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Chapter 1

INTRODUCT ION

-

, '
f - ‘
4 . .

A great deal of work has been done in training amd {
educational evgldatlon and measurément since E. L. ThornWdike's
(1918) declaration of faith, "Anything that exists at all
ex1sts 1n some quantlty; gnd anything that exists 1n some
quantity 1s capable of being measured.'" (p. 16)

The concept of criterion-referenced measurement
+(CRM) has received a great deal of attention recently in
.training, educatlonai, and measurement literature. T;ow

(1961) and others have suggestéd ghat it may mark the
beginning of a new era 1in measurement. The recent emphasis

on GRM has been due to the concern about the measurement

of .proficiency or competency of occupational and educational

-~

. tasks.
. \ g
Glaser (1963), a pioneer in CRM, stated:

) . . many of us are beglnnlng to recognize that the
problems of assessing existing levels of competence and
achievément, and the conditions that produce them
require some ad%itional consideration. (p. 531)

Glaser (1963) has' suggested that what is needed in

measuring competency is:
‘ . .
explicit information as to what the individual
can or cannot do., Criterion-referenced measures indicate
the content of the behavioral repertory, and the corre-
spondence between what an individual does and the




2

"
-~

"underlying . continuum of achievement. Measures which
assess student achievement in terms of a criterion
standard thus provide information ‘as to the degree of
competence attained by a particular student which is

- independent of referencedyto the perfermance of others.
(p. 520)
. A main 1ssue in Qpe CRM movement is the distinction

. N 7 )
between norm-referenced and criterion-referenced approaches

to measurement. Norm-referenced measuremen't (NRM) indentifies
- L]

an individual's test pérformance in'relatiOn to the berformance
of others on the same measure. CRM identifies an individual's
performance with respect to specified performance standards.
Jackson (1970) has pointed out that it has become
increasingly clear that measurement by norm-referenced tests

* does not provider the information that is needed in making
< .
certain kinds of dec%sions about instructional programs.

*

Cronbach and Gleser (1965) have duestioned the uséfulnes§
of classical test theory and NRM for all teéting situations.
Popham and Husek (1969) concluded that:

the problem is now not only how to summarize
a student's performance on a test, but Plso how to
insure that a test is cdnstructed (and judged) in a
manner appropriate for .its Guse, even if its use is not
in thé classical framework. (p. 1) .

Although most of the literature on CRM has come from

>

. Qfducational sources, its usé has been advocated for industrial,
military, business, and governmental Eraining Qrograms and
promotions. (Fremer, 1972; Garvin, 1971; Goldstein, 1974,

4 Swezey, Pearlstein,’ and Tonz %974; Thronton and Wasdyke,

-]
1972) Goldstein (1974) has poirted out that: '

v

The norm-referenced measures tell -us that one student
is more proficient than another, but they do not provide
much information about the degree of proficiency in

»
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relationship to the tasks involved. Unfortunately/
many training evaluations have emp%oyed norm~referenced
measures to the exclusion of other forms of measurement.
In order to properly evaluate training programs, it is
necessary to obtain criterion-referenced measures that
‘provide information about the skill level of the trainee
in relationship to the expected program achlevement
levels. (pp. 63-64)

-* \

Measurement specialists (Cronbach, 1963; Ebel, 1962;
Hambleton and Novick, 1973; Livingston, 1972; and Millman, ™

B 1974) have indicated that there 1S a‘ pressing need to .

develop achievement or performance measurement theory.
Glaser and Nitko (1971) have asserted that:

Tests that measure instructiohal outcomes and that
are used for making instructional decisions demand
special characteristics—-characteristics that are
di-fferent from the mental test model that has been
successfully applied in aptitude testing work. (p. 652)

"

Purpose and Scope of This Paper

The purpose of this pdper was to investigate and
analyze the current state-of-the-art of CRM to determine
the feasibility of using it in training and instructional

programs.

_~

The following questions were posed by the writer in
an attempt to analyze CRM:

1. What is criterion- re}erenced measurement7 t
’

2. What are the differences and similarities

between criterion-referenced and norm-referenced

measures?.
3. " When and how should criterion-referenced measure-

ment be used? ., ' ' .

' 4, How is a crifer%on-referenced test constructed?

“
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S. How can a criteribnrreferenced test be evaluated
in terms of validity, reliability, diserimination,
and other test characteristics??® .

Throughout this paper, training andﬁeducatioq has
been used interchangeably. It is the belief of tﬂe author,
and that of others, that education and training deal with- .
the same instructional processes of acqufriﬁg skills,
kngwledges, and attitudes in brder for an individual to
perform in another enyironmeét. As Goldstein (1974) has
pointed out, both of the disciplines deal with similar areas,
such as specification of objeEtives,enbironmental design,
and evaluation.

Writings, of those in education ana those in other
fields have tried to be synthegized. However, by the very
fact that most of the literature has come from eduéation,
this "integration was difficult.

»

A review of the literature in Chaper II pertains to -

*

the following aspects: a brief history of CRM; defining the

term criterion—referenced mgasurement; a comparison between

CRM and NRM; usage of CRM and NRM; writing a criterion-

referenced test; and empirical and logical evaluation of

criterior-referenced tests.

.The summary and conclusions are included in Chapter.

-
-

H

III.
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Chépter II
)e .
. USING CRITERION-REFERENCED MEASUREMENT IN TRAININQ
Slnce 1963, the area of - C?M has been a hot topic,
with hundreds of artlcles and books being written abpout its
theoretical basis, development, use, and test parameters.
This section attempted to analyze and synthesize the

- R ]
current- state-of-the-art of CRM and its role in tvéining.

%

Evaluation and Measurement in Training

In: the instructional process, learning has been

‘' defined as;

« 7

the process by which behavior is initiated or
changed as a result of experience . . . through training
" and practice. (Garry, 1963, p. 2) ' .
The particular aspects of behgvior acquiréd‘by an’
» individual depend upon how the training environment is
desiéned and developed. What is taught and how it is:taught

~

depends upon the objectives and values of the organization.

(Lynton and Pareek,, K 1967) .
Many facets of human behavior are involved in the

-

~instructional process: the learning‘Pf the subject. matter
-content and skills; and the pfocesses involved in using téem,
such as critical thinking, retention, transfér,‘problem

) solving, and creating. The attitudes and motivation toward

‘these activities are also forms of behavior. The total design

of a training environment-is a complex enterprise, .and there

-




. . '
are many variables which foster, nuture, guide, influence,

and control human' behavior within its structure. (Lynton

e

and Pareek, 1967)

-

Evaluation and measurement play an important role in
the instructional procesg. It should be_ noted, however, that

the terms "evaluation" and "measurement' have distinctive

.

meanings. Measurement is concerned with the applicatien of

-
an instruméﬁt or instruments to collect data for some specific

purpose. (Green, 1970) In other words, measurement refers

tb quantitive descriptions of behavior, things, or events.
B . ‘

2

\i?}onlund, 1968)

Evaluation i§}a broader concept than measurement in
. - N Pad

that it involves not only quantitative desériptions, ut
also qualitative descriptions.. Gronlund (1968) wrot

In addition to such numerical and verbal descriptions,
evaluation includes value judgements concerning the thing
described. Thus, when. we evaluate the achievement of a
student, the effectiveness of instruction, or theg

~‘appropr1ateness of a curriculum, we are concerned with,
judging -their value of worth. (Gronlund, 1968)

Evaluation is & comprehensivé and ¢complex process.

The procedural steps, as described by Gronlund (1968), include:

(1) identifying the objectives (i.e., the !
‘de51red outcomes) (2) defining the obJectlves in
behavioral terms (1 e. spé01fY1ng the behavior we are
willing to accept as ev1dence of the desired learning),
(3) select;ng, or constructing,. instruments for measuring
*(or ‘describing) the behavior, and (4) 'applying the
instruments and analyzing the results to determlpe the '
degree to which the desired learning outcomes ‘have been

hleyed -

The fundamental task of measurement is to provide
. A

! ) M . '- . *
information, for making, basic, essential deeisions with

1

..




respect%)o the instructional design and operation. (Nelson,
1970) According 'to Glaser and Nitko (1971), four activities
of instructional design determine measurement requirements.

These are : ) ) ' ~
. W ' .
the analysis of the subject-matter domain <
under consideration, diagnosis of the characteristics of
the learner, design of the instructional environment, and
the evaluation of the learning outcomes. (pp. 625-626)

[N

. In the analysis of the subject matker, expgrts
anaiyie theosubject matter domain in terms‘of‘performance
competencies. .The characteristics of the domain are con-
Structed gccording'to conceptual Hierarchies and operating
rulegkin terms of increasing complexity of human performance.
The anilysis and definition of instructionally relevagt
performance is of major concern. This can be accomplished
through the specification of behavioral objéctives, t{rans-—

lating them into types of observable performance, and con-

. ducting research studies about different instructional

A
~

methodologies. (Glaser and Nitko, 1971)

Diagnosing the characteristics of the trainee involves

" the measurement of the behavior an individual has upon entering

a program. In other words, these measurements provide inform-
ation ;bdut existing pre-instructional behavior. This is
helpful in starting the instruction based on what the trainee

.

o already knows and can do. (Goldstedn, 1974:’Millman, 1972 ;-

Mirsberger, 1974) ' '

The tHird activity is that eof designing the instruction-

*

al environment and specifying the conditions under which JJ

>




learning can take place,..This allows the individual to : |
o progre§s toward the training goals described as subject-

4

matter competence .and acq&ire the ‘desired ohtcomes of in-
. N ; : ;
‘struction. (Glaser and Nitko, 1971)

. e . .
The final activity of evaluation is measuring learn-

Ve ]

ing outcomes. This provides information about the extent to
s “which the instructional objectives have been attained and
" the extent to which the:'behavior of the trainee approaches
the pe&formance.criteria. The trainee is said té have e

mastery of the instructional objectives when the degree 6f
/ s\ g
performance has be€en attained as specified.by the desi rs :
. of the-.instructional program. (Glaser and Nitko, 197% ' ¢

Mi erger‘(1974) stated that:

Evaluation, in the view of the trainee-oriented
_ instructor, is the process of obtaining feedback which
- is then used to direct the remaining portion of the
training program. (p. 34)

Mirsberger's phases are similar to Glaser and Nitko's

(1971) stages, but he adds an on-the~job performance phase.
Mirsberger's phases iﬁclude: Lo

1. Pretraining phase: that evaluation done before
any actual training is started.

2 Training phase: evaluation made throughout the
.learning period.

3. Posttraining phase: the evaluation made at the
end of the training effort.

4 Performance phase: the evaluation of the matricula-
ted trainee in an on-the-job situation after the

~ : training effort. (p. 34)

In summary, learning in-a training environment is a
T——

Rrocess of changing the behavior of an individual from an
/A 'S A

|
initial entering state to a specified terminal sta'te. . }




-

A\
Instruction is theé practicé'of providing conditions and
activities for this transaction to occur. Evaldation, of)
which measurement is a part. is the collecting of data, :
asseSSmgnts, and information about thé instructional program
and the trainee's perfgrmance. It is used to mage basic

. -
decisions in developing the ovérall effectiveness of the
o

training system.

- 4

Historical Perspective of Criterion-Referenced Measurement

The psychological testing movement started with the

-

Darwinian emphasis on differences between individuals, and

,"/‘

the theorical framework of test scores was developed to
emphasizg differences in abilities and traits. (Mehrens and
Lehmann, 1969) Psychological testing has concentrated on‘
comparative intérpretations., What tﬁe mental test measures
is whatever causes some people to get high scores, and others

=

to get low scores. The psychologist is likely to say that thé
test measures ﬁothing if everyone scores the~same, except for
variation due to errors of observation._'(Cronbach, 197;)

With the development of psychological tests around
the turn of the Twentieth Century by Galton, Cattell, Binet,
Goddard, Terman, Otis, and ?thers, a new era in measurement
was born. The mental test (a term coined by Catteil in y
1890) , although developed to ®iscover and predict aptitude,
was introduced, in the schools to measure achievement for

diagnostic and training purpoées. (Trow, 1971)

Achievement testing is ‘different from abtitude

I




testing in that:

An achievement test 1s used tD measure an individuai'F
present level of knowledge or skills or performance, an
aptitude test is used to predict how well an individual
may learn. (Mehrens and Lehmann, 1969, p. 73)

Iy
After World War I, there was a boom™n standardized

subject-matter tests, statistics and measurement courses, and
textbooks related to these fields. (Horrocks and Schoonover,
i1968)

Although the mental test was devised ?é\dlfferentiate

~

ﬂ) and compare individuals for recommending further treaiment,
training, or gducation, the précegu;es of‘ assigning school
marks got mixed-up in their use. Because the system sz
assigning grades'was based on the probability curve, the mark
a student received Qas baséd on what others did on the saye

-—

tést,not on what level of knowledge, understanding, or skill

: ) g
- proficiency the individual pupil had achieved. (Trow, 1971,

p. ix) )
%
Recently, there has been a revival of interest in

absoluté measurement, now retitled criterion-referenced

" measurement. (Ebel, 1962; Glaser,.. 1963; Popham and Husek>\\f
19?%; Tyler, 1966) CRM has been around in this couatrx since

. - .-

the early part of the Twentieth Century, with scales develop&djr
by Courtis, Thorndike, Ayres, and othars for measuring hand-
writing, compostion,arithmetric and other subjects. (Trow, ’
1971) During the ‘period from 1909 to 1915, a-series of
arithmetic tests and five scales for measuring abilities -

NG « -
in English composition, spelling, drawing, and handwriting




,were publlshed (0dell, 1930) /

- In 1909, Thorndike publihsed a standardized achieve- ’
. Y R
mént scale, The Scale for Handwrifing of Children. The

. r
introduction of standard measures of achievement is most

often attributed/?g/ﬁ. L. Thorndike, whose students were later
. to make great/contributions to the .-field of measurement and
'achievgment testing.*, (Horrocks and Schoonover, 1968)
/ Ayres' handwriting scale was devised by judges who

studied and arranged different specimens of pupii handwriting

»

according to quality. Suitably spaced specimens were select-

ed to represent different levels of proficiency and, these were -

I
reproduced as a guide for teacHers. A teacher could simply

- look at successive Ayres' scores,on a pupil's cumulative

, record and judge how the pupil's handwriting was progre551ng.'

’

(Cronbach, 1971) :

Ebel (1965) has p01nted out that the percentage— ~
/_—\ -

mastery grades which were oncezﬁldely fa;Bred in schools in

the early %960'5 represented a crude type of criterion.

measurement, although one that was generally unsatisfactory
=

in practice.
ég In 1913, Thorndike noted fﬁé limitations of NRM and
grades since they did not indicate the mastéry, amount, or
'type of skills and knowledges possessed by the student.
/f\Thorndike (1913); in discussing the assignin% of school ‘

grades based on normative data, stated:

: the vices of the old system . . . was its relativity
and indeflnlteness--the fact already described that a

~
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- :
given mark did not mean any defined amount of knowledge,
or power, or skill--so that it was bound to be used for
relative achievement only. —

The proper remedy is not to eliminate all stlmulus
to rivalry, and along with it a large part of the stimulus
to achievement in general, but to redirect the rivalry
into tendencies to go higher 6én an objective scale for >
absolute achievygment, to surpass one's o past performance,
to get into what, in athletic parlance, f%écalled a
'higher class,' to compete within that class, and to
compete cooperatively as one of a group in rivalry with
: ) another group. (pp. 287-288)

Nevertheless, the old NRM System which Thorndike

~

referred to 1s the oné that is still used today by the major-‘

-

ity of evaluation experts. ' (Trow, 1971)

Defining Criterion-Referenced Measurement

Glaser haé been credited with having introduced the
current-day definition of CRM. (Jackson, 1970) 1In one of
. Glaser's more recent writings on the subject, the following

definition was suggested: .
A criterion-referenced test is one that is deliberate-

ly constructed to yield measureménts that are directly

interpretable in terms of specified performance standards.

(Glaser, and Nitko, 1971, p. 653) :

Glaser (1963) stated that criterion-referenced tests

can be differentiated from norm-referenced tests in that they
do not focus on the p?oblem of individual differences: Rather,
they .are aimed at indicating what an individual can 36 and ' .
* capnot do. |
Although Glaser's definition is the classicél one "’
used by most people, it is not the only one. Popham and

Husek (1969) have proposed:

Criterion-referenced measures are those which are

N
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r + ’ . - _
used to ascertain an individual's status with respect to
some criterion: 1i.'e., performance standard.” It is
because the i1ndividual is compared with some established
criterion, rather than other individuals, that these
measures are descrlbed as criterion- referenced The
meaningfulness of 'an individual's score is not dependent
on comparison with testees. We Want to know what the
indaividual can do, not how he stands in comparison with
others. (p. 2)

Ebel (1971) characterized CRM in terms of score

distribution and interpretition:

The essential difference between norm-referenced and
criterion-referenced measurements 1s in the quantitive
scales used to express how much the individual can do.

In norm-referenced measurement the scale is$ usually
anchored in the middle, on some average level of perform-
.ance for a particular group of individuals. The units on
the scale are usually a function of the distribution of
performances above and below the average level., In!
criteripn-referenced measurement the scale is usSually
anchored at the extremities, a score at the top of the
scale .indicating complete or perfect mastery of some
defined abilities, one at the bottom indicating complete
absence of these'abilitiesi The scale units consist of
subdivisions of these total score ranges. (p. 282)

Wang (1969) has.expressed that a criterion-referenced
est\\ . is an acnievenent test developed~to assess the
presence or absence of a specified criterion behavior describ-
ed-in an instructional objective.” (p. 14)

It is interesting to note that these.various defin-

itions aéree in that they emphasize the direct interpretability

of scores, but differ in the extent to which they make refer-
ence to the\method‘by which the test is constructed. Ebel
emphasized the scale from which interpretations are to be
made, while Glaser stressed the eonstruétion.

Most writers stress the method of construction, such

as,Jackson (1970) who wrote:
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. the term ‘'criterion—referenced' will be used
here to apply .to a test designed and constructed 1in a

manner-that defises explicit rules’' linking patterns of
test performance to behavioral referents. (p. 3)

The preceding contepts are semewhgt different than
one other prevalent’use of the term’crite;ion-reférenceq used
in ﬁgychometric literature: That principle involées'correlat—
ing the scores of an achievement measuring instrument (X)
with a second measurement situation (Y), such as'ahother tesg'
or grade averagé. The Y score wo&ld be referred to as a
criterion score and the degree of relationship is expressed
by the product-moment correlation. (Tuckerman, 1972)
Criterion-related validity is simi}ar to this concept in that
it is a technique for séowing the relationship between test

scores and an independent exterpal measure, such as a -

standardized test. (Karmel, 1970)

Norm-Referenced versus Criterion-Referenced Measurement

The heart of the issue concerning CRM and NRM is
’ L)
deriving meaning from the test score. The score received

by an individual on any type of test is basically inert and
and must be related semantically to the.behavior of tﬁe
individual. (Lord and Novick, 1968) Ebel (1962) stressed

that:

¢f’°\} No test score, raw or standard, has much meaning as
an abstract number. Additional data for interpretation

must always be provided, either by the test producer or
by the test user from his own knowledge and experience.
The numbers which report standard scores are no more
intrinsically meaningful, and no more self-interpreting,
than raw scores. (p. 16)
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For the most par%, measurement specialists have

I's .
concentrated on interpreting the test scores primarily - -

based on the scores of ot?zjs.“ At present, the use of NRM

is almost universal in theUnited States. (Eﬁel, 1962)-

-

- Advocates of CRM.iii’iyying to operétlonally define

standards upon which interpretations can be made directly

Iy

from the score. These experts believe that norm-referenced

interpretations have serioys limitations ". . . when they

are employed with achievemsent tésts that are u§ed in in- 3 P

structional systems seeking Foxbe adaptive to the 1qd1vidual.”

(Glaser and Nitko, 1971, p. 653) ' .
According to Glaser~and Nitko (1971), RRM has been

so dominant in training and education because of the:

s

concengratlon of psychological test theory on
_tralt variability and on the relative:difference between
individuals, the reluctance of educators to specify .
pre01sely thélr goals in terms of observable behavior,
the reliance of measurement specialists on the mental
test model, and the desire of test constructors to
build tests that ar€ applicable to many different
instructional systems. (p. 657)

4 -

As Popham and Husek &izGQ) have observed\Jjt is

impossible to tell a -nogym-refevxenced test from a criterion-
-

‘\/ K] . :
referenced test by just looking at it. The difference is .

found by examining the purpose of the test, the manner 1in

" ’

. . O
which it was ‘constructed, the specificity of the information
= -
obtained about the domain of instructionaliy relevant tasks,

the generalizability ¢f the test performance, and the use of
< ’ [/

the scores.

-

. Arguments have been made that any achievement test .
)

-

(. 1:
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defines a criterion because 1t 1s representative of desired

outcomes, and that one can determine the particular tasks
an individual can perform by just examiping the responses on
. . \/

the personls .test. Jackson®™(1970) wréte: ,

Any .test samples_tﬁ% content ‘of .some spécified\dpméin.
Even though a tést may bé normed so that an individuZzl's
score may be .compared with scores of some specified group,
there is the "assumption of some latent trait upon which
observed scqres depend, and which the test is, therefore, . ™
said to measure.. Hence, there is always an implicit be- '
havioral element, and even tests that are described as
norm-referenced are designed to yield inferences about,
say, the amount of trait X that an individual has. . In

-

e

"+ contrast to a criterion-referenced test, however, the

inference is of the form--more (or less) of trait X than )
the mean amount in population Y--rather than some specified
amount that is meaningful in isolation. (p. 2)

However, Glaser has argued that the way a normative
test is constructed and designed negates’ its use as a true
criterion based on performance standards. In practice, de-

&

sired outcomes havé seldom been specified in perforinance

" terms prior to constructing a norm-referenced test. (Glaser
\

and Nitko, 1971) When using a NRM, questions that appear on
the final criterion test have been revised and arranged to
maximize the test constructor's concept of what the distri-

bution of final scores should be and how the terms’should

- M ’

function.statisticallx. (Cox, 1971) . \.
Other determinates of test construction have been

ease of administfation and!scorigg.' Lindquist (1968) has

indicated that many valuable instructionally relevant tasks

are not being tested because of computer-scoring restrictions.

] All of these pracfices tend to-distort the results of a

s
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person's scoré with respect to a clearly defgned dqmain ."
of tasks ;nd perfermance standards. (Glaser and Nitko,
1271) ' ' | )
With respect to specificity of the information
_obtainéa.by CRM about the domain of tasks, there Shoﬁld be
a logical transition from the domain to the test and vice'
versa. There should be little difficulty in identifying éhe~
class of tasks that can be performed. Thus, all tasks in
the doméin must be defined in obéervable behavior. (Thornton
and Wasdyke, 1972) ’
The ;ttainment,of certain abilities, skills, and
knowleéges can only be inferred based on observable perform-
ance. In an occupational area, the specified domain of
t%skg would be analyzév nd broken down ipto-obsérvablq
performance meagdrement. Criterion-referenced tests do Aot
seek to 'indicate how much ability a student possesses along a
hypothetical ability diﬁension, but whether certaih kinds of
tasks can be demonstrated. This impli®s an analyéis of task
structure in which each task description includes criteria
of performance. In turn, a scoring systemymust be devised,
that will'preserve information about- the tasks that.an in-
dividgél can perform. (Fremer, }972) Norm-referenced scores,
such as Percentile ranks, t-scores, and grade equivalents
lpse the specificity of criterion information. _(Ebel, 1962)

There must be generalizability of test performance

to total task domain. As the trainee progressess in a
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- ‘
-~ .

° . ‘-
QEﬂ program, the number of tasks become wvery large. The criterion-
referenced test constructor must determine how long to make a

-

test so that generalization can be made abowt which specific

- tasks a learner can perform. The norm-referenced test

. - ¢ . '

constructor does not have this problem since wide selection

.

of items will result in variable scores so that it cén be’ )

.

said that individual X can do more or ﬁas'gchieved more than

individual Y. However, what individual X can actually do is

. |

really not known. An indiviaual's item $esponses provide
| oniy a weak basis for inference when norm-referenced tests‘
are used. | |
Table 1 shpws key features of CRM and NRM,,aé in- %

’

terpreted by Boehm (1973).
' ;

R Norm-Referenced Criterion-Referenced

1 Generat
Purpose

To make comparnisons among
individuals

To determine how an individual
' functions reiative to a criterion

To prog‘ am specificaily, for the
individu ‘ '

R To make decisions about placement
in Programs in which only Limited
numbers of individucls can be
accepted

To determine for wnom o program
"works"’

To determine whether an instruc-
tional prograrn “'works’ 1n
developing criterion behaviors

2 ltem Types items must discriminate among

ltems must correspond to

indviduals criterion ievels
@ ftems ail ,sub,ects pass or allia:l Items must provide expiicit infor-
° eliminated mation ahout what an :ndividual

¢an or cannot do ’

3 Content 71 Content may or may not match Content must macch classroom
particular classr001n goals T ebjectives which have vesn
behavioraily detined beforehand
e e e © e
. Sampling 1s made from the larger Critenion levels car pe set at 2acn
task domain content {evel of a program and
must specify nunimai ievels of
‘ ‘ competence
4 Scores Vanab’-lny among scores is Variatality s .nelevanfl
_ essential
‘ . Scores can mash what an indivi- Scores must reflect (not mask)
© ual can do byt provide indica what an .odividudl cen or ch}not
ton of his re'stive standing do
</ 5 Type of Use of age and grade normns Percentage passing a criterion leved
Ranking peccentiles standard scores

b o = e o g

Pass/fa information on each item

s

)

Table IT\)Characteristics of Norm-Referenced and'Criterion—
Referenced Tests (Boehm, 1973)

2.2 .



Uses for Criterion—-Referenced Measurement

An imrportant consideration in deciding which type of
) . . .

i . . L Y PR
measurement to use is the use of the scores. Although both

- .
. .

CRM and NRM provide data for decision making about individuals
\ . .

~and treatments,'fhe context with which ‘decisions are made

determi¥re which to use. ‘

NRM should be ‘used if there is some degree of
. / 0

3

selectivity necessary, such as a limitation to the number of

people that can be admitted to a training program. (Popham’
)

-

and.Husek, 1969)

CRM should be ust to make decisiogs about individuals.
and treatments in other situations. A criterion measure
could be used to determine whether a person has mastered.
cértain skills considered a prerequisite to starting a new
training program. A criterion measuré reflecting a set of

instructional objectives could be used to evaluate two

»

different instructional sequences to(determine which 1is

more effective. If competencies possessed by an individual

~

is needed before instruction can be provlded, CRM should be

uLed. (Popham and Husek, 1969) ?k

L]

Other suggestions have been made for using CRM.
Coulson and Cogswell (1965) discussed the need for it in
regard to ghe use of programmed materials. Glaser and Cox
(1968) suggestéd the use of it in‘individualized instructional
models wher?,evaluation instruments must differentiate

’

between groups of pupils who have mastered certain units

23
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and those who have not. Jackson (1970) concluded that CRM

would be desirable in the' areas of diagnostic information,

4

formative evaluation of training programs, and the ev uative

assessment of individual and group achievement. Fremeg
b . «

* . . \ .oy
suggested that CRM is meaningful in relating perfofmance to

(1972)

signifecant real-life critéria such as minimal competency in

a basip skills aréa, such as math for an accountant. lThronton

and Wasdyke (1972) aﬁvocated;its use in performance-hased (’ﬁ\

evalua€ion\for job promotiéns and certification, such as in |

"The New York C;ty'Police Study for Prpmotions” and the |

National ngchef Examination in Industrial Arté. %
Garvin (197l)lhas suggested that different levels

|
gf proficiency standards be established for certain occupation- ‘
=1 taéks. ;;/é;;tain tasks, by thei}‘very nature, must bq
performed at a specifiably hikh level, £han an absoluteg ,
| criterion level should be est;biished and mé% by %11. For
example, landing a; aircraft or cqmpodnding a prescription -
must be'done correctly or public safety wpuld be endangered.
However, there are other tasks where some latitude of com-
petence is permissible, such as running a lathe, selling a
product, and typing. Different levels of profiéiency could
be established for. these relative tasks. '
Garvin (1971) further set forth some general prin- .o

ciples regarding‘the applicability of CRM to various content T

areas and levels;

1. Unless at least one of th&\%zftrucfional object-
ives of a unit envisions a task that-must be subsequently




%

be performed at a specified level of competence in at
least some situation, criterion-referenced measurement
is irrelevant because there is no criterion. In this
sense the entire sequence of 'social studies' provides
no meaningful criterion except, possibly,. the entry

‘ level for certain 'honor' courses. .
. 2. If public safety, economic responsibility, or
other ethical considerations demand that certain tasks
be performéd only by those 'qualified' for them by formal
jnstruction, then CRM of the outcomes oﬁéSuch instruction .
is clearly indicated. The criterion here¢ is the licensing
standards of the profession involved. All professional
instruction in the medical arts, law, finance, engineer-
ing, and the applied physical and social sciences general-
ly is clearly in this category. Teaching--at any level--
ought to be. However, entry to such professional training
is typically based on NRM since training capacity imposes-
a 'quota.! ’

3. In any instructional sequence where the content
is inherently cumulative and the rigor progressively
greater, CRM should be used to control entry to successive
units. However, if there are several different sequences
differing widely in rigor, NRM is more useful in making
appropriate placements.

4. There are certain content areas to which criteria
do apply- but not everyone need meet then. These are the
'required subjects', everyone must try to learn them--if
only as a matter of public policy--but it is almost pre-
ordained that some of them will not. Home economics and
physical education are relatively non—controversial
examples at the secondary level;- at the college level,
these become profewsions and CRM applies. -(pp. 62-63)

-

-

Most test experts stress, however, that both criterion-
referenced and norm—referenced measures are needed to make
valid and enlightened decisions about individuals and programs.

i}

(Simon, 1969; Swezey, Pearlstein, and Ton, 1974)

Writing*Criterion—Referenced’Tests

The areas of writing 'CRM's and evaluating criterion-—
referenced tests are in the developmental stage. Many people

have written articles hypothesizigh how to_write a criterion=—

referenced test and evaluate it in terms of validity,

29 “
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reliability, gpd other test parameters. However, there is need
for developing a CRM test theory. (Boehm, 1973; Glaser and_
Nitko, 1971; Hively, 197f; Jackson, 1970) 1In a 1974 poll

of its members, the National Council on Measurement in Edi
ucation fqunq that the'development of a test theory for CRM-
was ranked number thFee in its priority list for reséarch in

measurement. The following two sub-sections discuss various

_writings in the field. =

An important concept to be cognizant of when writing
a th, is that of a criterion. Although most writers do not
emphasize the theoretical basis for criteria, Goldstein (1974)
hés pointed out that criterion relevancy, deficiency, and
contamination are impo;tant concepts to be aware of. Nagle
‘51953) stated that a criterion is more relevant when the
criterion measure is closer to the true criterion. Thorndike
€1949) emphasized that the criteria are more relevant if the
behaviors‘lqarned in the training program are the same as
those fequifed for success at the ultimate task. (Goldstein,
1974)

Sincé Travers (1975) has covered behavioral objectives,
it is-sufficient to say here that after the organizational
needs d;sessment and task analysis, behavioral objectives shohld
be written. Most CRM people have used Mager's (1962) format.
These objeétives must be translated into specific test t4Ske that
form the basis for inference that the behavior has been

acquired by the trainee if successfully completed.

Recently, much work has been done in the analysis

and classification of behavior in trainihg and education, and
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A 4
this has been' helpful in analyzing performance into component
. . i 4
tasks. (Bruner, 1964, Gagne, 1965; Glaser, 1962; Melton,

.

1964; Miller, 1965) Other studies (Gane ang Woolfendeq,

1968; Gibson, 1965; Hively, 1966; Newe{l and Forehand, 1968) i

haxe deait with examining the specific components and the

_sequence, of perforﬁance of a complex bejavior so that the

'task domain can be identified for training and testing pur-

poseé. . )
Specifying the domain of tasks requifes a systematic

procedure. Hively (1968) has developed one method to delimit

and clea;ly define the domain of tasks through the use of an

"item form." Table 2 contains examples of item forms for‘

subtraction tasks in arithmetic. A title in the left column

contains a task of the subtraction domain. Next, a sample

problem is shown as it wsuld appear on the test. The last

two columns contain the general form and generation rules .

which define the. tasks. 6K A collection of item forms constitute

a domain from which tgst items may be drawn. 'Using item forms,

it is'easyéto make judgements about the contgpt validity of a

criter%on-referenced test, o} in fact, any kind of fest.
Osburn (1968), who has developed a similar item form,

discussed two conditions that are prerequisites for allowing

inferences to be made about a-:domain of skills and knowledge

fr;m performance on a sample of items:

The first is that all itemg that could possibly
appear in the test should be specified in advance.

Secondly, the items in a particular test should be "
selected by random sampling or stratified rxandom -

~
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o/ sampling from the universe of content. (p. 96) 7~
_ Desenptive Tule Sampie hiem Genersl Form } Generauoa Rules®
Baosic foct, 13 A }. A=lo, 8=b
- minuend > 10. -6 -t 2. (o <BIEU ’
- - 3 (H Y, ,
Simple bortrow; 53 A 1. A=oo, B=b
one-digst -7 ‘ -3 2 O.EU-—“}
subtrohend. - . - 3 (b>olEU,
. - , ¢ — -~ -7
Borrow ocross 0, 403 A 1. NEL3 4 -
s - - <! U . - 2 A=g0; - , Bobbs-
. ——*\ - 3 le;>bl) loy<bl),
~ a2 bd €U,
/ 4 kS,
) o= [¢] i
6. Pyli, 2,34, {4}
|
Equotion; X 42~ =25 A- =8 1. Amo oy, E=bbs ‘
misning 2. o, SV 1
subtrahend. 3 oL by, b:EUs i
) 4 Check 0<B<A |
|
* Explanation of n2eriinn |
Caprtal letters A, 8, - * - repfewsnt numerals, T\
Small letrers (with of without subsenpts) o, b, 0., by etc, represent dipits, |
1€ -+ ] Chooseat random & replazement for x from the given set * ~ |
e.b.c. €+ | Al ofa b, carc chosen from the given &t with replocement |
R Ni Number of digits 1n numeral A ‘
V N Number of digits in each numeral 1n the prodlem. . |
ooy - €]+ | Generateallthe o, necesssry In general ™+ + - ™ means continue the pattern established i
(6<B)E| - -+ | Choose two numbers at random without replatement. let a be the smaller
{H, Y}. Choosx s honzonul or verucal formar - ]
PiA. 8.- -+ | Choose a permutauion of the ciementstn the set (I the set consusis of subscnpts, permute those subscnpted clements)
Set operations #re used a3 normally defined Note that A =8 = AN} Ordered pairs are also used a3 usual
Chech If a check 13 not fuibiiedissegencrate ail elements involved in the check staiement (and uny elements dependent upon them) |
Speaias sets
-Um il 2.- 0,9 .,
Uw {0, 1,-,9] =
Table 2, Examples of }tpm forms from the subtraction universe
developed by Hively. (Hively, 1968)
) >
Jackson (1970) stﬁted that ". . . the difficuI‘y of
objectively defining a testcofiStruction process is directly
. related to the complexity of the behavior the test is d;;Zgned 's

t 1] - \
to assess." _}p. 7) Thus, the first of Osburn's copditions

-
i

would be diffigult to satisfy for complgx domains. However,

listing tHe elements of a universe of item _content can be

o/ // .

ERIC

. .
. 2é‘
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overcome; to a certafm extent, if a generative process could
be defined which could, in theory, produce such a listing.
Through the’ﬁg;/of the item form, 1t i's possible to produce
) such,a gene;&;;ve'process. (Hivel&, 1968 ; Osburn, 1968)
Osburn (1968) has described the characteristics of

. an itém form as follows:

(1) it generates items with a fixed syntactical

structure; (2) 1t contains one or more variable structures;

and (3) it defines a class of item sentences by specify-

ing the replacement sets for the variable elements. (p.96)

Using the item form method, there 1s an "unbroken

-

~1ink" between the generative system and the specific item
produced. A collection of item forms, together with the
replacement sets for the wvariable elements, then asfine a
universe of content. In addition to the numerical type of
Hively's, Osburn has developed verbal replacement sets and
a hierarch}cal arrangement of test tasks to be generated. .
‘An 1tem form could consist of a sentence with one or
more blanks, and the words or numbers that fit into the blanks
could be systematically varied to prodabe 1tems of different
leve}s of specificity. Sipce this procedure is systematic
and rule bound, it has been adaptable to computer programming.
K\\\~-€§erguson, 1969) Shoemaker and Osburn (5295) have constructed
a’ computer program '". ., . capable of ggﬁerating random or
/7stratified random parallel tests.frém a specified content
populatioa." (p: 165)

An - example of a sentence frame for the input of a

computer program would be:

~
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Given a normal distribution with a mean equal to
and a standard deviation equal to __ . If one number
1s randomly sampled from this distribution, what 1s the
probability that this number will be greater than or
equal to ? (Shoemaker and Osburn, 1968) .

The blanks 1n the form are filled in by a random number gener-
ator, which can be controlled to supply realistic problems

and reduce difficult and long computations. (Shoemaker and

Osburn, 1969)

Bormuth (1970) has advocated that the tests that uée
‘NRM procedures cannot unequivically claim to repreéent the
properties of instruction nor caﬂ they be objectively
rep}oduced. A norm-referenced test 1tem, Bormuth wrote, is

a property of the test writer and not a property o{\}qstfhct-

ion. A score on a norm-referenced test 1s the learner's

.responses to the writer's responses to instruction, or, in
. v
other words, the comstructor's behavior.
*"a‘LZ »

Ebel (1962)(reaffirmed Bormuth's bheliefs.

Specialists in educational measurement generally
recognize that most objective tests rest on highly
subjective foundations. The abilities, values, and
1diosyncrasies of the test constructor have played a
major part in determining the content of most tests.

Test specifications sometimes exist only in the mind of
the test constructor or in a few brref written guidelines.
.When written, they often have more to say about the form
oﬁ the test than about its contéent.® (p. 22)

Bormuth (1970) has suggestea that a linguistic
»analysis be used to explicitedly translate instructional
objectives into test items. Like the item form, this wouLd
introduce more objectivity and replicability into test writ—_

ing. .

50
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As Swezey, Pearlstein, and Ton (1974; have shown,
there aré many studies géing on with CRM in different
areas., One'of the more—extensive studies on crlteriqn-
refer;nced testing was done by Thornton and Wasdyke (1972).
These test specialists have develobed "The Taxonpmy of.

*

Behavior for Career Development and Measurement" which pro-

_.vides a framework for the logical tracing of observed be-

haviors from the processes of job analysas, thfough'test
development, performance evaluaticn to valldatlon The
taxonomy can be used to write comprehen51ve test speéifica—’
tions for simple to complex ranges of behaviors.
There are five steps in Thornton and-Wasdyke's (1972)
method: . . ,
1. Job (task) analysis and specification (in task
analysis statements) .
2. Translation and classification of taiéganalysis
statements into behavioral objectives.
3, Definition of the Job'performance stamdards into

behavigral terms:
4., Multi-dime

ional test Speciflcatlipnang develop-

ment .

3., Meas ent erformance--validity (translation
of occupatignal St items into behaviordl objectives).
(p. 3) ' '

.
—

The above procedure was used for an examination
constructed by fhe Educatioanesting Service for police
promotion procedures in NeWw York City.

The first step in-the abo&e procesé results in an

" ordered collection of task statements which describe the

duties and responsibilities of a job. The second step trans-

lates task statements into behavioral objectives, indicating

.
-

.




\.9 the conadition, performance,.ana extent. (This is very
similar to Mager's procedure for writing behavioral objecﬁiveé.)

This results*in a list of behavioral objectives required for

acceptable job performance. Each objective is then descrlbed.
‘in terQ§ of the cognitive aéb&vity, the affective made
necessary, and the psychomotor skills required for satisfac-
.~ tory job performance. After this, each objective is classified
within a three-dimensional, 90-cell taxonomy of behavior and
this serves as a blueprint of the terminal objectives of the
process ée;ection (predictiou), training (education and career
development) , and evaluation (performance). (Thornton and
Wasdyke, 1972)
In defining job performance standards, judges are
w/ used to determine what precisely is thelminimal acceptable
job performance in terms of that behavior.l The results of
this process are twofold: minimum acceptable behavior for
developing a test for minimum competency; and, the precise
lower limit of accepfable'job performance specified in X
behavioral scale. (Thornton and Wasdyke, 1972)

The final behavioral objectives can be used to write
multi—dimens%onal test specifications. The specificétions
include the behavior to be measured in the test and the

t precise leQel or levels within the faXonomy whicﬁ most appro-
priately measures the required job behavior. (Thornton and

Wasdyke, 1972) ' -

The last step of measuring performance and validation




is logically determined in two ways:

1. The translation of the test items into behavioral
objectives, their classification by means of the taxonomy,
and their comparison, objective by objective, with the
original task derived taxonomy. .

These Operations are performed by researchers other
than the job analysts and test, designers.

2. The comparison of candidate's performance, behavior
by behavior, on the test and as rated by supervisors on the
job. (Thornton and Wasdyke, 1972, p. 12)

An example of translating a test item into a behavior-
al objective would be:

Condition: Given witnesses to a crime in a physical
situation in which they cannot be separated from each
other, ,

Performance: Predict the effect of this situation on
the information gathered from these witnesses in two areas,
the sequence of the events and the description of the per-

petrator.

Extent: Accuracy of prediction of 100% based on
correct answer in each case. (Thornton and Wasdyke, 1972,
p. 12) :

This item objective would be traced through the
taxonomy back to thé original objective and aécepted perform-
ance standard.

Tho;nton and Wasdyke (1972) have expressed that this
logical validation is not a substitute for statistical valid-
ity,'but a supplement to traditional methods.

These methods aré some of the recent deuglopménts in
criterion—referepcgé'test construction. The major goal of all
of these methods is to be able to allow inference from test
perfofmance to behavioral referents. All items are specified

by rules and there is the advantage of being able to randomly

sample items from a specified universe of content.. Work is

being carried on by‘several universitlgs and test services .
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Testing Services; Army Research Institute)

| to refine these methods. (CTB/. McGraw Hill; Educational ‘
|
|

Evaluation of Criterion-Referenced Tests y,

After defining the universe of content and construc-
ting the item forms, the final form of the test must be
constructed. Item selection and analysis have been well-
developed for.NRM but not for CRM. While NRM depend on
variance 1in the test scores, CRM may display very little'
variance. (Popham and Husek, 1969)~

For.e;ample, if a training program for sewing
machine operators seeks ﬁovreach a certain level of com-
petence, a pretest-posttest experimental designxcould be

\-’ jﬁused. Scores on the posttest should show an increased mean

performance and a‘decrease variance since all ;rainees are
expected to acquire knowiedge and skill mastery of sewing
concepts. (Popham adﬁ‘Husek,:1969)

It should be noted”at this point, however, that using

€RM's do not limit achievement or competency beyond a certain

In theory, adaptive instruction seeks to ensure that
all individudls in the population show certain levels of
mastery in the instructional domain, .while not excluding
differences in achievement beyond the general level of
mastery established. (p. 659) .

\
|
|
|
|
|
performance level. As Glaser and Nitko (1971) have stated:

Concerning the evaluation of CRM's measurement '
specialists cast doubt on applying the conventional empirical

evaluation procedures of the mental test theory for assessing

e reliability, validity, and anélyzing'tesf items. With NRM's,
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the more variability, the better sincg the purpose of the test
is to spread individuals out. Howéver, with CRM's, variabil-
ity is irrelevant. The meaninglgé the score flows directly
from the connection between the items and the crite;ion.

(Cox, 1971)

The subtle implication of this central difference is

~that all traditional theories and formulas for determining . __ = . .

whﬁf a '"good" test is can no longer be used with criterion

measures. Most of the formulas for test adequ;cy indices

rely on the concept of variability. (Popham and Husek, 1969)
Sbecialists have stresses that a criterion-referenced

test may be a good test even if there is no variance in the

population's scores. Indeed, with some criterion tests, it
may be that all students will pass every item ' (Cartier,
1968)

Validity. Tuckerman (1972) has defined validity of a
test as ". . . the extent to which a test measures what it
purhorts to measure." (p. }39) For example, a test on
repgiring automobile igqitions must ge a true indication of a
stuﬁent'ﬁ skill and knowledge of automobile ignitions, and not
mathematics or reading. )

Validity, which is essential for any good test, has
been defined in many ways throhghout thgayears. Gulliksen
(1950) has 'stated, "The validity of a test is the correlation’
of the test with seme criterion." (p. 68) Cureton (1951)

wrote, "The validity of a test is an estimate of the correla-

t
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tion between the raw test scores and the 'true' criterion
scores." (p. 625) <Lindquist (1942) has defined validity
as '". . . the accuracy with which it measures that which it

is intended to measure, or as the degree to which it appro-
@& / -

ches infallibility in measuring what it purports to measure."

P gerton as state "By 'validity' we refer
( 213) Ed t (1949) h tated, "By 'validity' f

to the extent to which the measuring device is useful for a

given purpose. (p. 52) Cronbach (1960) has advocated, '"The
more fully and confidéntly a test can be interpreted, the
greater its validity." (p. 1151)

There is a conceptual similarity between these state-
ments, but there is also some distinctive differenceé. The
first two deal with correlations, the third avoids statistics,
the fourth stresses utility, and the fifth relates to intér—
pretability of the test scores.

The American Psychological Association has identified

three basic types of test validity. Con%ent validity is the

extent to which as test measures a representative sample of

¥

the subject matter content and the behavioral change under

consideration. Criterion-related validity is the extent to

-

which test performancg is related to some other valid measure.

be interpreted in terms of certain psychological constructs.
(Gronlund, 1971, pp. 78-90)

The last two procedures for assessing validity are

based on correlation and thus variability. Hence, they would

L]
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Construct validity is the extent to which test performance can <
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not be too accurate for CRM§s. Contegt validity, by its
very nature, is the most suitable to validate a criterion-
refefenced test. (Swezey, Pearlstein, and Ton, 1974)

Content validity is best evidenced by comparing the
test content to the universe of content and behaviors being
measured. Mehrens and Lehmann (1969) stated that this is
accomplished-by+ — - - ‘ ‘

. a comparison of the test content with courses
of study, instructional materials and statements of
ingtructional goals, and by critical analysis of the
processes required in responding to the items. (p. 310)

Tést experts have used different methods to verify

content validity. Popham and Husek (1969) have suggested
that the general procedufe for validating a CRM would be
judgement '. . . based on the test's apparent relevance to
the behaviors legimately inferable from those delimited by
the criterion." (p. 6) Osburn (1968) stressed that a CRM '
must have content validityibuilt int03it because:

What the test is measuring is operationally defihed
by the universe of content as embodied in the item
generating rules. No recourse to response-inferred
concepts such as construct validity, predictive validity,
underlying factor structure or latent variable is
necessary to answer this vital question. (p. 97)

Content validity can also be deégrmined by using

Hively's (1968) item form, which consists of a complete set
of rules for generating a domain of test items for a specific
objective. 1Independent experts or‘égggzs are used to decide
whether or not a test item is congruent with the highly

A
specific behavior domain explicated by the item form.
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Thornton and Wasdyke's (1972) method of validation,
,by rewriting a test item into a behavioral objective and
tracing it back through a taxonomy to the original objective,
is another way to check validity. .Fremer (1572), who has
suggested a variety of methods using a panel of judges to
valldate a test, ‘'summed up the feeling of mest measurement.
people by stating, '"More than one method should be used to

validate any desired criterion-referenced inference." (p.

28) , ' .t

Reliability. Like validity, there are many ways to

describe the reliability of a test. One general definition . |

of reliability is ". . . the extent to which a test is con-
siétent in measuring'whatever it does measure." (Mehrens and
-

Lehmann, 1969, p. 368) ,
Since most of the methods for estimating rellablllty

are dependent upon variance, they cannot be used for CRM's
with complete'confidence. For example, one of the most common
ways to determine internal cons;sfency is by using the Kuder-
Richardson fermulé which relies on’ score Variedce. (Tuckman,
1972) However, if everyone on a CRM obtains a pe;fec§ score,
the internal consistency estimate would be zero, which iedi-
cates poor reliability. CRM advocates state that such a test
should not be assumed to, be poor. Iw fact, it is possible for
a CRM to have a poor internal 1ndex and still be a good
measure., (Husek and Slrotnlk 1968) -

Other typical 1ndlces, such as the split halves

method, are also not appropriate for an internal consistency

-
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Concerning external consistency estimates, these
are also cloudy when used with CRM's. Reliability can be

measured by giving the same people the same test on more
7

than one occlasion and then comparing each person's per-

_ formance on poth testings. (Tuckman, 1972) However; this

. T o
test—reﬁ9§E»kcorgelatlop499¢fflcrgpt, dependent on variabil-

ity, cannot be used either. Popham and Husek (1969) have
o

said that a high inter—iteh correlation and test-retest ’

4

3 ° . 3 3 4 .
correlation is fine and these 1n&1cesﬂcan be used to support
the consistency of the test. H6wever, a criterion measure

could be highly consistent and yet indices dependent on

.

. : “
variability might not-reflect that consistency.
Jackson (1970) has proposed a comparison of the scores

]
on' two forms of a CRM measuring the same material since

"

criterion-referenced tests should be able to be generated
independently and objectively. An index of agreement between

the two form& could then be used.

i

- " Cox and Graham €1971) have illustrated another way
reif

)

ability might be viewed using a sequentially scaled test. |

.Theoretically, the test is constructed so that the student

»

answers all items up to his level of attainment and misses
all items beyond this cer\aiﬂ point. The test uses a Guttman
scale, the total sg¢ore indicating the individual's response

pattern. A coefficient of reproducibility is found that

indicated how weli an individual's response pattern could be

) ‘ -
\ A




36.

reproduced from knowledge of thig total score. This coeffic-
ient might be used as a type of reliability estimate across
all individuals taking the test.

Livingston (1972a) has‘proposed a controversial

classical test theory approach to CRM, whereby the psych

metric theory of true and error scores\gre used to find

) . N

‘the reliability. Livingston'has stated’that when using

CRM, one wants to find out how far a score deviates from a
fixed étagdard. Thus, he has suggested -using deviations from
a criterion score instead of a mean score (as in NRM), and
defines CRM reliability as-a ratio of mean squared deviation
from the criterion score. - ,
Oakland (1972), Harris (1972), Meredith and Sabers
(1972), and oghers have taken issue with Livjhgston's model.
(For a discussion, see Swezey, Pearlstein, apd Ton, 1974)
Swaminathan, Hambleton, and Algina (1974) have
proposed that citerion-referenced reliability be aefined as:
| a measure of agreement over and above that which
can be expected by chance hetween the decisions made about
examinee mastery states in repeated test administrations
for each objective measured by the criterion-referenced
test. (p. 263) . o~
These specialists believe that the primary purpose of CRM
is to classify individuals into mastery categories on the
objectives covered by the test. They emphasized that using
their method will result in as many reliabilities as there
are objectives covered by the test. )

The area of reliability needs much more research and

disaussion before an index is accepted in the field.

¥

,
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Item analysis. In test item construction of a NRM,

a test writer wants variability, so questions that are too

“

hard or too easy are discarded. . The CRM test writer‘is mainly
R :

concerned Wwith making sure that the test items accurately

sample the range of criterion behavior being measured. The

items must possess congruency with the class of eligible be-

haviors as prescribed by an instructional objective. The items

can be difficuit or easy, discriminating or indiscriminating,
but must ref%ect the domain of relevant tasks. (Popham, 1971)
” ‘After the items have been formed into a test and re-
sultg received from administefing it, there is the procedure
of analyzing and improving it. With NRM, item analysis
techniqués have been used to identify those items that were
ﬁot properly discriminating among individuals. (The discéim-
inating power of a test item is the ability to differentiate

4

be tween pérsons possessing much of the same criterion trait

and those possessing little of the trait.) Nondiscriminating
items, or thogé not separating the more knowledgeable from
the less knowledgeable, are usuélly those that are too hard,
too easy, and/or -ambiguous. (Ahmapn, 1962)

Osburn (1968) has made the following observation about

traditional item analysis technlques as applled to CRM:

It is evident that these procedures may bias the in=
ferepce regarding a person's true score on the universe
of content, -and the nature of the bias will generally be
unknown. . . . Rejection of the item always implies re-=
jection of the class of items to which the item belongs

or at least a modification of the generating rule that
spécifies the item class. (p. 99) “

41
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Jackson (1970) remarked that it is dffficult to see

~how item selection could legitimately be influenced by item

analysis data becausé the comparability of test scores and
behavioral standards are postuated upon a systematic sampling
of tasks from a universe of content.

However, other pdﬁple say that there f§~some value
in item analysis techniques. Popham and Husek (1969) have
suggested that a nondiscriminating item should remain on the
test if the item reflects an important attribute of the
criterion.

Gronlund (1965) reaffirmed this by writing:

’ . a low index of discriminating power shoul;g
alért us to the possible presence of technical defects -
in a test item but it should not cause us to discard an
otherwise worthwhile item. A well-constructed achieve-
ment test will, of necessity, contain items with low
discriminating power and to discard them would result in
a test which is less, rather than modre, valfd. (p. 214)

Popham and Husek (1969) proposed that a positively

discriminatidg item is a good quality to have on a CRM, and

naturally should be kept. However, a negatively discrimin-

.ating item, one which is answered correctly more often by the

legs knowledgeable'than'by the more knowledgeable, should be
treated in the same way on both types of measures. It should
be revised or.thrown out.

Cox and Vargas (1966) investigated two indexes of a
CRM item's ability to discriminate between pre- and post-
instructionaTl performance. One index was computed b§ subtract-

ing the percentage of individuals who passed the item on the

n‘./ 40
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pretest from the percentage who passed it on the posttest.
The other method was the common upper gpaup minus lower group
discrimination index. The researchers concluded that the
traditional way (upper minus lower grogp) could not be used
but that the pretest-posttest method should warrant consid-
eration when using CRM. o

Jackson (1970) stated that two groups of people
could be used with Cox and Vargas's procedure as long as
one was known to have mastered the behavigr domain to a
greater degree than the other. It would be necessary to
revise the domain uﬁder which a test was developed if certain
items were non-discriminating between groups. This type of
analysis could also be used as an empirical check on the
validity of the hypothetical constructs that the test intend-
ed to measure.

. A related concept to reliability is the length of the
test. If CRM is used to evaluate a program or treatment, the
same tests (or an equivale%t\form) need not be used. Cronbach
(1963) and Husek and Sirotnik (1968) have shown that the con-
cept of item sampling in which different people complete
different items is highly appropriate in evaluating the
adequacy of treatments. Thus, thefﬁ7could Qg a sampling of
more behavior with shorter tests by cgnstructing different

forms to be administered to individuals in the treatment group.

In summary, traditional item analysis methods can be

used with CRM's, to a certain extent, but it must be remembered
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that discrimination 1s only a~warning flag. Evén if an item

is negatively discriminating, it may be caused by an instruct-

ional deficiency or the presence of ambiguity, clues, and other
technical defects in the item. (Gronlund, 1965) ﬁore develop-
mental work on 1tem analysis procedures, especially when only"

one test administration is possible, is needed.

: Reporting and Interpretation. Flanagan (1951) has

said that ". . . fest scores are meaningful ahd valuable to

the extent that they can be interpreted in terms of capacities,

abilities, and accomplishments of educational significance."

(p. 695)' Ebel (1962) has pointed out that something important

tends to get lost when raw scores are transformed into standard

scores. '"What gets lost is a meaningful relafion between the
/scores on the test and the character of thé performance it is
supposed to measure.'” (p. 17) 'Ebel has advocated the use of
"content standard' test scores by building meaning into the
test, and hence into the test score, by a systematic, explicit-
ly specified process of test construction.

Both NRM and CRM aid in making decisions about individ-
uals and training treatments. The methdds of norm-referenced
reporting“are through group-relative descriptions such as
percentile ranking and standard scores. Thus, by a single
core, it is possible to tell how well an individual performed
tion to the group. (Seashore, 1955)
¥hen interpreting an individual's performance on a

CRM, ,group-relative ind‘ies are not appropriate. Criterion

~

A
«l ‘1
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tests yield scores which are essentially '"on-off'" in nature.

-

Thé& is, the student has either mastered the criferlon or hés;
. . , -
not. (Popham and Husek, 1969) 1In practice, however, a range
of acceptable performance exists so several on-off scores
should be established. (Garvin, 1971)
’ If an instructional objective of a carpenfry training

program was to be able to identify different types of hand
taols used in carpentry)\a é0~1tem objective test could be
constructed and a required proficiency level set. The
experts may set the ﬁinimum proficiency level at 90 percent,
thus allowing eryor on 2 of the 20 items. In repbrting an 1
individual's performance, one alternative is that the person i
has reached tbe minimum cut-off score (90 percent) or has not. ‘
If the level-is not met; fhe individual could/%ot move on to i
the next topic, and remedial instruction would bé,needed. ' ;
(Popham and Husek, 1969)

To report the degree of less than criterion level

depends on the use of the test scores. 1If, for example, there

|
are two kinds of remedial programs available, one for-those f
|

. /e
Although this seems to be little data, it tells-exactly thi/

close to criterion, and one for thoge far from-criterion, the ;

degree of performacne‘would be a;;ropriate to report. (Popham / }

and Husek; 1969) : (/ |
"Using CRM, the.number of individuals who achieved /’/

the pre-established criterion level could be reported. /}

proportion of leaqﬁers wh¢ did not achieve the criterion lével.
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‘.’ The traditional descriptive statistics, such as means and
a sténdarq deviations,copld still be used since it is necessary
to know the average performance produced by the treatment
in addition to its variance. (Popham and Husek, 1969)
Millman (1972) advocated a new grading system based on
CRM: <
When criterion-referenced measurement is used to
guide and monitor the instructional program, it is a
logical next step to have the learner's grades consist
of check marks opposite instructional objectives which
indicate which skills and understandings have been
acquired. (p. 280)
The examples of Job Corps Training Achievement
Records (1974), found. in Appendix A, are similar to what
b Millman haslcalléd,for.
‘.’ - For a more 5omplete and theoretical. discussion of

developing and.analyzing CRM's, see Swezey, Pearlstein,

and Ton (1974),. and Swezey and Pearlstein (1974).

The Application of Criterion-Referenced Measurement

’

¢ - Thefe have Dbeen many related areas and spin-offs from

the CRM movement, including mastery learning.(Block, 1971),"

domain-referenced testing(Hively,

68,

1974), objective-
, referenced testing"® (Baker, 4972), performance testing
(Osborn, 1974), and competency-basgd education (Burns v
. and Klingstedt, 1972). ' '
) Prager et al. (1872) désigned a CRM progrhm called
Individual Achievement Monitoring System (IAMS) for use with
handicapped people Popham (1973) used CRM in teacher

performance testing. 1In the Experimental Volunteer Army

4.
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and Brennan (1973)

used performance tests for different military occupations.

An instructional innovation that has incorporated

the use of CRM has been the systems approach to curriculum

design.

The following section illustrates how Butler (1972)

»

has proposed CRM should be utilized in designing vocational

and technical training programs.

Butler's System

Butler (1972), a vocational educator and currently

director of curriculum research and development at the

New England Resource Center for Occupational Education,

has developed the training systems model shown in Figu;e 1.
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\./’ Conduct feasibility study. The first step in
Butler's system is an analysis‘ofztrénds with regard to
. Jjob markets and occhpational pattérns; trends in economic,
business, agricultural, and industrial expansion; types
of jobs and worker competencies needed; availability of
training pr&grams and facilitiés, and their costs; and
other related information. ’

Conduct task‘analysis. After @he decision has been

made that a specific training program or course is negded,

a job/task analysis is conducted. The job/task analysis

is the foundation upon which the training objectives,

content, sequence, methods, media, and evaluation are based.

The job/task analysis is a summary of the behavioral content
\ 4 of a job broken down into duties, tasks, activities, and

actions. Each tggk, which is "a logical and necessary step

in the perfQrmance of a duty" (é. 74) , shoﬁld be described

in the following terms:

« The cues, signals, and indication that call for the
action or reaction.

+« The- control, object, or tool to be used or manipulated.
« The action or manipulation to be made.

the action taken is, or is not, correct and adequate.
(p. 75)

»

1

|

|

|

|
+The cues, signals, and indications (feedback) that

Working conditions, tools and equipment, and stand-
ards of performance are necessary for each task.
jThere are many possible sources 'of information to

o/ ‘consult in writing a job/task analysis, such as training

b

43
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U literature, manuals, textbooks, The Dictionary of Occupation-
( al Titles, professional associations, trade unions, and
' governmental agenci;s. However, the most reliable and
valiq source is the incumbent worker. Morsch (1964)
discussed seven methods of job analysis which could be used:
the questionnaire-survey, individual inter;iew, observation
intgrview, group interview, daily diary methoa, work partici-
pation method, and critical incident technique. -
B;tler (1972) stressed that more " . . . e%phasis
should be placed on gbservation and interview of the appren-
tice or entry-levél worker to find out what he actually does

on the job. . . . "+« (p. 78)

Develop training objgctives. Based on the task

b analysis, the designer must derive explicit statements about
- what a. student, upon completion of the training program & will
be able to do. Training objectives must be deséribed in
observable and’ﬁeasurable terms. Butler uses Mager's (1962)
formula for writing objectives, whereby the conditions and
limitations, overt behavior displayed by the student, and
performance standards must be specified. Both terminal (unit,
cohrse, program) objectives and interim or enabling (lessog,
activity, module) objectives must be specified. These may

be directly coupled to broad goal sfatements and possibly

even broader educational or philosophical constructs.
. ? » -0 -

Develop criterion tests. Criterion tésts are used

in the early stages of design to determine validity of the

M
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objectives, and 1later to provide feedback and help per-
form summative evaluations of the entire course or
training program.

Validate the criterion tests. 1In order to validate

the cr}terion test it is administered to an untrained-
unskilled group and to a trained—skilled group and a
correlation is computed to obtain validity and reliability
coefficients. Test iteT analysis at this point calls for
interpretations similar to the following: (a) if, for a
given test item, the majority of untrained group responses
are correct, jhe item has little or no validity o} reliabil-
ity; and conversely, (b) if, for a given test item, the
majority oft!trained group reéponses are incorrect, the item
likewise has little or no validity or reliability.

Validate training objectives. The criterion test should

contain at least one item for each obissfiﬁe, But no more
than five items for each objectivé, otherwise the test be-
comes too long for practical purposes. Validating the
criterjon test and vakidating trainipg objectives can be
accomplished concurrently; provided the tgst ite% itself is .
not at fault. Interpref;tions similar to those made in the
preceding step are employed in/Epis step; e.g., (1) if, &pr
a given test item and its cdmpanion objective, the majority
of untrainegugroup responses are correct, there may be no

need to include that objective in the éurriculum; and, (2)

if, for a given test item and its companion objective,. the

-

e {
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majority of trained g/yup responses are dincorrect, there may
be no need to include tha&vobgectlve in the courge because,
apparently, the worker can perform on'the qob without that
knowledge or skill. According tg Butler's mo@el, the
initial design phase has been compieted at this point, but
the remaining phases also require validation considerations.

Develop learning sequence. The determination of the

~iearning sequence is done according to the duties, tasks,
and activities provided in the job/task analysis. The

following chart éhows a pyramidal form of learning structure

and sequence, ~
Job
] R
Duties 1 2
l
[ F - l l aj
Tasks 1.1 .o

Activities ,_’,_,_4_—] r_-L—_] l'_'L—l (——"—‘ ’—L—‘

}.‘9

222 etc.,

Figure 2. Pyramidal Form of Learning Structure and Sequence.,
(From Butler, 1972, p. 114)

.

'

Activities, tasks, and duties are structured (and learned)

¢

in both a’'vertical and horizontal'sequence. The learning of

one is dependent upon accomplishment of those which precede

.

it. Most curriculum.experts recognize that sequencing must

N 3
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be approached with a great deai of flexibility. " The general.
guideline of efficiency should influence sequencing.

Butler set forth a matrix analysis technique for
preparing the course ogtline in which supporting knowledges
and skills’for activities, tasks, and duties are ligted.

The learning sequence can be plotted by starting with the
terminaf objective and _working backward through ,ch
preceding prerequisite--in essence, from the complex back

to the simple. Butler suggested listing all terms, concepts,
rules, and p}inciples whigh peft;in to each objéct}ye. Each
number is-then placed in a two—dimensional matrix (discrim—
ination-association) along a diagonal line from tép left to
bott;m right. Associations then are marked_in the common
squares above the diagonal, and discriminations are marked

¥

in the common squares below the diagonal. By shuffling and

<

. - ,
reshuffling, a rearranged matrix can be plotted which depicts

an optimum clustering of discriminations and associations .o

arouna the diagonal, whith results in the best sequencing.

The clusters tend to depict broad concepts in the curriculum.
Validating the sequence also is accomplished with

the cfitérion test which has been validated and revised.

The tesf is given to a group of trained individuals, i.e.,

as a post-test to persons who just completed the prdgram, or

e

’ e}
to those who have been on the job about siE:months. In the
analysis of these scores, one looks for the dependency and

interdependency between énd among units, lessons, or fairly

-
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large bloéks of curriculum content.

,  Butler indicated that the test data should be-analyzed

with two basic questions in mind:

thqse‘students who correctly performed a subordinate unit
also correctly perform the fpllowing and supposedly dependent

unit?;

.

)
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(1) Did the majority of

and, (2) Did the @ajority of thosg who -correctly

performed the higher unit also perform the subordinate 'unit

correctly?
to both questions are affirmative, then the sequence is
valid. 1If, for only 85% of the sample, the answers are

affirmative,

then the sequence is probably valid.

The

If , for a tested trained sample, the answers

following chart provides a summary for analyzing criterion

test data from a sample trained population. -

7 .
Table 3.
p. 125)

Trained Sample'

.
{only correct performance)

4 a

N Performance

&

'
1mplications

\

Pertorms umt (100)

85% perform sub unnt

Possible correct sequence

Pertorms sub unit (100%)
: i

85% pertorm un

Possible correct sequence

Taken toguther, ¢ cettainty
the sequence is cotrect

Pertorms unit (100%)

85% perform sub unit

Poss ble correct sequence

Performs sub urut {100%}

50% fail to perform umit

h;uwule INCOTIECT sequence

Y. 4

Taken togethuyl uxlicates
bad test tem

R
Pertorms unit (100%)

507 fail to pertorm sub vt

Possibie incorrect sequéice

Pertorms sub umit {100%)

85% pertorm unit

Possibie correcy sequence

i

Taken toguther, inhicates
bad test item

R

Performs unit (100%)

50% farl to perform sub unit

Possible incor rect sexquence .

Pertorms sub unit (400{)

507% fad 1o pettorm unit

Possibie incorrect seauence

Taken 1ogether, a certamty
e sequence 13 INcorect

Validating Content

Sequence.

(From Butler, 1972,

.
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v

The féregoing procedure is used on a pair of
tasks in a hierarchy. Suppose the hierarchy cqnsisted’of
three or more tasks aqd validation is still required.
Recent research has gone in the direction of trying to
discover such hierarchies and their properties, and
validation procedures are under study, using factor
)analysis techniques. The reader may wish to refer to
"A Method for.Validating Sequential Inst¥uctional
Hierarchies,'" by P. W. Airasian, in the December, 1971

*

issue of Educational Technology. Airasian's method is

bésed on calculation of 9onditiona} item difficulty indices
and facilitates the pinpointing of sequential levels
within a hierarchy which require Fevision.

Dévelop learning strategies. There are no feasible

validation procedures for developing learning strategies
which are not costly and time consuming to use. Media
are selected according to thosé that will do an effective

job for the least cost. Combinations of the different

«

media usually should be considered.

Validafion is influenced by the media. fest scores
may be low for students with'reaaing problems, but the
same test scores mai be improved by using audio media
instead of printed\gpedia. The objectives and student

learning styles are'the prime determinants in developing

A

the learning strategies. *

»

Develop instructional lessons.’ This is the point

-
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where a test model of the instru%tional system is produced.
Two documents are needed: (1) the system developﬁ%nt plan,
and (2) the instructor's manual or guide.

The system development plan contains: (1) task ,
analysis summary forms; (2) validated objectives in validated
sequence, supported by‘a summary of the validation data;

(3) validated criterion test items in validated sequence,
supported by a summary of the validation data; (4) outline

of instructional strategies with associated content (object-
ives) identified; and (5) production and testing plans for
the system.

The design and format of the individual lg?rnihg units
ma; vary greatly, but each should contain the followiﬂg:
(1) the performance pbjectives; (2) the knowledges and skills
to be gained; (3) a list of tools, equipment, supplies,
referenges, etc.,needed for the unit; (4) a learning activity
guide; (5) interim progress checks and student self-eval-

ations; and (8) an instrument to serve as a pre-test and/or

a post-test for evaluations by the instructor,

Validate individual lessons. At this point, each unit

is tested and revised until 85% of sample trainees reach the

5

criterion.
&fvision may require reseggi?cing and adoption of

P *
new learning strategies. Initial testing is done on an

individual or one-to-one basis, with two or three sample

A4

trainees who have upper-level ability. Minor revisions may
g
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be made at this point,; however, if major revision is indica-
ted, two or three more individual tryouts should be conduct-
ed.

Small-group tryout is then conducted on 6 to 10

students who represent the range of ability and background

of the target population. Criterion test data are again used

to locate trouble spots and revision is made. At this point,

~
85% of the Stuggn%3=éhould be performing correctly on the

—
criterion test.

—e — e ¥ —

Final tryout is made on a large group of 30 to 50

students under conditions which approximate actual training.

This tryout is conducted by the%curriculum designer along
‘ <@
with the instructor. A group this size is needed to verify

or validate preyious design results. Final revision is

made following'this tryout.

Img}epent and field test system. This is done under

actual classroom %muﬁiions. The instructor's role in the

instr&ctiqgal system 1s explicated at this point, and an
*

instructor's manual is developed. The teacher becomes a
manager and facilitator of,learn;ng and his tasks are as
follows: (1) diagnose individual learning needs; (2) pre-

-

scribe learning experiences; (3) provide proper materials

and equipment af right time; (4) test and evaluate individual

progress; (5) compile individual and group progress records;

(6) provide tutorial and counseling help: (7) provide

motivational reinforcement; (8) provide supplementary.
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materials and experiences; (9) coordinate individual, small-
group, and large-group learning activities; (10) coordinate
use of learning.materials and equipment; and (11) evaluate
feedback d;ta on effect{yeness of learning.

The instructor's manual should contain: (1) course
déscription; (2) student population description; (3) per-
formance objectives; (4) criterion tests; (5) system per-
formance data; and (6) suggestions for administering the

system.

s aee . e e e o e - o o v
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Field testing is the final phase of the systems

development procéss. This means the program 1s monitored,
evaluated, and subsequently revised continuously for as
long as it is in use. _Thi;’phase may be more appropriately
referred to as system '""institutionalization.' Constant
monitoring and analysis of criterion test data will continue
to point the way for needed revision.

Butler pointed out that a training system is never a

finished product but rather it is constantly in process.

Follow-up on graduates. Effective guidance and
placemegt are importaﬁ?‘Th\a systems approach. Longitu-
dinal plaﬁning for follow—up at l—iear, 3-yéar, S-year, or
10-year int;fvals should pbe started. Follow-up to obtain
details of occupational. patterns, changes in needed

'competencies, job adjustment problems, and work satis-

faction indices, all can be used as feedback to improve

the instructional system.




Chapter 3
SUMMARY AND CONCLUSIONS

CRM, in\één€?al, is ghe assessment of an individual's
performance based on the degree to which his or her
behavioral responses resemble the desired psrformance or
criterion at a séecified level. The 1individual's score

is directly interpretable in terms of a specified universe
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of content and instructionally relevant tasks.
Both NRM and CRM help in making basic decisions con=-
cerning individuals and programs. However, the score inter-

pretation is different in these two measures. A normative

Al

\ score indicates how well an individual performed on a
—~
measure in relationship to others on the same measure. A

criterion score 1s directly interpretable as to what aun
individual can or cannot do in relationship to a specified

universe of content.,

e

The major differences between the two measures lie in

the purpose of the test, the manner in which it is construct-
~ \ .
ed, the specificity of the infarmation obtained about the

domain of relevant tasks, the generalization of the test i\k
. o

performance, and the use of the score. )

In determining which type of measurement to use, if

there is the need for selectivity or competitive comparison

among individuals, NRM should be used. CRM should be used

] 54 .
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to determine whether a person pas mastered certain knowledges,
understandings, and skills. CRM can also be used with any
type of programmed learning or individualized instruction,
and for promotion and licensing procedures.

When writing a CRM, the test constructor must make
sure that the test items accurately sample the range af
criterion behaviors being measured. Criterion relevance,
deficiency, and contamination should be analyzed. The itéms

must possess congruency with the universe of instruct:ionally
* . e ! i - . , -

relevant tasks. o /

The first step in evalﬁgting training outcomes is to
define precisely what is to be measured.= This is accomplished
. by writing behavioral or performance object%ves for all de-
V sired outcomes. These behavioral objectives must be trans-
lated into specific test tasks which form the basis for
inference that the behaviors have been%acquired by the in-
\ dividual. ‘)
The most important requirement when writing a CRM is
o
|

that an objective, systematic proced%;e be used to specify

the domain of tasks required to be performed. One such method
is through the use of an item form, which consist of a general
form and generation rules which specifically defines the re-
quired tasks. The item form can be u§ed to generate many
different items with i'fixed syntactical structure. Thés, a
collection of item forms define the universe of content for the

test.

‘ . N
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. The major concern of CRM experts is the need for
evaluating how ”good”-a criterion-referenced fest is. While
there are m;nx textbooks and articles-wriftern.about the
wgll-honed mental test theory proaedures (norn-referenced

tests), there are very few guides available on criterion-
&~

. referenced tests. Since most of the traditionai theories

and formulas for determining the adequacy of a NRM are based
on variance, they cannot be applied to criterion-referenced

measures. Variability is irrelevant with CRM because the

T e e e s b 7. ol ettt nt e . = ineeerireer e 33 S £ asm = sk e S o i T e T b e T O TIAT LS
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meaniﬁg of the scores flows directly from the connecgion
between the items to the criterion.

Several variations éf traditional test theory have:
been suggested for evaluating the adequacy of a criterion

measure. Content validity is the main method to evaluate

- .

if the test measures what it purports to measure, Equivalent

forms and sequentially scaled tests have been proposed to be

used to estimate the consistency or reliability of the test.

A pretest, posttest discrimination index could be used to =<

evaluate a test item, and the traditional upper group minus

lower group could be used with limitations.

Conclusions

The literature would appear to support the following

B

conclusions;

1. Although experts do not agree on a single de-

__. finition of criterion-referenced measurement, all variations

have in common an emphasis on the interpretation of the

>
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/

\.’ individual's score, which.represents what an individual can
do relative to the instructional objectives of a program.

2. Criterion-referenced information is valuable in

making instructional decisions based on what a person ‘can do
|

at a certain time in the training’'cycle. If training is go-
ing to becqme more adaptive to té; individual, this 1nput

is a necessity. - .

3. CRM have focused much attention on behavioral -

objectives and desired trainee outcomes. Detailed specifi-

cations of test construction processess and experimental
evidence relating behavior to test performance appear to be

a promising approach to the measurement of competencies in
training.
o/ ' 4. Behavioral objective®s must be carefully written
in order TQ mpre’validly direct the inétructional design and
measure its efféctiveness.
5. More than one method should be used to validate
any desired CRM in order to decrease the error that is

associated with its measurement.

-

&

6. It is difficult to develog\]bjective procedures

necessary for CRM of complex behavior. MMFor complex behavioral

domains, until explicit models stated in measurable terms are
developéﬁj\there’is tooﬂmuch of a degree of subjectivity in
this type of test construction.

7. CRM supplements but should not replace normative

tests in training. Both are essential for making decisions
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about the training process. The more simple, clear, and direct
test results can be presented, the more useful and instruction-

ally f?uitful tests are likely to be.

.

8. CRM seem interesting and relevant for today's
training systems, but there -is need for research, both )

pheoretically and empirically, before extensive use of it can

.
~

be recommended in an instructional environment.
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