Steps in Criterion-Referenced Test Development

In this section the essential steps in criterion-referenced test

development are introduced. A 12 step model is presented in Figure 1

(Hambleton & Eignor, 1979b). The importance of each step in the model

depends upon the size and scope of the test development and validation

project. An agency with the responsibility of producing tests for

state-wide use will proceed through the steps in a rather different way

than will a small consulting firm or a group of researchers.

In brief, the twelve steps are as follows:

Step 1--Objectives must be prepared or selected before the
test development process can begin.

Step 2--Test specifications are needed to clarify the test's
purposes, desirable item formats, number of test items,
instructions to item writers, etc.

Step 3--Items are prepared to measure objectives included in the
test (or tests, if there are going to be parallel-forms,
or levels of a test varying in difficulty).

Step 4--Initial editing of items is completed by the individuals
writing them.

Step 5--A systematic assessment of items prepared in steps 3 and
4 is conducted to determine item validities. Essentially,

the task is to determine the content validity of the
test items.

Step 6--Based on the data from step 5, it is possible to do
further item editing, and in some instances, discard
items that do not adequately measure the objectives
they were written to. measure.

Step 7--The test (or tests) must be assembled.

Step 8--A method for setting standards to interpret examinee
performance is selected, and implemented.

Step 9--The test (or tests) must be administered.



1. Preparation and/or Selection of Objectives

2. Preparation of Test Specifications (for example, Specification
of Item Formats, Appropriate Vocabulary, and Number of Test
Items/Objective)

3. Writing Test Items "Matched" to Objectives

4. Editing Test Items

5. Determining Content Validity of the Test Items

a. InvOlvement of Content Specialists
b. Collection of Student Response Data

6. Additional Editing of Test Items

7. Test Assembly

a. Determination of Test Length
b. Test Item Selection
c. Preparation of Directions
d. Layout and Test Booklet Preparation
e. Preparation of Scoring Keys
f. Preparation of Answer Sheets

8. Setting Standards for Interpreting Examinee Information

9. Test Administration

10. Collection of Reliability, Validity and Norms Information

11. Preparation of a User's Manual and a Technical Manual

12. Periodic Collection of Additional Technical Information

. Figure 1. Steps for Developing and Validating Criterion-
Referenced Test Scores (From Hambleton & Eignor,
1979b).
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Step 10--Data addressing reliability, validity, and norms
should be collected and analyzed.

Step 117-A user's manual and a tech....!-IzI mrnuel should be
prepared.

Step 127-This step is included to reinforce the point that it
is necessary, in an on-going way, to compile technical
data on the test items and tests as they are used in
different situations with different examinaa ?opLaat::_->ns.

Hambleton and Signor (1979a, 1979b) and Popham (1978a) &scribe

in detail how to carry out the 12 steps in constructing tests to

describe the performance of in:ividuals. Methods for constructing tests

for use in program evaluation studies' are not nearly so well-developed.

In the next two sections methods will be proposed for handling two of

the four steps, item selection and reliability. assessment, which are

handled differently when building tests to describe the performance

of groups.

15
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Approach to Item Selection

Introduction

When decisions are to be made concerning an entire educational

or social program, group information rather than individual informations

is of primary concern. There are two very important types of group

information available when criterion-referenced tests are employed.

'The first of these is the average domain score for the entire group on

each of the relevant objectives (and across the set of objectives of

interest). An examinee's domain acore is his /her proportion - correct score

in the domain of items measuring the objective. An estimate of the

average domain score for a group on a particular objective not only

gives an excellent description of a group in terms of the specific

objective, but can be used to make comparisons over time, comparisons

to other groups, comparisons among objectives or comparison of the

group'a petformance to some desired standard of performance (possibly

set by the instructors of the program of study). For example, a

target may be set for a group of examinees to achieve an average domain score

of .70 on an objective, that is, a 70% average performance level on items

measuring the objective. It would be helpful after program implemen7

tat ion to compare the average domain score of the group to the

chosen standard or target.

The second type of information available through the use of

criterion-referenced testing is the percentage of people in a program

who are classified as masters on any given objective. An individual

is classified as a master or non-master by oimparing the individual's domain

score estimate to a cut-off score positioned on the domain score scale.

It is thus helpful to know what percentage of those taking part in a

16
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given program can be classified as masters. Again, comparisons over

time, comparisons between groups, comparisons among objectives, or

comparisons of the group to some standard are extremely useful in the

evaluation of effectiveness of program implementation.

Besides average domain scores and percent of masters on each or per-

haps only the most important program objectives, program evaluators

usually have an interest also in the variability and distribution of

domain scores, and in the percent of examinees in a group mastering

a specified number of objectives at a specified level of performance.

It should be noted, however, that in order to gather the

types of information described above, each student or sample of

students should be tested by several items for each objective. Testing

time can quickly become prohibitive. It would not be unusual, for

example, to have 100 objectives, each tested with 10 items, resulting

in a total of 1000 items, far too many to reasonably administer to any

group of people. It is possible, however, to utilize sampling plans

in order to gather information more efficiently.

The simplest sampling technique is to choose a random, or

stratified random sample of examinees from the examinee population,

and administer the entire test to the sample. This is known as

examinee-samplinso Although this procedure reduces the total amount

of testing, each individual that is selected may still be tested to an

unreasonable extent. An improvement on this is another sampling pro-

cedure referred to as item-sampling. Here, items are randomly selected

(or perhaps stratified on difficulty level) from the domain of items

measuring each objective and administered to all examinees. This is

actually the situation that occurs in criterion-referenced measurement.

17
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A representative set of items is selected from the domain of items mea-

suring an objective in order to make inferences about the entire domain.

Unfortunately, since the number of objectives to be measured by a test is

often large, the number of test items measuring any single objective is

likely to be quite small and therefore adequate domain coverage of an

objective is difficult to ensure.

Fortunately, it is possible for the evaluator to provide an

accurate description of the program with respect to the given objectives,

while admix: stering only a fraction of the total number -of items to

any given individual. This procedure consists of the simultaneous

application of the two previously mentioned sampling procedures and

is called item-examinee or matrix sampling. A randomly Selected.grOup

of items is administered to a randomly selected group of examinees.

A further refinement, which results in better estimates of population

parameters, is referred to as multiple matrix sampling. In this case,

the item-examinee sampling procedure is repeited a number of times.

A first set of randomly selected items is assigned to a first group

of randomly selected examinees, followed by the assignment of a second

set of items to a second group of examinees and so on. Estimates of

parameters of interest are calculated fOr each matrix and then Pooled,

resulting in estimates that can be used to make inferences about all

examinees on all items. Considerable research has demonstrated the

feasibility, desirability and efficiency Of matrix and multiple matrix

sampling procedures (Shoemaker, 1973a; Sirotnik, 1974).

There are several item-examinee sampling designs that program

evaluators may find particularly useful for applications involving

criterion-referenced testing. Next, some practical considerations

in choosing a design will be discussed, followed by a presentation

of specific designs. 1_ 8
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1..1. .

Some Preliminary Considerations

There are many practical aspects to be considered in chnoRing an

efficient sampling plan.' Total testing'time, the number of objectives,

the number of items per objective, and the number of examinees must

all be considered in light of the desired degrees of precision for the

statistics of interest. The amount of time allotted for testing is very often

restricted, if not by conditions intrinsic to the program itself, then by the

length of time one can expect an examinee to respond to test items. The

number of objectives to be tested must also be considered and decisions

made as to whether or not it is critical that each and every objective

be tested.

In some situations, it is more important to have more reliable

information on a subset of objectives rather than less reliable infor-

mation on all objectives. This may be particularly true when it is

of interest to report the percent of examinees who are classified as

masters on a given objective. In order to classify an examinee as a

master or non-master reliably, several items must be used for a given

objective. Since this may result in an unreasonably long test, it

may be necessary to establish priorities for the objectives, and measure

most completely, only those objectives basic to the purposes of the

program. This may be accomplished particularly if the objectives are

structured hierarchically, that is, mastery of one objective is a pre-

requisite to mastery of others. Priorities can be established to

reflect this.

11, sampling plan describes the number of different tests that
will be constructed, the number of items in the tests, and the number
of examinees who will be administered each test.

19
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In contrast, it may be more important in some situations to

report information on all objectives of a program. Since the

number of objectives is often large, obtaining information on each

objective and at the same time maintaining a test of reasonable

length may not be feasible. This problem can be overcome, through

the use of multiple matrix sampling.

In designing a sampling plan, since the number of examinees, items,

objectivesand items per objective have a direct bearing on the pre-

cision of estimates, the evaluator often must arrive at a compromise,

sometimes sacrificing precision in order to arrive at a feasible

test plan. Other aspects that need to be taken into account relate to

the nature of the objectives and test items of interest. Objectives

tested through use of items that require special directions, practice

questions, or verbal presentation can have an effect on the develop-

ment of a sampling plan. In these cases it is an inefficient use of

time to sample a very small number of items from the objeCtive. it

is perhaps more reasonable to test etch examinee group with fewer ob-

jectives and more items per objective. The complexity of the domain also

has an effect on the number of items selected to measure an objective

and the method of item selection. More items must be used with complex

domains to insure item representativeness. Stratification of the

items may be necessary to insure complete, yet efficient, coverage of

the item domain.
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f..lection of Design!!

In this section of the paper a few designs are presented that

are particularly suited for use with criterion-referenced testing in

program evaluation. The notation and definitions used here will be in

keeping with that suggested by Shoemaker and Knapp (1974). The ncmber

of items in the domain of items measuring an objective is denoted by

K, the number of items measuring an objective in a test by k, the total

number of examinees in the population is denoted by N, and the number

of examinees taking each test by n. A particular sampling plan for

the collection of test data in relation to an objective, then, can

be represented as t/k/n where t is the number of tests.

Multiple matrix sampling plans can be with or without replace-

ment on both the item and, examinee dimensions. In evaluation settings,

it is important, whensampling examinees, to choose a given examinee

only once. This ensures maximum coverage of examinees and reduces

testing time on the part cf an examinee while avoiding confounding

effects due to an examinee taking more than one test. Similarly,

sampling of items without replacement is important to ensure domain

coverage and avoid overlapping tests. Thus, it is apparent that

in evaluation settings, sampling of items and examinees without

replacement is the most meaningful and feasible sampling plan to

consider. For the purposes of this paper, we shall therefore assume

that all sampling is without replacement.

If each of the K items of an item domain is assigned to at

least one test the sampling is said to be exhaustive in the item

dimension. Likewise, examinee sampling may be referred to as either

exhaustive or non-exhaustive depending on whether or not the entire

group of N examinees is tested. The choice of-sampling is largely

21
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dependent on the type of inferences the evaluator wishes to draw from

the resulting data. In the particular application of criterion-referenced

measurement to the evaluation of programs, the inference to be made

from the item dimension is different from that in a typical item sampling

plan. Ordinarily, item sampling is used to estimate a groups' perform-

ance on a fixed length teat (K items) by looking at performance on tests

of length k. The important point here is that the inference is made to

some particular set of K items. In criterion-referenced measurement,

however, the inference of interest is not to some fixed set of items

but to a well-defined but very large domain of test items. Consequently,

items are in effect randomly chosen from the well-defined domain and used

to estimate examinees' success on the domain of.interest (Sirotnik, 1974).

It is clear, then, that since the inference is to be made to the entire

domain from a sample of items, item sampling is non-exhaustive when

criterion-referenced interpretations are to be madi of.the scores. It

should also be noted that, in the evaluation of a program, information

about many domains is often required. The multiple matrix sampling must

occur within each domain, since generalizations are to be made to each

domain of interest.

The sampling of examinees, can be one of three types; exhaustive,

non-exhaustive from a finite population, and non-exhaustive from an

infinite population. An example of an exhaustive sampling plan is

when every person in.a program is tested on Some subset of items keyed

to an objective. For example, a population of 1000 examinees is divided

into four subgroups of 250 examinees each, and each group is adminis-

tered 5 items randomly chosen from a domain. Each examinee receives

5 items and the information from this is used to make an inference

about those 1000 examinees on the entire domain. The second type of
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examinee sampling comes about when sampling is done from a fixed pop-

ulation of examinees and not all those in the population are tested.

For example, suppose there are 100 objectives to be tested on a group

of 1000 examinees. The population of 1000 examinees can be divided

into two random samples, each sample of examinees responding to items

representing one half of the total objectives. Although 500 examinees

in each case are tested on an objective or domain, the inference is

to be made to the original population of 1000 examinees. Within a

given objective, examinee sampling is non-exhaustive. This design is

particularly applicable when information on many objectives is col-

lected simultaneously, since each objective is tested on only a

sample of the population. An obvious extension of the above-is non-

exhaustive sampling from an infinite population. This design is

appropriate whenever the size of the examinee sample is small in

relation to the size of the population. A major advantage of this

plan is that it simplifies statistical computation. Schematic repre-

sentations of several types of sampling plans considered so far are

presented in Figure 2.

As mentioned earlier, it is important, when choosing a design to

implement, to consider carefully, the nature of the information needed.

Several types of information will be addressed next. .Thcse are: (1) the

mean and variance of domain scores on an objective, (2) the entire domain

score distribution on an objective, (3) percent of masters on an objective,

and (4) percent of examinees mastering a given percent of objectives.
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At the Objective Level
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Figure 2. Representation of several types of sampling plans.

Objective Objective
Test Tteme Test Items-lo

Sample 1, Sample 2 Sample 3 Remainder* Sample 1 Sample 2 Sample 3 Remainder*

X

x

X

Multiple Matrix Samples (3): Exhaustive Examinee
Sampling; Non-Exhaustive
Item Sampling

rl

X

X

2C

Multiple Matrii Samples (3): Non-exhaustive Examinee
Sampling; Non-Exhaustive
Item Sampling

Since the test items that measure an objective are only a !ample of the items from the domain of
items of interest, all sampling plans will be non-exhaustive of the item domain.

*Remaining items (unused or unwritten) ih the domain of items measuring an objective.
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Figure 2 (continued)
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Multiple Matrix Samples (2); Across Objectives (4); Exhaustive-Examinee Sampling; Non-Exhaustive
Item Sampling.
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(1) Estimation of the Mean and Variance of Domain Scores on an prbee;ive

A parameter of considerable importance is the average domain score

for the population of examinees on an objective.

The unbiased estimate of the average domain score 11 is given by

where the average domain score for test 4, Xt, is given by

It n
E E

nk ` '114
j=1 i=1

(11

The quantity Hijt is the score of the ith individual on the jth item

measuring the objective under study in the 4th test.

A convenient and intuitively appealing way to approach the esti-

mation of the examinee domain score variance was presented by Sirotnik

(1970). He rederived the formulae, presented earlier by Lord and Novick

(1968), using an examinee-by-item analysis of variance design.

Examinees and items are seen as random effects and the item and examinee

population can be viewed as either finite or infinite depending on the

design at hand. Through the usual analysis of variance procedure the

mean square due to examinees (My, mean square due to items (MS;) and

the residual or mean square due to interaction (MSEE) can be calcu-

lated. From these, variance components of interest can be obtained

as follows (for finite populations of examinees and items)
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aE 2 1±2 [16E,- (1 - to MSK/]

kN 9

a2
K-1 [Ns, - (1 - Nj msull

/ K n

_01-1) (K1)

6E1
a

NK MS

The statistic ;2 is then, the estimate of the population variancz.

If the size of the population of items (K) approaches infinity,

.2 N-1 [MSE MSEI
Cr
E N

and if both the population of items and the population of examinees is

infinite, the variance is given as follows:

al . (msE - msE,)/k

An estimate of domain score variance is obtained from each of the t tests and

the t values are averaged resulting in a more stable estimate of the

population parameter.

It is often of interest to compare the average domain score of

a group to some established standard. For example, an average domain

score of at least .80 may be required for "success" on a given objective.

A statistical comparison of the estimate of average domain score to

the standard would be helpful. Rather than comparing the estimate

of average domain score to a standard, it may be of interest to

compare two groups, for example, experimental and control groups.

Although it is possible to test several other hypotheses using estimates
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obtained through multiple matrix procedures, the hypotheses distussed

here are (a) Ho: p = c

versus
# c

and

(b) Ho: pl p2

versus
Ha: ul # u2

To test hypotheses concerning the parameter, v, the estimate of the

standard error must be calculated. The analysis of variance formulation

can again be used to estimate the three variance components, al, variance

due to items, al, variance due to examinees, and cii, variance due to

item-examinee interaction, for each test. As was mentioned earlier,

these variance estimates are pooled across tests to yield a pooled

variance estimate. The standard error of estimate of the mean domain

score can then be expressed by:

60 (TEE5Nrwrr Ec(Km-1)01-nt)61 + n(R-1) (KAct)81 +

((N-n)(KAt) + nk(t-Waij }11
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Examinee sampling that is non-exhaustive, yet from a finite population

and item-sampling that is non - exhaustive from an infinite population

result in

1/22a_ [k(N-nt)82 + n (N-1)&2 + 3 . [8]1.11-112 tnk(N-1) EI

Finally, if both the number of examinees and items are allowed to

approach infinity, the expression simplifies to

8_

1-42
.4_

tnk
6._ f!ca2

E I
na2 + 82EI 1 )11

U
[9]

After choosing the correct standard error of the estimates, the test

statistic can be calculated as follows

6- -

PI-P2

This quantity is approximately distributed normally. Hence, the

computed s value can be compared with the tabulated values and the

appropriate decision concerning the hypothesis can be made.

In practice, the sampling of examinees will be usually exhaustive

or non-exhaustive from a finite population and the sampling of items

will be non-exhaustive from an infinite pool of itemsand therefore

Equations (3] and (41, will prove to be more useful than either

equation (2] or (5]. Likewise, when comparing two groups, equations

(7] and (8] will be applicable more often than equation (6] or [9].
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(2) Estimation of Domain Score Distribution on an Objective

Multiple matrix sampling procedures were introduced initially

to enable test constructors to obtain better test score norms (Lord. 1962).

By requiring schools to administer fewer test items it was felt that

more representative test norms could be obtained because fewer schools

would decline to participate in a norming study. This would

result in more representative samples of examinees to estimate

the distribution of test scores in the examinee population of

interest.

Although matrix sampling was developed primarily for purposes

of norm-referenced measurement, the evaluator who is using criterion-

referenced measurement, may find the estimation of the entire distri-

bution to be valuable. There are times when describing group performance

on an objective by a mean and variance alone is insufficient. Information

about particular percentiles may be needed. For example, it may be of

interest to know the proportion of students who have domain scores

above a value of .80 on a particular objective.

Several approaches to the estimation of an entire distribution

have been investigated (Brandenburg & Forsyth, 1974a). Lord (1962)

presented a successful application of item sampling using the negative

hypergeometric distribution to estimate a test score distribution.

This procedure is relatively straightforward since the distribution

is fitted to the three parameters, mean, variance and number of items.

Further work with the negative hypergeometric distribution was con-

ducted by Shoemaker (1970). He systematically varied the number of

tests, number of items per test, and the number of examinees receiving

each test and studied the fit of the estimated distribution to the
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actual distribution. Shoemaker concluded that for smIll nvatcz:: GI

observations the fit is variable, but as the number of observations

increases beyond a certain point (1.23% of the norm data base in this

study) all procedures produce equivalent results.

Brandenburg and Forsyth (1974b) studied the use of multiple

matrix sampling to estimate the paraMeters of the negative hype.gco-

metric distribution. They compared the distribution to that obtained

through estimation of the parameters of the Pearson Type I distribution.

In order to specify a particular Pearson Type I curve, the first four

moments must be estimated. These parameters were estimated through

use of Lord's (1960) formulae. Brandenburg and Forsyth concluded that,

in general, the Pearson Type I model tended to yield the better fit

of the two models. Since the Pearson Type I procedure requires esti-

mation of the first four moments,more items are required per test in

order to get a stable estimate of the distribution. When the number

of items per test is relatively small, the negative hypergeometric

may be more appropriate since only two moments of distribution need

to be estimated. More study is needed with regard to the effect of the

choice of the sampling design on the fit of the models to the actual

distribution. In particular, the study of the fit of the two models

to various skewed distributions is critical, since Much criterion-

referenced test data seems to be either positively or negatively skewed.



(3) Estimation of Percent of plasters onsmObjective

One of the major purposes of criterion-referenced measurement

is to provide a mastery/non-mastery decision for a given individual.

In program evaluation,'however, information on a given individual is

not critical. Reliable group information is what is needed to make

program decisions. Por example, if 85Z of the population served by

a particular program, achieved mastery status, the program must be

accomplishing something. Whether or not 85i, is an adequate

level of mastery must be concluded by comparing the value to some

previously establishedstandard.

If every person in the entire population is tested with enough

items to make a reliable mastery decision, the percent of masters

can be obtained by simply calculating thf percent of students

classified as masters. Then, the obtained percent can be directly

compared to some standard set by the program designers. If, however,

it is impossible to test all examinees on all objectives with enough

items on each to make reliable mastery decisions, it is necessary

to do some careful sampling.

One solution is to carry out examinee-sampling'on each objective,

make reliable mastery decisions on the chosen sample of examinees by

using a sufficient number of test items, and use the proportion of

masters in the examinee sample to estimate the proportion of masters

in the entire population.

The multiple matrix sampling plans presented earlier can apply

in this situation, as long as enough items on. given objectives are
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administered to individuals. But there are some special considerations

when the variable of interest is the percent of examinees in the population

who have achieved some minimum level of performance on an objective.

When the number of items administered to a student does not

allow for setting a performance standard equal to the one which

applies to the domain of items measuring an objective, the resulting

percent estimate will be biased. For example, suppose the performance

standard is .80 and two items are administered per objective. There

are only three possible cut-off scores: 0, .50, and 1.00. If 1.00

is selected, some examinees who can meet the .80 standard will be

assigned to a non-mastery state and therefore the estimate of the

percent of masters will be too low. On the other hand, if, .00 or .50

are selected, some examinees who could not meet the .80 standard will

be assigned to a mastery state and therefore the estimate of the percent

of masters will be too high. Clearly, if the "actual" and the "true"

cut-off score differ, biased results (in a known direction) will be

obtained and the seriousness of the bias will be related to the

difference of the two cut-off scores. The implication of this is

clear: sample examinees, and administer each examinee a sufficient

number of items to enable the cut-off score on the sample of test items

to equal the desired cut-off score in the pool of test items measuring

the objective (i.e., if the true cut-off score is .75, the number of

test items administered must be a multiple of 4 so that the cut-off

score set on the sample of items canalso be set equal to the value,

.75). Assuming the amount of test data to be collected is fixed in
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estimating the percent-of masters of an objective in a population,

it is not clear whether it would be better to use (1) short tests

and many examinees or (2) longer tests and fewer examinees..

It is also possible to approach the problem of estimating the

percent of examinees exceeding- -'some standard of performance (students

defined as "masters" of the objective) through the use of procedures

presented in the previous section. Rather than getting reliable

mastery decisions on a sample of examinees and inferring the true

percent of masters, it is possible to use multiple matrix sampling

to estimate the entire score distribution and infer the percentage of

examinees that lie above a given minimum level of performance. It

remains to be seen which of the two procedure: described results in the

most efficient and yet accurate results.

Hypotheses concerning the percent of students reaching mastery,

parallel those presented in the previous section. The first relates

to the comparison of the estimated percent of masters to some pre-

established standard. A second hypothesis of interest concerns a

comparison of percent of masters across different objectives. Finally,

there may be interest in a comparison of percent of masters across

two or more groups.

(4) Estimation of the Percent of Examinees Mastering a
a Given Percent of Ob'ectives

It is often of interest to represent the success of a group on

an entire set of objectives. For example, statements such as the

following can be extremely descriptive of the success of a program:
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"Eighty percent of the group mastered at least seventy-five percent

of the objectives." To do this efficiently, it is possible to present

samples of examinees with item samples selected from a representa-

tive subset of objectives. Inferences sre drawn to all examinees,

to the entire item domain and finally, to the entire set of objectives.

This procedure does, however, hinge on the "representativeness" of the

subset of objectives.

Reliability of Group Scores

Discussions of various approaches to reliability of criterion-

referenced measurement' are readily available in the literature (for

example, see Hambleton, Swaminathan, Algina, & Coulson, 1978). The

emphasis in the work to date, however, has been on the reliability of

individual test scores and associated decisions. There are ample

methods and guidelines to aid the practitioner in estimating the

reliability of domain score estimates and mastery decisions. Since

group information is of most interest to program evaluators, the reli-

ability of the group statistics (average domain score and percent of

masters, for example) are of concern, rather than reliability of

individual scores. Reliability then is the accuracy of estimation of

the group derived estimates. In the estimation of domain scores, the

accuracy is expressed in terms of the standard error of estimation

presented in Equations [3] through (6). In the estimation of proportion of

masters (P), the degree of precision is given (approximately)

by the formula
to

The variables that affect the accuracy, are the number of tests (t),

number of examinees per group (n) and the number of items per test (k).
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Soppose the content cooq of a p:iilivislar pruwon: i:. k.,,I,

prised of 50 well-defined objectives. Let us also suppot tho progi-le

Is serving 5000 students (N0=5000). tt is appeopriate at this time, Far

the evaluator to fix the desired accuracy of estimates and choomi

values of k, t and n that will result in standard errors of estimal.:

less than some desired value. As suggested by Shoeme'ver (1971a) 1.,':.!

possible procedure is to plv.e, in the eqecion for the standard

error of the estimate, an acceptable value ,:or the stand:grd error,

the equation can then be solved for t, the :.umber et te,its. The

difficulty with this procedure is that initial estimates of oil,

2 2off, and o/ must be substituted in the expression. Rough estimates,

however, could be obtained through pilot testing, or from norms

studies. According to the guidelines presented by Shoemaker (1971a)

the total number of observations, the product tkn, is the most im-

portant variable to consider when attempting to achieve a particular

level of accuracy. As the total number 1:, observation:, i.. increased,

the size of the standard error of estimate e:rrespondinsly (h.:creases.

Another point presented by Shoemaker that is particularly important ir

this application relates to the distributional nature of the data.

"For normal normative distributions, increases in the number of items

per test are most effective in reducing standard errors of estimati

for negatively-skewed distributions or positively- skewed distributions,

increases in the number of tests are most effective." Since

criterion-referenced test data tend to be skewed, Ow must effective way

of decreasing the standard error.of estimate is to increase t, the

number of tests. After deciding upon values of t, k and n, it may

. ,
38



-37-

be the case that when all objectives are consideredotesting time

becomes prohibitive. For example, suppose the following values er,,

decided upon, t = 10, k = 5, and n = 500. if all objectives are tested

in a like manner, each student must respond to a total of 250 item., (50

objectives x 5 items/objective). It may be necessary in this case to

reduce k, or to administer fewer objectives to each individual. There

is no unique solution to the choice of t, k, and n. The choices very

often depend on practical considerations.

Conclusion

PrDgram evaluators often find that it is important to evaluate

programs with respect to the goals and objectives of the program and

consequently they turn to criterion-referenced measurement. Criterion-

referenced test scores can provide both descriptive and normative

information. To date criterion-referenced test technology has been

mainly directed toward information concerning individuals. In this

paper, technical considerations associated with item selection and

reliability assessment in relation to oritoriOri;roferonced tests

constructed to provide group information were discussed. Hopefully,

some of the ideas expressed in this paper will help to shape the

technology for building tests and evaluating test scores in program

evaluation studies.
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