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SOME PERSPECTIVES ON CRITERION-REFERENCED MEASUREMENT

Introduction

There are several reasons for the recent interest in a direction in
measurement and evaluation which frequently is referred to as "criterion-
referenced" measurement. By criterion-referenced measurement is usually meant
a type of measurement that is deliberately constructed to yield scores that
are directly interpretable in terms of specified performance standards related
to specific classes or domains of tasks (Glaser, 1963; Glaser and Nitko, 1971;
Popham, 1978).

Classical test theory, which formed the basis of the psychological study
of individual differences, abilities, etc., has had only tenuous Tinks with
learning theory (Cronbach, 1957; Glaser and Nitko, 1971), Tt has not, there-
fore, been much interested in aptitude-treatment interaction. Serious
practical work on truly individualized instruction on a scientifically sound
basis is of relatively recent origin. When interest in adaptive instructional
systems grew in the 1960's, it became evident that there was a need for tests
that are very sensitive to the content of individualized programs (Glaser,
1963).

Another reason why criterion-referenced measurement became a topic of
growing interest is that when increasingly large sums of money became available
through national budgets for experimental educaticnal programs, it became a
standard practice to require a research-based evaluation of the effectiveness
of the programs., Since the contents of such programs were often based on new
Tdeas about content and treatment, it was to be expected that standardized
tests would not be considered very suitable to measure the effects obtained.
More program-specific tests were needed,

A third reason for increased interest in criterion-referenced measure-
ment derives from the growing demands for proof that national educational
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systems are working in a satisfactory way and that the money allocated to
cover educational costs is well spent. When the performance of national
systems are assessed, there is a growing interest to make sure that tests
measure what has been taught and that test results tell the general public
what students can do and what they cannot do.

A fourth reason is more closely related to decisions concerning
individual students. When almost automatic promotion from grade to grade
has become a pattern with the introduction of comprehensive-type educational
systems, there has been growing concern that students may be promoted without
having learned the knowledge and skills needed in the subsequent grade
("social promotion"). If school systems decide to adopt a stricter promotion
policy, it is important that the amount of the risk of making false decisions
is minimized, Program-specific tests are a useful tool in administering such
a promotion policy.

This paper will first review some major sources of criterion-referenced
measurement and describe briefly some alternative conceptualizations. Some
comparisons are made between criterion-referenced and norm-referenced mea-
surement. After that, stages in CRM are described with major emphasis on
methods of content specification and the construction and selection of items.
The paper then moves to discuss standard setting as an issue in CRM, This is
followed by a review of how validity and reliability are treated in CRM., The
paper concludes with a brief account of the uses of CRM and of current
problems and issues in CRM.

1. Criterion- and Norm-Referenced Measurement

It was estimated that there were some 600 references on criterion-
referenced measurement towards the end of the 1970's. Practically all of
them were published during that decade. VYet, criterion-referenced measure-
ment is not such a new idea.

E.L. Thorndike wrote about the difference between absolute and relative
measurement some seventy years ago. Around 1950 Vahervuo in Finland carried
out several studies on absolute and relative grading and on their theoretical
basis. Still, it was in an article by Robert Glaser in 1963 that the term
"criterion-referenced test" was introduced. The idea was favorably received
but it did not lead to further work until in 1969 when Popham and Husek took
up the concept and explicated furthgr some of its implications.
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Programmed learning and the behavioral objectives movement (e.g.
Mager, 1962) were a major source in the ‘emergence of criterion-
referenced measurement. Carefully outlined teaching programs will not
Tead to a normal distribution of scores if the programs are, indeed,
effective. There should be a high percentage of high scores and a
decrease in variance. The latter is problematic for classical test
theory, because most of its indices rely heavily on variance. Thus,
it seemed necessary to conclude that variance-based estimates of test
reliability are less appropriate in mastery-type instructional programs
since they would unjustifiably label criterion-referenced tests as
being of Tow reliability. New approaches were clearly needed (Popham
and Husek, 1969).

Another major source, which is related to programmed learning and
individualized learning programs, is the work done to discover learning
hierarchies and curriculum (task) hierarchies (Gagne et al, 1962;
Resnick, 1967). This work revealed that the testing of learning out-
comes requires a thorough analysis of the subject matter as a prelim-
inary step to item construction.

Criterion-referenced testing has been defined in a number of ways.
According to Berk (1980), at least fifty different definitions have
been proposed since Glaser's first paper. Perhaps the most concise
definition has been suggested by Popham (1978, p. 93): "A criterion-
referenced test is used to ascertain an individual's status with respect
to a well-defined behavioral domain." This means that the inter-
pretability of the test result is of primary concern. Whereas in norm-
referenced measurement an individual's test score derives its meaning
mainly from its relationship to the scores of other examinees (rela-
tive interpretation), the scores on a criterion-referenced test derive
their meaning from the scores' relationship to a class or domain of
tasks (absolute interpretation). Thus a domain score can be interpret-
ed in terms of what an individual can do and what he cannot do and
it also indicates what proportion of all possible tasks (items) of the
whole item universe the individual could have solved if they were
administered to him rather than only a sample of them. A domain score
lends itself to absolute interpretations and can be used both for
qualitative and quantitative descriptions (what is mastered and how
much is mastered).
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Several terms for this kind of testing have been proposed within the
criterion-referenced movement., Ebel (1962) proposed a term "content-
standard test" to describe a test which produces test scores which indicate
what percentage of a systematic sample of defined tasks a person has solved
correctly. Osburn (1968) used the term "universe-defined test" to refer
to a test which produces an unbiased estimate of his score in an explicitly
defined item content universe, Hively (1962) prefers the term "domain-
referenced test" as a less ambitious term than universe-defined test. Carver
(1974) has advocated the use of edumetric (rather than traditional psycho-
metric) tests to measure within-individual growth (competence) instead of
between-individual differences (ability, intelligence).

The term "objectives-based test" has sometimes been used as a near-
synonym for criterion-referenced tests. If the items are simply derived
from behavioral objectives without a strictly predetermined procedure, how-
ever, objective-based tests do not lend themselves to criterion-referenced
interpretation.

The term "mastery test" has been derived mainly from the mastery learn-
ing system developed by Bloom (1968, 1971), largely on the basis of the
model of school learning proposed by Carroll (1963). The main purpose of
mastery tests is to help in the classification of students as masters or
nonmasters of an objective in order to facilitate the management of an indi-
vidualized teaching program,

If one were shown a test which only contained the instructions to
students and the test items, it would be difficult to say whether the test
is a criterion-referenced test or a norm-referenced test. In order to be
able to make that decision it is necessary to know how the test was produced.,
It is in the work prior to the assembly of a test that most of the effort
needs to be spent in producing a criterion-referenced test. Differences
between two forms of criterion-referenced testing (domain-referenced and
mastery tests) and norm-referenced testing are summarized in Table 1. The
first five stages in the development of tests refer to the planning stage and
the rest to the technical aspects of tests and their uses,
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TABLE 1. Characteristics of Two Types of Criterion-Referenced Tests and of
Norm-Referenced Tests (adapted from Millman, 1974, and Berk, 1980).

Stages of
Developnent

Alternative

Conceptualizations

Criterion-Referenced Testing

Domain-Referenced

Mastery

Norm-Referenced
Testing

i

2

Specification
of Content
Domain

. Item Con-

struction

. Specification

of Item
Domain

. Item Analysis

Item Selection
from Item
Universe

Maximum specification Content Timits only

of content limits

Methods:

1. Item transforma-
tions

. Mapping sentences
. Algorithms
. Iten forms

, Amplified objec~-
tives

I3 T~ S T Y

6. Test specifica-
tions

Generation rules

Infinite or finite
item universe

Purpose to detect
flawed items

Methods:

1. A priori judge-
ment of item-
objective con-
gruence by sub-
ject matter
experts

2. A posteriori com-
putation of item
statistics

Random

partially specified

Methods:

Instructional and
behavioral objec-
tives

Traditional rules

Infinite ?

Purpose to detect
flawed items

Methods:
?

Nonrandom (?)

Content limits only
partially specified

Methods:

Instructional and
behavioral objec-
tives

Traditional rules

Infinite: 2

Purpose to select
items
Methods:

A posteriori compu-
tation of item
statistics

Nonrandom
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- Ta

ble 1 (cont.).

Alternative

Conceptua

lizations

Stages of
Develoment Criterion-Referenced Testing Norm=-Referenced
Doma in-Referenced Mastery Testing
6. Cut-off Score Optional Required Required (7)
Selection
7. Validity Content Content Criterion-related
Construct Criterion-related
Decision Construct
Decision
8, Reliability 1) Consistency of Consistency of Traditional pro-
decisions decisions cedures (based on
(po’ k) (py» k) correlation)
2) Dependability
(¢(2))
3) Error of measure-
ment or estimate
around domain
score
9, Score Inter- Performance in rela- Performance in rela- Performance in rela-
pretation tion to domain (level tion to required tion to other
of functioning) level of mastery examinees
Performance in rela- )
tion to required
Tevel of mastery
10. Item and Test Not required Not required Required

Variance
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2. Stages in Test Construction

2.1. Specification of Content

It is in the specification of the content domain that the greatest

challenge and also the greatest merit of criterion-referenced testing lies.
In traditional norm-referenced tests the content limits are only partially
specified. Short instructional and behavioral objectives are used as the
basis for item generation. As Bormuth (1970) and Anderson (1972), among
others, have shown, there is so much room left for interpretation that the
items may reflect the characteristics of the test constructor more than those
of the instructional program, Too much room is left for creativity, which
according to Popham (1978, 1980), is not as desirable as strict adherence to
the content 1imits. Several methods have been proposed for making domain
specification more adequate. These will be discussed below in some detail,
since this is a crucial part of all criterion-referenced measurement.

Item Transformations

Bormuth (1970) has suggested that linguistic analysis based on transfor-
mational grammar could be used to make explicit the methods by which items
are derived from statements of instructional objectives. Bormuth advocates
operationalism as a way of introducing rigor into item construction and sees
syntactic operations as a promising way to do this. His method is illustrated
below. It shows some item transformations that have been performed on a sen-
tence "The older sister put out the fire." Using syntactic transformations
several comprehension gquestions could be asked about the sentence.

It seems obvious that Bormuth's method is a useful tool for generating
items testing the comprehension of written and spoken discourse. Anderson
(1972) provides some other examples of ways of generating questions to test
discourse comprehension. One weakness of these methods is, however, that the
emphasis is on sentence level operations rather than discourse Tevel units.
Recent work on discourse analysis by Halliday and Hasan, van Dijk, Meyer and
others will be of use in moving from sentence to discourse-level testing.
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Transformation Name Question

Echo The older sister put out the fire?

Tag The older sister put out the fire, didn't she?
Yes-No Did the older sister put out the fire?

Houn deletion Who put out the fire?

Hhat did the older sister put out?
Noun modifier deletion Which sister put out the fire?

Using these examples of {tem transformation, supply answers for
Problem Set 2,

Problem Set 2
Item Transformations

The following statement appears as part of a paragraph in a science
unit on balance scales; The heavier object 1s closer to the ground.
Only items formed by the "yes-no" and "noun modifier deletion® trans-
formations are to be used in a test to measure comprehension of this
statement. What questions can be used?

1. Yes-Na:
2, HNoun modifier deletion:

Answers:
1. Is the heavier object closer to the ground?
2. Which object 1s closer to the ground?

(Source: Millman, 1974)

Mapping Sentence

Mapping sentences are used in facet analysis developed by Guttman (19569).
Facet analysis can be used to describe the boundaries and structure of a
domain of testing conditions. Facets are those dimensions or characteristics
on which items in a given domain can differ. Facet analysis was used by the
present writer in 1980 in an attempt to conceptualize the domain of written
composition for the IEA International Study of Written Composition. The
first attempt is i1lustrated below. (For a later version, see Takala, 1982).

Millman (1978) also used facet analysis in his study of how the form and
content of items are related to item difficulty.



Mapping Sentence for the Domain of Writing
Following Guttman's Facet Analysis Scheme

A. Activity B. Channel C. Content/topic D. Communication Partner
1. Receive 1. auditive message which 1. self 1. addressor
2. Send afan 2. visual deals with 2. school and ‘whase 2. addressee

3. home town
4. hobbies
5,
B
E. Role relationship between F. Degree of publicity/
addressor and addressee formality
1. a higher social status 1. private
5 2. an equal social status : : 2. semi-public
has/is 3. a lower social status and uhich 15 3. public
4., identical with addressor
G. Input-output relationship
(stimulus-response) H. Function
1. repetition of input _ e 1. to preserve the message (documentative)
consisting of 2. modification of input S 2. to inform : (referential)
3. internal input TR 3. to persuade (enotive)
4. to describe (descriptive)
8.
6.

Different configurations of variables lead to different rhetorical modes (narrative, exposition, argumentation, etc.)

Examples:

AZ & B2 % L2+ B2 + EL + F3 +62 -+ Hl
A2 + B2 +C2 +D1 +E3+ F2 + G4 + HZ

a personal letter to a friend
a letter of application

nou

ol
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Algorithms

The use of algorithms is closely related to facet analysis and mapping
sentences., It also uses listing technique. The follewing example from
Millman (1980) illustrates the use of algorithms in generating items.

The item generating process follows rules to ask for the cube of an
integer between 4 and 7 and to produce four possible answers. The command
MULTCHOICE Tetters the alternatives and randomizes them, The algorithm on
1ine 40 generates the correct answer.

10 A=RANDOM (4,7)

20 A, SUPER (3), "EQUALS:"

30 FROM

40 A*A*A

50 A*3

60 A+3

70 A+30

80 A*10+3

90 A*A 53 equals:

100 (A=1)*A*A Ay o 53
110 MULTCHOICE B T125
120 RIGHT 1 Cs 8 :
130 WRONG CHOOSE AT RANDOM Be 450 Answer: B

(Source: Millman, 1980)

Item Form

Perhaps the most sophisticated method of content specification is the
so-called item form suggested by Hively (1968). Item forms serve two purposes
(Hively et al, 1973): 1) they obviate the necessity to store individual items
by substituting a set of written rules through which items can be generated
when needed; and 2) they enable the relationship among items to be traced
by giving clear specifications of relevant item characteristics. Thus there
are two major parts in all item forms - one which tells how the items should
be generated and another which describes their salient characteristics. One

item form used by Hively and his colleagues in the Minnesota Mathematics and
Science Teaching Project (MINNEMAST) is shown below.
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Companag two objects on equal-arm balance
and choonng s symbol to complete a statement of
the weight relation.
STRTRAL BIKCRIFTION

Pt may be (1) IRSiTmuishable
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ere of e thian spmbols (>, <, ond = ) 358 Bikce 1L 2
MEet wmace Bevided bermaen Lve Dwe warght 1ymbsls.
FTieoLvd AMS RILPONLE CHARBETEIMIZTY
Coastant fof Al Collt
The sausl-sem Balsacy 18 of gimiler comtirection 16 thal
wiad ba MINNEMAST Unit 18, made of Trbartors. wrtbeard,
string. 8 mela) waighl, and @ (el heldi,
The pemcts Mo sostwn. CrimAncH beilien, Memical
(AR

nd

N
tasa hetler aanigned ol fandem,

Tha ghiMd is Tameitle § rmbsinc Tlstement, or-
respendiag 10 The waight reiststn, By C(heeving The Coirect
reisteen symbel,

Pralmgmshing gmeng Coitn

lions (detectadie by Belsace eniy, mof by
ahasd 1A lerms ol Ihg Lalen of T
e freet o e R

Thres st Tiens:
befl > migat N < Aphh W = nght.
ToLL marem
weight Reiationy
{Deec Ll Balence Omiy)
Bire Relatiomn W " < W, w, = W
> ({1} (L m
h<l m ] )
=t n L] i

* Orgrasty drvrieped by Waily Reetly

e Fewm BTl

wat{eius
Boem Buipd

Hem T.0. 16
Stmuelus-derseme shert

piRECTIONS TO €

Fuce mrteriste i front ol
child (Reep orfor of sbpecty
greva phevi)

g o

aru tws shiects. Thay
1rmdely Bitached

R
0 18 121% Cewsior™ beem Batency mudy
10y malerals 81 gecred 18 MINNEMAST Uait §8.
340 ot weght Cemod Owiects (1.0 16 1401 3at ol
203qud BIBII-C CihENCTH BoHiey wilh hemiy &lling ligy. Ted
sred of Bot LLEES The weail Botlig Ras &
Length 8¢ 17 Bnd @ Guameter o Yy
tangth of 2V3T #A0 8 d-ametar Bl 1w7
Ravt bros ghean 10 TRRl 1w spcin catnet t
Gannguishad b heibag bul can Be dalindvah
L o 15 depdAsted By 8 1ARFOMIp (ABITE.

et
D= Eel ol

—sbjects
= —3a fouw mayp wig Ihis Balsace H lerge
you merd to,
Lot X
3 L] -
RECHaOIng » sheat of paoti

Attach Slrivs Aripeane phevi to this sage.

Descirbe what chld

I Baiance Wit wie ineerl chiect armbde bn schematic
wrrming of 1he baisaca gieen beidw, ond mark the peyitiea
4 The plomd-ima 1l tha limd of child's puagmeat.

i 3

(Source:

et attached to =i (1.0 16 141
omalgrp &7 % 47 with (hg tellemmg

iiplays

wrily >, <, 0 = a1 ey

whare | gnd 7 Bre The SpBeacile jusicrioly (H1ém Rewiace-
menl SehemaL
REPLACEMINT SCHERE

Creotn from B 1814
Chsont from 81 1813
Choeid em 15 1814
Crovse trem . 1er
Orgarvd parny
Ceaered pain
0c
I Crorind pairs
ns 1817 Orgrind pavi

SEeaINg LFICIFICATIONE
A gerract tuapeass H meds by wriieg e gertect bl
ke Blash 1pach o LomptlE TRe Compsiiion
Ppwrd be - A CHH T L 0 3 < o Lot
w4 Cotla 7, 0, oed B,

Hively et al, 1973)

gE
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As will be seen from the item form, any item form has the follewing
characteristics (Osborn, 1968): 1) it generates items with a fixed syntactic
structure, 2) it contains one or more variables (variable elements), 3) it
defines a class of item sentences by specifying the replacement sets for the
variables.

Such elaborate schemes as item forms guarantee that the domain is wel)
defined and the population (universe) of items can be precisely described.

It is, however, immediately obvious that to produce item forms must be very
laborious and time consuming. It is also questionable whether similar levels
of specificity can be reached in any other field than the formal languages of
mathematics, logic and science,

Amplified Objectives

After finding out that item generation on the basis of traditional
behavioral objectives was subject to too much interpretation and that using
item forms was too demanding and led to "hyperspecificity", Popham (1980)
worked with the so-called amplified objectives. As the name suggests, these
are more detailed forms of behavioral objectives. They include 1) a brief
statement of the objective, 2) a sample item, and 3) an amplified objective
which specifies (a) the testing situation, (b) respcnse alternative, and
(¢) criteria of correctness. The following example illustrates amplified
objectives.

While amplified objectives clearly define the measured domain and
specify item generation in greater detail than simple behavioral objectives,
Popham (1980) observes that this attempt to "shoot for Just the right balance
between clarity and conciseness" failed. There was still too much room left
for the personal interpretation of item writers.
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Objective: Given a sentence with a noun or verb omitted, the student will
select from two alternatives the word which most specifically or
concretely completes the sentence.

Sample Hem

Directions: Mark an X" through one ol the words in parentheses which
makes the sentence deseribe a clearer picture,

Example: 'I'he racer (W@_, went) down the hill,

Amplified Objective
Testing Siluation

1. 'I'he student will be given simple sentences with the noun ar verb
omitted und will be asked to mark an “X" through the one word ol a given
pair of alternative words which morc specifically or concretely completes
the sentence.

‘2. Kach test will omit nouns and verbs in approxiimately equal num-
bers,

3. Vocabulary will be familiar to a third- or fourth-grade pupil,
Response Alternatives

1. The student will be given pairs of nouns or pairs of verbs with dis-
tinctly varied degrees of descriptive power.

2, In pairs of verbs, onc verb will eithier be a linking verb or an action
verb descriptive of general action (e.g., iy, goes), and one verb will be an
action verb descriptive of the manner of movement involved (e.g., scram.
Lled, skipped).

3. In pairs of nouns, onc noun will be abstracl or vague (e.g., man,
thing), and one noun will be concrete or specilic (e.g., carpenter, com-
puter),

Criterion uf Currectness

The correct answer will be an "X" marked through the more concrete,
ipecific noun or through the more descriptive action verb in cach given
pair,

(Source: Millman, 1974)

Test Specifications

Experience with amplified objectives led Popham and his colleagues
to believe that a so-called limited focus strategy was desirable. This
means that the strategy is to focus measurement and to limit it to "a
smaller number of assessed behaviors, but to conceptualize these
behaviors so that they were large scale, important behaviors that
subsumed lesser, en route behaviors" (Popham, 1980, p. 21).

The test specification consists of 1) a short general description,
and 2) a sample item, which give the reader a general idea of what the
test might contain, These are followed by 3) a detailed specification
of the stimulus attributes and 4) response attributes including
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specification of the correct apswer and, in the case of multiple choice
items, of the reasons for various distractors. The test specification is
illustrated below.

An Illustrative Set of Ctiterion.Referenced Test Specifications
for a High School Minimum Competency Test in Reading

DETERMINING MAIN IDEAS

General Description

The student will be presented with a factual selection such as a newspaper or
magazine article or a passage from a consumer guide or general-interest book.
After reading that selection, the student will determine which one of four choices
contains the best statement of the main idea of the selection, This statement will
be entirely accurate as well as the most comprehensive of the choices given,

Sample lrem

Directions. Read the selections in the boxes below, Answer the questions
about their main Ideas,

THE COLD FACTS

Had you lived in ancient Rome you might have relieved the symptoms of a
common cold by sipping a broth made from sosking an onien in warm
waler. In Colonial America you might have relied on an herbal concoction
made from sage, buckthorn, goldenseal, or bloodroot plants, In Grandma's
time, lemon and honey was a favorite cold remedy, or in extreme cases, &

lo fsll back on. you might take one of thousands of drug preparations
available withoul prescription, Some contain ingredients much like the
folk medicings of the past: others arc made with complex chemical
creations. Old or new, simple or camplex, many of these products will
relieve some cold symploms, such as a stopped-up nose or a hacking
cough, But not a single one of them will prevent, cure, or even shorten the
course of the common cold,

Reproduced with permission from Test Specifications, JOX Busic Skill Tests: Secondary
Level, Reading (Los Angeles: The Instructional Objectives Exchange, 1978), pp. 21-24.

1. Which one of the following Is the best statement of the main idea of the
article you just read? :
1. Old-fashioned herbal remedies are more effective than modern medicines,
b. There are many kinds of relief, but no real cures, for the common cold.
¢. Some of today's cold preparations contain ingredients much like those
found in folk remedies of the past.
d. Americans spend millions of dollars & year on cold remedies.

Seemulns Artributes

1. Esch item will consist of a reading selection followed by the question “Which
one of the following is the best statement of the main idea of the (article
selection) you just read?” Eligible reading selections include adaptations of
passages from factual texts such as general-interest bouks and consumer
guides and pamphlets. Care should be taken to pick selections of particular
interest to young adulis and to avoid selections which may in the near future
appear dated. Each reading selection will be fitled, will be at least one
paragraph long, and will contain from 125-250 words. Not more than 1,000
words of reading material can be tested in any set of five items. At least two
of the five items in any set of five items must contain reading selections that
are more than one paragraph long. -



2, If necessary, the following modifications may be made 10 a selection used for
testing:

8. A title may be added if the selection does nol have one, or if the selection
represents a section of a longer piece whose title would not be applicable
to the excerpt. If a title is added, it should be composed of a brief, interest-
getting and/or summarizing group of words,

b. A selection may be shortened, but only if the segment which is to be used
for testing makes sense and stands as a complete unit of thought without
the parts which have been omitted. If necessary, minor ediling can be
done to a reading selection which represents a shortening of a longer piece,
but this editing should be for the purposes of clarity and continuity only,
and not for the purposes of increasing or decreasing the difficulty Jevel, or
changing the content, of the text.

3. Reading selections used for testing should not exceed a Sth grade reading
level, as judged by the Fry readability formula,

Response Attributes

. A setol four single-sentence response alternatives will follow each reading selec-
tion and its accompanying question. All of these statements must plausibly
relate to the content of the reading selection, either by reiterating or para-
phrasing portions of that selection or by building upon a word or idea con-
tained in the selection.

2, The three incotrect response alternatives will each be based upon a lack of
one of the two characteristics needed by a correct main ldea statement:
accuracy and appropriate scope. A correct main Idea statement must be ac:
curate in that everything it states can be verified in (he text it describes. It
must have appropriate scope in that it encompasses all of the most important
points discussed in the text that it describes,

3. A distractor exemplifies & lack of accuracy when it does any one or more of
three things:

a, Makes a statement contradicted by information in the text.

b. Makes a statement unsupported by Information in the text. (Such a
statement would be capable of verification or contradiction If the ap-
propriate information were available,)

c. Makes a statement Incapable of verification or conlradiction; that is, a
statement of opinion. (Such statements include value judgments on the
importance or worth of anything mentioned in the text.)

4. A distractor exemplifies a lack of appropriate scope when It does one of two

things:

4. Makes a statement that is too narrow In Its scope, Thalt is, the stalement
does not account for all of the important details contained in the text.

b. Makes a statement that Is too broad In its scope, That b, the statement is
more general than it needs to be In order to account for all of the im-
portant details contained in the text. f

5. The important points which must be included in & main Idea statement are
those details which are emphasized in the text by structural, semantical, and
rhetorical means such as placement in a position of emphasis, repetition,
synonymous rephrasing, and elaboration. Whether any given maln idea
statement contains all of the imponant points that it should is always de-
batable rather than indisputable. The nature of the question asked on this
test, le., select the best main idea slatement from among those given,
altempts o account for this quality of relative rather than absolule cor-
rectness.

. The distractors for any one item must include al least one statement that
lacks accuracy and one statement that lacks appropriate scope. On a given
test, between 10 and 20 percent of the distractors should be sentences taken
directly from the text.

o



7. The correct answer for an item will be that statement which is both entirely
accurate and of the most appropriate scope in relation to the other statements
given, If a senlence in the text ltsell qualifies as the best main idea state-
ment which can be formulated about the selection, that sentence may be
reiterated as a response oplion. No more than 20 percent of the items on &

given test may have as their correct answer a main idea statement which is a
direct restalement of a sentence in the text,

(Seurce: Popham 1900)

Popham (1980, 1981) feels that test specifications like the one shown in
the above constitute a reasonable balance between clarity and conciseness so
that busy people like teachers might not be put off by extreme specificity.
Test specifications can also contain a supplement, which can give additional
guidance in how to select stimuli, how to phrase questions, and so on.

2.2, Construction and Selection of Items

In the construction of items certain general rules have been devised for
producing traditional norm-referenced tests. Such advice is presented in a
number of books which deal with testing and evaluation. Most of these rules
are also applicable to criterion-referenced measurement. The only difference
is that more stringent demands are set for the procedure in item generation.
[t is, for instance, very important to stick to the limits set for the
stimulus and response characteristics. Convergent rather than divergent
creativity is needed in item generation. MWork carried out by Carroll (1968,
1976) is of interest in this respect even if it is not in the mainstream of
criterion-referenced measurement. Roid and Haladyna (1980) also provide a
useful review of recent advances in the item-writing technology, including
computer-based methods (cf. also Millman 1980). They note that the major
positive result of the increased attention to the process of item writing is
the heightened concern for the logical congruence between instruction and
testing.

Once the rules for domain definition and for item generation have been
worked out, it is necessary to consider specific items. Unlike in norm-
referenced testing, it is necessary in criterion-referenced testing to know
what the universe of items is that represents the defined domain content.



This universe can be finite or infinite., As Millman (1973) points out, it is
nat necessary that the population of items actually exists. What is necessary,
though, is that the domain is so well described that a high agreement can be
reached about what items are and what are not members of the population.

Further, unlike in norm-referenced and mastery tests, it is necessary to
draw a random sample from the universe of all possible items because only this
procedure makes it possible to produce an estimate of the examinees' total
domains scores. Random sampling of items is needed in order to make it
possible to generalize into the whole domain tested. It is generally assumed
that 10-20 items are needed to measure a given content domain.

3. Standard-setting as an Issue in Criterion-Referenced Measurement

Standard-setting has been a topic of great controversy within the criterion-
referenced movement. The need to set standards for acceptable performance has
been especially great in mastery-type instructional programs, in which it is
assumed that a certain level of mastery is optimal for both cognitive and
affective outcomes (e.g., Block, 1972). Therefore, it would be important to
identify masters and non-masters without making too many wrong classifications.
In competency-based promotion systems it is also equally important to avoid
too many cases of wrong decisions ("false positives", i.e., pseudo-masters
and "false negatives", i.e., pseudo-non-masters). The decision-maker has to
specify a loss function, in other words, state the relative seriousness of
either passing students who lack requisite knowledge and skills or holding back
students who in fact should be passed.

Methods available for setting standards have been discussed in several
articles (Hambleton, 1980; Hambleton and Eignor, 1978; Hambleton et al, 1978;
Jaeger, 1976; Meskauskas, 19763 Millman, 1973) and critically reviewed by
Glass (1978). A whole issue of the Journal of Educational Measurement (Vol.
15, No. 4, 1978) was devoted to this problem. Glass provided a critical
overview and Scriven, Block, Popham and Hambleton tried to rebut his main
thesis that standard setting methods, in spite of their seemingly objective
procedures, are basically arbitrary.

It is, in fact, now generally accepted that setting passing scores is
arbitrary in the sense that it is based on judgment, but the advocates of
standard setting maintain that it is not arbitrary in the sense of "capricious"
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oF "unjustifiable". They point out that human life is full of situations

where informed judgment must be exercised and measurement should not be
faulted too much if some of its procedures also must resort to this method,
Thus, they claim, what is needed is not the abolishment of standard setting
but the improvement of its procedures. Hambleton (1980) classifies them into
three groups: judgmental, empirical and combination.

A1l judgmental methods require that data are collected from subject-
matter experts and other qualified judges for setting standards. Individual
items are carefully inspected to judge how a minimally competent person would
perform on them. Methods proposed by Nedelsky (1954), Angoff (1971), Ebel
{1972) and Jaeger (1978) differ on some points, and what is more disturbing,
they can lead to quite different passing scores and rates. It has been
shown, for instance, by Andrew and Hecht (1976) that when the same judges
used both the Ebel and Nedelsky methods, the passing scores varied from
49% of all items to 68% and the passing rates varied from 50% of all
examinees to 95%. Such variability is clearly too wide and indicates the
need for further work on this problem.

Since empirical methods are seldom used alone, they will not be discussed
in this paper. The combination method uses both judgmental and empirical
data. In the "Borderline Group Method" the judges are first asked to think
of a minimally acceptable performance on the measured content area. They
are then asked to give a list of those students whose performance is so close
to the borderline that it is difficult to classify them with confidence. The
test is then administered and the median score for the borderline group is
taken as the passing score.

In the "Contrasting Groups Method" the judges are first asked to deter-
mine in their minds the minimally acceptable performance level and then
identify those students who can be classified clearly either as masters or
non-masters. Empirical test data are then obtained for both groups and the
point of intersection of the two score distributions is taken as the passing
standard. The present author used this method in 1979 in the first national
assessment of Emglish as a foreign language in Finland in an attempt to study
how teachers' judgments could be used in establishing a common core syllabus
for English. The results have not yet been analysed.
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4. validity as an Issue in Criterion-Referenced Measurement

Criterion-referenced tests are more and more often used in monitoring
individual progress through objectives-based instructional programs (formative
testing), to diagnose learning problems (diagnostic testing), to evaluate
educational and sccial programs (program evaluation), and to assess level of
performance on certification and licensing examinations. The usefulness of
such applications depends heavily on the validity of the procedures under-
taken in such testing.

According to Hambleton (1980) validity considerations in criterion-
referenced testing arise at three steps: 1) the selection of objectives
(content domain), 2) the measurement of objectives (content demains) included
in the criterion-referenced test, and 3) the uses of test scores.

Validity is a difficult topic in all measurement and criterion-referenced
measurement is no exception. Terminology varies quite a lot so that different
terms are used to designate the same characteristic and the same term is used
to designate somewhat different things. There are also some fundamental con-
fusions that have persisted for a long time.

As Cronbach (1971), Messick (1975) and Linn (1979) have pointed out, a
major conceptual confusion arises from the fact that content validity is
focused on test forms rather than test scores, on instruments rather than
measurements. In Linn's words "questions of validity are guestions for the
soundness of the interpretations of a measure... Thus, it is the interpreta-
tion rather than the measure that is validated. Measurement results may have
many interpretations which differ in their degree of validity and in the type
of evidence required for the validation process" (Linn, 1979, p. 109). For
this reason, Messick states that content coverage is an important consideration
in test construction and interpretation but it does not itself provide validity.
He would prefer the term "content relevance" or "content representativeness",
since they do not really provide evidence for the validity of the interpreta-
tion of scores.

Popham (1978) uses the term "domain-selection validity" to refer to the
question of how well the results obtained can be generalized to as many other
domains as possible. It thus resembles "construct validity" to some extent,
although the latter is a more theoretical concept. Since testing for many
reasons ought to be limited to a minimum, it is important to measure such
domains and use such techniques which permit maximum generalization across
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_domains of content. Domain-selection validity can be assessed by asking
experts to give judgements on the relevance of selected domains.

Popham (1978) proposes them term "descriptive validity" to indicate the
representativeness of measured content. In traditional norm-referenced test-
ing no guantitative indices are usually given to describe content representa-
tiveness (cf. Table 1). In criterion-referenced testing, judges can be used
to assess to what extent items are congruent with the test specification.
Hambleton (1980) provides some useful methods for doing this. In some areas,
where it is possible to specify completely a pool of valid test items, the
representativeness of items can be ensured by drawing a random sample from
the item pool. This was the procedure adopted when the present author studied
students' active and passive vocabulary of English in the Finnish comprehen-
sive school in 1979,

Hambleton (1980) uses the term "decision validity" to refer to the
decisions made on the basis of scores. Popham (1978) uses the term "functional
validity" in much the same sense. Decision validity in criterion-referenced
testing is often related to standard setting (minimum passing scores). Since
that question is discussed elsewhere in this paper (section 3, p. *), it
will not be dealt with further in this context. A good review of decision-
consistency 1s in Subkoviak (1980). Hambleton and Eignor (1978) and Walker
(1978) review and assess standards and guidelines for evaluating criterion-
referenced tests and test manuals.

5. Reliability as an Issue in Criterion-Referenced Measurement

Traditional methods of estimating reliability in norm-referenced measure-
ment are usually based on correlational analyses where variance is a key con-
cept. Since there may be relatively little variation in the scores of
criterion-referenced tests, correlation-based estimates may not be ideally
suitable for the estimation of reliability.

As Berk (1880) has noted there are at least three major conceptualizations
of criterion-referenced test reliability: 1) consistency of mastery-non-
mastery decisions across repeated measures with one test form or parallel
test forms, 2) consistency of squared deviations of individual scores from
the cut-off scores across parallel or randomly parallel test forms, 3)

consistency of individual scores across parallel or randomly parallel test
forms.



Subkoviak (1980) gives a good survey of five methods of determining
decision-consistency reliability. Usually only two statistics are used in
this context: Pq, which indicates the propertion of individuals consistently
classified as masters and non-masters across parallel test forms, and k, which
estimates the proportion of individuals consistently classified beyond that
expected by chance. Thus, PO estimates the overall consistency whereas «
estimates consistency due to testing alone. The choice of the index has to
be based on whether one wants an estimate of overall consistency of decisions
for whatever reason or of the contribution of the test alone. In most cases,
it is probably advisable to report both estimates.

Brennan (1980) reviews the generalizability theory approach to relia-
bility, which builds on the work by Cronbach and his associates
(1972). Generalizability theory is based on the analysis of variance model
and focuses on the estimation of various variance components in different
types of test x items designs. Generalizability theory allows for the
existence of many types and sources of error and it does not require strictly
parallel tests for reliability estimation. Only randomly parallel tests are
required.

As in the case of the decision-consistency approach, there are two
indices of reliability (or dependability): (i) provides an estimate of the
dependability of mastery-non-mastery decisions based on the testing procedure
(x» represents the cut-off scare), and ¢ the "general purpose" index that is
independent of the cut-off score and which can be used to estimate individual
domain scores (a major interest in the present writer's study of the size of
students' active and passive vocabulary). ¢(x) is related to the reliability
of criterion-referenced test scores and ¢ is associated with the reliability
of domain score estimates. The former indicates how closely the scores for
any examinee can be expected to agree, the latter the degree of agreement
with chance agreement removed. Thus ¢ (1) characterizes the dependability of
decisions, or estimates, based on the testing procedure. Its magnitude
depends, in part, on chance agreement. The index ¢ characterizes the contri-
bution of the testing procedure to the dependability of decisions, over and
above what can be expected on the basis of chance agreement (Brennan, 1980).

As in the case of the decision-consistency approach, it might be useful
to give both estimates. Brennan (1980) also strongly recommends that variance
components too should always be reported.
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6., Uses of Criterion-Referenced Measurement

The several possible applications of criterion-referenced measurement
are mainly due to the increased rigor and precision in the description of
important subject-matter domains and of behavior related to them. Some of
the most common uses of CRM are described below drawing mainly on Millman
(1974) and Popham (1978).

CRM can be used in needs assessments, which help in setting educational
priorities. MNeed can be defined as the difference between an expected and
the present observed situations. The latter can best be ascertained by means
of CRTs, which possess a high degree of content representativeness. It also
follows that CRM can be used in individualized teaching programs to assess
students' current status with respect to objectives.

One of the most promising uses of CRM is in the area of large-scale pro-
gram evaluation., Since CRM puts such rigorous demands on the item-program
congruence, it is ideally suited to reveal the effectiveness of instruction
or the lack of it. CRM with random samples of items from well-defined content
domains provides reliable estimates of students' domain scores and makes
reliable and valid generalizations to whole teaching programs possible. It
furnishes reliable qualitative and quantitative information on learning and
thus CRM will be of great help in efforts to develop education.

Methods developed within the so-called modern test theory movement, which
has worked out new methods for avoiding some of the problems and limitations
of classical test theory, (for instance, latent trait theory, generalizability
theory, Bayesian methods), make it possible to shorten testing time. This is
possible by either using the instructors' earlier knowledge of students in
the estimation of their level of functioning (Bayesian methods) or by applying
multilevel testing procedures or both combined. In multilevel testing items
of varying difficulty, carefully prepared from some well-defined domain of
content, are divided into a few groups. Each student takes the group of
intermediate difficulty and then goes to either an easier or more difficult
set depending on how difficult the intermediate set was for him or her. Lord
{1976) notes that testing time can be reduced to one half and the number of
items needed can be dropped from 100 to 20. Multilevel testing also has the
positive affective effect of not shocking students with too difficult items
or boring them with too easy ones.
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7. Current Problems and Issues in Criterion-Referenced Measurement

As Popham (1978) points out one of the dreatest problems in the develop-
ment of criterion-referenced measurement is its difficulty and laboriousness,
Hhere to get the resources for activity which presupposes highly trained full-
time measurement experts and takes a lot of time? Popham (1980) says that he
is distressed that he is unable to teach people how to go about the concep-
tualization of tested domains. 1In his own words, "at no point in the test
development process for criterion-referenced measures is it more apparent that
we are employing art, rather than science, than when the general nature of the
behavioral demain to be tested is initially conceptualized" (p. 26).

It seems to the present writer that Popham is overemphasizing the
"artistic" aspect of domain conceptualization. It seems likely that the reason
for the felt difficulty is mainly due to the lack of a theoretical grasp of the
structure and nature of the tested subject matter. If there were a better
theoretical conception of the content structure and of the cognitive structure
of some school subject, surely domain specifications would not need to be so
much “artistic endeavors of no small shakes" (Popham, 1980, il R s
however, hard to find persons who master both the theoretical structure of
subject-matter and the structure of the cognitive processes involved in its
Tearning and use. Usually one is an expert in only one of these two aspects.
After several years of work in curriculum construction, curriculum evaluation
and textbook writing the present writer is convinced that the state of art
in subject-specific domain specification in several school subjects is very
Tow and serious work in this area has hardly been started. There is an urgent
need for developing the "psychologies" of specific school subjects if there
is to be any real progress in curriculum construction, teaching and evaluation.

Another related problem is the codification of guidelines for the
construction of criterion-referenced tests and for their use, This would also
be of great help in the training of test constructors and test users.

In addition to such content-specific problems, there are a number of
technical problems that need to be studied. These include methods of estimat-
ing the validity and reliability of different uses of criterion-referenced
tests; the use 6f computers in generating test items; and the employment of
new ideas of modern test theory in criterion-referenced measurement.

Criterion-referenced measurement is so new if it is compared with norm-
referenced measurement, and similarly modern test theory is new in relation
to classical test theory, that both have a number of "unsolved problems and
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'brob1ematic soTutions", as Popham so aptly puts it., There is intensive work
being done all over the world to produce less problematic solutions to such
problems and there is no need to doubt that such solutions will be forth-
coming.

8. Discussion

Criterion-referenced measurement and norm-referenced measurement share a
number of features. As in several other fields, for instance, in curriculum
construction, new approaches usually mean only new emphases, At first there
is a tendency to exaggerate differences., It is possible that this is inevi-
table when a new idea is introduced. Karl Popper has suggested that certain
dogmatism may have an important part to play in the development of science,
because giving up an idea too soon may mean that its merits and weaknesses
are not given a sufficient chance of showing themselves. A scientist should
not be too ready to adopt a new idea or to abandon an old one without persist-
ing in some seemingly dogmatic stance for some time for the sake of argument.
We should know how to play the believing and doubting games in a balanced way.

Criterion-referenced measurement shows some characteristics of this
initial dogmatism. At first it was categorically stated that CRM does not
need such concepts as item and score variance; that empirical item analyses
are not needed; that norm data should not be gathered; and that content
validity is the most important aspect of CRM. It was scon admitted, however,
that these claims were overstated. Item variance usually occurs and serves
a useful purpose in CRM testing as well as in norm-referenced testing.
Similarly, it was conceded that norm data are not embarrassing for CRM. On
the contrary, they add useful information and can help to interpret how
“good" is "good emough". A posteriori empirical item analyses complement a
priori judgemental (rational-logical) item analysis and help to detect
flawed items. And, finally, content validity is not the all-important
consideration in CRM. Vhile content representativeness is a necessary
characteristic of CRM it does not gquarantee the validity of interpretations
based on CRT scores,

Criterion-referenced measurement has the special advantage that it
provides an exact description of a person's performance level in an entire
domain and not only in the presented items. Severa) requirements must be
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fu1filled before such an interpretation is possible. First, there has to be
a detailed description of the measured domain. Second, there must be a de-
tailed description of the instrument, which includes the specification of
the stimulus and response parts and of the scoring system. Third, items must
be generated that have a high item-objective congruence and which are also a
representative random or stratified random sample from the item pool. If CRM
is used for program evaluation there must also be a representative sample of
students from the entire population. In the latter case it is advisable to
use matrix sampling with several parallel test versions rotated in the class,
One of the greatest attractions of CRM for the present writer is its
emphasis on the conceptualization of measured domains. This lends support to
his personal claim, which goes back several years, that one of the greatest
obstacles for the development of teaching is the lack of theoretically sound
conceptualizations of the units and processes in learning a particular subject
matter. He would, therefore, fully agree with the view recently put forward
by Popham:

When created by instructionally astute developers, a criterion-
referenced test can lay out so lucidly a set of teachable skills
that the test itself becomes a potent force for instructional im-
provement. Instead of being an afterthought for use at the close

of instruction, a properly conceptualized criterion-referenced test
can stimulate measurement-driven instructional enhancement. Test
developers can literally create test items so that they agree with
one or more instructionally powerful explanatory constructs which
teachers can then employ during their lessons... . This sort of
focused instructional enterprise is not teaching-to-the-test in the
negative sense that one teaches toward a particular set of ltest items.
Rather, this approach constitutes teaching-to-the-skill, a highly
effective and thoroughly defensible Tnstructional strategy" (Popham,
1981, pp. 106-107).

Thus it might be that "the testing tail wagging the teaching dog" may not
be such a problem or the embarrassment it is often taken to be if the tail
is fully compatible with the dog. The present writer's personal experience
with curriculum construction and evaluation, and with the in-service education
of teachers in Finland suggests that the most effective and fastest way to
promote desirable changes in teaching is to make sure that testing and tests
display the characteristics of desirable student performance, Tests are the
most concrete ways of signaling to teachers and students what the desirable
content and forms of learning are.

Focusing on testing may be more effective than focusing on curricula
and teaching materials since testing has a more limited scope and it is,



therefore, possible to produce very carefully constructed tests that are,

in a sense, modules of teaching. Such tests can serve as examples for pre-
paring units of teaching and for individual lesscns. By concentrating on
important aspects of the subject matter it is possible to produce such modules
which can also serve as a stimulus for textbook writers. While individual
units and modules do not constitute an entire syllabus, they are useful wholes
as such and can serve as useful models. Practical experience shows that it

is much more difficult to seek to conceptualize an entire curriculum with
similar rigor and it is also a huge task to produce a textbook package with

a similarly consistent approach. Thus testing may, indeed, be a sensible
starting point and lead to improved curricula and textbooks. At the very
least, the potential contribution of work done within testing and measure-
ment to curriculum design and instruction should not be ignored.
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